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Experimental section
Materials

5-Amino-1H-tetrazole (CH3Ns, 98%), Zinc nitrate hexahydrate (Zn(NOs), 6H,0,
99%,), acetonitrile (CH3CN, 99%), cyanuric chloride (C5CI3N3, 99%), ethanol (C,H;0,
99.5%), sucrose (C;,H»,011, 99.5%), polyacrylamide (A,=2000000-14000000) and 2-
methylimidazole (C4HgN,, 98%) were acquired form Shanghai Aladdin Biochemical
Technology Co., Ltd. Nitric acid (HNO3, 65%), hydrochloric acid (HCI, 37%) and
acetone (CsHg0, 99.5%) were acquired from Sinopharm.

Synthetic process
Synthesis of H;TATT and EMOF {[Zn,(HTATT),(H,0),]:3H,0},

The synthesis of H3;TATT and EMOF {[Zn,(HTATT),(H,O),]-:3H,0}, was
according to our previous work!".
Synthesis of carbon aerogel (CA)

40 ml of H,O were combined with 5.5 g of sucrose, 1 g polyacrylamide, and agitated
for 24 hours. The mixture was transferred to a 50 ml Teflon reactor and sealed with a
stainless steel case. It was heated to 200 °C, kept for five hours, and then allowed to
naturally cool to room temperature. The obtained gel was freeze-dried for 24 hours and
ground to achieve black powder. A porcelain boat containing 1g of the obtained powder
was heated to 950 °C for two hours under N, atmosphere, with a heating rate of 5 °C
per minute, and cooling down to room temperature naturally.

Synthesis of CA-Zn

The synthesis process is the same as that of section 2.2.2, except that added 1.49 g
Zn(NOs),-6H,0.

Synthesis of CA-ZIF8

The synthesis process is the same as that of section 2.2.2, except that added 1.49 g
Zn(NO;),-6H,0 and 1.64 g 2-methylimidazole.

Synthesis of CA-NR

The synthesis process is the same as that of section 2.2.2, except that added 1.4 g
H;TATT and 0.71 g Zn(NOs3),-6H,0.

Electrochemical measurements

The electrochemical measurements were carried out on corrtest bipotentiostat
(CS2350) using three-electrode system. A rotary ring disk electrode with glass carbon

(GC, 4mm) was used as working electrode. A saturated calomel electrode was used as



reference electrode. A graphite rod was used as the counter electrode. The electrolyte
uses 0.1 M KOH solution. The catalyst (5 mg) dispersed in the mixed solution of
deionized water (900 puL), ethanol (90 puL) and 5% Nafion (10 pL), then ultrasonic for
30 min under an ice bath to form a homogeneous catalyst ink. Next, 10 uL ink was
dropped on the GC carefully and dried at room temperature. Before electrochemical
measurements, the electrolyte was bubbled with gases for 30 min to obtain electrolyte
saturated with N, and O,. Cyclic voltammetry (CV) was performed in electrolyte at a
scan rate of 20 mV s, Linear sweep voltammetry (LSV) was performed at different
rotating rates (400, 625, 900, 1225, 1600, 2025 and 2500 rpm) with a scan rate of 20
mV s-l. Electrochemical double layer capacitance (Cq) was tested in the non-Faraday
region with different scan rates. All the obtained potentials were transformed to
reversible  hydrogen  electrode (RHE) by the following equation:
Erug=Eag/c110.059pH+0.197 V. Electron transfer number (n) and H,O yield (%) were

obtained based on the following equation:
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where /; and /; are the ring and disk currents, respectively, and N (0.47) is the current
collection efficiency.

The faradaic efficiency on RRDE was obtained as the following equation:
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Bulk H,0, production test was conducted by chronoamperometry with different
potential in H-Cell. The electrocatalyst was supported on carbon paper (1x1 cm?,
Toray), the electrocatalyst loading was 1 mg cm?.

