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Experimental Section

Caution

The reported compounds are all energetic materials and tend to explode under physical
stress, and trifluoroacetic acid is used in the synthesis process. Laboratories and
personnel must be properly grounded, and safety equipment such as protective gloves

and coats, face shields and explosion-proof baffles is recommended.
Equipment and conditions

Elemental analyses (C, H and N) were performed on a PE-2400 Elemental Analytical
Instrument (Perkin-Elmer, USA). IR spectra were measured with an EQUINOX-550
spectrometer via KBr pellets for solids (Bruker, Germany). NMR spectra were recorded
with an AV500 NMR spectrometer (Bruker, Germany). Differential scanning
calorimetry (DSC) experiments were determined by DSC200 F3 (NETZSCH, Germany)
in a dynamic atmosphere of nitrogen with a flow rate of 100 mL min~'. Constant-
volume combustion energy was determined by oxygen bomb calorimetry (IKA C5000).
Densities were measured at 25 °C using a Micromeritics AccuPyc II 1340 gas
pycnometer. Impact sensitivity was evaluated by 50% points using a ZBL-B impact
sensitivity instrument (Nachen, China) with a 2.0 kg fall-hammer. The pH values of

aqueous solutions were measured by a PHS-3C pH meter (REX, China).
Crystal structure determination

Crystal data collection was performed on a Bruker Smart Apex CCD X-ray
diffractometer (Bruker, Germany) with highly oriented graphite crystal
monochromated Mo-Ka radiation (A= 0.071073 nm) using ® and ¢ scans mode at room
temperature. Unit cell dimensions were obtained with least-squares refinements, and
semi-empirical absorption corrections were applied using the SADABS program [1].
The structures were solved by direct methods and refined by full-matrix least squares
techniques based on F? with the SHELXTL-97 program [2]. All atoms were obtained
from difference Fourier maps, and non-hydrogen atoms were refined with atomic

anisotropic thermal parameters.



Synthesis methods

All chemicals used were of analytical grade and commercially available.

2,4,6-Triamino-1,3,5-triazine-1,3-dioxide (1). Melamine (1.50 g) was added to a
mixed solution of trifluoroacetic acid (15.0 mL) and aqueous hydrogen peroxide (30%,
7.5 mL), and the mixture was heated at 50 °C with refluxing and stirring for 90 min.
Then white precipitate was filtered and dried to give 2,4,6-triamino-1,3-dihydroxy-
1,3,5-triazine-1,3-diium trifluoroacetate. "H NMR (500 MHz, D20): é ppm: 8.47 (s, 1H,
OH), 8.39 (s, 1H, OH), 7.27 (s, 2H, NH), 7.17 (s, 2H, NH), 7.06 (s, 2H, NH). *C NMR
(125 MHz, D20): 6 ppm: 162.9, 155.0, 146.8, 116.3. IR (KBr): 3410, 3335, 3150, 1670,
1609, 1508, 1464, 1420, 1250, 1175, 1121, 824,795, 716, 677, 600, 518, 457, 420 cm™".
Elemental analysis calcd (%) for C7HsNe¢OsFs (386.17): C 21.77, H 2.09, N 21.76,
found: C 21.69, H 2.173, N 21.62. Then all the 2,4,6-triamino-1,3-dihydroxy-1,3,5-
triazine-1,3-ditum trifluoroacetate was dissolved in water (30 mL). When the solution
was neutralized to pH around 7 with NaOH, a lot of white precipitate formed and was
filtered, washed with water and dried at 110 °C to yield 1.32 g (70%) of 1. *C NMR
(125 MHz, D20): 6 ppm: 152.0, 150.9. IR (KBr): 3439, 3061, 1609, 1483, 1234, 1173,
885, 708, 583, 440 cm™'. Elemental analysis calcd (%) for C3HsNeO2 (158.12): C 22.79,
H 3.82, N 53.15, found: C 22.70, H 3.926, N 53.01.

Sodium 4,6-diamino-2-imino-3-oxido-2,3-dihydro-1,3,5-triazine-1-oxide (1a).
NaOH (0.25 g) and 1 (1.00 g) were dissolved in water (10 mL). When anhydrous
ethanol (100 mL) was added to the solution, a lot of white precipitate formed and was
filtered and dried to yield 0.82 g (72%) of 1a. 3*C NMR (125 MHz, D20): § ppm: 153.7,
151.3. IR (KBr): 3391, 3314, 3277, 2968, 1686, 1585, 1489, 1323, 1202, 1163, 1020,
926, 885, 708, 687, 613, 496, 422 cm™!. Elemental analysis calcd (%) for C3HsNsO2Na
(180.10): C 20.01, H 2.80, N 46.66, found: C 19.90, H 2.914, N 46.55.

