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1. General methods
All purchased reagents are analytically pure and used without further purification. Decomposition temperatures were measured via DTA performed on a DTA 552-Ex instrument (OZM Research S.R.O., Czech Republic) with a scan rate of 5 °C·min‒1. The PXRD patterns were recorded on a Bruker Advance D8 diffractometer (Cu-Kα radiation) in Bragg–Brentano geometry. Detonation parameters were estimated using DFT calculations and an extended K–J equation. Impact and friction sensitivity tests were performed on a BFH-10 BAM impact tester and FSKM-10 BAM friction apparatus, respectively.
2. Synthesis 

(1) Synthesis of (H2dabco)(NH3OH)(ClO4)3 (DAP-6): 50% hydroxylamine aqueous solution (4 mmol) was added dropwise to a solution of perchloric acid (24 mmol) in 5 mL of distilled water with stirring (IKA RT 15; IKA, Germany)at 100 °C. Under constant stirring, a solution of triethylenediamine (2.8 mmol) was added in distilled water (2 mL), which immediately produced and a small amount of a white precipitate. The suspension was stirred at 100 °C for about 1.5 h, filtered, and then washed with acetone, to obtain a yield of 75% based on the amount of NH3OHClO4. The experimental PXRD pattern is consistent with the simulated one for DAP-6 (Fig. S1).
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Fig. S1. PXRD patterns of DAP-6.

(2) Synthesis of (H2dabco)(NH2NH3)(ClO4)3 (DAP-7): An aqueous solution of triethylenediamine (4 mmol, 2 mL) was added dropwise to a solution of perchloric acid (15 mmol) in distilled water (2 mL) with stirring (IKA RT 15; IKA, Germany; 2 h) at room temperature; thereafter, hydrazine monohydrate (2 mmol) was slowly added to the mixed solution. After 2 h, the white precipitate was retrieved by filtration and washed with ethanol, resulting in a yield of 80% based on NH2NH3ClO4. The experimental PXRD pattern is consistent with the simulated one for DAP-7 (Fig. S2).
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Fig. S2. PXRD patterns of DAP-7.

Caution! Although no explosions or hazards occurred in the course of this research, these high-energetic compounds must be handled with extreme care.
3. X-ray Crystallography

For DAP-6 and DAP-7, the single-crystal diffraction data were collected with a Rigaku XtaLAB P300DS diffractometer (Cu-Kα radiation, λ = 1.5418 Å) and a SuperNova AtlasS2 diﬀractometer (Cu-Kα radiation, λ = 1.5418 Å) at 223 K, respectively. The structures were solved with the SHELXS program by direct methods and refined with the SHELXL refinement package using a full-matrix least-squares technique. All non-hydrogen atoms were refined with anisotropic displacement parameters. All hydrogen atoms were generated geometrically considering the possible hydrogen bonds. Crystallographic data are summarized in Table 1, and selected hydrogen-bonding interactions for B-site cations are listed in Table 2. The CIFs were deposited in the Cambridge Crystallographic Data Centre (CCDC), CCDC numbers: 1978742 and 1978743 for DAP-6 and DAP-7, respectively.
4. Capillary powder X-ray diffraction 
Capillary PXRD data were collected with a Bruker Advance D8 θ–2θ diffractometer at 298 K. The methods of collections and refinements for the PXRD patterns data are shown in Ref. [40] in the main text. The final Pawley refinements yielded parameters see Table S1. 

Table S1
The final Pawley refinements parameters of DAP-6 and DAP-7.

