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Text S1 Preparation of Fe7S8
[bookmark: _Hlk131165811]Fe7S8 was synthesized by an improved solvothermal method 1. First, 0.56 g FeSO4·7H2O, 0.27 g Fe(NO3)3·9H2O, and 1.21 g Na2S·9H2O were dissolved in 60 mL ethylene glycol with magnetic stirring for 20 min at room temperature to form a black solution. Then take out the rotor and transferred the black solution to a 100 mL teflon-lined stainless-steel autoclave for reaction (240°C for 12 h). After the heating process, the autoclave was cooled naturally, and centrifugal separation. After centrifugation, it was sequentially rinsed with deionized water and ethanol three times to obtain a dark black solid product, then dried at 60°C for 6 h in a vacuum oven.

Text S2 Quantitative structure-activity relationships (QSAR)
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]The Toxicity Estimation Software Tool (T.E.S.T) is an online computerized predictive system developed by an Environmental Production Agency (the download link of the T.E.S.T: https://www.epa.gov/chemical-research/toxicity-estimation-software-tool-test.), which utilizes QSAR mathematical models to estimate toxicity levels. T.E.S.T. employs a range of toxicity endpoints to predict and determine distinct toxicity values for analyzing substances based on their molecular structure's physical characteristics. The QSAR approach can serve as a substitute for costly and time-consuming conventional biometric methods for predicting the toxicity of untested compounds. 
The hierarchical clustering method was adopted as the analytical and computational approach for determining the acute toxicity of LC50 and the developmental toxicity of SMX and its intermediates in the Fe7S8-PS system. In this study, the fathead minnow was chosen as the exposed model organism. The acute toxicity LC50 for fathead minnow (96 h) serves as an acute bio-toxicity indicator, reflecting the concentration of chemicals that can cause mortality in 50% of the fathead minnow population within a 96-hour exposure period. Developmental toxicity is the potential of a chemical to induce adverse developmental effects in both humans and animals.

Text S2 Analytical methods
The reactor was carried out in a constant temperature shaker (30°C, 150 r·min-1). At a specific reaction time point, a 1.0 mL water sample was collected and filtered with a 0.22 µm polytetrafluoroethylene membrane filter. All experiments were repeated three times to reduce experimental errors. 
SMX was determined by high-performance liquid chromatography (HPLC, Waters 2695, USA) at a 270 nm wavelength with an ultraviolet detector 2. The mobile phase ratio was 60:40 (water: acetonitrile, V: V), the flow rate was 0.8 mL·min-1, and the column (SunFire-C18, 3.9×5 mm) temperature was 30°C. The SMX intermediates were analyzed using LC-MS (Agilent 1100 + thermos TSQ Quantum Ultra AM, USA). The mobile phase was a mixture of 0.1% formic acid and acetonitrile. The total gradient elution time was 11 min and the flow rate was 0.3 mL·min-1. Cr(VI) was determined by an ultraviolet-visible spectrophotometer (UV-Vis, Lambda 850, PerkinElmer, USA) at a 540 nm wavelength after the reaction with diphenyl carbamide for 5 min 3. Total Cr(VI) was determined by an inductively coupled plasma emission spectrometer (ICP, Agilent ICP-MS-7700, USA). PS was determined by UV-Vis at a 352 nm wavelength 4. Dissolved Fe2+ was analyzed by UV-Vis at a 510 nm wavelength after reacting with 1,10-Phenanthroline for 5 min 5. The surface morphology and element distribution of Fe7S8 were observed by SEM (SIGMA 500, ZEISS, Germany). The valence state change of Fe7S8 before and after the reaction was analyzed by XPS (ESCALAB 250xi, Thermo Fisher, USA) and was corrected by referencing the C 1s line to 284.5 eV. Crystallinity and secondary mineral species were analyzed by XRD (D8 Advance diffractometer, Bruker, Germany) using Cu Kα radiation (λ = 0.15418 nm) with a 2◦ min-1 scanning rate. The transformation of iron minerals was analyzed by Mössbauer spectra (MS-500, Wissel, Germany), using a 57Co/Rh source in transmission geometry, and the data were fitted by using the MossWinn 4.0 software. The types of free radicals in the Fe7S8-PS reaction system were obtained by EPRS (Bruker A300, Germany) analysis.

