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Reagents and chemicals
[bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK71][bookmark: OLE_LINK5][bookmark: _Hlk170890485][bookmark: OLE_LINK18][bookmark: _Hlk81249218][bookmark: _Hlk170891335][bookmark: _Hlk81588036][bookmark: _Hlk81249666][bookmark: OLE_LINK75][bookmark: OLE_LINK11][bookmark: _Hlk81299784]The chemical reagents employed in this work include sulfamethoxazole (SMX, 98.0%, Rhawn), tetracycline hydrochloride (TC, 96.0%, Rhawn), 4-chloro-3-methyl phenol (CMP, 99.0%, Rhawn), norfloxacin (NOR, 98.0%, Rhawn), acetaminophen (ACT, 98.0%, Rhawn), sodium thiosulfate (Na2S2O3, 99.0%, Rhawn), L-histidine (L-his, 98.0%, Rhawn), tert-Butanol (TBA, ≥99.5%, Rhawn), methanol (MeOH, ≥99.5%, Rhawn), and p-Benzoquinone (p-BQ, ≥99.0%, Rhawn), furfuryl alcohol (FFA, ≥98.0%, Aladdin), hydrochloric acid (HCl, 36.0−38.0%, Rhawn), sulfuric acid (H2SO4, 98.0%, Rhawn), sodium hydroxide (NaOH, 97.0%, Rhawn), sodium chloride (NaCl, 99.5%, Aladdin), monopotassium phosphate (KH2PO4, 99.0%, Aladdin), sodium bicarbonate (NaHCO3, 99.8%, Aladdin), humic acid (HA, 98.0%, Aladdin), peroxymonosulfate (KHSO5·0.5KHSO4·0.5K2SO4, Oxone, Aladdin), 5,5-Dimethyl-1-pyrroline-N-oxide (DMPO, 97.0%, Rhawn), 2,2,6,6-tetramethyl-4-piperidinol (TEMP, ≥98.0%, Aladdin). All chemicals were employed without further purification and deionized water (18.2 MΩ/cm) was used throughout the experiments.







[bookmark: _Hlk96712899]Characterization and analysis methods
[bookmark: _Hlk58521425]Morphologies of Fe@N co-doped BC were observed by the scanning electron microscope (SEM, Hitachi SU8020) and high-resolution transmission electron microscope (HR-TEM, JEOL JEM-2100). The crystalline structure of Fe@N co-doped BC was detected by the X-ray diffractometer (PANalytical, Netherlands). ATR-FTIR spectra were obtained by a FT-IR spectrometer (Thermo, Nicolet 6700) in the 4,000−500 cm-1 range. The chemical states of Fe@N co-doped BC were analyzed by X-ray photoelectron spectroscopy (XPS, Thermo, ESCALAB250Xi). The SSAs and pore size distributions were analyzed with the Brunauer-Emmett-Teller (BET) method (Autosorb-IQ3, Quantachrome, USA). Raman spectrometer (HORIBA JOBIN YVON, LabRAM HR Evolution) was used to acquire Raman spectra.
[bookmark: OLE_LINK19][bookmark: _Hlk170719771][bookmark: _Hlk98003152][bookmark: _Hlk97366589]SMX concentration was determined by high-performance liquid chromatography (HPLC, Shimadzu, LC-20AT). The mobile phase was SMX of acetonitrile/deionized water (0.1% formic acid) (70%/30%, v/v) at a ﬂow-rate of 1.0 mL⋅min−1. The wavelength and column temperature were set to 255 nm and 30℃, respectively. The decomposition rate of PMS was determined by an ABTS colorimetric method (Wu et al., 2020). Total organic carbon (TOC) was measured using a Shimadzu TOC-vcph analyzer (Multi N/C 3000). The zeta potential of Fe@N co-doped BC was determined with a Zetasizer NanoBrook Omni (Brookhaven). Radical studies were performed with a JES-FA200 (JEOL) spectrometer. The intermediates were detected with ultra-performance liquid chromatography to quadrupole time-of-flight mass spectrometry (UPLC-TOF/MS, ACQUITY UPLC LCT Premier XE, America).
Theoretical calculations
All DFT calculations are performed in Gaussian 16 software, using B3LYP/6-31 G (d, p) basis sets for optimization and transition state search for all configurations. All configuration optimization is carried out without symmetry restriction, and vibration analysis is performed after optimization to ensure no phantom frequency. Vibration analysis is performed on all transition state structures to ensure that there is only one virtual frequency, and that the virtual frequency corresponds to the direction of vibration to connect the reactants and products. The adsorption energy of AB structure is calculated based on the formula Eb = E (AB)−E (A)−E (B), and the Gibbs free energy variation (∆G) is also obtained under the method B3LYP/6-31G (d, p).
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[bookmark: OLE_LINK17]Fig. S1. Effects of Cl− (a), HCO3− (b), H2PO4− (c) and HA (d) on SMX degradation. (Conditions: [SMX]0 = 10.0 mg/L, [Fe@N co-doped BC] = 0.4 g/L, [PMS]0 = 0.6 mM, pH0 = 7.0, T = 25℃).
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Fig. S2. The removal of various pollutants in Fe@N co-doped BC/PMS system (a), reusability of Fe@N co-doped BC after 5 consecutive cycles (b), room-temperature magnetization curve of Fe@N co-doped BC (c) and the concentration of leached ions (d). (Conditions: [substrate]0 = 10.0 mg/L; [Catalyst]0 = 0.4 g/L; [PMS]0 = 0.6 mM; pH = 7.0; T = 25℃)




