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Fig. S1 The colors of the catalytic electrodes based on different iron resources. 

 

 

 

 

 

 

Fig. S2 a) The XRD patterns of Fe-O-S-B, Fe-O-N-B and Fe-O-Cl-B, b) the XRD patterns of FeCO3 

powder and IF. 
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Fig. S3 The XRD patterns of FeOOH-S, FeOOH-N and FeOOH-Cl. 

 

 

 

 

 
Table S1. The pH of the solutions based on different iron resources. 

Iron resource Fe(NO3)3 FeCl3 Fe2(SO4)3 

pH 2.28 2.26 2.15 
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Fig. S4 a) The full XPS spectrum, b) Fe 2p and c) C 1s XPS spectra of FeCO3@IF. 
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Fig. S5 The SEM images of a, b) FeCO3@IF, c, d) Fe3O4@IF and e, f) Fe-O-M@IF. 
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Fig. S6 The SEM images of IF. 
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Fig. S7 a) The SEM image of FeCO3@IF, b), c), and d) the distribution of elements (C, O and Fe, 

respectively), e) the corresponding EDS spectrum. 
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Fig. S8 The N2 adsorption-desorption isotherm of the electrodes. 

 

 

 

 

 
Table S2. The specific surface area of IF, FeCO3@IF, Fe3O4@IF and Fe-O-M@IF electrodes. 

 

Electrode IF FeCO3@IF Fe3O4@IF Fe-O-M@IF 

Specific surface area 

(m
2
 g

-1
) 

0.673 1.912 12.690 4.661 
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Fig. S9 The polarization curves of the FeCO3@IF electrodes based on different a) hydrothermal 

reaction time and b) Fe
3+

 content in solution (Fe2(SO4)3 as iron resource).  

 

 

 

Fig. S10 The overpotential at the current density of 10 and 100 mA cm
-2

 of the catalysts. 
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Table S3. The comparison of OER catalytic activity in 1 M KOH 

Catalysts 
Tafel slope 

(mV dec 
-1

) 

Overpotential  (mV) 

@ 10 mA cm
 -2

 
References 

FeOx 93 588 [1] 

FeOOH nanoparticles - ~330 [2] 

FeOOH@NF 60 307 [3] 

Fe2O3/CNT 61 370 [4] 

CP@FeP 64 350 [5] 

Fe/Fe3CF@CNT@Fe 49 288 [6] 

Co4N nanowire arrays 44 257 [7] 

Np-(Co0.52Fe0.48)2P 30 270 [8] 

NiCo LDH 40 367 [9] 

NiFe-LDH 47 350 [10] 

Ni30Fe7Co20Ce43Ox 70 410 [11] 

Co-Fe-O@MWCNT 51 368 [12] 

Ni/Ni3N 60 ~322 [13] 

NiFeP 87 280 [14] 

FeCO3@IF 59 273 This work 

Fe3O4@IF 71 384 This work 

Fe-O-M@IF 73 314 This work 
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Table S4. The comparison of OER catalytic activity of the RuO2 materials in 1 M KOH 

Catalytic electrodes 
Tafel slope 

(mV dec 
-1

) 

Overpotential  (mV) 

@10 mA cm
-2 

/100 mA cm 
-2

 

References 

RuO2@Iron foam 87 246/362 This work 

RuO2@ Iron foam 47 ～310/- [15] 

RuO2@ Iron foam 72 ～270/～350 [16] 

RuO2@ Ni foam 88 ～240/～350 [17] 

RuO2@ Ni foam 66 ～300/～380 [18] 

RuO2@ Ni foam 99 ～270/～390 [19] 

RuO2@ Ni foam 58 242/～480 [20] 

RuO2@ Carbon cloth 66 ～270/～350 [21] 

RuO2@ Carbon cloth 69 295/～390 [22] 

RuO2@ Carbon cloth 103 ～210/～340 [23] 

RuO2@ Glassy carbon 93 ～340/- [24] 

RuO2@ Glassy carbon 57 ～260/- [25] 

