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Supplementary Figure 1. Identification of common molecular features of insensitive
and low-sensitive high explosives. Chemical structures and common molecular
features of some insensitive and low-sensitive high explosives.

By analyzing these representative insensitive and low-sensitive high explosives, we
find that they share some common molecular features including n-conjugated parent
structure, alternating amino and nitro arrangements and high molecular symmetry
(e.g., Cyy Or better symmetries).
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Supplementary Figure 2. Identification of supramolecular synthons

of

graphite-like explosives. a Chemical structures of reported graphite-like explosives
from Cambridge Structural Database (CSD). b Main supramolecular synthons of
these graphite-like explosives (red dot represents intramolecular hydrogen bonds,

black dot represents intermolecular hydrogen bonds).
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Supplementary Figure 3. Self-assembly of 5-amino-3-nitro-1, 2, 4-triazole in
crystal. Molecular configuration and self-assembly in crystal of 5-amino-3-nitro-1, 2,
4-triazole (ANTA).
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Supplementary Figure 4. Screened molecules by a combination between P1-P2
parent rings and three substituent groups (-NH,, -NO, and -H) with Oxygen
Balance constrain.
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Supplementary Figure 5. Screened molecules by a combination between P3-P4
parent rings and three substituent groups (-NH,, -NO, and -H) with Oxygen
Balance constrain.
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Supplementary Figure 6. Screened molecules by a combination between P5
parent ring and three substituent groups (-NH,, -NO, and -H) with Oxygen

Balance constrain.



NO,
one -NO, '0.&2\*.0' Of GO OO 0N D'
/‘ C4H3N304 { zero -NH, d o NM K\H \E-*’j
three -H 2 N
NO, o
o )N\Hf 0" o )N\Hf 00 ORAEO OfiaGiO N0z o0
‘N2 N ‘N2 iy NZ°N NZN nﬁé\ﬁ»o' NZN
o v Hzn)ﬁ) HN X o, ALY K\(kNOz
one -NO, NO, NO, H;N NH,
C4H4N4°4{ one -NH,
G two -H NO; 0" Q" o
g‘ﬁ 'oﬁéxﬁ.o HaN N HaNG N HN IN\ NO;
| ) I \E l \EVI
E’N*o‘ I\(l 0,N" R N0, N
- NH, o o o
0 . ) ).
N
E:j NH, NH, NH, - E—
g DR A0 O A0 O A0 °~ﬁ4\lﬁ O o Ao L
) 1 I I ~ I S
L o HZN)\\H HZNMNOZ N no, HZN)\/LNoz HzN)ﬁ/l HZNJ\|)\NH2
one -NO; NO, NH; N, NH; -
C4HsNsO4d two -NH,
one -H NO, Q o O
o.% J\ﬁ,o HaN_ N HaN NS HaN Ny NH2
AL | = Lo
HzN NH, H2N N” No, 0,N” N7 NH, 0N °N
o o o-
NH, NO, o
\ one -NO,; —o, +)\+O J\ 'Oﬁé\ﬁ,O' O;N L‘L NH,
C4HgNGO4 {three -NHz )YL | I I
zero -H )\(kNOZ HoN NH; HzNJ\’ﬁLNHz HoN N NH,
2
ot ON Ny, Ney 02NN
one -NO, Y2 ~‘ [ \E 1 ) Y N
~ CaHaN,O; { zero -NH, e N? 0NN NN
O,N
two -H
Noy
N HZN HZN oy O:N OZN\[ /(N HzNIN.N
Noy OzN I( NH; O,N )\NH O,N /
E ) one -NO, NO,
N’ < C3H;N50, 4 one -NH,
one -H
(N\W HaN N Non O,N._N. NHZNYN\
NI\;N \E )\ I ’)\ I ) N
NO; H,N” “N“ NO, H,N” N Y
P7 NO
i
one -NO, HaN_Noy HN N H2N HNQ Noy 02NNy “zN\r’LYN“z
C3HsNg0,{ two -NH; H NI( I( ]I A :E PN 2N
zero -H 2 NH2 H,N” N7 NO, HaN” N NH, \Nro
2

Supplementary Figure 7. Screened molecules by a combination between P6-P7
parent rings and three substituent groups (-NH,, -NO, and -H) with Oxygen

Balance constrain.
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Supplementary Figure 8. Screened molecules by a combination between P8
parent ring and three substituent groups (-NH,, -NO, and -H) with Oxygen
Balance constrain.
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Supplementary Figure 9. Screened molecules by a combination between P9-P10
parent rings and three substituent groups (-NH,, -NO, and -H) with Oxygen
Balance constrain.
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Supplementary Figure 10. Screened molecules by a combination between
P12-P14 parent rings and three substituent groups (-NH;, -NO, and -H) with
Oxygen Balance constrain.

