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The grain size of particles was also calculated using the Scherrer Equation in equation S1.
D = KA/(Bcosb) (S1)
Where,
D=cyrstllites size (nm);
K=0.89 (Scherrer constant);
A=0.15406 nm (wavelength of the X-ray sources);
B=FWHM (Full width at half maximum, radians);
0=Peak postion (radians);

The grain sizes that calculated from the (104) XRD peak were listed in table S1. The calculated
grain sizes were a bit bigger than the ones observed by SEM, which maybe due to the Scherrer
Equation is more suitable to calculate the grains that smaller than 100 nm. In spite of this, the grain
sizes showed the similar trend with SEM observation, first decreased with Sn doping, and low
Mg/Sn doping, then increased with Mg further doping.

Table S1 The grain sizes of particles calculated using Scherrer Equation

Prinstine a-Fe;O;  20Sn a-Fe,O;  20Sn/4.5Mg a-Fe,O3  20Sn/9.6Mg Fe, 04
Grain size(nm) 204 167 132 287
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Figure S1 The cross-sectional images of (a) pristine a-Fe,O;, (b) 20Sn a-Fe,0;, (¢) 20Sn/4.5Mg a-Fe,03, (d)
20Sn/9.6Mg a-Fe,03, respectively.

The film thicknesses were 518 nm, 520 nm, 515 nm and 525 nm respectively for pristine a-Fe,Os,

20Sn a-FeyO;, 20Sn/4.5Mg a-Fe,O;, 20Sn/9.6Mg a-Fe,O;, respectively. The nearly similar

thickness had little effect on the PEC performance of the films.
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Figure S2 The EDS of (a) 20Sn/4.5Mg co-doping a-Fe,0s, (b) 20Sn/9.6Mg co-doping a-Fe,O;.

The content of Mg in the co-doping samples were 4.5 at.% and 9.6 at.% respectively.
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Figure S3 Tauc plots of pristine a-Fe,O3, 20Sn doping a-Fe,0s, 20Sn/4.5Mg co-doping a-Fe,03, and 20Sn/9.6Mg
co-doping a-Fe,0;.

The bandgaps of the samples were calculated from the intersection points of the slopes, according

to the following relationship:
ahv~(hv - E )" (S2)
where a refers to the absorption coefficient, / is the Planck’s constant (eV s), v is the frequency
(Hz), E, refers to the bandgap of the semiconductor, and n is assumed to be 2 for hematite.
Therefore, the gotten bandgaps are 2.01 eV, 2.04 eV, 2.02 eV and 2.00 eV for pristine a-Fe,Os,

20Sn doping a-Fe,O3, 20Sn/4.5Mg co-doping a-Fe,O3;, and 20Sn/9.6Mg co-doping a-Fe,Os,

respectively.
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Figure S4 XPS O 1s spectra peaks of chemisorbed OH species, and lattice O% species (1) pristine a-Fe,0s, (2)
20Sn doping a-Fe,0s, (3) 20Sn/4.5Mg co-doping a-Fe,0;, and (4) 20Sn/9.6Mg co-doping a-Fe,05

Table S2 Summary of XPS peak position and relative abundance of chemisorbed OH species, and lattice O

species and content of Sn and Mg

Sn content Mg content lattice O Chemisorbed OH
Samples
(at.%) (at.%) (abundance%) (abundance%)
pristine a-Fe,03 10 n/a 529.6(40%) 531.5(60%)
20Sn doping 20 n/a 529.6(27%) 531.3(73%)
20Sn/4.5Mg co-doping
20 4.5 529.5(60%) 531.1(40%)
a—Fe203
20Sn/9.6Mg co-doping
20 9.6 529.5(60%) 531.1(40%)

a—Fe203
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Figure S5 The peak analysis with respect to the peakegy and peakssq of Raman spectra (1) pristine a-Fe,Os, (2)
20Sn doping a-Fe,0s, (3) 20Sn/4.5Mg co-doping a-Fe,Os, and (4) 20Sn/9.6Mg co-doping a-Fe,0;.

