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S1. Supplemental Materials and Methods

Text S1. Materials and reagents.

N,N-Dimethylformamide (DMF) was bought from Tianjin Beilian Fine Chemical
(Tianjin, China). Ce(NOs)3;-6H,0O was purchased from Adamas Reagent (Shanghai,
China). 1,4-dicarboxybenzene (H,BDC), sulfamethazine (SMT), bisphenol A (BPA),
and Norfloxacin (NOR) was supplied by Aladdin Chemistry (Shanghai, China). Iron
chloride hexahydrate (FeCl;-6H,0), hydrogen peroxide (H,O,, 30wt%), ethanol
(C,H50H), tert-butyl alcohol (TBA), p-benzoquinone (BQ), hydrochloric acid (HCI),
sodium hydroxide (NaOH), and phosphoric acid (H;PO,) were purchased from
Sinopharm Chemical Reagent Co., Ltd., (Beijing, China). Methanol was bought from
Sinopharm Chemical Reagent high-performance liquid chromatography (HPLC) grade,
while acetonitrile was purchased from Cinc HPLC grade. Other drugs were analytically

pure.

Text S2. Analytical Methods.

The concentration of NOR, BPA, and SMT in the extracted solution was analyzed
using L6 high-performance liquid chromatography (HPLC, Persee, China) with a UV
detector and an Agela C18 column (5 pm, 4.6 x 150 mm). The detection wavelengths
of NOR, BPA, and, SMT were set to 278, 224, and 275 nm, respectively. The mobile
phase consisted of 0.2% phosphoric acid/acetonitrile (80:20), methanol/water (75:25),
and acetonitrile/water (65:35) for NOR, BPA, and SMT, respectively, and the flow rate
was set to 0.7 mL/min. The dissolved concentrations of iron ion at different pH were
detected by Avio 200 Inductive Coupled Plasma Optical Emission Spectrometer (ICP-
OES, PerkinElmer, USA). The solution to be tested was taken from the Fe/Ce-MIL-

101/H,0,; system and filtered with a 0.22 um membrane.

Text S3. Identification of degradation intermediates and pathways.



Density functional theory (DFT) calculations of degradation pathways were
performed by Gaussian 09 program.! And atoms energy calculations were performed
at B3LYP-D3BJ/def2-SV(P) level®. The solvation model of density (SMD) implicit
solvation model® was used to take account of the solvation effect of water. The
condensed electrostatic potential (ESP) mapped molecular surface was obtained by the
Multiwfn program®*. The Fukui function was introduced to describe the nucleophilic,
electrophilic, and radical attacks.’ The simplified Fukui function corresponding to the

above three situations are as follows:
Nucleophilic: / k=ay-dants
Electrophilic: / x = a1 ay
Radical: [ = @1~ an’s /2

Where £ is the number of atoms used in the calculation, N is the number of electrons
in the current state, and ¢* represents the atomic charge population number of the atom
k. In this study, free radical reaction is the most important mechanism, so 0 £ of NOR
molecule was employed to study the degradation pathway. The greater the value of /0

k, the more vulnerable the site is to free radical attack.

Text S4. The kinetic analyses of the degradation data.
The pseudo-first-order kinetic model was used to fit the curves of NOR degradation

by Fe-MIL-101 and Fe/Ce-MIL-101. The degradation curves can fit with the equations:

_In (C/Co)=kt

where,

Co: NOR concentration at the time of t=0 (mg/L);
Ci: NOR concentration at the time of t=t (mg/L);
t: degradation reaction time (min);

k: degradation reaction rate constant (min').



S2. Supplemental results and discussion

Fig S1. (a) FESEM image, (b) and (c) TEM image of Fe-MIL-101.
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Fig S2. The XPS spectra of (a) survey scans and (b) Ce 3d of Fe-MIL-101 and Fe/Ce-

MIL-101-5%.



Table S1. Metal content ratio of Fe to Ce in different Fe/Ce-MIL-101 catalysts.

Catalysts Concentration (mg/L) - Proportion Concentration (mg/L) - Proportion
Fe/Ce-MIL-101-3% 55.28 95.7% 2.47 4.3%
Fe/Ce-MIL-101-5% 22.34 93.4% 1.58 6.6%
Fe/Ce-MIL-101-7% 42.18 91.7% 3.82 8.3%

Fe/Ce-MIL-101-10% 46.42 87.0% 6.91 13.0%
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Fig S3. (a) N, adsorption-desorption isotherms and (b) relative pore size-distribution profiles
spectra of Fe-MIL-101 and Fe/Ce-MIL-101-5%.

Table S2. Specific Surface Area and Pore Characteristics of Fe-MIL-101 and
Fe/Ce-MIL-101.

Fe-MIL-101 1268.01 3.325 1.054

Fe/Ce-MIL-101 922.25 3.491 0.805
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Fig S4. (a) The removal rate of Fe/Ce-MIL-101 only for NOR. (b) The adsorption isotherms
of NOR uptake by Fe/Ce-MIL-101. Reaction conditions: [NOR]=10 mg/L, catalyst=0.3 g/L,
T=25 °C, initial solution pH=7.0.