As shown in Supplementary Figs 4-10, under the constrain of CO,-based Oxygen
Balance in the range of -80% ~ -40%, the final screened molecules by a combination
between P1-P14 parent rings and three substituent groups (-NH2, -NO2 and -H) are
402.
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Supplementary Figure 11. Probable 2D-layered structure of P2ZNNAAH-2 and
P3NNAAH-2. a Molecular configuration and probable 2D-layered molecular
arrangement by some suitable intermolecular hydrogen bonds of P2NNAAH-2. b
Molecular configuration and probable 2D-layered molecular arrangement by some
suitable intermolecular hydrogen bonds of PSNNAAH-2.

Because these molecules have planar molecular configuration and can also
self-assemble into 2D molecular sheets by some suitable intermolecular hydrogen

bonds, their graphite-like crystal structures could be expected by further n-n stacking
between 2D molecular sheets.
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Supplementary Figure 12. Probable 2D-layered structure of PANNAA-3 and
P6NAHH. a Molecular configuration and probable 2D-layered molecular
arrangement by some suitable intermolecular hydrogen bonds of PANNAA-3. b
Molecular configuration and probable 2D-layered molecular arrangement by some
suitable intermolecular hydrogen bonds of PENAHH.

Because these molecules have planar molecular configuration and can also
self-assemble into 2D molecular sheets by some suitable intermolecular hydrogen
bonds, their graphite-like crystal structures could be expected by further n-n stacking
between 2D molecular sheets.
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Supplementary Figure 13. Probable 2D-layered structure of P14AA-1 and
P14AA-2. a Molecular configuration and probable 2D-layered molecular arrangement
by some suitable intermolecular hydrogen bonds of P14AA-1. b Molecular
configuration and probable 2D-layered molecular arrangement by some suitable
intermolecular hydrogen bonds of P14AA-2.

Because these molecules have planar molecular configuration and can also
self-assemble into 2D molecular sheets by some suitable intermolecular hydrogen
bonds, their graphite-like crystal structures could be expected by further n-n stacking
between 2D molecular sheets.
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Supplementary Figure 14. X-ray crystal structure of trifluoroacetate salt of
ICM-102. a Hydrogen bonds between protonated ICM-102 and two CF3COQ" in the
trifluoroacetate salt of ICM-102. b 3D crystal structure of trifluoroacetate salt of
ICM-102 from the view of b axis.
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As-prepared 150 'C Vacuum 5h Hot recrystallization
from DMSO/EtOAc
1.82gcm? 1.92gcm? 1.95 g cm?
El tal Found: Found: Found:
af:,e:is. C: 21.65%, H 3.50%, N%: 38.01 C: 22.91%, H 3.12%, N: 40.41% C 23.63%, H 2.91%, N 41.44%
Y8155 Theoretical ICM-102-H,0: Theoretical ICM-102:
C: 21.82%, H 3.66%, N%: 38.18 C 23.77%, H 2.99%, N 41.58%

Supplementary Figure 15. Removing crystal waters of ICM-102 monohydrate by
heating treatment. a Optical images, measured density and elemental analysis of
as-prepared ICM-102. b Optical images, measured density and elemental analysis of
ICM-102 dried under vacuum (5 torr) at 150 °C for 5 hours. ¢ Optical images,
measured density and elemental analysis of ICM-102 recrystallized from hot
DMSO/EtOAc at 130 °C.

16



Intermolecular hydrogen bond

Distance between two molecular layers

Compounds (distance of N-H--0)
List of different distances (A) Average (A) | List of different distances (A) | Average (A)
ICM-102 | 2.124, 2,152, 2.369, 2.317, 2.048, 1.995,1.977 2143 3.189, 3.199 3.194
TATB 2.371, 2.348, 2.381, 2.392, 2.396, 2.239 2.355 3.139 3.139
FOX-7 2.446, 2.341, 2.291, 2.145, 2.143 2273 3.0905 3.095
LLM-105 2.509, 2.363, 2.093, 2.046 2.253 2.896 2.896
NTO 2.517, 2.187, 2.011, 2.036 2.188 3.035, 2.983, 2.951, 2.894 2.966
a