[bookmark: _Hlk128580804]Text S3 Density functional theory (DFT) calculation method
[bookmark: OLE_LINK2]All the DFT calculations were performed by using Gaussian 16 package 6. The geometries optimization and frequencies were computed by employing the B3LYP functional with 6-311G (d, p) basis set 7, 8, 9. The Grimme’s DFT-D3 method was applied to correct the van der Waals (vdW) interaction 10. The analyses of the electrostatic structure were performed by using Multiwfn 3.8 (dev) code 11. During the quantitative analyses of ESP on the vdW surface in the Multiwfn program, the grid spacing was set to 0.25 Bohr. The vdW surface referred to throughout this paper denotes the isosurface of ρ = 0.001 e/bohr3 12, 13. The isosurface maps of various orbitals and real space functions were rendered using Visual Molecular Dynamics (VMD) software 14 based on the files exported by Multiwfn. The isosurface of HOMO-LUMO orbitals and Fukui function was set to 0.05 and 0.003, respectively. 

Text S4 The characteristic peak position of Fe7S8, iron-oxide secondary minerals, and S8
[bookmark: OLE_LINK41]The XRD results of Fe7S8 before the reaction are shown in Figure 4a. The position and strength of the six characteristic peaks at 15.6°, 30°, 34°, 44°, 53°, and 57.8° before the reaction were consistent with those of the standard card (JCPDS#24-220), indicating that Fe7S8 was successfully prepared and had good crystallites. The characteristic peaks of limonite appeared at 57.4°, 71.5°, and 89°. The characteristic peaks of γ-Maghemite appeared at 23.2°, 27.9°, 34°, and 57.4°. The characteristic peaks of magnetite appeared at 30°, 53°, and 57.4° (Fig. 4b). These characteristic peaks of goethite appeared at 17°, 26.9°, 34°, 44°, and 82.1° after the reaction in the sole Fe7S8 and Fe7S8-PS systems. The characteristic peaks of S8 appeared at 23.2°, 26°, 26.9°, 27.9°, and 28.8°.
Table S1 ksmx of two reaction stages in the Fe7S8-PS system with diverse pH. Conditions: [Fe7S8] = 0.6 g·L-1, [PS] = 2.0 mM, [SMX] = 10.0 mg·L-1, [Cr(VI)] = 5.0 mg·L-1.
	Reaction stage
	pH
	  kSMX (min-1)
	RSMX2

	First stage 
(0-30 min)



	2.1
	0.0307
	0.962

	
	3.2
	0.0283
	0.973

	
	4.6
	0.0188
	0.976

	
	5.8
	0.0143
	0.994

	
	7.0
	0.0087
	0.950

	
	9.0
	0.0055
	0.992

	
	11.0
	0.0010
	0.757

	Second stage
(30-80 min)


	2.1
	-
	-

	
	3.2
	0.1745
	0.927

	
	4.6
	0.0462
	0.995

	
	5.8
	0.0354
	0.945

	
	7.0
	0.0414
	0.944

	
	9.0
	0.0480
	0.930

	
	11.0
	0.000028
	0.901


[bookmark: _Hlk136120001]
Table S2 Comparisons of this study and previous catalyst-PS systems for the SMX-removal efficiency and reaction rate.
	System
	CSMX
 ( mg·L-1) 
	Catalyst & PS dosage ( g·L-1 & mM)
	Initial pH
	Reaction time (min) 
	Degradation efficiency (%)
	k (min-1)
	Reference

