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Supplementary note 1. Similarity calculation by SOAP descriptor
According to our experience, traditional similarity comparison based on RMSD of

atomic coordinates may be invalid in cases such as symmetric structures with different
coordinates though their energy is pretty close. Hence, here we applied a similarity
comparison method based on Smooth Overlap of Atomic Positions (SOAP), which has
been proved to be more effective in correlating structure differences with energy. SOAP
is a descriptor that encodes regions of atomic geometries by using a local expansion of
a gaussian smeared atomic density with orthonormal functions based on spherical
harmonics and radial basis functions. Thus, SOAP can be used to compare individual
local atomic environments, but additional tools are needed to make comparison of entire
structures based on local environments. Here, we adopted REMatch kernel defined in

Dscribe to calculate the similarity between SOAP of structure A and B as follows: [1?]

K (AB) =T,P°C(A,B)

argmax
pr= g(N,N)ZPU(l - C;+ ainPy)

y

where the similarity between local atomic environments Cij can once again be
calculated with any pairwise metric (e.g.linear, gaussian) and parameter o determines
the contribution of the two: a = 0 means only the similarity of the best matching local
environments is taken into account and oo — o channels in the average solution. In our

cases, the pairwise metric was chosen as linear kernel and a was set to 0.00001.
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Figure S1. Scatter plot for experimental density and molecular density.
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As we can see from Figure S1, an obvious correlation (R2=0.73) was observed
between experimental density and molecular density on a dataset containing more than
one thousand energetic compounds.
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Figure S2. Dimer configurations extracted from RDX cluster.
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There are 14 dimer configurations in total extracted from RDX crystal as shown in Figure S2.
Some of them are equivalent, such as 1 and 13 or 3 and 9. Equivalent configuration has same
interaction energy. Thus, for consuming time only one among the equivalent configurations are

calculated.



Figure S3. Similarity comparison for RDX dimers.
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Traditional RMSD value is ineffective for measuring the similarity between dimer configurations.
In this case similarity are calculated by SOAP descriptor in Dscribe library. The similarity
approaching to 1.0 indicates equivalent configuration. Hence, from Figure S3 we can see that (1,
13) or (2, 6) or (3, 9) or (4, 8) or (5, 14) or (7, 11) are equivalent. However, configuration 10 or 12
has no equivalent one.
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Figure S4. Dimer configurations extracted from HMX cluster.
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There are 14 dimer configurations in total extracted from HMX crystal.
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Figure S5. Similarity comparison for HMX dimers.
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Configuration (1, 5,9, 12) or (2, 14) or (3,6, 8, 11) or (4, 13) or (7, 10) are equivalent.
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Figure S6. Dimer configurations extracted from CL-20 cluster.
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There are 12 dimer configurations in total extracted from CL-20 crystal.
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Figure S7. Similarity comparison for CL-20 dimers.
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Configuration (1, 9) or (3, 5) or (6, 12) or (7, 11) or (8, 10) are equivalent.
Configuration 2 or 4 has no equivalent one.

S7



Figure S8. Optimized conformations of polymorphs for each compound.
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All the conformations were optimized at the level of UB3LYP/6-311++G**, the
geometries are shown in Figure S8. Nitro groups in a-RDX and B-RDX have
pseudoaxial and pseudoequatorial orientations pertaining to cyclic framework,
respectively. a-HMX and 6-HMX both demonstrate same boat-like conformations, thus
their molecular densities are identical, whereas B-HMX possesses chair-like
conformation. The conformations for CL-20 are featured by C1(B-CL-20¢-CL-20) and
C2(y-CL-20) point groups, respectively, which is in line with previous report. [3!
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Table S1. Bond dissociation enthalpy, Laplacian bond order and bond length of
trigger bonds.

Label BDE (kJ mol!) LBO Bond length (A)
RDX 1 163.839 0.609 1.403
RDX 2 162.920 0.507 1.433
HMX 1 178.996 0.638 1.393
HMX 2 162.689 0.652 1.391
CL-20 1 160.586 0.636 1.395
CL-20 2 175.887 0.525 1.419

CL-20_3 157.832 0.463 1.441
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Table S2. Molecular density, crystal density and BEC for polymorphs.

Number of Mean

Molecular  Crystal Binding energy
Polymorphs Aogp dimer binding

density density in cluster

configurations energy
a-RDX 1.735 1.806 0.071 -309.738 14 -22.124
B-RDX 1.742 1.795 0.053 -218.665 14 -15.619
a-HMX 1.772 1.840 0.068 -255.643 14 -18.262
B-HMX 1.774 1.904 0.130 -391.074 14 -27.934
5-HMX 1.772 1.760 -0.011 -293.338 12 -24.445
B-CL-20 1.974 1.985 0.011 -366.426 14 -26.173
e-CL-20 1.975 2.044 0.069 -398.445 12 -33.204
v-CL-20 1.969 1.916 -0.053 -378.224 12 -31.519
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Cartesian coordinates for optimized a-RDX
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Cartesian coordinates for optimized -RDX
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Cartesian coordinates for optimized a-HMX
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Cartesian coordinates for optimized p-HMX
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Cartesian coordinates for optimized 6-HMX

0000000 ZzZZzZZZZZIZTIITITIITITOOOON

-1.28357100
-1.28366200
1.28356200
1.28358600
-1.98174200
-1.09490600
-1.98192500
-1.09485000
1.09447600
1.98187100
1.09476400
1.98177000
-3.20586100
0.00006300
1.90416300
0.00019900
-0.00005800
-0.00009000
3.20581100
-1.90413600
-3.71722900
1.09281100
3.71702400
-1.09266100
3.71708900
1.09248700
-3.71713000
-1.09233800

1.26769600
-1.26852200
1.26744900
-1.26867400
2.05001500
1.31676300
-2.05065100
-1.31793700
1.31628600
2.04981800
-1.31835800
-2.05081400
-0.00018900
1.49092800
-0.00048400
1.78846100
-1.49169600
-1.78730400
-0.00032100
-0.00031100
-1.08661600
1.90173900
1.08617300
-1.89999400
-1.08675300
-1.89965700
1.08632600
1.90173100

S15

-1.09159000
-1.09109400
-1.09190000
-1.09111900
-0.81036200
-2.16744900
-0.80968900
-2.16693800
-2.16770000
-0.81111100
-2.16693300
-0.80962000
-0.22032400
-0.45144700
-0.76050100
0.91552700
-0.45082100
0.91662800
-0.22028800
-0.76013100
-0.02548600
1.44121000
-0.02578700
1.44252700
-0.02532600
1.44263000
-0.02574100
1.44141400



Cartesian coordinates for optimized 3-CL-20
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Cartesian coordinates for optimized y-CL-20
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Cartesian coordinates for optimized e-CL-20
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-1.14835500
-2.14738900
-0.59823700
-1.15815600
-2.14871300
-0.30597800
-0.95457400
-2.00674000
-0.34902800
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