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S1. Supplemental materials and methods 

 SI-1 Characterization 

Figure S1 shows the AFM images of the photoanodes. AFM images were collected under 

ambient conditions on a Digital Instruments Nanoscope III microscope. Etched Si 

nanoprobe tips (Digital Instruments, Santa Barbara, CA) were used. These tips have 

spring constants of approximately 0.15 Nm-1 and are conical in shape with a cone angle 

of 20° and an effective radius of curvature at the tip of 10 nm. The AFM images 

presented here represent raw, unfiltered data collected in constant-force mode. The 

textural properties show variation for each sample due to deposition of Fe2O3 and Ag and 

anodization time. The TiO2 sample show outgrowth morphology and the roughness can 

be clearly seen. Whereas, α-Fe2O3/TiO2 heterostructure shows relatively lower roughness, 

which can be attributed to the deposition of α-Fe2O3, which partially covered the surface 

of titania. Additionally, the TiO2 growth is inhibited by these particles as well. 1,2 Small 

bright granular spots can be observed in Figure S1(c), in the case of Ag/α-Fe2O3/TiO2. 

These bright granular regions are the possible silver NPs distributed over the catalyst.3  

 

S1: Textural properties of samples via AFM (a) TiO2 (b) α-Fe2O3/TiO2 (c) Ag/α-
Fe2O3/TiO2 

Figure S2 represents the comparative XPS profiles of the as-synthesized samples. Figure 

S2(a) clearly demonstrates the appearance of Ag peaks in the survey of Ag/α-Fe2O3/TiO2 

in the low energy region. The spectrum also showed characteristic low-intensity peaks for 

Fe in the higher energy regions after 700 eV. Both the regions are intentionally encircled  
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to identify it from the rest. The Ag peak is absent in the case of α-Fe2O3/TiO2 and TiO2. 

Another important observation is the intensity of the XPS spectra, which show great 

improvement in terms of intensity in case of Ag/α-Fe2O3/TiO2 heterojunctions as 

compared to other samples. This phenomenon clearly demonstrated by the high-

resolution spectra of Ti and O (Figure S2b and c). Additionally, there is a small shift of 

~0.05-0.1 eV occurs towards higher binding energy in the XPS spectra of Ti and O. 

Which could be related to the successful heterojunction formation. Another important 

feature of the XPS profile in case of oxygen is the appearance of broad shoulder 

(encircled) after the incorporation of Fe, which is further intensified in the case of Ag/α-

Fe2O3/TiO2. This might suggest that the incorporation of Fe ions into the crystal lattice of 

TiO2 influence the properties. A similar observation is reported by Abazović et al lately. 
4,5 
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S2: (a) Comparative XPS profiles of TiO2, α-Fe2O3/TiO2 and Ag/α-Fe2O3/TiO2: (a) 

Surveys, (b) High resolution XPS spectra of Ti (2P), and (c) O (1s). 

Figure S3 showed the linear sweep voltammogram (LSV) obtained at various anodization 

intervals i.e. 5, 10, 20 and 30 min. It can be predicted from these results that 30 min 

anodization time produce sample with maximum photocurrent capacity and hence we 

choose 30 min anodization time for the synthesis of α.Fe
2
O

3
/TiO

2 
and Ag/α.Fe

2
O

3
/TiO2 

NTAs. 

S3: (a) α.Fe
2
O

3
 deposition over TiO

2
 NTs (b) Ag NPs deposition over α.Fe

2
O

3
/TiO

2 
NTAs 

at 5, 10, 20 and 30 Mins 

The chronoamperometric (I-t) results collected under successive light and dark cycles 

with ~40 s intervals further supported the results in Figure S4. The I-t ON/OFF cycles 

indicated that during light chopping, the photocurrent reached a maximum value under 

illumination and diminished in the dark at 1.23 V. 
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S4: Chopped visible light photocurrent density obtained at 40s/cycle for TiO2, α-

Fe2O3/TiO2 and Ag/α-Fe2O3/TiO2 photoanodes 

Figure S5 show interfacial charge and equivalent circuit from electron impedance 

microscopy (EIS). In the equivalent circuit, RS shows series resistance, CH and RH are 