[image: ]Fig. S3. Mass spectra of intermediate products.
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Fig. S4. Possible pathways for degradation of SMX in Fe@N co-doped BC/PMS system.














Table S1. Comparison of the kobs and R2 of different systems.
	[bookmark: OLE_LINK2]Systems
	kobs (min-1)
	R2

	BC+PMS
	0.026
	0.95

	Fe-doped BC+PMS
	0.028
	0.95

	N-doped BC+PMS
	0.027
	0.97

	Fe@N co-doped BC+PMS
	0.041
	0.90





















[bookmark: _Hlk176122297]Table S2. Studies of the typical pollutants degradation with PS activated by biochar-based catalysts.
	[bookmark: _Hlk95169258]PPCPs
	Catalyst
	Oxidant source
	Performance

	20.0 mg/L
	0.02 g/L CoS/BBC
	[bookmark: OLE_LINK3]0.3 g/L PMS
	The degradation efficiency of SMX reached 99.12% within 10 min in CoS/BBC/PMS system (Huang et al., 2022).

	10.0 mg/L
	0.2 g/L Co@RBC800
	0.5 mM PMS
	The optimal Co@RBC800 can degrade 100% of LVF in 10 min with a k of 0.331 min−1 (Liu et al., 2022).

	5.0 mg/L
	[bookmark: OLE_LINK7]0.05 g/L EGB-900
	4.0 mM PS
	SMX can be completely removed within 90 min at EGB-900 concentration of 0.05 g/L and the kobs value was 0.0655 min−1 (Qi et al., 2020).

	20.0 mg/L
	0.3 g/L γ-Fe2O3@BC
	5.0 mM PS
	A complete removal of BPA was obtained within 20 min with an observed rate constant (kobs) of 0.1849 min−1, which was almost two times as large as that (0.0956 min−1) of pure biochar (Rong et al., 2019).

	20.0 mg/L
	0.2 g/L Fe-N-BC
	1.0 mM PS
	In the Fe-N-BC/PS system, almost all acid orange (AO7) was removed within 90 min with an apparent rate constant (kobs) of 0.114 min−1 (Li et al., 2020).


















[bookmark: _Hlk175676410][bookmark: _Hlk175676378]Table S3. The contribution of each reactive species.
	Systems
	•OH
	SO4•−
	O2•−
	1O2
	Degradation rates/%

	Fe@N co-doped BC/PMS
	√
	√
	√
	√
	90.2

	Fe@N co-doped BC/PMS+MeOH
	-
	-
	√
	√
	33.4

	Fe@N co-doped BC/PMS+TBA
	-
	√
	√
	√
	73.5

	Fe@N co-doped BC/PMS+p-BQ
	√
	√
	-
	√
	84.7

	Fe@N co-doped BC/PMS+L-his
	√
	√
	√
	-
	73.2

	Computation
	16.7%
	40.1%
	5.5%
	17.0%
	-

	Relative contribution
	21.1%
	50.2%
	7.2%
	21.5%
	100.0%

















Table S4. Main elements of the obtained catalysts.
	[bookmark: _Hlk129626839]Samples
	C (at. %)
	N (at. %)
	O (at. %)
	Fe (at. %)

	Fresh Fe@N co-doped BC
	47.6
	6.1
	31.0
	15.3

	Used Fe@N co-doped BC
	39.6
	5.3
	35.0
	20.1






















Table S5. Intermediates of SMX degradation detected by UPLC-TOF/MS.
	Structural formula
	Molecular formula
	m/z

	[image: ]
	C10H11N3O3S
	284

	[image: ]
	C10H12N3O5S
	288

	[image: ]
	C8H11N3O4S
	246

	[image: ]
	C7H9N3O3S
	216

	[image: ]
	C7H7N3O2S
	198

	[image: ]
	C10H10N3O4S
	270

	[image: ]
	C6H7NO4S
	190

	[image: ]
	C4H6N2O
	99

	[image: ]
	C4H4N2O2
	111

	[image: ]
	C4H4N2O3
	127
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