Potassium  4,6-diamino-2-imino-3-oxido-2,3-dihydro-1,3,5-triazine-1-oxide
(1b). KOH (0.35 g) and 1 (1.00 g) were dissolved in water (10 mL). When anhydrous
ethanol (100 mL) was added to the solution, a lot of white precipitate formed and was

filtered and dried to yield 0.99 g (80%) of 1b. 3C NMR (125 MHz, D20): § ppm: 153.8,
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151.3. IR (KBr): 3441, 3379, 3281, 2970, 1672, 1616, 1558, 1483, 1319, 1225, 1202,
1159, 926, 851, 710, 671, 586, 505, 419 cm'. Elemental analysis calcd (%) for
C3HsN6O2K (196.21): C 18.36, H 2.57, N 42.83, found: C 18.29, H 2.667, N 42.71.
2,4,6-Triamino-3-hydroxy-1,3,5-triazin-3-ium-1-oxide nitrate (1c¢). 1 (1.00 g,
6.32 mmol) was dissolved in nitric acid (6.32 mmol, 30 mL) at 80 °C. Then the solution
was cooled to room temperature and maintained for 24 h. White precipitate was filtered,
washed with water and dried to yield 0.64 g (46%) of 1c. '*C NMR (125 MHz, D20):
o ppm: 155.0, 146.9. IR (KBr): 3426, 3096, 2990, 2901, 1670, 1636, 1489, 1395, 1304,
1241, 1180, 1047, 891, 826, 723, 665, 517, 405 cm™'. Elemental analysis calcd (%) for
C3H7N70s (221.13): C 16.29, H 3.19, N 44.34, found: C 16.23, H 3.256, N 44.22.
2,4,6-Triamino-1,3-dihydroxy-1,3,5-triazine-1,3-diium dinitrate (1d). 1 (1.00
g) was dissolved in nitric acid (68%, 20 mL) at 80 °C. Then the solution was cooled to
room temperature and maintained for 12 h. White precipitate was filtered, washed with
water and dried at 150 °C to yield 0.34 g (19%) of 1d. >*C NMR (125 MHz, D:0): §
ppm: 155.0, 146.9. IR (KBr): 3366, 3127, 2990, 1636, 1495, 1315, 1250, 1179, 1115,
1040, 966, 891, 826, 716, 660, 565, 528, 413 cm™'. Elemental analysis calcd (%) for
C3HsNsOs (284.15): C 12.68, H 2.84, N 39.44, found: C 12.57, H 2.892, N 39.35.
4,6-Diamino-3-hydroxy-2-0xo0-2,3-dihydro-1,3,5-triazine-1-oxide (2).
Melamine (1.50 g) was added to a mixed solution of trifluoroacetic acid (15.0 mL) and
aqueous hydrogen peroxide (30%, 7.5 mL), and the mixture was heated at 70 °C with
refluxing and stirring for 60 min. After that, the mixture was cooled to 2 °C and
maintained for 24 h, and white precipitate was filtered and dissolved in water (30 mL).
When the solution was neutralized to pH around 7 with NaOH, a lot of white precipitate
formed and was filtered, washed with water and dried at 140 °C to yield 0.92 g (49%)
of 2. 'H NMR (500 MHz, DMSO-ds): 6 ppm: 8.39 (s, 2H, NH), 7.89 (s, 2H, NH). IR
(KBr): 3439, 3375, 3210, 1724, 1612, 1514, 1275, 1240, 1179, 991, 781, 716, 669, 583,
515, 474, 417 cm™'. Elemental analysis calcd (%) for C3HsNsO3 (159.11): C 22.65, H
3.17,N 44.02, found: C 22.57, H 3.221, N 43.91.
Sodium 4,6-diamino-3-oxido-2-0x0-2,3-dihydro-1,3,5-triazine-1-oxide (2a).

NaOH (0.25 g) and 2 (1.00 g) were dissolved in water (10 mL). When anhydrous
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ethanol (100 mL) was added to the solution, a lot of white precipitate formed and was
filtered and dried to yield 1.09 g (96%) of 2a. 3*C NMR (125 MHz, D20): é ppm: 153.8,
150.8. IR (KBr): 3292, 3098, 1616, 1524, 1356, 1223, 1167, 978, 835, 714, 671, 581,
515, 501, 409 cm™'. Elemental analysis calcd (%) for C3H4NsO3Na (181.09): C 19.90,
H 2.23, N 38.67, found: C 19.82, H 2.242, N 38.54.

Potassium 4,6-diamino-3-oxido-2-0x0-2,3-dihydro-1,3,5-triazine-1-oxide (2b).
KOH (0.35 g) and 2 (1.00 g) were dissolved in water (10 mL). When anhydrous ethanol
(100 mL) was added to the solution, a lot of white precipitate formed and was filtered
and dried to yield 1.13 g (91%) of 2b. *C NMR (125 MHz, D20): 6 ppm: 153.8, 150.7.
IR (KBr): 3424, 2970, 1707, 1605, 1533, 1458, 1227, 1207, 1167, 978, 775, 716, 671,
592, 507, 459, 419, 405 cm™'. Elemental analysis calcd (%) for C3H4NsO3K (197.20):
C 18.27, H 2.04, N 35.52, found: C 18.19, H 2.103, N 35.41.

