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A. Supplementary Texts
Text S1. Chemicals

Sodium chloride (NaCl), sodium bicarbonate (NaHCOs3), dipotassium hydrogen phosphate
(K2HPOy), tert-butyl alcohol (TBA), and ethyl alcohol (EtOH) were obtained from Sinopharm
Chemical Reagent (Shanghai, China). 5,5-dimethyl-1-pyrolin-N-oxide (DMPO) was obtained from
Aladdin Chemistry Co. (Shanghai, China). Methanol and acetonitrile (HPLC grade) were purchased

from J&T Baker Chemical (USA). Other reagents and solvents were all in analytical grade or better.



Text S2. Testing methods of Fe?*, total iron (TFe), S;0s%, and reactive radicals

The contents of Fe?* and total iron (TFe) in aqueous were exactly quantified by employing an
UV-vis spectrophotometer (UV-2600, Shimadzu, Kyoto, Japan), according to the 1,10-
phenanthroline method [1]. lodometric titration method was employed to detect persulfate (S,0s%)
[2].

To explore the degradation mechanisms of CBZ in the FeS-S;0g? process, the involved
radicals were characterized by the radical quenching and Electron Paramagnetic Resonance (EPR)
tests. During the scavenging experiments, two scavengers (150 mmol/L), tert-butyl alcohol (TBA,

an "OH scavenger) and ethyl alcohol (EtOH, a scavenger for both *OH and SO4™), were added into

the reaction solution, respectively. To detect the generation of *OH and SO4™ directly during the
reaction, ESR tests were carried out on a Bruker MEX-nano spectrometer using DMPO as the
radical spin-trapping reagent, the modulation frequency was 100 kHz and the microwave power was

15 mw.



Text S3. Products identification and material characterization methods

The degradation products of CBZ in the FeS-S,0s* process were detected by using a HPLC-
APCI-MS (Agilent 1200, USA), equipped with an Agilent-C18 column (2.1 x 100 mm, 5um) and
a diode array detector. The column was maintained at 30 °C during analysis. The measurements
were performed in a gradient elution program with methanol and water (0.1 % formic acid) as
mobile phase. During 0-5 min, the proportion of methanol and water (0.1 % formic acid) were 60:40,
and the proportion was 20:80 during 5-15 min. Flow rate was kept at 0.2 mL/min, the detection
wavelengths were set at 211, 286, and 254 nm, the injection volume was 20 pL.

The primary elemental contents and surface areas of FeS were measured by using an X-Ray
Fluorescence (XRF, EAGLE I1IlI, USA) and a Brunauer-Emmett-Teller (BET, BK112T-B,
Micromeritics, USA), respectively. The crystal structure of FeS was characterized by a XRD
(MAXima-X-7000, Shimadzu, Japan) with Cu Ko, radiation over the 20 range of 5-85° The XPS
spectra of FeS material in this study were analyzed by using a X-ray photoelectron spectroscopy

(XPS, AXIS-Ultradld-600WX, Shimadzu Japan).



Text S4. Calculation of Fukui index for CBZ

Fukui function based on the density functional theory (DFT) was used to predict the
regioselectivity of reactive radicals towards the CBZ molecules. All of the calculations were
performed using the Materials Studio DMol3 software package from Accelrys (version 2019). Fukui
function is an important concept in the conceptual density functional theory (CDFT), and it has been
widely used in prediction of reactive sites of electrophilic and nucleophilic attacks [3-5].

The condensed Fukui function (f) can be calculated as:

—_ A A
Electrophilic attack: fa = Ona — Oy (S1)
+ _ A _ A
Nucleophilic attack: fa =0y — Oy (S2)
Radical attack: f°=(f, + f;)/2 (S3)

where g” is the atom charge of atom A at the corresponding state. The reactive sites on a
molecule usually have larger values of Fukui index than other regions. «OH and «SO4 have been
classified as a kind of electrophile, which are more likely to attack the sites that can readily lose
electrons [2]. Thus, we calculated the Fukui index (f*, f -, and f °) of CBZ for electrophilic and

radical attacks.



Text S5. Kinetic analysis of experimental data

To explore the degradation mechanism, using an FeS dosing of 125 mg/L as an example, the
kinetic data were fitted by three commonly used models (pseudo zero-order, pseudo-1st-order, and
2nd-order, and these kinetic parameters, along with the correlation coefficient (R?), were also
reported in Table S2.

