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I. General remarks

General methods: Unless otherwise noted, all reagents were obtained from 

commercial suppliers and used without further purification. NMR spectra were 

obtained on a Bruker AVANCE III 500 spectrometer. The 1H NMR (500 MHz) 

chemical shifts were measured relative to DMSO-d6 as the internal reference (DMSO-

d6: δ = 2.50 ppm). The 13C NMR (125.72 MHz) chemical shifts were given using 

DMSO-d6 as the internal standard (DMSO-d6: δ = 39.52 ppm). Infrared (IR) spectra 

were recorded on a Perkin-Elmer Spectrum II IR Spectrometers using KBr pellets. X-

Ray single-crystal diffraction data were collected on a Rigaku AFC-10/Saturn 

724+CCD diffractometer with graphite-monochromated Mo Kα radiation (λ=0.71073 

Å) using the multi-scan technique. Thermal decomposition temperatures were 

determined by using differential scanning calorimetry (DSC) on a Mettler-Toledo 

TGA/DSC 1 Stare system at a heating rate of 5 °C·min-1 from room temperature to 

400 °C under nitrogen atmosphere. The detonation parameters, including detonation 

velocity and detonation pressure, were calculated by using the EXPLO5 (version 

6.05.04) program. The impact and friction sensitivities were measured on a standard 

BAM fall hammer and a BAM friction tester1. Hirshfeld surfaces and 2D fingerprint 

plots were generated by CrystalExplorer (version 17.5)2. The electrostatic potential 

(ESP) surfaces and non-covalent interaction (NCI) analyses were analyzed and drawn 

by using Multiwfn (version 3.5)3 and Visual Molecular Dynamics (VMD, version 

1.9.3) program suites.
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Ⅱ. Crystal data

Figure S1. ORTEP diagram of compound 4 at room temperature. Thermal ellipsoids 

are shown at the 50% probability level
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Figure S2. ORTEP diagram of compound 6 at room temperature. Thermal ellipsoids 

are shown at the 50% probability level
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Figure S3. ORTEP diagram of compound 7 at room temperature. Thermal ellipsoids 

are shown at the 50% probability level

Volume/Å3 508.71(4)

Z 2

ρcalcg/m3 1.659

μ/mm-1 0.141

F(000) 260

Crystal size/mm3 0.120 x 0.100 x 0.090

2Θ range for data collection/° 2.931 to 27.483

Index ranges -8<=h<=8, -9<=k<=9, -14<=l<=14

Reflections collected 7846

Independent reflections 2314 [R(int) = 0.0241]

Data / restraints / parameters 2314 / 0 / 164

Goodness-of-fit on F2 1.033

Final R indices [I>2sigma(I)] R1 = 0.0423, wR2 = 0.1020

Final R indices (all data) R1 = 0.0570, wR2 = 0.1104

Largest diff. peak and hole/ e.Å-3 0.239 and -0.239 
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Table S1. Crystal data for compound 4 at room temperature
Identification code 4

CCDC number 2379758

Empirical formula C6H6N8O4

Formula weight 254.19

Temperature/K 296(2)

Crystal system Triclinic

Space group P-1

a/Å 6.7014(3)

b/Å 7.4750(4)

c/Å 11.2966(5)

α/° 97.876(2)

β/° 104.754(2)

γ/° 107.211(2)

Volume/Å3 508.71(4)

Z 2

ρcalcg/m3 1.659

μ/mm-1 0.141

F(000) 260

Crystal size/mm3 0.120 x 0.100 x 0.090

2Θ range for data collection/° 2.931 to 27.483

Index ranges -8<=h<=8, -9<=k<=9, -14<=l<=14

Reflections collected 7846

Independent reflections 2314 [R(int) = 0.0241]

Data / restraints / parameters 2314 / 0 / 164

Goodness-of-fit on F2 1.033

Final R indices [I>2sigma(I)] R1 = 0.0423, wR2 = 0.1020

Final R indices (all data) R1 = 0.0570, wR2 = 0.1104

Largest diff. peak and hole/ e.Å-3 0.239 and -0.239 
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Table S2. Crystal data for compound 6 at room temperature

Identification code 6

CCDC number 2379757

Empirical formula C6H4N6O5

Formula weight 240.15

Temperature/K 296(2)

Crystal system Orthorhombic

Space group Pna21

a/Å 15.229(5)

b/Å 5.3345(15)

c/Å 23.556(6)

α/° 90

β/° 90

γ/° 90

Volume/Å3 1913.7(10)

Z 8

ρcalcg/m3 1.667

μ/mm-1 0.147

F(000) 976

Crystal size/mm3 0.180 x 0.160 x 0.120

2Θ range for data collection/° 2.675 to 27.563

Index ranges -19<=h<=18, -6<=k<=6, -30<=l<=26

Reflections collected 13949

Independent reflections 4058 [R(int) = 0.0761]

