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Text S1 Analysis of FTIR spectra of fresh and used Fe/Mn/Mg2-LDH 

FTIR spectra of different LDHs are depicted in Figure A2. A broad band around 3400 cm-1 was 

assigned to the stretching vibration of -OH groups, either from the interlayer water or structural 

-OH groups. The band observed at 1640 cm-1 corresponded to the bending vibration of -OH 

groups in the adsorbed water molecules [1]. A weak band at 1380 cm-1 was attributed to the 

asymmetric stretching of CO3
2- in the interlayer [2]. The strong band around 590 cm-1 is derived 

from the lattice vibrations, such as M–O, M–OH, and M–O–M groups (where M = Mg, Fe, and 

Mn). It’s noteworthy that the intensity of the band at 3400 cm-1 significantly decreased, 

suggesting the involvement of the surface-OH groups in the reaction. 
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Text S2 Preparation of other LDHs used in this study 

Fe/Mn/Mg-LDH preparation. Initially, FeCl3·6H2O, MnCl2·4H2O, and MgCl2·6H2O were 

dissolved in oxygen-free water with a molar ratio of Fe3+, Mn2+, Mg2+ of 1:1:1 and a total metal 

concentration of approximately 2.0 mol L-1. Subsequently, the mixed metal solution was added 

into a homemade reactor at a flow rate of 0.5 ml min-1, while 3.0 mol L-1 NaOH was added at 

a variable flow rate to maintain the reaction pH at 10.0 ± 0.1. The mixed solution was stirred at 

25.0 °C under an N2 atmosphere for 1 hour. After the preparation process, the mixed solution 

was allowed to age for 24 hours at ambient temperature. Then the solution was centrifuged and 

filtered, yielding the catalyst. The obtained catalyst was then washed with Milli-Q water three 

times and freeze-dried for 96 hours. 

Fe/Mn-LDH preparation. Initially, Fe(NO3)3·9H2O (1 mmol) and Mn(NO3)2·xH2O (1 mmol) 

were dispersed into 100 mL of de-ionized water and stirred at a constant speed for 30 min to 

form solution A. Simultaneously, solution B was formed by dissolving NaOH (0.035 mol) and 

Na2CO3 (0.015 mol) in 100 mL of deionized water. Then, solution B was dripped slowly into 

solution A and the pH value of resulting suspension was strictly adjusted to 10.4–10.7. The 

mixture was ultrasonic processed at room temperature for 30 min and then stirred in water bath 

at 65 °C for 4 h. Lastly, the products MnFe-LDH were acquired by centrifuging (5000 r/min 

for 5 min), washing and drying in a vacuum oven at 60 °C for 24 h. 

Fe/Mn2-LDH preparation. Initially, Fe(NO3)3·9H2O (1 mmol) and Mn(NO3)2·xH2O (2 mmol) 

were dispersed into 100 mL of de-ionized water and stirred at a constant speed for 30 min to 

form solution A. Simultaneously, solution B was formed by dissolving NaOH (0.035 mol) and 

Na2CO3 (0.015 mol) in 100 mL of deionized water. Then, solution B was dripped slowly into 

solution A and the pH value of resulting suspension was strictly adjusted to 10.4–10.7. The 

mixture was ultrasonic processed at room temperature for 30 min and then stirred in water bath 

at 65 °C for 4 h. Lastly, the products MnFe-LDH were acquired by centrifuging (5000 r/min 

for 5 min), washing and drying in a vacuum oven at 60 °C for 24 h. 

Fe/Mn5-LDH preparation. Initially, Fe(NO3)3·9H2O (1 mmol) and Mn(NO3)2·xH2O (5 mmol) 

were dispersed into 100 mL of de-ionized water and stirred at a constant speed for 30 min to 

form solution A. Simultaneously, solution B was formed by dissolving NaOH (0.035 mol) and 
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Na2CO3 (0.015 mol) in 100 mL of deionized water. Then, solution B was dripped slowly into 

solution A and the pH value of resulting suspension was strictly adjusted to 10.4–10.7. The 

mixture was ultrasonic processed at room temperature for 30 min and then stirred in water bath 

at 65 °C for 4 h. Lastly, the products MnFe-LDH were acquired by centrifuging (5000 r/min 

for 5 min), washing and drying in a vacuum oven at 60 °C for 24 h. 

Fe/Mn8-LDH preparation. Initially, Fe(NO3)3·9H2O (1 mmol) and Mn(NO3)2·xH2O (8 mmol) 

were dispersed into 100 mL of de-ionized water and stirred at a constant speed for 30 min to 

form solution A. Simultaneously, solution B was formed by dissolving NaOH (0.035 mol) and 

Na2CO3 (0.015 mol) in 100 mL of deionized water. Then, solution B was dripped slowly into 

solution A and the pH value of resulting suspension was strictly adjusted to 10.4–10.7. The 

mixture was ultrasonic processed at room temperature for 30 min and then stirred in water bath 

at 65 °C for 4 h. Lastly, the products MnFe-LDH were acquired by centrifuging (5000 r/min 

for 5 min), washing and drying in a vacuum oven at 60 °C for 24 h. 

 



S6 
 

Table S1. Lattice parameters of samples of Fe/Mn/Mg2-LDH before and after reaction. 