1D Molecular chain
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LLM-105

Supplementary Figure 16. Intermolecular interactions of ICM-102 and other
layered explosives. a Comparison of intermolecular hydrogen bond distance and
interlamellar spacing between ICM-102 and other layered explosives (TATB, FOX-7,
LLM-105 and NTO). b~f Intermolecular hydrogen bond distance and interlamellar
spacing of ICM-102, TATB, FOX-7, LLM-105 and NTO.
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Decomposition
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Supplementary Figure 17. Thermodynamic property of ICM-102 monohydrate.
DSC and TG curves of as-prepared ICM-102 (namely ICM-102 monohydrate).
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Supplementary Figure 18. Plate-dent test of ICM-102. a Photograph of 200 grams
of ICM-102. b Cylindrical grain of ICM-102 with the a standard of ¢ 20 <20 mm. c
Ilustration of the plate-dent test setup. d Photograph of steel anvil (¢ 100 x40 mm)
before (right) and after (left) the initiability of ICM-102.
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Supplementary Figure 20. 'H NMR, *C NMR and ESI-HRMS of ICM-102.
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Supplementary Table 1. Crystallographic data for trifluoroacetate salt of
ICM-102. Single crystal X-ray diffraction data was collected on an Oxford Xcalibur
diffratometer with Mo-K, monochromated radiation (A = 0.71073 A). The crystal
structures were solved by direct methods. The structures were refined on F? by
full-matrix least-squares methods using the SHELXTL script package.! All
non-hydrogen atoms were refined anisotropoically.

CcDC 1831055
Formula C4HgNgO4-2(C2F307)
Mr 430.20
Crystal system monoclinic
Space group P2l/c
a[A] 12.659(3)
b [A] 5.8144(15)
c [A] 20.117(5)
a[°] 90
BI°] 92.309(6)
7 [°] 90
V [AY] 1479.5(6)
z 4
T(K) 173
plg cm™] 1.931
Mu [mm™] 0.212
F(000) 864
01[°] 1.610 to 25.026
index range -15<h<14
-6<k<6
-23<1<23
reflections collected 10310
independent reflections 2594 [Rint = 0.0874, Rsigma = 0.0838]
data/restraints/paraneters 2594/38/297
GOF on F? 1.000
R1[ >20(1)] 0.0602
WR2 [ I>26(D)] 0.1543
R1(all data) 0.1117
wR2(all data) 0.1833

largest diff. peak and hole [e A®] 0.56/-0.34
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Supplementary Table 2. Crystallographic data of ICM-102 monohydrate. Single
crystal X-ray diffraction data was collected on an Oxford Xcalibur diffratometer with
Mo-K, monochromated radiation (A = 0.71073 A). The crystal structures were solved
by direct methods. The structures were refined on F? by full-matrix least-squares
methods using the SHELXTL script package.® All non-hydrogen atoms were refined

anisotropoically.

CCDC
Formula
Mr
Crystal system
Space group
a[A]

b [A]
c[A]
a[’]
B
y[]
VA7
Z
T(K)
plg cm™]
Mu [mm™]
F(000)
0[°]

index range

reflections collected
independent reflections
data/restraints/paraneters
GOF on F?
R1 [ I>20(D)]
WR2 [ I>20(1)]
R1(all data)
wR2(all data)
largest diff. peak and hole [e A

1816963
C4HsNgO4-H,0
220.16
monoclinic
P2l/c
10.714(2)
8.8863(18)
18.946(4)
90
118.50(1)
90
1585.2(6)

8
173
1.845
0.167
912.0
2.163 t0 27.477
-13<h <13
9<k<11
-24<1<24
10126
3526 [Rint = 0.0796, Rsigma = 0.0992]
3526/3/277
1.029
0.0671
0.1672
0.1272
0.2179
0.48/-0.55
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Supplementary Table 3. Non-isothermal kinetic parameters of ICM-102.

E (kJ/mol) In (A) r
Kissinger 448.7 97.4 0.983
Ozawa 435.5 0.984
Average 442.5

The non-isothermal kinetic parameters of ICM-102 were calculated by Kissinger
method and Ozawa method,*> whose equations are as follows:

r E ) RI,
0.4567E
4+ — =

lo
9h RT,

C )
As shown in Supplementary Table 3, the apparent activation energies (E) obtained

by the two methods were agree well with each other, and the r (linear correlation
coefficient) were both close to 1, indicating that the calculated results are reliable.
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Supplementary Table 4. Evaluation of thermostability of ICM-102. Onset and
peak temperature from DSC curves and extrapolated values of ICM-102 and
calculated Tsaptand T, of ICM-102.

heating rate Te('C) Tp(C)
5 264.6 280.5
10 271.9 283.7
15 274.4 286.7
0 252.5 277.1
Tsapt Th
252.5°C 257.7°C

The onset (Te) and peak temperature (T,) at different heating rates in DSC cures
were listed in Supplementary Table 4. Fitting these data with the function form (3),
the extrapolated values when heating rate was 0 can be obtained and were listed in the
last row of Supplementary Table 4, which can be labeled as Tg and Tp). These
values can be used to calculate self-accelerating decomposition temperature (TsapT)
and critical temperature of thermal explosion (T,) combined with apparent activation
energy.’

