Metal-embedded nitrogen-doped carbon nanocages from ZIF-67 for efficient ciprofloxacin degradation via peroxymonosulfate activation
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Text S1. EPR measurement
The electron paramagnetic resonance (EPR) measurement was carried out on a Bruker spectrometer (A300) to detect Reactive oxygen species (ROS) during the PMS activation using DMPO (SO4•−, ·OH, and O2•−) and TEMP (1O2) as the spin-trapping agents. The reaction solutions (10 μl) were sampled into quartz capillary tubes. The instrumental parameters were as follows: microwave frequency at 9.44 GHz, sweep width of 100 G, modulation amplitude of 1.00 G, 30 for receiver gain, modulation frequency at 100 kHz, 40.96 ms for time constant, and 80 ms for conversion time.
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Fig. S1. XRD patterns of ZIF-67(Co).
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Fig. S2. (a) The comparison degradation of CIP by PMS activated with different catalysts; (b) The comparison XRD of CoFe2O4-2 and ZIF-67(FeCo)-800. Experiment condition: PMS = 1.0 mmol·L–1, catalyst = 50 mg·L–1, CIP = 10 mg·L–1, CoFe2O4-2 was prepared from a mixture of Fe3O4 nanoparticles (50 nm) and cobalt(II) oxide with an Fe/Co molar ratio of 2:1 calcined at 800°C for 2 h under nitrogen atmosphere. 
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Fig. S3. UV-Vis spectra of CIP (a) and OG (b) over time, and the change of color of the OG (c) in the ZIF-67(FeCo)-800PMS system. Experiment condition: PMS = 1.0 mmol·L–1; CIP = 10 mg·L–1; OG = 0.2 mmol·L–1; catalysts = 50 mg·L–1; initial pH unadjusted.
[image: image7.emf]1400 1200 1000 800 600 400 200 0

Used ZIF-67(FeCo)-800 

Co 2p

Fe 2p

ZIF-67(FeCo)-800 

Binding energy/eV

C 1s

O 1s

Survey

Intensity


Fig. S4. Survey spectra of fresh and used ZIF-67(FeCo)-800.
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Fig. S5. XPS analysis for O 1s spectra of fresh and used ZIF-67(FeCo)-800.
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Fig. S6. XPS analysis for C 1s spectra of fresh and used ZIF-67(FeCo)-800.
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Fig. S7. XRD patterns of fresh and used ZIF-67(FeCo)-800
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Fig. S8. Cyclic voltammetry curve (CV) (a) and electrochemical impedance spectroscopy (EIS) (b) analysis of as-prepared samples.
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Fig. S9. The concentrations of leaching metal ions under different systems. Reaction conditions: PMS = 1.0 mmol·L–1; CIP = 10 mg·L–1; catalysts = 50 mg·L–1; initial pH =7.0, T = 25 ℃.
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Fig. S10. Filtrate test for OG removal. Reaction conditions: PMS = 1.0 mmol·L–1; OG = 0.2 mmol·L–1; initial pH unadjusted; T = 25 ℃. Noted that: filtrate test was conducted after the completion of the first reaction (PMS = 1.0 mmol·L–1; OG = 0.2 mmol·L–1; ZIF-67(FeCo)-800 = 50 mg·L–1) cycle, the catalyst was separated for discarding, while the filtrate was collected and re-added with 1.0 ml of 20 mmol·L–1 OG and 0.5 ml of 200 mmol·L–1 PMS to initiate the reaction. Samples were taken at intervals to determine the concentrations of OG. 
Table S1 Summary of catalytic degradation of contaminant with various carbon-based catalysts.

	Type of catalysts
	Reaction conditions
	Performance
	References

	Co@NCNTs
	CIP=20 mg·L–1, Catalyst=0.1 g·L–1, PMS= 1.0 mmol·L–1, initial pH=7, T=25℃
	50 min, 100%
	[1]

	N-BC/CoSx
	CIP=10 mg·L–1, Catalyst=0.2 g·L–1, PMS= 2.0 mmol·L–1
	60 min, 100%
	[2]

	FeN/C
	Bisphenol F =10 mg·L–1, Catalyst=0.05 g·L–1, PMS= 1.0 mmol·L–1
	90 min, 97.1%
	[3]

	Fe3C@NCNT
	phenol = 20 mg·L–1, Catalyst=0.2 g·L–1, PMS= 2.0 g·L–1
	20 min, 100%
	[4]

	Co-S@NC
	DIN =10 mg·L–1, Catalyst=0.1 g·L–1, PMS= 0.65 mmol·L–1
	90 min, 100%
	[5]

	CS-Co
	TMP =5 mg·L–1, Catalyst=0.1 g·L–1, PMS= 0.5 mmol·L–1
	60 min, 96.5%
	[6]

	ZIF-67(Co)-800
	CIP=10 mg·L–1, Catalyst=0.05 g·L–1, PMS= 1.0 mmol·L–1
	150 min, 100%
	This study

	ZIF-67(FeCo)-800
	CIP=10 mg·L–1, Catalyst=0.05 g·L–1, PMS= 1.0 mmol·L–1
	150 min, 93.4%
	This study
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