4,6-Diamino-1,3-dihydroxy-2-oxo0-2,3-dihydro-1,3,5-triazin-1-ium nitrate
(2¢). 2 (1.00 g) was dissolved in nitric acid (68%, 10 mL) at 80 °C. Then the solution
was cooled to 2 °C and maintained for 24 h. Colorless crystals were filtered, washed
with water and dried to yield 0.88 g (63%) of 2¢. 'H NMR (500 MHz, DMSO-db): ¢
ppm: 12.22 (s, 1H, OH), 8.95 (s, 2H, NH), 8.54 (s, 2H, NH). *C NMR (125 MHz,
DMSO-ds): 6 ppm: 154.6, 145.4. IR (KBr): 3410, 3281, 2556, 1771, 1630, 1560, 1533,
1425, 1290, 1269, 1236, 1198, 1175, 1045, 989, 966, 814, 714, 662, 573, 486 cm™".
Elemental analysis calcd (%) for CsHeéN6Os (222.12): C 16.22, H 2.72, N 37.84, found:
C 16.15,H 2.790, N 37.73.
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Figure S5 Hydrogen bonds (the dashed lines) in 1b
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Note 1. Molecular Total Energies of Compounds 1 and 2 and Their

Tautomeric Isomers

Theoretical calculations were performed by using the Gaussian 09 (Revision D.01)
suite of programs [3]. Molecular total energies were characterized by the sum of
electronic and thermal energies. The geometric optimization and frequency analyses
were completed by using the B3LYP functional with the 6-31+G** basis set. The
optimized structures were characterized to be true local energy minima on the potential-
energy surface without imaginary frequencies. Molecular total energies of 1, 1, 2 and
2" were calculated to be —1567378.23, -1567337.46,-1619580.13 and —1619550.44 kJ

mol!, respectively.



Note 2. Electron Transfer Analysis
The Gaussian input file of compound 1 (geometry has been optimized by using the
B3LYP functional with the 6-31+G** basis set based on the single crystal structure of

1) for electron density calculation is as follows [3]:

# B3LYP/6-31+G** out=wfn nosymm

01
O -2.32560100 1.07624800 0.00003100
N -0.00007700 2.40837700  -0.00011100
H -0.89998400 2.87012200  -0.00046200
H 0.89968000 2.87036600  -0.00050500
C 0.00002100 1.08100700 0.00004800
N 2.34460000  -1.55830200 0.00035700
H 241161300 -2.56176900  -0.00139400
H 3.15198100  -0.94647700  -0.00100500
O 2.32560800 1.07625800  -0.00012600
C 1.14098200  -0.96513300 0.00005300
N -2.34454900  -1.55839000 0.00005100
H -3.15205300  -0.94680500  -0.00049200
H -2.41134900  -2.56190700  -0.00088900
C -1.14098500  -0.96509800  -0.00002500
N -1.17759300 0.40547100 0.00024200
N 1.17759400 0.40551300 0.00027200
N 0.00001800  -1.65241700  -0.00008900

The Gaussian input files of melamine and coordination O for electron density
calculation were obtained by respectively deleting coordination O and melamine parts
from the above Gaussian input file of compound 1. Then, the grid data of electron

density difference were generated by Multiwtn [4,5].



Note 3. NMR Spectra

Heavy water was used for the NMR characterization of most compounds because of
the solubility, resulting in the invisibility of signals of active hydrogen (-NH and -OH).
In addition, because 1"~ and 1" can combine with H" and OH" ionized from H20 to re-

form 1, there are signals of 1 in the 3C NMR spectra of its salts.
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Figure S6 °C NMR (D,0) spectrum of 1
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Figure 87 3C NMR (D,0) spectrum of 1a (signals at 152.1 and 150.7 ppm are those of 1 which

comes from 1’ combining with H' ionized from H,0)
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Note 4. Determination of the Acidic Dissociation Constant (K.) of 1’

and the First Basic Dissociation Constant (K1) of 1

Potassium salt 1b can undergo hydrolysis as shown below:

by g

(0] 0 (6]

\i i + H,0 \N‘)LN’OH + OH
HoN" N7 NH, HZNJ\N/)\NHZ

1 1

The hydrolysis constant (Kn) of 1b satisfies the following equation:

c(1")c¢(OH™) _ c(1)c(OH )c(H") K, )

SO=05 (@) K1)

where Kw is the ionization constant of water and Ka(1") is the acidic dissociation
constant of 1'.
We assume that the dissociation of water can be ignored and c(1")=c(1b).

Therefore,

K.(1)= K,-c(1) K, -c(lb) _{c(H)}*-c(1b)
7 ¢(M)e(OH™)  {c(OH)}? K

w

2)

where c(1b) is the concentration of the aqueous solution of potassium salt 1b.
In a similar way, the monotrifluoroacetate salt of 1 (2,4,6-triamino-3-hydroxy-

1,3,5-triazine-3-ium-1-oxide trifluoroacetate) can undergo hydrolysis as shown below:

NHy NH,

0 OH 0 o
‘N)jN: + H0 ‘N‘)*N’ + HoO + H
H,N” N7 NH, HZN)\N/)\NHZ

1* 1
The hydrolysis constant (Kn) of the monotrifluoroacetate salt of 1 satisfies the

following equation:

c(l)c(H*) _ c(l)c(H*)c(OH‘) _ K, 3)
c1)  c(1)e(OH) K, (1)

K, ") =

where Kb1(1) is the first basic dissociation constant of 1.
We assume that the dissociation of water can be ignored and c(1")~c(salt).

Therefore,

K, (1)= K, -c(1+) _ K, -c(+sa12t) @)
ceH")  {c(H")}
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where c(salt) is the concentration of the aqueous solution of the monotrifluoroacetate
salt of 1.

The pH values of 0.200 mol L' aqueous solutions of potassium salt 1b and the
monotrifluoroacetate salt of 1 (prepared by the equimolar mixture of NaOH and 2,4,6-
triamino-1,3-dihydroxy-1,3,5-triazine-1,3-diium trifluoroacetate) were measured to be
11.61 and 2.10, respectively, at 25 °C. Kw is 1.01x107'* at 25 °C [6]. Thus, according
to the equations (2) and (4),

Ka(1N=(10"1161)2%0.200+(1.01 x 10"1)=1.19x 10°1°
Ko1(1)=1.01x10"%x0.200+(10">1%)?=3.20x 10!

