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Abstract
C5H14KN5O9, orthorhombic, Pbca (no. 61), a = 10.4760(3) Å,
b = 14.0476(4) Å, c = 17.3708(5) Å, V = 2,556.33(13) Å3, Z = 8,
T = 100 K, Rgt(F ) = 0.0226, wRref(F 2) = 0.0607.

CCDC no.: 2403001

Table 1 contains crystallographic data and Table 2 contains
the list of the atoms including atomic coordinates and
displacement parameters.

1 Source of materials

Deionized water is homemade in the laboratory. 1.002 g
1-Methylpiperazine (10mmol), 1.011 g KNO3 (10mmol), and
1.983 g nitric acid (20mmol) dissolved into the 30ml deionized
waterwith stirring. The abovemixturewas stirred at 50 °C for

30min. The obtained solution was slowly evaporated at
room temperature for two weeks to give colorless and clear
crystals.

2 Experimental details

The single crystal diffraction data collection was per-
formed on a XtaLAB Synergy R, HyPix diffractometer. The
collected diffraction pattern was indexed and refined in
the CrysAlisPro software, and intensities were reduced by
integration using the SAINT program, followed by
absorption correction in multi-scan using the SADABS1

program. ShelXT2 was called in the OLEX24 software
interface to perform the initial structure solution, and
ShelXL3 was used to perform the refinement. Hydrogen
atoms were added by theoretical hydrogenation according
to the riding model with a temperature factor Ueq of 1.2 or
1.5 times that of the parent atom. The molecular structure
(Ortep: 50 %) is shown in the figure.

3 Comment

Molecular perovskite energetic materials refer to new types
of energetic materials with a perovskite structure.5–7 By
using molecular self-assembly technology, these materials
are constructed in a building block manner, with organic
fuels as the A-site, smaller cations as the B-site, and oxidizing
anion radicals as the X-site.8 The oxidizing and reducing

Table : Data collection and handling.

Crystal: Colorless block
Size: . × . × .mm
Wavelength: Mo Kα radiation (. Å)
μ: .mm−

Diffractometer, scan mode: XtaLAB Synergy R, ω
θmax, completeness: .°, >%
N (hkl)measured, N(hkl)unique, Rint: ,, ,, .
Criterion for Iobs, N(hkl)gt: Iobs > σ(Iobs), ,
N(param)refined: 

Programs: SADABS, SHELX,, Olex
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components are assembled within the crystal framework
structure, resulting in molecular perovskite energetic
materials that are high-density, high-energy, and relatively
low-sensitivity.5,9,10 In this work, we synthesized molecular
perovskite energetic materials using nitric acid, potassium
nitrate, and 1-methylpiperazine. The prepared molecular
perovskite materials haveMeH2PIP as the A-site, potassium

ions as the B-site, and nitrate radical as the X-site. The
compound crystallizes in the space group Pbca (no. 61) of
the orthorhombic crystal system. In the MeH2PIP molecu-
lar, the bond lengths of C1–C2 and C4–C5 are 1.5115 and
1.5079 Å, respectively, which are in agreement with the
value of a single bond. The bond lengths of N4–C1, N4–C5,
N5–C2, and N5–C4 are 1.4927, 1.4906, 1.4964 and 1.4997 Å,
respectively, which are in agreement with the value of C=N.
Due to its location outside the ring, the bond length of
N5–C3 (1.4873 Å) is slightly shorter than that of other
carbon-nitrogen bonds.
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Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

K . () . . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
N . () . () . () . ()
HA . . . .*
HB . . . .*
N . () . () . () . ()
H . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HC . . . .*
HD . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
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