The concentration of produced H,O, was calculated by the Ce(SO,); titration method
as following reaction:

2Ce*t + H,0,~2C** +2HY + 0,
The Ce*" was reduction by produced H,O, and generated the colorless Ce3*. The

produced concentration of H,O, can be calculated as following:
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The production rate of H,O, can be calculated as following:
CHZOZ X Velectrolyte
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The FE of bulk synthesis of H,O, can be calculated as following:
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Physical characterization

The phase composition and structure of all samples were obtained on X-ray
diffraction (XRD, Bruker D8 advance, Cu Ka radiation, A = 0.15418 nm). The
morphology details were observed by scanning electron microscopy (SEM, Apreo S,
Thermo Fisher Scientific) and transmission electron microscopy (TEM, JEM 2100F)
with energy dispersive X-ray spectrometer. Thermal decomposition information was
acquired from thermal gravimetry analysis (TG, STA 449C, Netzsch Co.) using N, gas
as the atmosphere. The specific surface area was tested and calculated using Brunauer-
Emmett-Teller (BET, TriStar II 3020, Micromeritics) method. Samples were vacuum
degassed at 150 °C for 6 hours. The Raman spectra recorded on a Micro-Raman
imaging spectrometer (Raman, DXR2, Thermo Fisher Scientific). The chemical
composition and valence were detected by X-ray photoelectron spectroscopy (XPS,

PHI 5000 VersaProbe III, ULVAC-PHI).



Figure S1. Crystal structure of {[Zn,(HTATT),(H,0),]-3H,0},
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Figure S2. Comparison of detonation data with some classical energetic materials.
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Figure S3. a) TG and b) spectrum of {[Zn,(HTATT),(H,0),]-3H,0},
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Figure S4. CV curves of a) CA-NR. b) CA-ZIF8. ¢c) CA-Zn and d) CA in the non-faraday region at
different rates.
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Figure S5. Linear fitting of the capacitive current for samples.
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Figure S6. XRD and Raman spectrum of CA-NR after long time test.
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Figure S7. a) SEM. b) TEM. ¢c) HRTEM and d) HAADF-STEM images of CA-NR.
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Figure S8. Comparison of faradic efficiency with recently reported catalysts?!!-,
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Figure S9. Comparison of H,O, yield with recently reported catalysts* 6 12-18-,



Table S1. Physicochemical data of {[Zn,(HTATT),(H,0),]-3H,0}, and some classical energetic

materials.

PP b Ty 0! De P IS¢ FSh
(gem?®) (%) (°C) (kealg') (kms') (GPa) () (N)
{[Zny(HTATT),(H,0),]-3H,0}, 1.980 57.58 364 4.279 11.09 59.10 >40 >360
[Pb(HBTD)],' 3.186 34.22 325 1.158 7.84 3587 >40 >360
[Cu(Htztr)y(H,0),],2 1.892 5272 345 2.128 8.18 30.57  >40  >360
[Cu(tztr)]-H,0?" 2.316 45.23 325 1.322 7.92 31.99  >40 >360
[Cu(Htztr)],2" 2.435 49.08 355 3.958 10.40 56.48 32 >360

CHP?! 1.95 14.71 194 1.25 8.225 31.73 0.5 -

CHHP?* 2.00 28.25 231 0.75 6.205 17.96 0.8 -
TNT? 1.65 18.50 295 0.897 7.303 2130 15.0 353
RDX?* 1.80 37.84 205 1.386 8.795 34.90 7.5 120
HMX?23- 1.91 37.84 275 1.320 8.900 38.39 7.0 112

a Density from X-ray diffraction analysis, ® Nitrogen content, ¢ Temperature of decomposition by DSC, ¢ Heat of

detonation, ¢ Detonation velocity, f Detonation pressure, & Impact sensitivity, ! Friction sensitivity, CHP = Cobalt

hydrazine perchlorate, CHHP = Cobalt hydrazine hydrazinecarboxylate perchlorate.
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