To. corph = Vow corpi 708,457 (3)
i=1-3
The relationships between Tsapt, Tp and Teo can be described by equation (4) and
equation (5) >°. And the results of Tsapr and T, were 252.5°C and 257.7°C when using
E calculated by Kissinger method. The two values are high, which means a good
thermal stability for ICM-102 during storage and formulation operations.

Ty = T (4)
E, — \JE? — AERT
Tb — 0 02]? 0 e0 (5)
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Supplementary Table 5. Solubility of ICM-102 in various solvents at 25 °C. For
evaluating the solubility in common organic solvents, eight common organic solvents
were tested.

Solvent Water DMSO DMF Ethanol Methanol
Solubility
(mg/100 mL 220 20 10 <8 <8
solvent)
Solvent MeCN Acetone DCM EtOAcC
Solubility
(mg/100mL <8 <8 <8 <8

solvent)
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Supplementary Note 1. Rapid screening of six-member aromatic molecules.
Permutation and combination between 14 six-member aromatic rings (P1~P14) and
three substituent groups (-NH,, -NO; and -H).

It is well known that the organic aromatic explosives can be seen as a combination
of aromatic parent rings and substituent groups. To realize rapid and high-throughput
screening aromatic explosives, enumerating the possible permutation and
combinations between aromatic parent rings and substituent groups would be an
efficient way. As shown in Fig. 3 in main text, we choose 14 six-member aromatic
rings (P1~P14) and three substituent groups (namely -NH,, -NO, and -H). Here, the
self-compiled java scripts help to achieve high-throughput screening new six-member
aromatic or hetero-aromatic explosives. Take P2 parent ring (namely C5N1) as an
example, we present the establishment of java screening script:

For P2 parent ring, it has 5 carbon atoms and 1 nitrogen atom. Because there are
no carbon atom in the selected three substituent groups (-NH;, -NO, and -H), the
value of a in molecular formula of C;HpN:Oq is 5. If the numbers of three substituent
groups of -NH;, -NO; and -H are X, Yy, z, respectively, there are some relationships
between X, y, z and a, b, ¢, as shown below:

(1) The total number of substituent groups should be fixed to 5 because only five
sites (5 carbon atoms) can be appended by substituting groups at most, which
leads to x+y+z = 5, and 0<=x<=6, 0<=y<=6, 0<=z<=6.

(2) According to the rule of nitrogen atomic conservation in a molecule, an equation
is established: x+y+1 =c.

(3) According to the rule of hydrogen atomic conservation in a molecule, an equation
is established: 2x+z=b.

(4) According to the rule of oxygen atomic conservation in a molecule, an equation is
established: 2y = d.

(5) Further, the values of b, c, d are defined to lower than 20. Oxygen atom only
shows in pair (in —NOy), so the value of d should be even number, which is
described in java language as “d%2==0".

Combined with above five conditions, we got some primary screening rules:
b-c+d=4
0<=c-0.5*d-1<=6
0<=b-2*c+d+2<=6
0<=0.5*d<=6 and d%2==0.

The final java script is listed as shown below:
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package demo;
public class C5N1_java_source_code {
public static void main(String[] args) {
int count = 0;
inta=>5;
for (int b=0; b<=20; b++) {
for (int c=0; c<=20; c++) {
for (int d=0; d<=20; d++) {
if (b-c+d)==
&& (0<=c-0.5*d-1)
&& (c-0.5*d-1<=6)
&& (0<=b-2*c+d+2)
&& (b-2*c+d+2<=6)
&& (0<=0.5*d)
&& (0.5*d<=6)
&& (d%2==0)) {
System.out.print(* C"+a+"H"+b+ " N"+c+" 0"+ d);
System.out.printin();
count++;

}

System.out.printin(count);

The output formulas were:
C5 HO N6 010
C5H1N508
C5 H2 N4 06
C5H2 N6 O8
C5H3 N304
C5H3 N5 06
C5H4 N2 02
C5H4 N4 O4
C5 H4 N6 06
C5H5N100

C5H5N3 02
29



C5H
C5H
C5H
C5H
C5H
C5H
C5H
C5H
C5H
C5H

5 N5 04
6 N2 O0
6 N4 02
6 N6 O4
7 N3 00
7 N5 02
8N4 O0
8 N6 O2
9 N5 00
10 N6 OO0

There are 21 formulas in total for P2 parent ring with three substituent groups
(-NHz, -NO, and -H).

The similar procedures with minor adjustments are needed for the permutation
and combinations between parent rings (P1, P3~P14) and three substituent groups
(-NH>, -NO; and -H). The number of screened formulas is 176 and listed as follow:

Supplementary Table 6. Screened formulas by a combination between P1-P2
parent rings and three substituent groups (-NH,, -NO; and -H).