Checking calculations:

According to the equations (1) and (3), we obtain
Kn(1")=1.01x104+(1.19x1071%)=8.49x 10 >> K,
c(1b)/Kn(1")=0.200+(8.49x 10°)>500
Kn(11)=1.01x1071+(3.20x 101)=3.16 x 10* >> Ky
c(salt)/Kn(17)=0.200+(3.16x 10)>500
Thus, the assumptions that the dissociation of water can be ignored, c(1")=c(1b) and

c(1")~c(salt) are reasonable.
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Note 5. Calculations of Surface Electrostatic Potentials of 1, 1’, 2 and
X

Molecular geometries of 1, 1’, 2 and 2" were optimized by using the B3LYP functional
with the 6-31+G** basis set based on crystal structures to obtain their checkpoint files
[3]. Then, the checkpoint files were used to calculate their surface electrostatic
potentials (ESPs) and extremum values of ESPs on the 0.001 a.u. isosurfaces of

electronic density by Multiwfn [4,5]. The obtained data of ESPs were visualized by
VMD [7].
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Note 6. Calculations about Heat of Formation for All the Newly

Synthesized Energetic Compounds by Experiment

The constant-volume combustion energies of the compounds were determined by
oxygen bomb calorimetry (IKA C5000). A sample of approximately 200 mg to be tested
was pressed with a well-defined amount of benzoic acid (ca. 500 mg) to form a tablet
to ensure better combustion. The recorded data were the average of six single tests. The
calorimeter was calibrated by the combustion of certified benzoic acid in an oxygen
atmosphere at a pressure of 30.5 bar.

The averaged experimental values for the constant-volume combustion energies

(AcU) of 1a, 1b, 1c, 2, 2a, 2b and 2¢ were measured to be —1946.16, —1867.33,

—1851.52, —1553.54, —1409.15, —1498.42 and —1421.57 kJ mol~!, respectively. Their

enthalpies of combustion (AcH) were calculated from Ac U with a gas volume

correction given in the equation (5).

AcH(sample,s) = AcU + AnRT &)
where An is the change in the number of gas products during the reaction process, R is
8.314 Jmol' K, and Tis 298.15 K.

The combustion reactions for 1a, 1b, 1¢, 2, 2a, 2b and 2c¢ are as follows:

1a: C3HsN¢O2Na (s) + 3.502 (g) — 3CO2 (g) + 2.5H20 (1) + 3N2 (g) + 0.5Na0
(s)

1b: C3HsNeO2K (s) +3.502 (g) — 3CO2 (g) + 2.5H20 (1) + 3N2 (g) + 0.5K20 (s)

le: C3H7N70s (s) +2.2502 (g) — 3CO2 (g) + 3.5H20 (1) + 3.5N2 (g)

2: C3HsNsOs (s) +2.7502 (g) — 3CO2 (g) + 2.5H20 (1) + 2.5N2 (g)

2a: C3HaNsOs3Na (s) +2.7502 (g) — 3CO2 (g) + 2H20 (1) + 2.5N2 (g) + 0.5Na20
(s)

2b: C3H4N5sO3K (s) +2.7502 (g) — 3CO2 (g) + 2H20 (1) + 2.5N2 (g) + 0.5K20 (s)

2¢: C3HeN6Oe (s) + 1.502 (g) — 3CO2 (g) + 3H20 (1) + 3N2 (g)

The enthalpies of combustion (AcH) of 1a, 1b, 1¢, 2, 2a, 2b and 2¢ were calculated

to be —1939.96, —1861.13, —1840.99, —1546.72, —1402.33, —1491.60 and —1410.42 kJ
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mol~!, respectively. Their standard heat of formation (AsH) was back-calculated from
their combustion equations by the Hess’s law.

AfH(1a, s) = 3AtH(COz, g) + 2.5AtH(H20, 1) + 0.5AtH(Na20, s) — AcH(1a, s)

AtH(1b, s) = 3AtH(CO2, g) + 2.5AtH(H20, 1) + 0.5AtH(K20, s) — AcH(1b, s)

AtH(1c, s) = 3AtH(COz, g) + 3.5AtH(H20, 1) — AcH(1c, s)

AtH(2, s) = 3AtH(COz, g) + 2.5AtH(H20, 1) — AcH(2, s)

AfH(2a, s) = 3AtH(COz, g) + 2AtH(H20, 1) + 0.5AtH(Na20, s) — AcH(2a, s)

AtH(2b, s) = 3AtH(CO2, g) + 2AtH(H20, 1) + 0.5AtH(Na20, s) — AcH(2b, s)

AtH(2¢, s) = 3AtH(CO2, g) + 3AtH(H20, 1) — AcH(2¢, s)

The standard heat of formation of CO:2 (g), H20 (1), Na2O (s) and K20 (s) is
-393.51, —285.83, —417.98 and —363.17 kJ mol~', respectively [8]. The standard heat
of formation of 1a, 1b, 1c, 2, 2a, 2b and 2¢ was calculated to be —164.17, —215.59,
—-339.99, —348.39, —558.88, —442.21 and —627.64 k] mol~!, respectively.
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Table S1. Crystal data and structure refinement details for compounds 1-4H,0, 1a-5H,0, 1b, 1¢-H,0 and 1d-H,O.