Table S3. Adsorption capacity of Fe/Ce-MIL-101 for NOR.

Langmuir constants Freundlich constants
Sample

dm(mg/g) K;(L/mg) R? Kr (mg/g(L/mg)'™)  n R?

Fe/Ce-MIL-101  47.393 0.013 0.906 1.623 0.823  0.970
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Fig S5. (a) The reaction rate constant and (b) k£ values for NOR degradation over Fe-MIL-101
and Fe/Ce-MIL-101.



Table S4. Comparison of the Fenton-Like catalytic activity between Fe/Ce-MIL-

101-5% and various efficient catalysts reported in literatures.

Target

Catalysts Reaction conditions Catalytic performance References
pollutants
Norfl i talyst: 0.3 g L1, H,O,: 20 mM, NOR: 10
O(rNg);a)cm Fe/Ce-MIL-101-5% %" ng fl’ T 225 OZC’ pI;I:l T, 94.8% removal in 60 min  This work
Norfloxacin catalyst: 0.6 g L', H,O,: 200 mM, NOR: . .
MnF 90.6% lin 180 6
(NOR) nFe;0s 10 mg L1, T: 25 °C, pH: 6.6. removatin 1T M
Norfloxacin magnetite catalyst: 0.3 g L™, PS: 5 mM, NOR: 10 _ .
. 80.0% removal in 60 min 7
(NOR) nanoparticles uM, T: 25 °C, pH: 4.0.
Norfloxacin catalyst: 0.2 g L™!, PMS: 0.5 mM, NOR: 25 , _
CuFe,04 90.0% removal in 120 min 8
(NOR) uM, T: 25 °C, pH: 7.0.
Norfloxacin . catalyst: 0.2 g L™, PS: 0.4 mM, NOR: 10 , .
B 7N 80.5% 1in 40 9
(NOR) C@nzVIN: mg L, T: 30 °C, pH: 3.0. remova A
Norfl i ) talyst: 0.8 g L1, PS: 3.8 mM, NOR: 1
O(rI\IgI%CIH corn stalk biochar oY mg L‘(_gl, T:2 OSOé’8p111{1: 6;\.]0 0 94.2% removal in 300 min 10
: . -1 . .
Norfloxacin CoPe/GO catalyst: 0.1 g L™!, PMS: 0.7 mM, NOR: 10 £0.1% removal in 60 min .

(NOR) mg L1, T: 25 °C, pH: 7.0.
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Fig S6. (a) Fe and Ce ion leakage with different pH in Fe/Ce-MIL-101-5%-H,0, system. (b)
Removal efficiency of NOR by homogeneous Fenton and heterogeneous Fenton at pH 3.



Fig S7. (a) Low magnification and (b) high magnification FESEM images of Fe/Ce-MIL-101
after reaction.
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Fig S8. XRD spectra of Fe/Ce-MIL-101 before and after reaction at different pH.



Table SS. The bond length of Fe-O and Ce-O, and the bond angel of Fe-O-Fe and
Fe-O-Ce are listed.

Fe-O (Fe-O-Fe) 1.85 85.12

Ce-O (Fe-O-Ce) 215 98.43

Table S6. The calculation results of H;O, adsorption on Fe; and Fe,Ce clusters.
The adsorption energy E, 4 and charge transfer Q between H,O, and cluster are
listed.

H,0; - Fe; cluster 0.43 -1.37

H,0, - Fe,Ce cluster 0.52 -1.48




Table S7. The intermediates of NOR degradation after 20-min, 60-min and 180-

min degradation.

Areas of Areas of Areas of
Products m/z Ion Formula Structure Intermediates Intermediates Intermediates References
(20 min) (60 min) (180 min)

NOR  320.1401  C6H9FN;0; pjijﬁ)k
W J )
LU

IM1/IMS  352.1143  Cy¢H sFN30Os5 ¢ - - - 12
lsase

M2  294.1245 C H_FO,N, w 24925.5 19109.8 - 12
K\NH )N

IM3  251.0812 C,H FN.O, j@fj* 33567.3 35896.6 37116.3 12
K\NH )N

M4 3241342 CHFN,O, mj@éj)k 36708.0 23029.5 5512.4 13

IM6  324.1339 C_H _FN.,O, pj@&: 22007.3 2674.8 - 13
w )

IM7  296.1409 C H FN.O, ﬁ: 432115 72819.3 - 13
w_J )

IM8  278.1284 C,H FN.O, T~ 159438 17691.6 - 14
'Sh®.

M9 2521513 C_H FN.O, j@f& 5901.5 10064.1 - 13
HN /
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Fig S9. XPS spectra of Fe/Ce-MIL-101-5% before and after reaction: (a) survey scan,
(b) C Is.
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