Substituent-group

Substituent-group

Parent-ring sequence Selected Parent-ring sequence Selected
sequence -NO, -NH, -H molecular sequence -NO, -NH, -H molecular
(N) () (H) formula (N) (") (H) formula
number | number | number number | number | number
6 0 0 CgHoNgO4» 5 0 0 CsHoNgO4p |
5 0 1 CgH4NsO4 4 0 1 CsH4N;sOg
4 0 2 CgH,N,Og 3 0 2 CsH,N,Og
5 1 0 CeH,N:O4 | 4 1 0 CsH,NgOg
3 0 3 CgH;N;0¢ 2 0 3 CsH;N,0,
4 1 1 CgH;NsOg 3 1 1 CsH3N5O¢
2 0 4 CeHsN,O4 1 0 4 C;H,N,O,
3 1 2 CeHsN,O¢ 2 1 2 CsH,N,O,
4 2 0 CgH4NgOq 3 2 0 CsH NgOg
1 0 5 CgHsN, O, 1) 0 5 CsHsN,O,
2 1 3 CgHsN;0, P2 1 1 3 CsH;N;0,
3 2 1 CgHsNsO¢ 2 2 1 CsHsN;O,
0 0 6 CgHgNgOp 0 1 4 CsHgN,O,
P1 1 1 4 C¢HgN,0, 1 2 2 CsHgN,O,
2 2 2 CgHgN,O4 2 3 0 CsHN:O,
3 3 ) CeHeNgOg 0 2 3 CsH;N,O,
0 1 5 C¢H;N,0O, 1 3 1 CsH;N50,
1 2 3 CgH;N;0, 0 3 2 C;HgN,Op
2 3 1 C¢H;NsO, 1 4 0 CsHgN:O,
0 2 4 CgHgN,Op 0 4 1 CsHgNsO,
1 3 2 CgHgN,O, 0 5 0 CsH4oNgOq
2 4 0 CgHgNgO,
0 3 3 C¢HyN;0,
1 4 1 CgHgNsO,
0 4 2 CgH4oN4Oy
1 5 0 CgH1oNgO,
0 5 1 C¢H;1N5;00
0 6 0 C¢H,NgOp
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Supplementary Table 7. Screened formulas by a combination between P3-P6
parent rings and three substituent groups (-NHz, -NO; and -H).

Substituent-group Substituent-group
Parent-ring sequence Selected Parent-ring sequence Selected
sequence -NO, -NH, -H molecular sequence -NO, -NH, -H molecular
(N) () (H) formula (N) ) (H) formula
number | number | number number | number | number
5 0 0 CsHoNgO44 4 0 0 C4HNgOg
4 0 1 CsH;NsOq 3 0 1 C4H4N5sO¢
3 0 2 CsH,N,O, 2 0 2 C,H,N,O,
4 1 0 CsH,NgOg 3 1 0 C4H,NgO¢
2 0 3 CsH3N;05 1 0 3 C4H;N;0,
3 1 1 CsH3Ns0, 2 1 1 C4H;NsO,
1 0 4 CsH4N,O, 0 0 4 C,H;N,O,
2 1 2 CsH4N,O5 P4 1 1 2 C4H;N,O,
3 2 0 CsHyNgO; 2 2 0 C4H4NgO,
0 0 5 CsHsN,0;4 0 1 3 C4HsN;0,
P3 1 1 3 CsHsN;0, 1 2 1 C4HsNs0,
2 2 1 CsHsNsO5 0 2 2 C4HgN,Op
0 1 4 CsHgN,O,4 1 3 0 C4HgNgO,
1 2 2 CsHgN,O; 0 3 1 C,4H;Ns0O,
2 3 0 CsHgNgO5 0 4 0 C4HgNgO,
0 2 3 CsH;N,0,4
1 3 1 CsH;NsO;
0 3 2 CsHgN,O,4
1 4 0 CsHgNgO;
0 4 1 CsHgNsO,4
0 5 0 CsH1oNgO,
Substituent-group Substituent-group
Parent-ring sequence Selected Parent-ring sequence Selected
sequence -NO, -NH, -H molecular sequence -NO, -NH, -H molecular
(N) ) (H) formula (N) () (H) formula
number | number | number number | number | number
4 0 0 C4HoNgOq 4 0 0 C4HoNgOy |
3 0 1 C4H,NsO; 3 0 1 C4H;NsOg
2 0 2 C4H,N,O5 2 0 2 C4H,N,O4
3 1 0 C4H;NgO, 3 1 0 C4H,;NgOg
1 0 3 C4H3N,0, 1 0 3 C4H3;N,0,
2 1 1 C4H;N;O5 2 1 1 C4H;N50¢
0 0 4 C4H,N,0O, 0 0 4 C4H;N,0,
P5 1 1 2 C4H,N,O; P6 1 1 2 C4H4N,O,
2 2 0 C4H4NgO5 2 2 0 C4H4NgOg
0 1 3 C4HsN,0, 0 1 3 C4HsN;0,
1 2 1 C4HsN50; 1 2 1 C4H;5NsO,
0 2 2 C4H¢N,O, 0 2 2 C4H¢N,O,
1 3 0 C4HgNgO; 1 3 0 C4HgNgO,
0 3 1 C4H;NsO, 0 3 1 C4H;NsO,
0 4 0 C4HgN;O, 0 4 0 C4HgNO,
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Supplementary Table 8. Screened formulas by a combination between P7-P14
parent rings and three substituent groups (-NHz, -NO; and -H).

