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Figure S1. The illustration of coplanar configuration searching (CCS) and 
parameter settings test

To confirm all the possible coplanar configuration dimers from the view of energy, 
a coplanar configuration searching (CCS) was implemented. 

The optimization were performed with Dmol3 program. Setting parameters were as 
follows: the theory level was GGA/PBE, and DNP basis set was adopted. Dispersion 
correction was also considered using Grimme’s method.1 The convergence tolerance 
for energy, maximum force and maximum displacement were set to 1.0e-5 Ha, 
0.002Ha/Å and 0.005Å, respectively. 

To conserve time and reduce operating error, all the CCS calculation procedures were 
accomplished by a home-made perl script based on Dmol3 module in Materials studio 
8.0.
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Figure S2. Convergence tolerance test of coplanar configuration searching (CCS) 

To ensure the sensitivity and reliability of the calculation results, we also improved 
the convergence tolerance to 5.0e-6 Ha, 0.001Ha/Å and 0.002Å and the comparison 
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test was launched on a TATNBZ dimer. When the optimization converged, the 
calculated single point energy (-2022.5474783Ha) and optimized geometries for former 
(1.0e-5 Ha, 0.002Ha/Å and 0.005Å) and later (5.0e-6 Ha, 0.001Ha/Å and 0.002Å) 
tolerance are totally identical as shown in Figure S2. Thus, we think the chosen 
tolerance (1.0e-5 Ha, 0.002Ha/Å and 0.005Å) are reasonable and adequate for our 
cases.
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Figure S3. Molecular geometries of 92 molecules after two steps screening.
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Figure S4. Screening criteria for molecular density and PBF
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It is well known that the accurate crystal density prediction of energetic molecules is 
very challenging at present. But the theoretically molecular densities of energetic 
molecules are relatively facilitated to be obtained with a simple calculation of 
theoretical molar mass divided by theoretical molecular molar volume. Regretfully, the 
theoretically molecular densities usually exhibit a large deviation to the experimental 
ones. Based on data correlation analysis of more than one thousand energetic molecules 
between experimental crystal densities and theoretically molecular densities, we found 
that the experimental crystal densities actually have a close relationship to the 
theoretically molecular densities (Figure S4a). In general, high theoretically molecular 
densities imply high experimental crystal densities. As shown in Figure S4a, for the 

molecules with a molecular density lower than 1.00 g‧cm-3, the experimental densities 

are lower than 1.6 g‧cm-3 in most cases. Considering the positive correlation between 

detonation properties and density, we think the molecular density that in the first step 

screening can be set to 1.00 g‧cm-3 to guarantee the energy level of screened molecules.

In determining the PBF threshold, we use TATB as a norm. TATB is a classical 
energetic material with graphite-like structure and planar geometry. We think 
molecules with more flat geometries than TATB (PBF values lower than that of TATB) 
are more favorable to assembly a flat molecular plane form the topology view. In 
addition, in the generated 426 molecules the PBF of TATB was in the middle position 
as shown in Figure S4b. We think it is appropriate to use the PBF value of TATB as a 
standard, neither too strict nor too loose. The PBF value for TATB after geometry 
optimization by molecular mechanics and DFT method are 0.26 Ǻ and 0.21 Ǻ, 
respectively. Considering the relatively low accuracy of molecular mechanics method, 
we relax the PBF restriction in the first screening step from 0.26 Ǻ to 0.30Ǻ.
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Figure S5. Theoretical deduction of P2NAADD, P2NNAAD, P3NAAD-5 and 
P3NNAD-1 on graphite-like crystal structure by CCS and pcp-PIA methods
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The CCS results of P2NAADD demonstrate that several dimers like 1, 2, 3, 4, 5 hold 
a plannar geometry and meanwhile the lowest energy. Starting with dimer 4 and 5, a 
molecular chain can be constructed. However, the “chain” can not be extended into a 
“plane” through the reasonable unsaturated hydrogen bond according to the pcp-PIA 
rules. Thus, we think that the graphite-like crystal structure probability of P2NAADD 
are low. 

The CCS results of P2NNAAD show that there are not coplannar dimers observed in 
relatively low energy area. Thus, we think that the graphite-like crystal structure 
probability of P2NNAAD are low. 

The CCS results of P3NAAD-5 show that the azide group in the only relatively 
planar dimer has a 31ᴼ dihedral angle relative to the molecular parent ring, which 
actually breaks up the flatness of dimer. Thus, we think that the graphite-like crystal 
structure probability of P3NAAD-5 are low. 

For P3NNAD-1, there are three coplanar dimers found through CCS calculations. 
However, these dimers is unlikely to form a molecular chain after a careful deduction. 
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Thus, the graphite-like crystal structure possibility of P3NNAD-1 could be also 
eliminated according to our CCS and pcp-PIA rules
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Figure S6. Sliding contour plots of DANAP, TATB and FOX-7

Sliding contour plots showing the total interaction energy versus the fractional coordinates of the 
centroid of the top layer of molecules for DANAP, TATB and FOX-7.

The interaction energy calculation are performed with Forcite module in Materials studio 8.0. The 
chosen forcefield is COMPASS.2 The applicability of the COMPASS forcefield is validated through 
geometry optimization on the respective crystal structure.
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The calculation procedure of detonation properties.

After acknowledging the density of DANAP, the solid state heat of formation must be calculated to 
obtain its detonation properties. The solid state heat of formation of DANAP can be calculated by below 
formula.

)298(-)298,g()298,solid( subff kHkasHkH 

The gas state heat of formation of DANAP (ΔfH(gas)) that has direct correlation to the detonation 
properties of energetic material is calculated by G4(MP2)_6x method through Gaussian 09 (Revision 
D.01).3,4 G4(MP2)_6x is a composite procedure with a lower cost but performance approaching that of 
G4. The new procedure employs BMK/6-31+G(2df,p) geometries and has six additional scaling factors 
for the correlation energy components. 

The heat of sublimation (ΔsubH) is estimated by the following equation. T is the meltpoint or 
decomposition point temperature in Kelvin.

THS  188.0ub

Finally, the detonation velocity and detonation pressure can be estimated by Explo5 (version 6.02) 
software.
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Table S1. Single crystal X-ray diffraction data of DANAP 

Single crystal X-ray diffraction data was collected on an Oxford Xcalibur diffratometer with Mo-Kα 
monochromated radiation (λ=0.71073 Å). The crystal structures were solved by direct methods. The 
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structures were refined on F2 by full-matrix least-squares methods using the SHELXTL script package.5 
All non-hydrogen atoms were refined anisotropoically.

CCDC 1960100

Formula C4H4N8O2

Mr 196.15

Crystal system orthorhombic

Space group Pbca

a [Å] 7.040(4)

b [Å] 12.714(8)

c [Å] 16.640(10)

α [o] 90

β [o] 90

γ [o] 90

V [Å3] 1489.4(15)

Z 8

T(K) 170

ρ[g cm-3] 1.750

Μu [mm-1] 0.145

F(000) 800

θ [o] 3.20 to 27.18

index range -8 ≤ h ≤ 9

-16 ≤ k ≤ 6

-21 ≤ l ≤ 21

reflections collected 4540

independent reflections 1646[Rint = 0.0637, Rsigma = 0.0780]

data/restraints/parameters 1646/0/127

GOF on F2 1.018

R1 [ I>2σ(I)] 0.0830

wR2 [ I>2σ(I)] 0.2098
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R1(all data) 0.1409

wR2(all data) 0.2500

largest diff. peak and hole [e Å-3] 0.785/-0.345

1H,13C NMR spectra of intermediates and DANAP
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