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Figure S1. (a) The cross-sectional SEM image of α-Fe2O3, (b) EDS elemental mapping in a selected 
region of CoFe-LDH/TFO. (c) XRD spectra of TFO, CoFe-LDH/TFO and CoFe-LDH/TDFO films on 
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the fluorine-doped tin oxide glass; (d) DR UV-Vis spectra of α-Fe2O3, TFO, CoFe-LDH/α-Fe2O3 and 
CoFe-LDH/TFO. 

 

Figure S2. The photocurrent stability test for CoFe-LDH/TFO photoanode. 
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Figure S3. (a) LSV curves of of α-Fe2O3, TFO, CoFe-LDH/α-Fe2O3 and CoFe-LDH/TFO photoanodes 
with Na2SO3 as the hole savenger; (b) Light harvesting efficiency (LHE) curves of α-Fe2O3, TFO, 
CoFe-LDH/α-Fe2O3 and CoFe-LDH/TFO samples; (c) the energy density flux of AM 1.5 G solar and 
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(d) the calculated current density flux of (a) α-Fe2O3, (b) TFO, (c) CoFe-LDH/α-Fe2O3 and (d) CoFe-
LDH/TFO. 𝐽௔௕௦  was calculated according to the overlapped area between UV-Vis absorption 
spectrum and AM 1.5 G solar spectrum by the following Equation (S1) and (S2) [1,2]: Jୟୠୱ = න λ1240 × φAM1.5G(λ) × LHEdλ (1)

LHE = 1 − 10ି஺(ఒ) (2)

where 𝜆  represents the wavelength (nm), 𝜑AM1.5G(𝜆)  provides the simulated solar 
spectral irradiance (W/(m2·nm)), LHE is the light harvesting efficiency, and 𝐴(𝜆) is the 
absorbance at wavelength 𝜆. 

 

Figure S4. The optimized structures of CoFe-LDH/α-Fe2O3 and CoFe-LDH/α-Fe2O3 with Ti doping. 

Calculation Method 
First-principle calculations were performed by the density functional theory (DFT) 

using the Vienna Ab-initio Simulation Package (VASP) package [3]. The generalized gra-
dient approximation (GGA) with the Perdew-Burke-Ernzerhof (PBE) functional were used 
to describe the electronic exchange and correlation effects [4-6]. Uniform G-centered k-
points meshes with a resolution of 2π × 0.05 Å−1 and Methfessel-Paxton electronic smear-
ing were adopted for the integration in the Brillouin zone for geometric optimization. The 
simulation was run with a cutoff energy of 500 eV throughout the computations. These 
settings ensure convergence of the total energies to within 1 meV per atom. Structure re-
laxation proceeded until all forces on atoms were less than 10 meV Å−1 and the total stress 
tensor was within 0.03 GPa of the target value. In order to study the phenomenon of Co 
peak shift towards low binding energy in XPS, we constructed Fe2O3/CoFe-LDH hetero-
structure, in which Fe2O3 selects (104) crystal plane and CoFe-LDH selects (001) crystal 
plane.  

Table S1. The calculated results of the carrier density and flat band potential of α-Fe2O3, TFO, CoFe-
LDH/α-Fe2O3 and CoFe-LDH/TFO by the mott-schottky measurements. 

Photoanodes Carrier density 
(1019 cm−3) 

α-Fe2O3 2.99 
TFO 20.4 

CoFe-LDH/α-Fe2O3 9.93 
CoFe-LDH/TFO 50.9 

CoFe-LDH/TDFO 39.1 
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The carrier density (Nd) can be calculated according to Mott-Schottky plots using the 
following equation (3) [1,7]:  𝑁ௗ = ଶ/௘బఌఌబௗ(ଵ/஼మ)/ௗ௏  (3)

where e0 is the electronic charge constant (1.6 × 10−19 C), ε is the relative permittivity con-
stant (80 for α-Fe2O3), ε0 is the vacuum permittivity constant (8.86 × 10−14 F/cm). 

Table S2. The calculated averaged Bader charge of Co atom and Fe atom. 

Atom Charge (e) 
Without Ti doping With Ti doping 

Co in CoFe-LDH +1.269 +1.195 
Fe in CoFe-LDH +1.503 +1.378 

Fe in α-Fe2O3 +1.428 +1.438 
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