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Figure SI1 Powder XRD Rietveld refinement profiles: the experimental (red) and the calculated (black) 
patterns are superimposed; the difference curve and Bragg positions are shown in blue and 
green, respectively of (a) CaFeOS (95.59%), Fe (0.71%), FeS (3.70%) and (b) CaFeOSe 
(93.30%), CaSe (2.06%), FeSe (4.65%); (c) La2O2Fe2OS2 (88.49%), LaFeO3 (7.30%), La2O2S 
(4.20%) and (d) La2O2Fe2OSe2. 
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Table SI1 Refinement details from Rietveld refinement using room temperature XRPD data. 

 CaFeOS CaFeOSe La2O2Fe2OS2 La2O2Fe2OSe2 

Space group P63mc Cmc21 I4/mmm I4/mmm 

Unit cell 

parameters 

a (Å) 3.7613(1) 3.8925(1)  4.0438(1) 4.0862(1) 

b (Å) 3.7613(1) 13.1878(2)  4.0438(1) 4.0862(1) 

c (Å) 11.3893(2) 5.9260(1)  17.8995(3)  18.6028(2)  

V (Å3) 139.54(1) 304.20(1) 292.70(1) 310.61(1) 

Fitting statistics 

χ2 1.49 9.02 3.86 1.80 

Rexp (%) 5.91 3.39 3.32 5.43 

Rwp (%) 7.20 10.2 6.53 7.28 

Rp (%) 5.47 7.16 4.70 5.43 

 

2) Estimated band edge positions for La2O2Fe2OQ2 and CaFeQO 

The band edge positions for La2O2Fe2OQ2 and CaFeQO (Q = S, Se) were estimated using an 

empirical method1-3 based on Mullikan electronegativities using equation 1: 

𝐸𝑉𝐵,𝐶𝐵 = 𝐸0 + ∏  χ𝑀
 𝑗𝑛

𝑀=1

1/𝑛
± 𝐸𝑔𝑎𝑝/2                                 (1) 

where 𝐸𝑉𝐵,𝐶𝐵 corresponds to the positions of the valence and conduction band edges, 𝐸0 to the 

difference bwrween NHE and the vacuum (𝐸0 = −0.45 eV), 𝜒𝑀 is the atom 𝑀’s electronegativity on 

the Mulliken scale with 𝑛 the number of atoms and 𝑗 the stoichiometric ratio. The results are 

summarized in Table SI2. 

 

Figure SI2 Calculated band edges positions for CaFeOS and CaFeOSe. The levels of H2 and O2 evolution 
are indicated by dashed lines. 
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Table SI2 Optical bandgap and the relative band edges position. 

Composition 

Optical 

bandgap 

(eV) 

Band edges position 

CB VB 

CaFeOS 1.43(1) -0.31(2) 1.12(2) 

CaFeOSe 2.11(1) -0.71(2) 1.4(1) 

La2O2Fe2OS2 4  0.24   0.53(2) 0.72(2) 

La2O2Fe2OSe2 4  0.19  0.48(2) 0.65(2) 

 

Both the magnitude of the optical band gaps and the band edge positions show the potential of 

CaFeOQ (Q = S, Se) for photocathodic solar water splitting reactions whilst La2O2Fe2OQ2 (Q = S, 

Se) are unlikely to be photocatalytically active for water splitting reactions.  

 

3) Photocurrent measurements of CaFeQO samples 

CaFeSeO absorbs in the visible spectrum (400 – 700 nm), consistent with the optical bandgap 

measured by diffuse reflectiance (Figure 2). The photocurrent response was measured for a range 

a wavelengths (for 𝑉𝑏𝑖𝑎𝑠 = 0, 0.4 V, Figure SI3) and the highest response was observed for 450 nm 

irradiation. 

 

Figure SI3 Transient photocurrent response vs. wavelengths (constant light intensity 0=42 mW cm-2) for 
CaFeSeO with (a) 𝑉𝑏𝑖𝑎𝑠 = 0.4 V and (b) 𝑉𝑏𝑖𝑎𝑠 = 0.0 V. 
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4) Oxidation of CaFeSO 

 
Figure SI4 Transient photocurrent under several light power densities (450 nm) of CaFeSO at Vbias= 0.6 V 

 

A linear sweep measurement was carried out on CaFeSO (in 0.1 M Na2SO4 electrolyte) (Figure 

SI5). An oxidation reaction is observed for V ≥ 0.7 V, consistent with the redox potential of 

Fe2+/Fe3+ and the oxidation reaction Fe2+ ⇌ Fe3+ + e-. This oxidative degradation of the CaFeSO 

material likely explains the poor photocurrent response measured. 

 

 

Figure SI5 Linear sweep plot for CaFeOS. 

 

5) Photocurrent measurements of La2O2Fe2OQ2 samples 

La2O2Fe2OQ2 have much smaller band gaps with absorption spanning the IR range (700 nm –

 1 mm) and so can also absorb higher energy light from the visible range. Maximum photocurrents 

were measured at 470 nm for both these phases (Figure SI6). 
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Figure SI6 Transient photocurrent response vs. wavelengths (constant light intensity 0=42 mW cm-2) for 

La2O2Fe2OS2 with (a) 𝑉𝑏𝑖𝑎𝑠 = 0.4 V and (b) 𝑉𝑏𝑖𝑎𝑠 = 0.0 V; and for La2O2Fe2OSe2 with (c) 𝑉𝑏𝑖𝑎𝑠 =
0.4 V and (d) 𝑉𝑏𝑖𝑎𝑠 = 0.0 V. 
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Figure SI7 Current density variation for La2O2Fe2OS2 at 𝑉𝑏𝑖𝑎𝑠 = 0.6 V under solar light excitation with 40 
minutes exposure time. 

 

 

Figure SI8 Evolution of the transient photocurrent response vs. potential of La2O2Fe2OS2 and 
La2O2Fe2OSe2. 

The photocurrent increased with the intensity of the luminous flux according to a classical power 

law behaviour5 with Δj= 8.63×10-3(2)Փ0.60(2) (Figure SI9). 
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Figure SI9 Evolution of the photocurrent density with the power density of light (Vbias= 0 V under a 450 nm 

excitation) for La2O2Fe2OS2. 
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