As can be seen from Table S2, the pseudo-1st-order model (R?=0.9937) was found to match
the data slightly better than the other two models proposed (R?=0.9268 and R?=0.8158).
Consequently, it was concluded that the CBZ oxidation reaction was more in line with the pseudo
1-st reaction kinetics, the experimental data were mainly fitted by the pseudo 1st order model in the
following studies.

The fitting results for different dosages of FeS and S,0s?, and different initial pH conditions

are shown in Table S3-S5, respectively.



B. Supplementary Tables

Table S1 Physicochemical properties of CBZ

Parameters value Parameters value
Chemical formula C1sH12N20 Density 1.266 g/cm?®
Molecular Weight 236.27 g/mol pKa pKa=1, pKa2=13.9;
Melting point 189~192°C

Chemical structure

Solubility in water

logKow

17.7 mg/L (25°C)

2.25




Table S2 Fitted parameters for CBZ degradation by FeS-S,0gs? with three models

Models Equations Kinetic equations R?

0 order % = C(CBZ)/C(CBZo)=-0.0162t + 0.8908 0.9268
1st-order % =kC Ln(C(CBZy)/C(CBZo))= -0.0520t + 0.1166 0.9937
2nd-order %@ - kCiC, C(CBZo) /C(CBZ:) = 0.3175t - 1.6979 0.8158

dc

Note: k was the degradation rate constant, C1 and Cz were the concentrations of two reactants, respectively;



Table S3 The fitting results for different dosages of FeS by pseudo-first-order model

FeS dosage (mg/L) Kinetic equations Kobs (Min-t) R2
50 Ln(C(CBZy)/C(CBZo))=-0.0172t - 0.0219 0.0172 0.9950
125 Ln(C(CBZ:)/C(CBZo))=-0.0520t + 0.1166 0.0520 0.9937
250 Ln(C(CBZ:)/C(CBZs))=-0.1225t + 0.0532 0.1225 0.9936
500 Ln(C(CBZ:)/C(CBZo))=-0.1573t - 0.1176 0.1573 0.9726
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Table S4 The fitting results for different dosages of S20s% by pseudo-first-order model

Initial contents of

kinetic equations

Kobs (min'l)

RZ

S208% (MM)
0.1 Ln(C(CBZy)/C(CBZ0))= -0.0111t - 0.0042 0.0111 0.9947
0.3 Ln(C(CBZ:)/C(CBZo))=-0.0586t + 0.1173 0.0586 0.9927
05 Ln(C(CBZy)/C(CBZ0))= -0.1225t + 0.0532 0.1225 0.9936
1.0 Ln(C(CBZy)/C(CBZ0))= -0.1588t - 0.1470 0.1588 0.9534
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Table S5 The fitting results for various initial pH by pseudo-first-order model

Initial pH kinetic equations Kobs (mint) R?
3.0 Ln(C(CBZy)/C(CBZo))= -0.1751t - 0.4649 0.1751 0.9377
6.0 Ln(C(CBZy)/C(CBZo))= -0.1225t + 0.0532 0.1225 0.9936
7.0 Ln(C(CBZy)/C(CBZo))= -0.0795t + 0.2793 0.0795 0.9366
9.0 Ln(C(CBZ:)/C(CBZo))= -0.0034t - 0.0445 0.0034 0.9009
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C. Supplementary Figures
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Fig. S1 Effects of different FeS dosages on the decomposition of S,0s? (a), and the evolutions of Fe?* (b),
and total Fe (c) in solution; ([CBZ]o=10 mg/L, [S208>]=0.5 mM, initial pH=6.0, T=25°C)
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Fig. S2 Effects of different initial S20s> concentrations on the decomposition of S20s? (a), the evolutions of
Fe?* (b), and total Fe (c) in solution; ([CBZ]o=10mg/L, [FeS]=250mg/L, initial pH=6.0, T=25°C)
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Fig. S4 Effects of different initial pH values on the decomposition of S20¢? (a), the evolutions of Fe?* (b),
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Fig. S5 FTIR spectrum of the FeS before and after reaction
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Fig. S6 XPS survey of FeS before and after CBZ degradation (a), high resolution XPS spectra of Fe 2p (b) and S
2p (c) for the samples before and after CBZ degradation
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