	Fe7S8-PS
	10.0
	0.6 & 2.0
	4.6
	120
	100%
	0.0304
	In this study

	Fe@NCNTs-PS
	5.0
	0.1 & 1.0 
	6.4
	120
	73.7
	0.0160
	15

	NRGO-PS
	10.0
	0.5 & 0.8
	3.4
	250
	91.0
	0.0101
	16

	SDBC-PS
	10.0
	2.0 & 1.5
	5.0
	180
	94.0
	0.0145
	17

	BC-PS
	0.25
	[bookmark: OLE_LINK61][bookmark: OLE_LINK62]0.09 & 0.42
	6.0
	90
	82.0
	0.0190
	18

	MIP-AA-PS
	20
	[bookmark: OLE_LINK3]0.5 & 7.9
	-
	100
	90.0
	0.0025
	19

	C3N5-PS
	5.0
	0.5 & 0.41
	5.4
	60
	66.6
	0.0179
	20

	Fe0-PS
	10.0
	0.1 & 0.8
	3.4
	240
	-
	0.0020
	21

	Fe3O4+PS
	10.0
	[bookmark: OLE_LINK71][bookmark: OLE_LINK72]0.1 & 0.8
	3.4
	60
	-
	0.0140
	21

	FeS2+PS
	5.0
	1.0 & 0.5
	3.0
	30
	40
	0.0270
	22



Table S3 XPS results based on curve fitting for Cr 2p, Fe 2p, S 2p and O 1s of Fe7S8 before and after the reaction in the sole Fe7S8 and Fe7S8-PS systems.
	Elements
	B.E.
(eV)
	Species
	Before
	After 
(Sole Fe7S8 system)
	After 
(Fe7S8-PS system)

	
	
	
	Peak area
	Relative fraction (%)
	Peak
area
	Relative fraction (%)
	Peak
area
	Relative fraction (%)

	Cr
	576.6
	Cr(Ⅲ)-S
	-
	-
	7214.3
	26.8
	1933.2
	50.1

	
	578.2
	Cr(Ⅲ)-O
	-
	-
	10732.7
	39.9
	688.3
	17.8

	
	587.0
	Cr(Ⅲ)-OH
	-
	-
	5701.5
	21.2
	731.3
	19.0

	
	589.5
	Cr(VI)-O
	-
	-
	3262.1
	12.1
	503.3
	13.1

	Fe
	706.8
	Fe(II)-S
	36170.3
	9.6
	32605.9
	9.8
	50731.2
	13.1

	
	710.4
	Fe(Ⅲ)-S
	179294.6
	47.8
	145047.0
	43.5
	185495.9
	48.0

	
	712.7
	Fe(Ⅲ)-O
	159970.9
	42.6
	155718.4
	46.7
	150451.8
	38.9

	S
	161.1
	Ssurface2-
	22165.4
	21.9
	27717.7
	34.7
	37803.8
	37.0

	
	162.2
	Sbulk2-
	13445.7
	13.3
	15898.7
	20.0
	22309.6
	21.8

	
	163.1
	Sn2-
	22333.5
	22.0
	5147.2
	6.5
	14703.3
	14.3

	
	164.2
	S8
	-
	-
	12395.0
	15.5
	5995.3
	5.8

	
	166.2
	SO32-
	2899.7
	2.9
	1160.0
	1.4
	2187.4
	2.1

	
	168.4
	SO42-
	40499.7
	39.9
	17473.3
	21.9
	19486.6
	19.0

	O
	529.6
	O2-
	96834.7
	23.0
	110008.8
	33.6
	110433.8
	32.1

	
	531.2
	OH-
	265919.3
	62.9
	174766.7
	53.3
	178091.1
	51.8

	
	532.9
	H2O
	59719.6
	14.1
	43069.7
	13.1
	55571.3
	16.1



Table S4 kSMX and kCr(VI) in the Fe7S8-PS system under SO4·- and ·OH combination effect.
	Scavenger
	Free radical
	kSMX (min-1)
	[bookmark: _Hlk129963664] kCr(VI) (min-1)
	RSMX2
	RCr(VI)2

