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1. Experimental Section

Sample analysis: The stability of catalyst on the electrode was evaluated with measuring of total 

dissolved metals in supporting electrolyte by plasma optical emission spectrometry (ICP-OES, 

Agilent 5100, Agilent Technologies). The Ion chromatography (IC, Dionex, USA) was used to 

measure dissolved HS-, S2O3
2-, and SO4

2-. For determination the formed concentration of 

polysulfide, against to the previous study that was used from H2O2 at high pH as a method to 

measure the formed polysulfide (S1-S2), and in our study because the colloidal sulfur was a 

major product of oxidation reactions, then the gradual appearance of yellow color and the 

presence of soluble sulfur species in higher concentration due to further polysulfide oxidation 

were used as an indicator to calculate the formed polysulfide (S3). The electrochemical oxidation 

of elemental sulfur was presumed by measuring the total sulfide and the dissolved sulfur species. 

The first-order kinetics was used to fit data from measuring sulfide concentrations versus the 

initial sulfide concentrations

Density functional theory (DFT) calculation: The simulation package VASP and also the 

Projector Augmented Wave (PAW) method were carried out to calculate Density functional 

theory (DFT). For describing 3d Fe electrons, the PBE (U) method with the correlation energy 

(U) + exchange energy (J) under 4 eV and 1 eV, respectively, was conducted. The kinetic cutoff 

energy and the convergence criteria of energy were fixed to 450 eV and 10-4 eV, and also the 

fixed force for geometry structures was chosen 0.01 eV Å-1. A Monkhorst-Pack mesh with a 

dimension of 3 × 3 × 1 with a space of nearly 10 Å was applied to the sample k-point of the 

Brillouin zone. The formation energy (Eform) of Fe-doped CAs-ZIF-8@MM-MOF in different 

loading of Fe nanoparticles (1, 3, and 5% wt.) was determined as follows(S4-S6): 

 Eform = E (Fe-doped-CAs-ZIF-8@MM-MOF) – E (CAs-ZIF-8@MM-MOF) – E (Fe) - nµ (H)



E is the total energy of related systems and µ (H) is the total energy per H atom and defined as µ 

(H2)/2, n is the number of substituted H. 

Moreover, the adsorption energy of H2S was calculated as follows:

Eads = Eslab+ mol – Eslab – Emol 

Where Eslab +mol is the total energy of slab after adsorption, Eslab is the energy of Fe-doped CAs-

ZIF-8@MM-MOF or CAs-ZIF-8@MM-MOF, and the Emol is the total energy of H2S. 



2. Supplementary Figures

Supplementary Figure S1: FE-SEM images of Fe-doped CAs-ZIF-8@MM-MOF before (a, b) 

and after H2S oxidation (c, d). 



Supplementary Figure S2: N2 Adsorption and desorption isotherms of Fe-doped CAs-ZIF-

8@MM-MOF before (a) and after (b) H2S electro-oxidation. 

Supplementary Figure S3: the content of different nitrogen species for Fe-doped CAs-ZIF-

8@MM-MOF electro-catalyst. 



Supplementary Figure S4: XPS O1s spectra of the as-prepared catalysts. 



Supplementary Figure S5: Obtained power density curves in 50 mM phosphate buffer solution 

(PBS) for as-synthesized catalysts. 

Supplementary Figure S6: Cyclic voltammetry (CV) tests carried out at Fe-doped CAs-ZIF-

8@MM-MOF/CC electrode in the 2.8 mM H2S (HS-) solution at pH 8. 



Supplementary Figure S7: First-order H2S removal rates (h-1) at different anode potentials at (a) 

carbon cloth (CC) electrode; and (b) Fe-doped CAs-ZIF8@MM-MOF/CC electrode. 

Supplementary Figure S8: XPS S 2p spectra of used and fresh Fe-doped CAs-ZIF-8@MM-
MOF. 



Supplementary Figure S9: the distribution of sulfur species in repeated cycles for H2S removal 

and stability of used Fe-doped CAs-ZIF-8@MM-MOF. 



Supplementary Figure S10: the general and optimized configuration of Fe-doped CAs-ZIF-

8@MM-MOF of before doping (a) and after doping (b) and also under low loading of Fe 

nanoparticles (c) and high loading of Fe nanoparticles (d). 

Supplementary Figure S11: Fe K-edge XANES of proposed configuration for Fe-doped CAs-

ZIF-8@MM-MOF. 



Supplementary Figure S12: Eads of H2S on the Fe-doped CAs-ZIF-8@MM-MOF (Fe-N4) in 

different H2S-Fe distances. 

Supplementary Figure S13: the electron transfer of the S of H2S and Fe in the Fe-N4 

configuration for the Fe-doped CAs-ZIF-8@MM-MOF/H2S system obtained from the DOS (a) 

and PDOS (b). 



3. Supplementary Tables

Supplementary Table S1: EDX elemental analysis of Fe-doped CAs-ZIF-8@MM-MOF 
catalyst.

Type operation The elements % wt. % At. 
C 88.95 93.25
Fe 6.78 4.1
Co 2.58 1.17
Mn 0.46 0.31

 Before oxidation

Sr 1.23 1.17
C 87.26 95.32
Fe 6.74 2.11
Co 2.41 0.98
Mn 0.41 0.11
Sr 1.19 0.46
S 1.99 1.02

After oxidation

Supplementary Table S2: Total dissolved Iron concentration of Fe-doped CAs-ZIF-8@MM-

MOF for stability testing at 0.5 V and 0.7 V vs SHE.

Time (h) Total dissolved Fe (mg L-1)

            0.5 V                         0.7 V
0 0.02 0.04
2 0.08 0.13
4 0.07 0.11



Supplementary Table S3: First–order constant removal rates (h-1) at CC and Fe-doped CAs-

ZIF-8@MM-MOF/CC electrodes obtained at the different anodic potentials.

Type of used 
electrode

Time (h) Applied Potential 
(V)

Loading of Fe 
nanoparticles 

(% wt.)

First-order 
removal rate (h-1)

0.2 - 0.54
0.5 - 0.79Pure CC 2 h
0.7 - 1.13

1 4.18
3 2.580.5
5 2.38
1 8.12
3 2.34

Fe-doped CAs-
ZIF-8@MM-MOF

2 h
0.7 

5 4.48

Supplementary Table S4: The bond distance in the catalysts before and after Fe nanoparticles 

doping 

The catalysts Type of coordination 
environment

Type of Bonding Bond length

M-C 1.42625
M-C 1.46340
M-C 1.48454
M-C 2.51235

CAs-ZIF-8@MM-MOF M-C-N

M-C 2.53214
M-C 1.31132
M-C 1.34232
M-C 1.36252
M-C 2.38632
M-C 2.41254
Fe-C 1.23517
Fe-C 1.25325
M-Fe 1.23522

Fe-doping CAs-ZIF-
8@MM-MOF

M-Fe-M(C) 

M-Fe 2.36517
Fe-N 1.42625
Fe-N 1.45256Fe-N4
Fe-N 1.47034Fe-doping CAs-ZIF-

8@MM-MOF (low 
loading of Fe)

Fe -C 2.01702



Fe -C 2.41500Fe-N4-C
Fe -C 2.85250
Fe-N 1.74679
Fe-Fe 2.25510Fe-N4

Fe-Fe 2.66827

Fe -C 2.01702
Fe -C 2.85250

Fe-doping CAs-ZIF-
8@MM-MOF (high 

loading of Fe)
Fe-N4-C

Fe -C 3.49358

4. Supplementary scheme 1
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