32

Substituent-group Substituent-group
Parent-ring sequence Selected Parent-ring sequence Selected
sequence -NO, -NH, -H molecular sequence -NO, -NH, -H molecular
(N) (") (H) formula (N) (») (H) formula
number | number | number number | number | number
3 0 0 C;HNgO¢ 3 0 0 C3HoNgO;
2 0 1 C;H,NsO, 2 0 1 C;H;N5sO5
1 0 2 C;H,N,O, 1 0 2 C;H,N,O;
2 1 0 C;H,NgO, 2 1 0 C3H,NgO5
p7 0 0 3 C;H;N;0, P8 0 0 3 C;H;N;0,
1 1 1 C;H3N50, 1 1 1 C;H;N50,
0 1 2 C;H,N,Op 0 1 2 C;H4N,O,
1 2 0 C;H;NgO, 1 2 0 C3H4NgO;
0 2 1 C;HsN5O, 0 2 1 C;H5N5s0,4
0 3 0 C3HgNgOp 0 3 0 C;HgNO,
Substituent-group Substituent-group
Parent-ring sequence Selected Parent-ring sequence Selected
sequence -NO, -NH, -H molecular sequence -NO, -NH, -H molecular
(N) () (H) formula (N) ) (H) formula
number | number | number number | number | number
3 0 0 C;HoNgOg 3 0 0 C3HoNgOg
2 0 1 C;H4N5sO¢ 2 0 1 C;H,N;0,
1 0 2 C;H,N,O, 1 0 2 C;H,N,O5
2 1 0 C3H,NgO¢ 2 1 0 C3H,NgO;
P9 0 0 3 C;H;N;0, P10 0 0 3 C;H;N;0;
1 1 1 C;H3;Ns0, 1 1 1 C;H;N505
0 1 2 C;H,N,O, 0 1 2 C;H/N,O;
1 2 0 C3H4NgO, 1 2 0 C3H4NgO5
0 2 1 C;H;sNs0, 0 2 1 C;HsNsO;
0 3 0 C;HgNgO, 0 3 0 C;HgNgO;
Substituent-group Substituent-group
Parent-ring sequence Selected Parent-ring sequence Selected
sequence -NO, -NH, -H molecular sequence -NO, -NH, -H molecular
(N) () (H) formula (N) (") (H) formula
number | number | number number | number | number
0 0 2 C,H,N,Op 2 0 0 C,HoNgO5
0 2 0 C,H,NzO, 1 0 1 C,H;N;O,
2 0 0 C,HyNgO, 0 0 2 C,H,N,O,
P11 1 1 0 | C,H,N,O, i 1 1 0 | C,H,N,O,
1 0 1 C,H4NsO, 0 1 1 C,H;Ns0,4
0 1 1 C,H;Ns0, 0 2 0 C,H,N:O,
Substituent-group Substituent-group
Parent-ring sequence Selected Parent-ring sequence Selected
sequence -NO, -NH, -H molecular sequence -NO, -NH, -H molecular
(N) () (H) formula (N) ) (H) formula
number | number | number number | number | number
2 0 0 C,HyNgOg 0 0 1 C4H4Ns0,
1 0 1 C,H4NsO, P14 0 1 0 C4H,N¢O,
P13 0 0 2 C,H,N,O, 1 0 0 C,HgNgO,
1 1 0 C,H,NzO,
0 1 1 C,H;N50,
0 2 0 C,H4NO,




Supplementary Note 2. Rapid screening of six-member aromatic molecules with
Oxygen Balance constrain. Permutation and combination between 14 six-member
aromatic rings (P1~P14) and three substituent groups (-NHz, -NO, and -H) with
Oxygen Balance constrain.

Here, we still take P2 parent ring (namely C5N1) as an example. Thus, the same
primary screening rules are also needed:
b-c+d=4
0<=c-0.5*d-1<=6
0<=b-2*c+d+2<=6
0<=0.5*d<=6 and d%2==0.