RuO2@ Co foam 139 ～240/～370 [26] 
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Fig. S11 a) the polarization curves, b) the Tafel plots, c) the EIS at 1.55 V vs. RHE and d) the stability 

test of the catalysts at the current density of 100 mA cm
-2

 for FeCO3-P@IF and FeCO3@IF, respectively. 
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Fig. S12 The double-layer capacitance measurements of these catalysts after OER; a-d) the cyclic 

voltammograms of the catalysts at a series of scan rates of 5, 10, 20, 50 and 100 mV s
-1

 from 0.92 to 

1.02 V vs. RHE in 1 M KOH; e) the linear fitting of the oxidation currents of the catalysts at 0.98 V vs. 

RHE versus scan rates. 
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Electrical double-layer capacitance measurements were used to determine electrochemical active 

surface area of the catalysts. According to Fig. S11e, the electrical double-layer capacitance could be 

obtained. Then the electrochemical active surface area could be obtained based on the specific 

capacitance value of a smooth standard with a real surface area of 1 cm
-2

. 40 uF cm
-2

 is considered as 

the value of specific capacitance for a smooth standard with a real surface area of 1 cm
-2

 based on 

previous studies. 

The electrochemical active surface area could be obtained via the following equation: 

 

AECSA=
The  electrical  double −layer  capacitor

40
 

For example:  

FeCO3@IF: AECSA = 
2956.7

40
= 73.9 cm

2
ECSA 

 

 

 

Table S5. The calculated electrochemical active surface area (ECSA) of the obtained electrodes after 

OER. 

 

Catalysts IF FeCO3@IF Fe3O4@IF Fe-O-M@IF 

Specific Capacitance (uF cm
-2

) 1745.3 2956.7 14685.9 4309.6 

ECSA (cm
2

ECSA) 43.6 73.9 367.1 107.7 
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Fig. S13 The simplified randles equivalent circuit for the test of the electrochemical impedance 

spectroscopy. 

 

 

 
Fig. S14 The stability tests of the catalysts at the current density of 10 mA cm

-2
. 
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Fig. S15 a) The full XPS spectrum, b) Fe 2p, c) O 1s and d) C 1s of FeCO3@IF after OER. 

 

 

 

Table S6. According to the XPS spectra, the change of Fe content in different chemical environment for 

FeCO3@IF before and after OER process. 

FeCO3@IF Fe (%) 

Chemical environment Fe (0) Fe (2+) Fe (3+) 

Before OER 6.81 33.24 55.95 

After OER 0 27.39 72.61 
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Fig. S16 The SEM image of FeCO3@IF after OER. 
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Fig. S17 The SEM image of the surface of FeCO3 cube and the area without FeCO3 cubes. 

 

 

 

Fig. S18 The images of bubbles on the surface a) FeCO3@IF, b)Fe3O4@IF and c) Fe-O-M@IF during 

OER process at the current density of 100 mA cm
-2

. 

 

 

 

 

 

 



          

19 

 

 

Fig. S19 The double-layer capacitance measurements of these catalysts after HER; a-d) the cyclic 

voltammograms of the catalysts at a series of scan rates of 5, 10, 20, 50 and 100 mV s
-1

 from 0.92 to 

1.02 V vs. RHE in 1 M KOH; e) the linear fitting of the oxidation currents of the catalysts at 0.98 V vs. 

RHE versus scan rates. 

 

Table S7. The calculated electrochemical active surface area (ECSA) of the obtained catalysts after 

HER. 