Compounds 1-4H,0 1a-5H,0 1b 1¢-H,O 1d-H,0
Chemical formula C3H14NOg CgH3oN12N2a,014 C3HsKNO, C3HyN;0¢ C3H1oNsOo
Formula  weight/(g  230.20 540.40 196.23 239.17 302.19
mol ")
Temperature/K 296(2) 296(2) 296(2) 293(2) 296(2)
Color Colorless Colorless Colorless Colorless Colorless
Crystal system Monoclinic Triclinic Orthorhombic Monoclinic Triclinic
Space group P2y/n P1 Pna2, P2i/n Pl
alA 8.972(6) 7.055(3) 13.776(7) 6.635(3) 7.448(3)
b/A 7.067(5) 8.868(4) 3.764(2) 13.288(6) 8.709(4)
c/A 16.369(10) 9.776(4) 12.796(6) 10.347(2) 10.072(4)
al® 90 86.644(7) 90 90 114.164(6)
pr 94.273(11) 69.909(7) 90 96.915(18) 94.456(6)
y/° 90 87.122(8) 90 90 107.497(7)
Volume/A3 1035.0(11) 573.1(4) 663.5(6) 905.6(6) 553.1(4)
Z 4 1 4 4 2
Peald/(g cm™) 1.477 1.566 1.964 1.754 1.814
Absorption 0.138 0.176 0.766 0.164 0.177
coefficient/mm™!
F(000) 488 284 400 496 312
6 range/° 2.495 to0 26.072 2.302 to 24.999 3.184 t0 26.426 2.506 to 26.497 2.278 t0 26.088
Index ranges -11<h=<10,-8<k=<8, -8<h=<38,-6<k=<I0, —-17<h=<16, -4<k<4, —-8<h=<38,-16<k=<16, —-8<h=<9,-9=<k=10,
-16<1=<20 -10=<lI<l11 -15<1<10 -12<1<6 -12=<1<I11
Reflections collected 5247 2942 3384 5080 2968

Reflections unique
Goodness-of-fit on F?

Final R indices
[>26(D)]
R indices (all data)

Largest diff. peak and
hole/e A3
CCDC number

2015 [R(int) = 0.0275]
1.014

Ri=0.0433,
WR,=0.1122
Ri=0.0616,
WR,=0.1237

0.334 and —0.242

1967830

1997 [R(int) = 0.1011]
0.908

R1=0.1089,
WR,=0.2548
Ri=0.1594,
WR,=0.3113

0.589 and —0.790

1972805

1138 [R(int) = 0.1101]
0.833

R,=0.0507,
WR,=0.0764
Ri=0.0911,
WR,=0.0876

0.424 and —0.480

1972807

1860 [R(int) = 0.1484]
0.767

Ri=0.0627,
WR,=0.1183
R=0.1915,
WR,=0.1575

0.313 and —0.385

1968247

2131 [R(int) = 0.0283]
1.002

R;=0.0591,
WRy=0.1427
R;=0.1059,
WRy=0.1732

0.640 and —0.302

1968249
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Table S2. Crystal data and structure refinement details for compounds 1-2H,0, 2-0.5H,0, 2a-4H,0, 2b-2.5H,0 and 2c.

Compounds 1-2H,0 2:0.5H,0 2a-4H,0 2b-2.5H,0 2¢
Chemical formula C3H;oNgO4 C6H12N190; C5H2N5NaO; CeH;sKoN101; C3HNOg
Formula  weight/(g  194.17 336.26 253.17 484.50 222.14
mol)
Temperature/K 296(2) 293(2) 296(2) 296(2) 296(2)
Color Colorless Colorless Colorless Colorless Colorless
Crystal system Monoclinic Orthorhombic Monoclinic Orthorhombic Monoclinic
Space group P2i/n Pbcn P2y/n Pbcem C2/c
alA 4.0471(9) 13.067(3) 10.619(2) 9.2305(9) 15.358(6)
b/A 11.869(3) 14.398(3) 7.1380(14) 7.0126(7) 7.426(3)
c/A 16.879(4) 6.5342(13) 14.224(3) 27.175(2) 15.144(6)
al® 90 90 90 90 90
Bl 91.091(4) 90 103.238(3) 90 111.743(7)
/° 90 90 90 90 90
Volume/A3 810.6(3) 1229.3(4) 1049.5(4) 1759.0(3) 1604.3(11)
VA 4 4 4 4 8
Peac/(g cm™) 1.591 1.817 1.602 1.829 1.839
Absorption 0.142 0.163 0.184 0.622 0.175
coefficient/mm™!
F(000) 408 696 528 1000 912
6 range/® 2.098 to 26.080 2.105 to 26.669 2.716 to 26.136 2.206 to 28.253 2.856 to 26.659
Index ranges —-5<h=<4,-10<k<14, -l6<h<16, 9sks< -13<h=<13,-7<ks<8, -llshs<ll,-6<k=<)9, -19<h=<10, -8<k=9,
-19=<1=<20 18, 8<I<8 -l6<l<17 -35=<1<27 -18=<I<19
Reflections collected 4213 6423 5548 10225 4324

Reflections unique

Goodness-of-fit on F?