Based on the analysis of statistical data, we have concluded that a relatively low
CO,-based OB in the range of -80% ~ -40% is desirable for the insensitivity demand
of high explosives (Figure 2b). In following screening, an OB rule with a formulation
is added as:

-0.8< (d-2*a-0.5*b)/(12*a+b+14*c+16*d))*16<-0.4

The final java script is listed as shown below:

package demo;
public class C5N1_java source_code {
public static void main(String[] args) {
int count = 0;
inta=>5;
for (int b=0; b<=6; b++) {
for (int c=0; c<=6; c++) {
for (int d=0; d<=6; d++) {
if ((-0.8<((d-2*a-0.5*b)/(12*a+b+14*c+16*d))*16
&& ((d-2*a-0.5*b)/(12*a+b+14*c+16*d))*16<-0.4)
&& (b-c+d)==
&& (0<=c-0.5*d-1)
&& (c-0.5*%d-1<=6)
&& (0<=b-2*c+d+2)
&& (b-2*c+d+2<=6)
&& (0<=0.5*d)
&& (0.5*d<=6)
&& (d%2==0)) {

System.out.print(" C"+a+"H"+b+"N'+c+" 0"+ d);
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System.out.printin();

count++;
}
}
}
}
System.out.printin(count);
}
}
The output formulas were:
C5H3 N304
C5H4 N4 O4
C5H5N5 04
C5 H6 N6 O4

There are 4 suitable formulas.
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Supplementary Note 3. The theoretical calculations about the heat of formation
of ICM-102.

Theoretical calculations were performed by using the Gaussian 09 (Revision D.01) suite of
scripts.” The geometric optimization and frequency analyses were completed by using the
B3LYP functional with the 6-31+G** basis set. Single energy points were calculated at the
MP2/6-311++G** level of theory. For all of the compounds, the optimized structures were
characterized to be true local energy minima on the potential-energy surface without
imaginary frequencies. The isodesmic reaction was carried out to obtain the gas-phase heat of
formation of the neutral compound. The gas-phase enthalpies of the building-block molecules
were obtained by using the atomization method with the G2 ab initio calculations. Then the
remaining task is to determine the solid-state heat of formation for the synthesized compound.
The solid-state enthalpy of formation for neutral compound can be estimated by subtracting
the heat of sublimation from gas-phase heat of formation. On the basis of the literature,®® the
heat of sublimation can be estimated with Trouton’s rule according to supplementary equation
(6), where T represents either the melting point or the decomposition temperature when no
melting occurs prior to decomposition:

AHgp=188 I mol* K* xT (6)

The isodesmic reaction of ICM-102 is as follows:

NO,
HzNw)%(NH2 -~
/Nl _N_ + 4CH, —— N| _N__* CH3NO; +  3CH3NH,
_O+\(+ O- O TN F o
NH,
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Supplementary Note 4. Theoretical prediction on the crystal density of 7 selected

molecules.

The theoretical density was initially determined from the molecular weight (M) divided by
the Voo The Voo is defined as the volume of that inside the density contour of 0.001
electrons bohr®, which was obtained from a Monte Carlo integration using MultiWFN
program.”® By introducing the interaction index vo’q, the crystal density of energetic
compounds can be corrected according to the following equation (7)™

p = ﬂl(VlJ + :Bz( tot) + B (7)

where B1, B2 and psare 1.0462, 0.0021 and 0.1586, respectively.™

However, the accurate theoretical prediction of molecular crystal density still remains a
great challenge, especially for these compounds with multiple amino and nitro groups. As
shown in Supplementary Fig. 21a, the calculated crystal densities are generally lower than
those of experimental ones, but their absolute differences are relatively concentrated and fall
in the range of 0.14 g cm™ to 0.22 g cm™. Here, we take the average value (0.18 g cm™) of
their absolute differences as a correction for these calculations (Supplementary Fig. 21a).
Therefore, among these 7 selected molecules, PGNAAA will have the highest calculated
crystal density (Supplementary Fig. 21b) and is selected as the final research target molecule.