Table S3 Raman peak analysis of samples

Peakgoo Peakgno Peakgsg Peakgse Peak area ratio
position area position area (Peakgoo/ Peakgse)
pristine a-Fe,O; 609 36437 656 33906 0.93
20Sn doping a-Fe,05 609 23928 658 40342 1.69
20Sn/4.5Mg co-doping a-Fe,03 609 33439 658 49679 1.49

20Sn/9.6Mg co-doping a-Fe,03 609 26806 659 43926 1.64
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FigureS6 J-V curves pristine and Mg doped a-Fe,O3 photoanodes measured in the NaOH
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Figure S7 Open-circuit potential measurements in the dark and under illumination for pristine, 20Sn and
20Sn/9.6Mg doping a-Fe,0; in the 1 M NaOH. The black hollow cubic represent the OCP in dark, and the red

hollow circles represent the OCP under illumination
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Figure S8 Chronoamperometric measurement of samples at 1.6 Vryg (1) pristine a-Fe,Os, (2) 20Sn doping, (3)

20Sn/4.5Mg co-doping a-Fe,0s, and (4) 20Sn/9.6Mg co-doping a-Fe,O3
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Figure S9 Photocurrent density-time curve of the 20Sn/4.5Mg co-doping a-Fe,O; at 1.23 V vs RHE under

illumination



FigureS10 SEM images of (a) pristine and (b) 20Sn/4.5Mg co-doping a-Fe,Os after PEC test



The faradaic efficiency of sample 20Sn/4.5Mg co-doping a-Fe,O; was measured in by testing the

volume of O, gas during the i-t measurement at 1.33 V vs RHE for 5000 s. The schematic of

homemade gas gathering equipment was shown both below and in Figure S9 in the supporting

information.
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Figure S11 Schematic of a custom-built reactor for gas test

Faradaic efficiency was calculated using the Eq.S3!.

experimental mol of 0, gas

Faradaic ef ficiency = - x 100
theoretical mol of 0, gas

The theoretical amount of O, gas was calculated from Faraday’s law Eq.S4

t
x 100
ZXF

S
Il

(S3)

(S4)

Where, n is the number of mole, / is the current, 7 is the time, z is the transfer of electrons(z=4 for

0,), and F is the Faraday constant(96485 C/mol), the calculation detail can be seen in the previous

reference!.

During the 5000 s, the practical mole of oxygen was 0.849 pmol, and the theoretical value was

0.928 pmol. By calculation, the faradaic efficiency for O, was 92%.



Table S4 Photocurrent density and onset potential different hematite PEC water splitting

Samples Eonset  J1.23vRHE Ref
Co0304 loaded CaFe,04/Fe,05 0.69 0.095 2
a-Fe;03/NiMn layered double hydroxide  0.65 1.98 3
Al,O5 coated Fe,O4 0.90 0.04 4
Sn/P co-doping 0.68 0.90 3
Sn doped a-Fe,03 0.7 1.04 6

20Sn/4.5Mg co-doping a-Fe,O5 0.93 1.10 This work




Table S5 Summary of PEC analysis results (comparison of J,; at 1.23 V vs RHE(J; 53 v), onset potential(E s,

estimated with J,,=0 intersect method), potential of maximum power efficiency(Ewmay) and the corresponding

efficiency ABPE, .«
Samples Ewmax  ABPEnux(%)  Eonet  J123vrREE
pristine a-Fe,O3 1.1 0.03 0.89 0.42
20Sn doping 1.1 0.07 0.94 0.78
20Sn/4.5Mg co-doping a-Fe,03 1.1 0.09 0.93 1.1

20Sn/9.6Mg co-doping a-Fe,03 1.1 0.07 0.92 0.92
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