	No scavenger
	SO4·-and ·OH exist
	0.0297
	0.0227
	0.989
	0.982

	2.0 M MeOH
	No free radicals exist
	0.0002
	0.0205
	0.684
	0.918

	1.0 M MeOH
	No free radicals exist
	0.0010
	0.0160
	0.971
	0.994

	2.0 M TBA
	SO4·- exist
	0.0033
	0.0175
	0.914
	0.955

	1.0 M TBA
	SO4·- exist
	0.0087
	0.0153
	0.985
	0.997



Table S5 Reaction rate of SMX (kSMX) in the Fe7S8-PS system at three stages.
	Reaction stage
	Conditions
	kSMX (min-1)
	R2

	The first stage (0-10 min)
	[Fe7S8] = 0.6 g·L-1, 
[PS] = 2.0 mM, 
[SMX] = 10.0 mg·L-1, 
[Cr(VI)] = 5.0 mg·L-1.
	0.0219
	0.979

	The second stage (15-45 min)
	
	0.0251
	0.997

	The third stage (60-80 min)
	
	0.0313
	0.998



Table S6 Calculated values of the Fuquois function (ƒ0 and ƒ−).
	 Atom 
	ƒ0
	 ƒ−

	C1
	0.0533
	0.0563

	C2 
	0.0372
	0.0279

	C3
	0.0531
	0.0526

	C4
	0.0506
	0.0263

	C5
	0.0425
	0.0463

	C6
	0.0605
	0.041

	H7 
	0.0317
	0.029

	H8
	0.0245
	0.0207

	H9
	0.0277
	0.0191

	H10
	0.0285
	0.0269

	N11
	0.0767
	0.1011

	H12
	0.035
	0.0374

	H13
	0.0359
	0.0371

	S14
	0.039
	0.0223

	O15
	0.0523
	0.0553

	O16
	0.0413
	0.0409

	N17
	0.0291
	0.0441

	H18
	0.014
	0.0166

	C19
	0.0179
	0.0212

	C20
	0.0405
	0.0434

	H21
	0.0139
	0.0156

	C22
	0.0221
	0.0245

	N23
	0.0657
	0.0847

	O24
	0.0394
	0.0397

	C25
	0.0151
	0.0159

	H26
	0.02
	0.0201

	H27
	0.0194
	0.0199

	H28
	0.0131
	0.0142



Table S7 Free radical consumption and electron transfer in different degradation paths of SMX at three stages.
	Degradation pathway
	Conditions
	Degraded SMX (μmol)
	Free radical consumption (μmol)
	Electron transfer (μmol)

	1
	[Fe7S8] = 0.6 g·L-1, [PS] = 2.0 mM, [SMX] = 1.97 μmol.
	0.4 
(Stage I, 0-10 min ) 
	0.168 ·OH, 0.232 SO4·-
	0.632

	2
	
	
	1.34 ·OH, 1.86 SO4·-
	3.2

	A
	
	
	0.335 ·OH, 0.232 SO4·-
	0.8

	B
	
	
	1.68 ·OH, 2.32 SO4·-
	4.0

	C
	
	
	1.01 ·OH, 1.39 SO4·-
	2.4

	1
	
	1.0 
(Stage II, 10-45 min)
	0.582·OH, 0.418 SO4·-
	1.42

	2
	
	
	4.66·OH, 3.34 SO4·-
	8.0

	A
	
	
	1.16·OH, 0.418 SO4·-
	2.0

	B
	
	
	5.82·OH, 4.18 SO4·-
	10.0

	C
	
	
	3.49·OH, 2.51 SO4·-
	6.0

	1
	
	0.47
(Stage III, 45-80 min )
	0.231·OH, 0.239 SO4·-
	0.709

	2
	
	
	1.85·OH, 1.91 SO4·-
	3.76

	A
	
	
	0.461·OH, 0.239 SO4·-
	0.94

	B
	
	
	2.31·OH, 2.39 SO4·-
	4.7

	C
	
	
	1.38·OH, 1.44 SO4·-
	2.82


[bookmark: _Hlk135036601]
Table S8 Information on intermediates and their ecotoxicity indicators. The acute toxicity was LC50 to fathead minnow within a 96-hour exposure period.
	Compound
	Structure
	Formula
	m/z
	Acute toxicity
LC50 (mg·L-1)
	Developmental
toxicity