	Compound
	a (Å)
	b (Å)
	c (Å)
	β (°)
	Rp (%) a
	Rwp (%) a
	ρ (g·cm–3)

	DAP-6
	20.7886(1)
	8.2840(2)
	20.8813(5)
	119.563(2)
	2.93
	4.47
	1.897

	DAP-7
	10.8373(7)
	8.0920(3)
	10.4230(8)
	119.99(3)
	4.37
	8.08
	1.869


a Rp = Σ|cYsim(2θ) – Iexp(2θ) + Yback(2θ)|/Σ|Iexp(2θ)|, Rwp = [Σw(cYsim(2θ) – Iexp(2θ) + Yback(2θ))2/Σw(Iexp(2θ))2]1/2, where 2θ is the diffraction angle, Iexp(2θ) is the measured experimental spectrum, Yback(2θ) is the background intensity of the measured spectrum, Ysim(2θ) is the simulated diffraction intensity without the background contribution, w is a weighting function, and c is a constant scaling factor.
Rp: unweighted profile R-factor; Rwp: weighted profile R-factor.
5. The formation enthalpies for H2dabco2+ and H2dabco-O2+ cations

The ΔfH of H2dabco2+ and H2dabco-O2+ cations were calculated by using Gaussian 09 program [5]. A B3LYP function with a 6-31+G** basis set was used for structure optimization and frequency analysis [6]. Single-point energies were calculated at the MP2(full)/6-311++G** level. The representative reactions are shown in Fig. S3. All of the optimized structures were characterized as true local energy minima on the potential-energy surface without imaginary frequencies. The calculated thermal factors and ΔfH of the cations are obtained in Table S2.
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Fig. S3. Isodesmic reaction schemes for H2dabco2+ and H2dabco-O2+ cations.

Table S2 
Calculated (B3LYP/6–31++G**) total energy (E0), zero-point energy (ZPE), values of thermal correction (HT), and ΔfH of the selected cations.

	Cation
	E0 (hartree)
	ZPE (hartree)
	HT (hartree)
	ΔfH (kJ·mol−1)

	H2dabco2+
	–344.9769951
	0.212769
	0.006784
	1657.5

	H2dabco-O2+
	419.9962802
	0.214923
	0.007977
	1626.3

	dabco
	344.3826192
	0.182574
	0.007279
	90.4 a

	NH2OH
	131.4292152
	0.040304
	0.00414
	–69 a

	NH3OH+
	–131.7511074
	0.054376
	0.00426
	669.5 b

	NH2NH3+
	–111.935645
	0.067819
	0.004326
	770.0 b

	NH3
	–56.4154971
	0.034253
	0.003817
	–45.9 a

	NH4+
	–56.7556704
	0.049446
	0.003796
	626.4 a


a The ΔfH of the products were derived from NIST. 
b From Ref. [40] in the main text.
6. The estimation on detonation performance

6.1. Detonation parameters estimated by using DFT calculation and extended K–J equation

For DAP-6 and DAP-7 [1], their detonation products can be described as N2 (g), H2O (g), CO2 (g), C (s) and HCl (g). Accordingly, the complete detonation reactions are assumed: 
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For DAP-6, (CHN)(NHOH)(ClO) = 3HCL (g) +

 7.5HO (g) + 1.5N(g) + 2.75CO(g) + 3.25C

 (s)
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For DAP-7, (CHN)(NHNH)(ClO) = 3HCL (g) +

 8HO (g) + 2N(g) + 2CO(g) + 4C (s)


Based on these reactions, the detonation energy (ΔEdet) was calculated by DFT method with the code DMoL3 [2] under 3D periodic boundary conditions. The Monkhorst–Pack multiple K-point sampling of the Brillouin zone [3] and the Perdew–Becke–Ezerhoff (PBE) exchange-correlation function were employed in calculation. [4] The results are listed in Table S3. Then the obtained ΔEdet was used to estimate the detonation heat (ΔHdet; kcal·g−1) from an empirical linear correlation equation [2]:
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where, r represents linear coefficient. After that, the following extended K–J equations were used to calculated the D (km·s−1) and P (GPa) [2]:
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where, ρ represents the density of explosive (g·cm−3), N is the moles of detonation gases per gram of explosive, M is the average molecular weight of these gases, and Φ is intermediate parameters.