"2 58 g g

N
NO, NO, NO, &
BAKLII TATB DATABZ TIBMIA LLM 105
Compounds M.W. Vooor VO Peat Pexp. AP = [Pexp.Peall
(g mol) (cm® mol) (kcal mol) (gecm?) (gecm?) (gecm?)
BAKLII 259 146.99 32.89 1.75 1.89 0.14
TATB 258 148.75 32.07 1.72 1.94 0.22
DATABZ 243 142.37 31.52 1.69 1.84 0.15
TIBMIA 215 127.80 33.50 1.67 1.88 0.21
LLM-105 216 125.41 4513 1.74 1.91 0.17
Average 0.18
NH, NH,
b HN NO, HZNfINoi H,N._N._NO, O‘N()\*,N' ks /L o N“ e
O;N mNH Ot \g_ gl NININH: ﬁi)? HZNMNH _QN 5 HPN—( >_NH7
P2NNAAH-2 P3NNAAH-2 P4NNAA-3 PENAHH PGNAAA PMAA 1 P14AA 2
Compounds M.W. Vo001 Vo2 Peat Ap Peor.
(g mol') (cm® mol?) | (kcal mol) (gcm?) (gcm?) (gcm?)
P2NNAAH-2 199 121.47 48.16 1.66 0.18 1.84
P3NNAAH-2 215 129.96 44.76 1.67 0.18 1.85
P4NNAA-3 200 120.90 39.20 1.65 0.18 1.83
PENAHH 172 104.16 3573 1.64 0.18 1.82
PENAAA 202 118.03 44.86 1.73 0.18 191
P14AA-1 144 90.11 65.58 1.65 0.18 1.83
P14AA-2 144 88.76 62.37 1.67 0.18 1.85

Supplementary Figure 21. a Corrected relationship between calculated and
experimental crystal densities of some typical six-member aromatic energetic
compounds with multiple amino and nitro groups. b Calculated crystal density of
these 7 selected molecules by further correction.
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Supplementary Note 5. Theoretical prediction on the crystal structure of
ICM-102.

The single molecule configuration was firstly optimized in Dmol3 (at a level of
GGA/PBE and DNP basis set). The crystal structures of ICM-102 was predicted by
Polymorph module with a perl script in Materials studio 7.0 software package and the
molecule configuration were kept unchanged during the whole process. The space
groups used in prediction includes "P21/C", "P-1", "P212121", "C2/C", "PBCA",
"PNMA", "PNA21", "P2/C", "PBCN", "P1", "CC", "C2", "PCA21", "P21/m", "P21",
"P21212", because they are encompassed 80% known organic molecular crystals.*®
The intermolecular interactions in crystal prediction were described by force field of
“Dreiding".**

The calculated results show that the crystal structure of ICM-102 with the lowest
lattice energy is a P -1 space group with 3D graphite-like layered structure
(Supplementary Fig. 22a) and the corresponding 2D molecular sheet is constructed by
supramolecular synthon 5 and supramolecular synthon 4 (Supplementary Fig. 22b).

Supramolecular
synthon 4

Supplementary Figure 22. a Theoretically predicted 3D graphite-like layered
structure of ICM-102 with the lowest lattice energy. b Theoretically predicted
intermolecular hydrogen bonds in the 2D molecular sheet of ICM-102 with the lowest
lattice energy.
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Supplementary Note 6. Synthesis of ICM-102 by repeating the reported synthetic

methods.

Though three literatures described the synthesis of ICM-102,>*" only two papers
(reported in 1968 and 2004, respectively) provided the synthetic procedures. After
repeating these two papers, we failed to obtain their claimed target molecule, and our
new findings are listed as follows:

(1) For the paper published in 1968,% the authors claimed that precipitates would
be formed after adding water into filtrate and further purification by recrystallization
from water. But when we repeated this experiment, we could not obtain the
precipitates after adding water into filtrate. In fact, this phenomenon is reasonable
because our following studies confirm that the precipitates are trifluoroacetate salt
(Supplementary Table 1 and Supplementary Fig. 14) with good solubility in water
(see Method part in revised manuscript). We have obtained the crystal of this
trifluoroacetate salt and analyzed its crystal structure by single crystal X-ray
diffraction, as shown in Supplementary Fig. 14. Therefore, we don’t think the
synthetic method provided by the paper in 1968 have successfully synthesized the
target product ICM-102.

(2) For the paper published in 2004,'" the authors claimed to modify the synthetic
route provided by the paper in 1968, which further indicates that the original synthetic
route is unreasonable. In this paper, the authors claimed that precipitates would be
formed after adding diethyl ether into the reaction mixture and further purification by
washing diethyl ether and boiling propan-2-ol. But when repeating this experiment,
we only obtained complex mixtures including large amounts of trifluoroacetate salt, a
small amount of desired ICM-102, and some unknown impurities (Supplementary Fig.
23a). Therefore, we don’t think the synthetic method provided by the paper in 2004
have successfully synthesized the pure target product ICM-102.

Therefore, we think that the post-treatment operations in previous literatures are
unreasonable and the obtained precipitates from highly acidic H,O,/CF;COOH
system are primarily the trifluoroacetate salt (Supplementary Fig. 23b). To obtain the
neutral ICM-102, an acid-base neutralization step is necessary in post-treatment
process.
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Supplementary Figure 23. a *H NMR and **C NMR of the product obtained by
repeating literature. b *H NMR and **C NMR of the single crystal of trifluoroacetate
salt of ICM-102. ¢ *H NMR and *C NMR of pure ICM-102.
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