	SMX
	[image: SMX]
	C10H11N3O3S
	253
	~2.81
	0.85

	3-amino-5-methylisooxazole
	[image: 99]
	C4H6N2O
	99
	423.50
	0.33

	Sulfanilic acid
	[image: 173]
	C6H7NO3S
	173
	152.79
	0.45

	4-aminophenol
	[image: 110-1]
	C6H7NO
	110
	72.93
	0.57

	5-methylisoxazole
	[image: 83]
	C4H5NO
	83
	339.36
	0.29

	2,4-dinitrobenzene sulfinic acid
	[image: 218]
	C6H4N2O5S
	218
	N/A
	0.54

	[bookmark: OLE_LINK8][bookmark: OLE_LINK9]P1
	[image: 102-1]
	C4H10N2O
	102
	478.68
	0.65

	P2
	[image: 102-3]
	C4H7NO2
	102
	834.33
	0.56

	P3
	[image: 270-1]
	C10H11N3O4S
	270
	N/A
	0.93

	P4
	[image: 274]
	C9H11N3O5S
	274
	N/A
	0.91

	P5
	[image: 318-1]
	C10H11N3O7S
	318
	N/A
	0.75

	P6
	[image: 246-1]
	C8H11N3O4S
	246
	N/A
	0.87

	P7
	[image: ]
	C7H9N3O2S
	200
	N/A
	0.85

	P8
	[image: ]
	C10H11N3O6S
	302
	N/A
	0.85

	P9
	[image: 246-1]
	C10H11N3O7S
	318
	N/A
	0.87

	P10
	[image: ]
	C4H8N2O2
	115
	N/A
	0.72

	P11
	[image: ]
	C4H6N2O3
	130
	N/A
	0.55

	P12
	[image: ]
	C4H8O
	73
	746.11
	0.48


[image: ]
[bookmark: _Hlk130889255]Fig. S1 The design drawing of the reactor (Ø 4.0 cm, length 9.0 cm) and the portable device (Ø 1.0 cm, length 3.0 cm) for Fe7S8 powder loading.
[image: ]
[bookmark: OLE_LINK1][bookmark: OLE_LINK20][bookmark: OLE_LINK19]Fig. S2 The pH change after the reaction in the Fe7S8-PS system (a); the Cr(VI)-removal under different scavenger concentrations at 100 min (b); the amount of iron ion leaching of Fe7S8 in ultrapure water under different initial pH at 80 min (c); the change of PS concentration during the reaction in the Fe7S8-PS (Cr(III)) system (d). Conditions: [Fe7S8] = 0.6 g·L-1, [PS] = 2.0 mM, [Cr(Ⅲ)] = 40.0 mg·L-1, [SMX] = 10.0 mg·L-1, [Cr(VI)] = 5.0 mg·L-1, initial pH = 4.6.

[image: ]
[bookmark: _Hlk136120356]Fig. S3 The SMX-Cr(VI) removal kinetics in actual groundwater and ultrapure water. Conditions: [Fe7S8] = 0.6 g·L-1, [PS] = 2.0 mM, [SMX] = 10.0 mg·L-1, [Cr(VI)] = 5.0 mg·L-1, initial pH = 4.6. The original pH value of actual groundwater is 8.1, and the redox potential of actual groundwater is 263.0 mV.

[image: ]
Fig. S4 SEM image of Fe7S8 from the sole Fe7S8 system after the reaction.
[image: ]
Fig. S5 Mass spectra of SMX intermediates in the Fe7S8-PS system. Conditions: [Fe7S8] = 0.6 g·L-1, [PS] = 2.0 mM, [SMX] = 10.0 mg·L-1, [Cr(VI)] = 5.0 mg·L-1,, initial pH = 4.6.

[image: ]
Fig. S6 Proposed transformation pathways of 3-amino-5-methylisooxazole in the Fe7S8-PS system. H stands for one electron equivalent.
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