Catalysts IF FeCO3@IF Fe3O4@IF  Fe-O-M@IF 

Specific capacitance (uF cm
-2

) 1644.1 3436.8 24106.5 5023.5 

ECSA (cm
2

ECSA) 41.1 85.9 602.6 125.6 
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Table S8. The comparison of HER catalytic activity in 1 M KOH 

Catalysts 
Tafel slope 

(mV dec 
-1

) 

Overpotential  (mV) 

@ 10 mA cm
 -2

 
References 

Fe2Ni2N 101 180 [27] 

CoS2 HNSs 100 193 [28] 

FeP NAs/CC 146 218 [29] 

FeP/C 93 185 [30] 

A-Ni@DG 47 270 [31] 

Fe2O3  140 423 [32] 

N-rGO/CoFe-CoFe2O4 100 190 [33] 

Fe2O3NCs-800 77 245 [34] 

FeCoO-NF 118 205 [35] 

Co9S8@NOSC 105 320 [36] 

Co9S8/Ni3S2 98 128 [37] 

Ni3FeN 120 235 [38] 

Ni2/3Fe1/3-rGO 210 560 [39] 

Ni@NC-800 160 205 [40] 

CoNiP@Ti 115 184 [41] 

FeCO3@IF 139 151 This work 
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Table S9. The comparison of HER catalytic activity of the Pt/C (20%) in 1 M KOH 

Catalysts 
Tafel slope 

(mV dec 
-1

) 

Overpotential  

(mV)@10 mA cm
-2 

/100 mA cm 
-2

 

References 

Pt/C@Iron foam 48 34/113 This work 

Pt/C@Iron foam 37 ～30/- [15] 

Pt/C@ Ni foam 56 ～40/～165 [42] 

Pt/C@Ni foam 45 ～40/～150 [43] 

Pt/C@Ni foam 37 ～70/～210 [44] 

Pt/C@Ni foam 49 27/～100 [18] 

Pt/C@Ni foam 30 37/138 [17] 

Pt/C@Ni foam 59 ～50/～170 [45] 

Pt/C@ Carbon cloth 48 ～30/200 [46] 

Pt/C@Carbon cloth 52 52/～290 [47] 

Pt/C@Carbon paper 44 45/～120 [48] 

Pt/C@ Glassy carbon 46 60/～135 [49] 

Pt/C@Glassy carbon 37 27/109 [50] 

Pt/C@Co foam 45 40/～100 [26] 
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Fig. S20 The EIS of the catalytic eletrodes at -0.18 V vs. RHE 

 

 

 

 

 

Fig. S21 The stability test of the catalysts at the current density of a) -100 mA cm
-2

 and b) -10 mA cm
-2

. 
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Fig. S22 a) The full XPS spectrum, b) Fe 2p, c) O 1s and d) C 1s of FeCO3@IF after HER. 

 

Table S10. According to the XPS spectra, the change of Fe content in different chemical environment 

for FeCO3@IF before and after HER process. 

FeCO3@IF Fe(%) 

Chemical environment Fe (0) Fe (2+) Fe (3+) 

Before HER 6.81 33.24 55.95 

After HER 10.05 12.96 76.99 
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Fig. S23 The SEM image of FeCO3@IF after HER. 
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Fig. S24 The SEM image of the surface of FeCO3 cube and the area without FeCO3 cubes (the inset) of 

FeCO3@IF after HER progress. 

 

 

 

 

 

Fig. S25 The HTEM images of FeCO3@IF after HER. 
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Fig. S26 The XRD patterns of a) Fe3O4@IF and b) Fe-O-M@IF before and after OER, respectively. 

 

 

 

 

Fig. S27 The XRD patterns of a) Fe3O4@IF and b) Fe-O-M@IF before and after HER, respectively.. 

 
The peaks related to metallic iron all become stronger in the XRD patterns of Fe3O4@IF and Fe-O-

M@IF after HER, indicating the iron-based compounds are reduced to metallic iron. 
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Fig. S28 The SEM images of a) Fe3O4@IF and b) Fe-O-M@IF after OER, respectively. 

 

 

 

 

 

Fig. S29 The SEM images of a) Fe3O4@IF and b) Fe-O-M@IF after HER, respectively. 

 

The particles on Fe-O-M@IF after HER become looser due to the loss of abundant O in iron-based 

oxides 
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Fig. S30 The images of bubbles on the surface a) FeCO3@IF, b)Fe3O4@IF and c) Fe-O-M@IF during 

HER process at the current density of 100 mA cm
-2 

 

 

 

 

 

 

 

Fig. S31 The SEM images of IF electrode after OER. 
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Fig. S32 The SEM images of IF after HER process. 