Helmholtz double layer capacitance and resistance and Cdl and Rdl are the capacitance 

and resistance in semiconductor, respectively.8 As suggested by the EIS results in Figure 

6(d), Ag/α-Fe2O3/TiO2 has the smallest radii of the semicircles compared with pristine 

TiO2 and α-Fe2O3/TiO2 mean the smallest resistance and charge transfer impedance. By 

looking to the equivalent circuit configuration, the PEC performance can be explained in 

terms of the total resistance value (RT), which is the sum of RS, RH, and Rdl. The values 

obtained for TiO2, α-Fe2O3/TiO2 and Ag/α-Fe2O3/TiO2 are 232, 115 and 65 Ωcm−2, 

respectively. These results suggested that Ag/α-Fe2O3/TiO2 possess the lowest Rt value 

and therefore possess lower impedance and higher charge transfer capability.  
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S5: Interfacial charge transfer equivalent electric circuit of Ag/α-Fe2O3/TiO2 photoanodes 

The % incident photon-to-current efficiency (% IPCE) and % solar to hydrogen (% 

STH) values obtained at 1.23 V vs. RHE by varying the radiation wavelength from 350 

to 650 nm. Figure S6 provides the summary of the % IPCE values for TiO2, 

α.Fe2O3/TiO2 and Ag/α.Fe2O3/TiO2 NTAs at various wavelengths. All the values are 

obtained under 1 SUN irradiation intensity at the incident point of the sample. The 

TiO2 NTs show the higher %IPCE value of 17.13 in UV-Visible region < 400 nm. The 

uppermost %IPCE values of α.Fe2O3/TiO2 (26.34) and Ag/α.Fe2O3/TiO2 (33.84) are 

observed in the UV-Visible region < 400 nm, indicated that the overall efficiency of 

TiO2 is significantly increased almost by two-folds. The trend continues in the visible 

region as well, where Ag/α.Fe2O3/TiO2 showed higher %IPCE values. These results are 

in excellent agreement with the available literature.9,10 The results indicated that the 

charge recombination is overcome with the incorporation of Fe2O3 and Ag, and the 

light absorption conversion efficiency is therefore enhanced.  

 

S6: %IPCE recorded for TiO2, α-Fe2O3/TiO2 and Ag/α-Fe2O3/TiO2 photoanodes under 

1SUN irradiations 

The % STH (η) values are also recorded by using following equation.11–13  

η = I (1.23 − V)/Plight          (i) 
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Where I is the photocurrent density at the measurement applied bias, V is the applied bias 

(vs. RHE), and Plight is the incident light intensity of 100 mW cm−2 (AM 1.5G). 

It can be observed from the table S1 that TiO2 shows higher % STH efficiency (0.94) 

in UV region. α.Fe2O3/TiO2 and Ag/α.Fe2O3/TiO2 NTAs show their highest % STH 

value in the visible region. Due to lower band gap and well visible light absorption 

capacity Ag/α.Fe2O3/TiO2 NTAs show maximum %STH (2.46) at 500nm among the 

samples, which can be correlated with higher %IPCE value. The results are supported 

by the PEC water splitting measurements (Figure 6). 

Table S1: % IPCE and %STH measurements at 1.23 V (vs RHE) for TiO2, α-

Fe2O3/TiO2, Ag/α-Fe2O3/TiO2 photoanodes at various wavelengths. 

Radiations %STH 

100 mW/cm
2
 TiO2 α.Fe2O3/TiO2 

Ag/α.Fe2O3 

/TiO2 

350 nm 0.94 0.99 1.17 

400 nm 0.77 1.13 1.62 

450 nm 0.19 1.16 1.82 

500 nm 0.17 1.04 2.46 

600 nm 0.15 0.80 2.00 

650 nm 0.17 0.75 1.30 
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SEM Images of heterostructure after measurement  

 

 

S7: Different resolution SEM images taken from Ag/α-Fe2O3/TiO2 photoanodes after 
performing PEC water splitting measurements 
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