Final R indices
[>20(D)]
R indices (all data)

Largest diff. peak and
hole/e A3
CCDC number

1581 [R(int) = 0.0266]
1.024

R,=0.0341,
WRy=0.0873
Ri=0.0407,
WRy=0.0924

0.132 and —0.241

1967836

1301 [R(int) = 0.1530]
0.881

Ri=0.0520,
WR;=0.0962
Ri=0.1057,
WR,=0.1123

0.307 and —0.387

1967846

2073 [R(int) = 0.0548]
0.960

Ri=0.0382,
WR,=0.0900
R1=0.0546,
WR,=0.0975

0.217 and —0.261

1972810

2196 [R(int) = 0.0281]
1.057

Ri=0.0423,
WR,=0.1287
Ri=0.0525,
WR,=0.1360

0.311 and —0.996

1977527

1641 [R(int) = 0.0457]
0.985

Ri=0.0500,
WR=0.1118
Ri=0.1017,
WR,=0.1379

0.216 and —0.295

1968244
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Table S3. Hydrogen bonds in 1-4H>0, 1a-5H20, 1b, 1¢-H20, 1d-H20, 2-0.5H20, 2a-4H>0, 2b-2.5H>0 and 2c.

D-H...A Type dD-H)(A)  dH...A)(A) d(D...A)(A) DHA ")
1-4H20

N(1)-H(2)...0(4)1! 1-water 0.866(17) 2.090(18) 2.892(3) 154(2)
N(1)-H(1)...0(6) 1-water 0.878(16) 2.002(17) 2.829(3) 156(2)
N(2)-H(4)...0(3)! 1-water 0.848(16) 2.037(17) 2.861(3) 164(2)
N(2)-H(3)...0(2)] 1-1 0.897(16) 2.084(19) 2.879(3) 147.0(19)
0O(3)-H(7)...0(6) water-water 0.826(16) 1.995(16) 2.813(3) 170(2)
O(3)-H(8)...0(1) water-1 0.879(15) 1.833(16) 2.703(2) 170(2)
N(3)-H(6)...0(5)1 1-water 0.874(16) 2.285(18) 3.091(3) 153(2)
N(3)-H(5)...0(4)l! 1-water 0.864(15) 2.097(17) 2.928(3) 161(2)
O(4)-H(9)...0(5)(el water-water 0.840(15) 2.104(15) 2.935(3) 170(2)
0(4)-H(10)...0(2) water-1 0.876(15) 1.947(15) 2.814(3) 170(2)
O(5)-H(11)...0(2) water-1 0.869(16) 1.980(16) 2.844(3) 173(3)
0O(5)-H(12)...0(3) water-water 0.849(16) 2.041(16) 2.860(3) 162(2)
0O(6)-H(14)..N(6)M water-1 0.847(15) 2.30(2) 3.054(3) 148(2)
0O(6)-H(13)...0(1) water-1 0.861(15) 1.771(16) 2.627(3) 172(2)
1a-5H.0

O(5)-H(B)..N(6)!1 water-1a 0.85(2) 2.05(2) 2.892(6) 172(5)
O(5)-H(7)...0(1) water-1a 0.85(2) 1.83(2) 2.674(6) 173(6)
O(3)-H(11)...0(2) water-1a 0.86(2) 1.86(3) 2.695(7) 165(8)
0O(3)-H(10)...0(7)t! water-water 0.85(2) 2.10(2) 2.934(8) 168(6)
O(4)-H(5)...0(6)1 water-water 0.84(2) 2.18(5) 2.892(8) 143(7)
0O(4)-H(4)...0(1)x water-1a 0.84(2) 1.87(2) 2.699(7) 171(7)
N(3)-H(9)...0(3)11 la-water 0.90(2) 2.13(4) 2.930(8) 148(6)
N(@3)-H(3)...0(7) la-water 0.87(2) 2.33(4) 3.103(8) 147(6)
N(2)-H(6)...0(2)im] la-1a 0.89(2) 2.15(5) 2.892(7) 141(6)
N(2)-H(2)...0(4)™! la-water 0.89(2) 2.12(4) 2.922(8) 150(6)
N(1)-H(1)...0(1) 1a intramolecularly 0.893(19) 2.27(4) 2.744(7) 113(2)
N(1)-H(1)...0(1)[ la-1a 0.893(19) 2.50(3) 3.153(7) 130(3)
O(7)-H(14)...0(2)M water-1a 0.85(2) 2.01(6) 2.737(7) 143(8)
O(7)-H(15)...0(6) water-water 0.85(2) 2.14(3) 2.962(10) 164(7)
0(6)-H(12)...0(4)0! water-water 0.84(2) 2.36(9) 2.892(8) 122(8)
1b

N(1)-H(2)...0(2) 1b intramolecularly 0.87(3) 2.22(7) 2.752(8) 119(6)
N(@3)-H(1)...0(2)"! 1b-1b 0.88(3) 2.02(3) 2.888(8) 173(8)
N(2)-H(5)...0(1)P! 1b-1b 0.88(3) 1.91(3) 2.776(8) 169(8)
N(2)-H(4)..N(1)! 1b-1b 0.87(3) 2.31(5) 3.075(9) 146(7)
1c¢-H20