Table S3 
Calculated (DMoL3/PBE) total energy (hartree) used in the detonation reactions.
	Compound
	DAP-6
	DAP-7
	N2
	H2O
	CO2
	HCl
	C
	H2

	Total energy

(hartree)
	–2760.091
	–2740.265
	–109.449
	–76.379
	–188.479
	–460.638
	–38.084
	–1.164


1 hartree = 2626.66 kJ·mol−1
5.2. Specific impulse calculation by using EXPLO5 based on the back-calculated formation enthalpies

It is a large technical challenge to accurately measure the formation enthalpies (ΔfH) for the halogen-containing high explosives, so we estimated the ΔfH for DAP-6 and DAP-7 from ΔHdet based on the above assumed detonation reactions and Hess law [1]. The enthalpies of detonation reaction (ΔcH) were calculated according to the formula:
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where, R = 8.314 J·mol−1·K−1 and T = 298.15 K. Based on the calculated ΔcH and the known ΔfH of the products, the ΔfH can be calculated from the relevant detonation reactions for molecular perovskite compounds, and the results are listed in Tables S4 and S5. 

Table S4 
The enthalpies of formation of perovskite compounds, well-known explosives, and the relevant combustion products.

	Compound
	ΔHdet (kJ·mol−1)
	ΔcH (kJ·mol−1)
	ΔfH (kJ·mol−1)

	RDX
	–1241.63
	–1223.04
	–92.70

	HMX
	–1652.55
	–1627.76
	–126.57

	CL-20
	–2729.91
	–2696.44
	200.17

	DAP-4
	–2527.39
	–2492.06
	–483.96

	DAP-O4
	–2773.26
	–2736.70
	–436.08

	DAP-6
	–2835.78
	–2799.10
	–373.68

	DAP-7
	–2673.60
	–2636.42
	–362.14

	CO2 (g)
	—
	—
	–393.51a

	H2O (g)
	—
	—
	–241.826 a

	N2 (g)
	—
	—
	0 a

	HCl (g)
	—
	—
	–92.31 a


a The ΔfH of the products were derived from National Institute of Standards and Technology (NIST).

Table S5 
Some important parameters of some well-known explosives and four metal-free molecular perovskite high-energetic materials.

	Compound
	ρ (g·cm−1)
	ΔHf (kJ·mol−1) c 
	Q (kJ·g−1)
	D (km·s−1)
	P (GPa)
	Isp (s)
	OB (%) f

	RDX
	1.82 a
	–92.70
	5.59 d/5.07 e
	8.634 d/8.657 e
	33.3 d/33.2 e
	251.0
	–21.6

	HMX
	1.90 a
	–126.57
	5.57 d5.08 e
	8.892 d/8.968 e
	36.2 d/35.7 e
	250.7
	–21.6

	CL-20
	2.04 a
	200.17
	6.23 d/5.80 e
	9.507 d/9.467 e
	43.1 d/44.2 e
	264.7
	–11.0

	DAP-4
	1.87 b
	–483.96
	5.87 d/5.25 e
	8.806 d/8.195 e
	35.2 d/31.2 e
	253.6
	–27.9

	DAP-O4
	1.85 b
	–436.08
	6.21 d/5.56 e
	8.900 d/8.255 e
	35.7 d/32.1 e
	262.5
	–23.3

	DAP-6
	1.90 b
	–373.68
	6.35 d/5.72 e
	9.123 d8.443 e
	38.1 d/34.4 e
	265.3
	–23.3

	DAP-7
	1.87 b
	–362.14
	6.00 d/5.40 e
	8.883 d/8.321 e
	35.8 d/32.0 e
	256.9
	–28.7


a From Ref. [3] in the main text.
b The crystal densities estimated from capillary PXRD data collected at room temperature.
c ΔHf is the heat of formation back-calculated from assumed detonation reactions.
d These parameters were calculated using the DFT and the extended K–J equation.
e These parameters were calculated by EXPLO5 v6.04.02 code.

f OB based on CO2 for CaHbNcCldOe: OB = 1600[e – 2a – (b – d)/2]/MW, where MW is molecular weight.
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