LDH Peak position FWHM D (nm) Microstrain (ε) Microstrain (ε) 

 2θ (°) β (°) 𝑲𝝀𝜷𝒄𝒐𝒔𝜽 𝜷𝟒𝒕𝒂𝒏𝜽 ×10-3 

Fe/Mn/Mg2-LDH 

(Before reaction) 

11.040 0.763 10.93 3.44E-02 34.45 

19.061 0.707 11.90 1.84 E-02 18.37 

22.079 0.776 10.89 1.74E-02 17.36 

33.686 0.881 9.84 1.27E-02 12.70 

38.360 0.836 10.51 1.05E-02 10.49 

59.298 0.703 13.58 5.39E-03 5.39 

Fe/Mn/Mg2-LDH  

(After reaction) 

11.657 0.793 10.52 3.39E-02 33.90 

19.161 0.823 10.22 2.13E-02 21.28 

22.901 0.652 12.98 1.40E-02 14.05 

34.506 0.75 11.58 1.05E-02 10.54 

38.762 0.61 14.42 7.57E-03 7.57 

60.042 0.751 12.76 5.67E-03 5.67 
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Table S2 kobs(overall), kobs(ads), and kobs(ox) of Orange II removal in LDHs/PMS systems at its optimal 

conditions (Experimental conditions: bimetallic materials system :[bimetallic materials] = 0.20 

g L-1, [PMS] = 0.5 mmol L-1, [Orange II]0 = 50 μmol L-1, pH 6.0; trimetallic materials system: 

[trimetallic materials] = 0.16 g L-1, [PMS] = 0.5 mmol L-1, [Orange II]0 = 50 μmol L-1, pH 7.0) 

Material kobs(Overall) (min-1) kobs(ads) (min-1) kobs(ox) (min-1) 

Mn/Fe-LDH 0.1035 2 × 10-4 0.1032 

Mn/Fe2-LDH 0.0217 2 × 10-4 0.0215 

Mn/Fe5-LDH 0.0150 2 × 10-4 0.0148 

Mn/Fe8-LDH 0.0024 1 × 10-5 0.0024 

Mn/Fe/Mg-LDH 0.1151 0.0274 0.0877 

Mn/Fe/Mg2-LDH 0.1645 0.0348 0.1297 
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Table S3. Rate constants of ROSs and quenchers 

Rate constants for reactions (L mol-1s-1) 

 SO4
•- HO• 1O2 O2

•- high-valent metals 

MeOH [3] 1.0 × 107 9.7 × 108    

TBA [4] 8.4 × 105 6.0 × 108    

FFA [3, 5] 4.1 × 109 1.5 × 1010 5 × 108  1.5 × 103 

SOD [6]    2 × 109  

phenol [7] 8.8 × 109 6.6 × 109 1.2 × 104   

DMSO [8] 2.7 × 109 5.8 × 1010   1.2 × 105 
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Figure S1. FTIR spectra of Fe/Mn/Mg2-LDH before and after reaction 
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Figure S2. EDS spectra of the Fe/Mn/Mg2-LDH before and after reaction  
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Figure S3. Leaching of Fe (a) and Mn (b) from Fe/Mn/Mg2-LDH during reactions at different initial pH 

conditions (Experimental conditions: [Fe/Mn/Mg2-LDH] = 0.16 g L-1, [PMS] = 1.0 mmol L-1) 
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Figure S4. The particle size distribution of the Fe/Mn/Mg2-LDH before and after reaction  
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Figure S5. The N2 adsorption-desorption isotherm and fitting curve of the BET surface area of the 

Fe/Mn/Mg2-LDH before and after reaction 
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Figure S6. Full XPS spectrum of Fe/Mn/Mg2-LDH before and after reaction 
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Figure S7. XPS spectra of C 1s on the Fe/Mn/Mg2-LDH before and after reaction  
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Figure S8. Effect of pH and the dosage of Fe/Mn-LDH on the adsorption of Orange II by Fe/Mn-LDH 

(Experimental conditions: (a) [Fe/Mn-LDH] = 0.16 g L-1, [Orange II]0 = 50 μmol L-1, pH 6.0; (b) [Orange II]0 

= 50 μmol L-1, pH 6.0)  
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Figure S9. Effect of pH and the dosage of Fe/Mn/Mg2-LDH on the adsorption of Orange II by Fe/Mn/Mg2-LDH 

(Experimental conditions: (a) [Fe/Mn/Mg2-LDH] = 0.16 g L-1, [Orange II]0 = 50 μmol L-1; (b) [Orange II]0 = 50 

μmol L-1, pH 7.0) 
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Figure S10. Effect of pH, Fe/Mn/Mg2-DH, and PMS concentration on the kobs in the Fe/Mn/Mg2-LDH/PMS 

system (a) pH (b) Fe/Mn/Mg2-LDH dosage (c) PMS concentration (Experimental conditions: (a) [Fe/Mn/Mg2-

LDH] = 0.16 g L-1, [Orange II]0 = 50 μmol L-1, [PMS] =1.0 mmol L-1; (b) [PMS] = 1.0 mmol L-1, [Orange II]0 

= 50 μmol L-1, pH 7.0; (c) [Fe/Mn/Mg2-LDH] = 0.16 g L-1, [Orange II]0 = 50 μmol L-1, pH 7.0) 
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Figure S11. Effect of co-existing anions on the kobs in Fe/Mn/Mg2-LDH/PMS system (Experimental conditions: 

[Fe/Mn/Mg2-LDH] = 0.16 g L-1, [Orange II]0 = 50 μmol L-1, [PMS] = 1.0 mmol L-1, pH 7.0) 
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Fig S12. Effect of different humic acids on the kobs in Fe/Mn/Mg2-LDH/PMS system (Experimental conditions: 

[Fe/Mn/Mg2-LDH] = 0.16 g L-1, [Orange II]0 = 50 μmol L-1, [PMS] = 1.0 mmol L-1, pH 7.0) 
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Figure S13. Catalytic performance of Fe/Mn/Mg2-LDH in PMS activation for Orange II and TOC removal 

(Experimental conditions: [Fe/Mn/Mg2-LDH] = 0.16 g L-1, [Orange II]0 = 50 μmol L-1, [PMS] = 1.0 mmol L-1) 
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