 

 

 

Fig. S33 The stability test of the FeCO3@IF//FeCO3@IF at the current density of 10 mA cm
-2

. 
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Table S11. The comparison of overall water-splitting catalytic activity of the RuO2//Pt/C system in 1 M 

KOH 

Catalysts 
Voltage (V) @ 

50 mA cm
-2

/100 mA cm 
-2 

References 

RuO2@Iron foam//Pt/C@Iron foam 1.697/1.863 This work 

RuO2@Iron foam //Pt/C@Iron foam ～1.74/- [15] 

RuO2@Iron foam //Pt/C@Iron foam ～1.98/～2.24 [16] 

RuO2@Ni foam //Pt/C@Ni foam 1.770/- [51] 

RuO2@Ni foam //Pt/C@Ni foam ～1.680/～1.770 [19] 

RuO2@Ni foam //Pt/C@Ni foam ～1.91/- [18] 

RuO2@Glassy carbon//Pt/C@Glassy 

carbon 
～1.800/～1.950 [49] 

RuO2@Carbon cloth//Pt/C@Carbon 

cloth 
～1.650/- [52] 

RuO2@Co foam //Pt/C@Co foam 1.780/～1.930 [26] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



          

31 

 

 

 

Table S12. The amount of electricity required to obtain 1 Kg H2 of  different electrodes in 1 M KOH 

Catalytic electrodes 
Voltage  (V) 

@ 300 mA cm
 -2

/400 mA cm
 -2

 

The amount of electricity  (KW∙h) 

@ 300 mA cm
 -2

/400 mA cm
 -2

 

FeCO3@IF//FeCO3@IF 2.359/2.512 62.714/66.782 

RuO2@IF//Pt/C@IF 2.366/2.581 62.901/68.616 

 

 
The calculation formula is as following: 

1 Kg H2 is generated, the required amount of charge (Q) is: 

Q=(1000g×NA×2e)/M𝐻2 = ( 1000×2×6.022×10
23

×1.602×10
-19

)/2.016=95706785.7 C 

Where N𝐴 is Avogadro constant, e is the charge of an electron and M𝐻2 is the relative molecular mass of 

hydrogen (H2).  

For the FeCO3@IF//FeCO3@IF system, the applied voltages (U1 and U2) at a current density of 300 

mA cm
-2

 and 400 mA cm
-2

 is 2.359 V and 2.512 V, respectively. The amount of electricity (W1 and 

W2) required to obtain 1 Kg H2 are: 

W1 = 𝑄𝑈1 = 95706785.7 ×2.359 = 225772307.466 𝐽 ≈62.714 KW∙h 

W2 = 𝑄𝑈2 = 95706785.7 ×2.512 = 240415445.678 𝐽 ≈66.782 KW∙h 

For RuO2@IF//Pt/C@IF system, the applied voltages (U3 and U4) at the current density of 300 mA cm
-

2
 and 400 mA cm

-2
 is 2.366 V and 2.581 V, respectively. 

The amount of electricity (W3 and W4) required to obtain 1 Kg H2 are: 

W3 = 𝑄𝑈3 = 95706785.7 ×2.366 = 226442254.966 𝐽 ≈62.901 KW∙h 

W4 = 𝑄𝑈4 = 95706785.7 ×2.581 = 247019213.892 𝐽 ≈68.616 KW∙h 

Therefore, the saved energy (W1save and W2 save) at the current density of 300 mA cm
-2

 and 400 mA cm
-

2
 per kilogram H2 are: 

W1save =W3 – W1 = 62.901 - 62.714 = 0.187 KW∙h 

W2 save=W4 – W2 = 68.616 - 66.782 = 1.834 KW∙h 
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Fig. S34 The faladaic efficiency a) OER, b)HER) of the FeCO3@IF at the current density of 50 mA cm
-

2
. 
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