Data / restraints / parameters 4058 / 1 / 307

Goodness-of-fit on F2 1.034

Final R indices [I>2sigma(I)] R1 = 0.0651, wR2 = 0.1354

Final R indices (all data) R1 = 0.1356, wR2 = 0.1572

Largest diff. peak and hole/ e.Å-3 0.266 and -0.213
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Table S3. Crystal data for compound 7 at room temperature
Identification code 7

CCDC number 2379760

Empirical formula C7H3F3N6O5

Formula weight 308.15

Temperature 296(2)

Crystal system Monoclinic

Space group P21/c

a/Å 8.8436(5)

b/Å 8.0309(5)

c/Å 15.9838(10)

α/° 90

β/° 95.681(2)

γ/° 90

Volume/Å3 1129.63(12)

Z 4

ρcalcg/m3 1.812

μ/mm-1 0.183

F(000) 616

Crystal size/mm3 0.200 x 0.180 x 0.080

2Θ range for data collection/° 2.314 to 27.516

Index ranges -11<=h<=11, -8<=k<=10, -19<=l<=20

Reflections collected 11013

Independent reflections 2584 [R(int) = 0.0327]

Data / restraints / parameters 2584 / 0 / 191

Goodness-of-fit on F2 1.030

Final R indices [I>2sigma(I)] R1 = 0.0496, wR2 = 0.1401

Final R indices (all data) R1 = 0.0824, wR2 = 0.1329

Largest diff. peak and hole/ e.Å-3 0.427 and -0.418
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Ⅲ. Calculation of heats of formation

Computations were performed by using the Gaussian 09 suite of programs.4 The elementary 

geometric optimization and the frequency analysis were performed at the level of the Becke three 

parameter, Lee-Yan-Parr (B3LYP)5 functional with the 6-311++G** basis set.6 All of the optimized 

structures were characterized to be local energy minima on the potential surface without any imaginary 

frequencies. Atomization energies were calculated by the CBS-4M.7 All the optimized structures were 

characterized to be true local energy minima on the potential-energy surface without imaginary 

frequencies. 

The predictions of heats of formation (HOF) of compounds used the hybrid DFT-B3LYP methods 

with the 6-311++G** basis set through designed isodesmic reactions. The isodesmic reaction processes, 

that is, the number of each kind of formal bond is conserved, were used with the application of the 

bond separation reaction (BSR) rules. The molecule was broken down into a set of two heavy-atom 

molecules containing the same component bonds. The solid phase of heat of formation can be 

calculated according to the equation 1.

Hsolid = Hgas - Hsub                      (1)

Here, the heat of sublimation (Hsub) was calculated by using an equation (2) proposed by Edward F. 

C. Byrd, et al.

Hsub = aA2 + b(νσtot
2)1/2 + c                  (2)

For all the ionic salts, calculation of the HOFs was simplified by using equation (3)

fH(ionic salts, 298K) = ΣΔfH(cation, 298K) + ΣΔfH(anion, 298K) – ΔHL           (3)

In eq 3, ΔHL is the lattice energy of the ionic salts, which could be predicted by using the equation (4) 

suggested by by Jenkins et al.5

ΔHL = UPOT + [p(nM/2 – 2) + q(nx/2-2)]RT    (4)

In eq 4, nM and nX depended on the nature of ions Mp
+ and Xq

–, respectively, and are equal to 3 for 

monatomic ions, 5 for linear polyatomic ions, and 6 for nonlinear polyatomic ions. 

The lattice-potential energy (UPOT) was calculated according to equation (5), in which ρm is the 

density (in g/cm3) and Mm is the chemical formula mass of the ionic material; the coefficients γ and δ 

were taken from the literature.8

UPOT (kJ/mol) = γ (ρm/Mm)1/3 - δ      (5)
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Ⅴ. Copies of NMR spectra

Figure S4. 1H NMR spectrum in DMSO-d6 for compound 2
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Figure S5. 13C NMR spectrum in DMSO-d6 for compound 2

Figure S6. 1H NMR spectrum in DMSO-d6 for compound 3
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Figure S7. 13C NMR spectrum in DMSO-d6 for compound 3

Figure S8. 1H NMR spectrum in DMSO-d6 for compound 4
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Figure S9. 13C NMR spectrum in DMSO-d6 for compound 4

Figure S10. 1H NMR spectrum in DMSO-d6 for compound 5
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Figure S11. 13C NMR spectrum in DMSO-d6 for compound 5

Figure S12. 1H NMR spectrum in DMSO-d6 for compound 6
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Figure S13. 13C NMR spectrum in DMSO-d6 for compound 6

Figure S14. 1H NMR spectrum in DMSO-d6 for compound 7



s19

Figure S15. 13C NMR spectrum in DMSO-d6 for compound 7