N(1)-H(6)...0(5)[! 1le-1c, between layers 0.865(19) 2.14(3) 2.917(6) 150(4)
N(1)-H(5)...0(4)1! 1c-1c, within layers 0.882(19) 2.18(4) 2.883(6) 137(4)
N(2)-H(4)...0(6)H! 1c-water, within layers 0.875(19) 2.08(3) 2.821(6) 142(4)
N(2)-H(2)...0(4)[] lc-1c, within layers 0.890(19) 2.11(2) 2.981(6) 166(4)
0O(2)-H(7)...0()H! lc-1c, between layers 0.852(19) 1.62(2) 2.465(5) 172(5)
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NG)-H(1)...
NG)-H(3)..
0(6)-H(8)..
0(6)-H(9)..
0(6)-H(9)...
1d-H0
O(1)-H(6)...
N(1)-H(7)...
N(D)-H(1)...
0(2)-H(5)...
N(Q2)-H(8)..
NQ)-H(Q2)..
NG)-H(4)...
NG)-HG3)...
0(9)-H(11).
0(9)-H(10).
2:0.5H0
N(1)-H(5)...
N(1)-H@3)...
NQ)-H(1)...
NQ)-H(Q2)...
0(2)-H(4)...
O(4)-H(7)...
O(4)-H(6)...
2a-4H.0

0(6)-H(12)..N(5)*"]
O(6)-H(11)...0(7)t!

N(1)-HQ)...
N(Q2)-H(@)...
N@2)-HB)...
O(4)-H(8)...
O(4)-H(7)...
0(5)-H(6)...
0(5)-H(5)...
0(7)-H(10).
0(7)-H(10).
0(7)-H(9)...
2b-2.5H,0

0(5)-H(7)...
0(5)-H(8)...
N(1)-H(1)...
N(1)-HQ)...
N(@2)-H@3)...
N(Q)-H(@)...

o)

0@y
0(3)
O™

o(5)

0(9)
0(5)
o(8)4
0(8)

0(6)M
04y

o(7)lil
O(4)til
N6
LO(@®)e

o3l
O(4)al
N(S)[C]
0(3)[21
o(1)al
0(2)l
o)

o(1)le!
O(1)lad]
O(2)fel
o(1)la)
O(7)M
O(2)teel
o(1)
.0
.O(3)Ml
O(2)teel

0(2)kf
0O(2)lz]
O(4)lahl
N(5)ah]
o(5)[ai]
0]

1c-1¢, within layers
lc-1¢, within layers
water-1¢, between layers
water-1¢, within layers

water-1¢, within layers

1d-water, between layers
1d intramolecularly
1d-1d, within layers

1d intramolecularly
1d-1d, within layers
1d-1d, within layers
1d-1d, between layers
1d-1d, within layers
water-1d, within layers

water-1d, within layers

2-2
2-water
2-2
2-2
2-2
water-2

water-2

water-2a
water-water
2a-2a
2a-2a
2a-2a
water-2a
water-water
water-2a
water-2a
water-2a
water-2a

water-2a

water-2b
water-2b
2b-water
2b-2b

2b-water

2b-water

0.872(19)
0.872(19)
0.91(2)

0.886(19)
0.886(19)

0.881(19)
0.872(19)
0.875(19)
0.822(19)
0.879(19)
0.87(2)

0.86(2)

0.874(19)
0.836(18)
0.840(19)

0.847(16)
0.866(16)
0.889(16)
0.892(16)
0.925(15)
0.84(2)

0.847(19)

0.839(15)
0.855(15)
0.865(15)
0.877(15)
0.908(15)
0.847(15)
0.870(14)
0.856(15)
0.859(15)
0.821(14)
0.821(14)
0.886(15)

0.82
0.85
0.85
0.89
0.87
0.87
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2.15(3)
2.19(3)
1.96(5)
2.32(5)
2.44(6)

1.64(2)
1.98(2)
2.13(3)
1.81(2)
2.06(2)
2.25(3)
2.16(3)
2.15(2)
2.29(3)
1.97(2)

2.024(17)
2.079(19)
2.239(17)
2.35(2)
1.545(16)
2.56(6)
2.07(4)

2.51(2)
1.955(15)
2.049(16)
2.099(16)
2.059(16)
1.986(16)
1.934(15)
1.957(16)
2.092(17)
2.101(18)
2.499(18)
1.890(15)

2.28
1.92
2.27
2.12
2.47
2.04

2.973(5)
2.972(6)
2.635(8)
2.933(5)
3.056(7)

2.492(4)
2.840(4)
2.882(4)
2.621(4)
2.916(5)
3.016(5)
2.915(5)
3.011(5)
2.941(4)
2.787(4)

2.859(3)
2.887(2)
3.128(3)
2.906(3)
2.463(3)
3.253(2)
2.859(3)

3.238(2)
2.803(2)
2.903(2)
2.877(2)
2.937(2)
2.7836(19)
2.791(2)
2.8055(18)
2.9294(19)
2.8373(18)
3.0828(18)
2.770(2)

3.062(2)
2.769(2)
2.890(2)
2.997(2)
3.170(2)
2.882(2)

157(4)
150(4)
129(6)
127(5)
127(6)

162(4)
169(4)
144(3)
172(4)
166(4)
146(4)
147(4)
167(4)
135(4)
165(5)

169(2)
155(2)
178(2)
120(2)
171(2)
141(7)
154(8)

146(2)
171(2)
169(2)
147.4(18)
162.3(19)
157(2)
168.1(19)
171(2)
165(2)
149.1(19)
129.1(18)
172(2)

158.2
176.2
129.3
167.6
137.8
162.3



0(4)-H(5)...0 )" water-2b 0.84 2 2.820(2) 167.6

O(4)-H(6)...0(2)t! water-2b 0.88 1.88 2.735(2) 163.1
2¢

O(1)-H(5)...0(5) 2¢ intramolecularly 0.926(13) 1.682(13) 2.603(3) 173(3)
N(1)-H(2)...0(4)aK 2¢-2¢, within layers 0.836(18) 2.26(2) 2.999(3) 148(3)
N(1)-H(1)...0(3)! 2¢-2¢, within layers 0.827(16) 2.135(16) 2.862(4) 147(3)
N(2)-H(3)...0(6)! 2¢-2¢, within layers 0.882(16) 2.141(19) 3.015(4) 171(3)
0(2)-H(6)...0(4)t] 2¢-2¢, between layers 0.830(17) 1.804(16) 2.627(3) 171(2)

Symmetry transformations: [a] -x+1/2, y+1/2, -z+1/2; [b] -x+1/2, y-1/2, -z+1/2; [c] -x+1, -y+1, -z+1; [d] -x, -y+1, -z+1;
[e] -x+3/2, y-1/2, -z+1/2; [f] x+1, y, z; [g] X, y-1, z; [h] -x+1, -y+2, -z+1; [i] X, v, z+1; [j] -x+2, -y+2, -z+1; [K] -x+2, -
y+1, -z+1; [1] -x+2, -y+1, -z; [m] -x+2, -y+2, -z; [n] X, y, z-1; [0] x+1/2, -y+3/2, z; [p] -x+3/2, y+1/2, z-1/2; [q] -x+1, -
y+1, z-1/2; [r] x+1/2, -y+1/2, z-1/2; [s] x+1/2, -y+1/2, z+1/2; [t] -x+1, -y+1, -z; [u] -x+3/2, y+1/2, -z+1/2; [v] x-1/2, -
y+1/2, z+1/2; [w] x+1, y+1, z+1; [x] -x+1, -y+1, -z+2; [y] -x+3/2, y+1/2, z; [z] x-1/2, -y+1/2, -z+1; [aa] -x+3/2, -y+1/2,
z-1/2; [ab] x-1, y, z; [ac] -X, -y+1, -z; [ad] -x+1, -y, -z; [ae] x-1/2, -y+1/2, z-1/2; [af] x+1, y, -z-1/2; [ag] -x-1, y-1/2, -z-
1/2; [ah] -x-1, -y+1, -z; [ai] X, y, -z-1/2; [a]] -x-1, y+1/2, z; [ak] -x+1, y-1, -z+3/2; [al] -x+1/2, -y+1/2, -z+1; [am] x+1/2,
y-1/2, z.
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Table S4. Physical properties of compounds 1a-1¢, 2 and 2a-2¢ and comparison with TNT and DDNP.

Compounds  Ta (Ol p(gem?)P!  -AcHm (kI mol ™) AtHim (kJ mol') P (GPa)®!  vp (msHll IS (D OB (%)lel

1a 325 2.06 1940.0 -164.2 20.7 6572 >23.5 -35.5
1b 293 1.95 1861.1 -215.6 14.9 5658 >23.5 -32.6
1c 226 1.73 1841.0 -340.0 24.1 7459 6.9 -10.9
2 293 1.96 1546.7 -348.4 22.8 6976 >23.5 -25.1
2a 317 2.10 1402.3 -558.9 16.3 5767 >23.5 -22.1
2b 287 1.99 1491.6 -442.2 14.9 5606 >23.5 -20.3
2¢ 194 1.83 1410.4 -627.6 253 7503 6.9 0

TNTH 224 1.65 - -59.3 19.4 6915 15 -24.7
DDNP!! 157 1.72 - 321.0 242 6900 1 -15.2

[a] Decomposition temperature (onset) from DSC at 10.0 °C min™!. [b] Measured density (gas pycnometer). [c] Experimental molar enthalpy
of combustion determined by oxygen bomb calorimetry. [d] Heat of formation calculated from enthalpy of combustion. [e] Detonation
pressure and detonation velocity calculated by Kamlet-Jacobs equations for CHNO explosives and the developed Kamlet-Jacobs equations
for metal-containing explosives [9,10]. [f] Impact sensitivity. [g] Oxygen balance based on CO for C.HsN:MdaO. (M represents alkali metal
ions) calculated by OB=1600[e-a-(b+d)/2]/Mw, where Mw is molecular weight. [h] Refs. [11-13]. [i] Ref. [14].
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Note 7. DSC Curves

Heat flow (mW mg™")

Heat flow (mW mg'")

Temperature (°C)

L L L
250 300 350 400

—1a

L L
150 200

L L L
250 300 350 400

Temperature (°C)

Figure S16 DSC curves of 1a-1c, 2 and 2a-2¢ at 10.0 °C min!

Table SS. Extrapolated onset temperatures (7¢), peak
temperatures (7,) and decomposition enthalpies

(AH4) the exothermic decomposition processes of 1a-
1c, 2 and 2a-2c¢ from the DSC curves.

Compounds  Te (°C) T,(°C)  AHs(Jgh
la 324.8 325.3 981

1b 292.8 296.6 921

1c 226.3 226.8 900

2 2933 319.6 1479

2a 316.8 317.4 998

2b 286.7 291.9 1020

2¢ 193.5 195.5 1631
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