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Fig. S1 The photograph of Co(OH)x/Ta3N5-15-15 photoanodes. 

 

Fig. S2 Schematic diagrams of PEC measurement system. 

 

 



 

Fig. S3 Dependence of the photocurrent density of Ta3N5-X-15 measured at 1.23 V vs. 

RHE on the duration of the first flame heating step. 

 

 

 

 

 

 



 

Fig. S4 The visible Raman spectra of Ta3N5-30 and Ta3N5-15-15; exciting source: 532 

nm laser. 

 

 

 

 

 

 

 

 

 

 

 



 

Fig. S5 The equivalent AC circuits for the simulation of PEIS data showing two time 

constants: circuit in a) approximates the situation that photogenerated holes 

injected into the electrolyte are mainly transferred though the valence band of 

Ta3N5; circuit in b) approximates the situation that photogenerated holes injected 

into the electrolyte are mainly transferred though the surface states. c) Randles 

circuit. The assignation was made as follows. Rs was the series resistance attributed to 

the resistances of electrolyte and the substrate; Rtrapping was the trapping resistance 

related with the charge recombination at surface states; Rct was the charge transfer 

resistance at the semiconductor/electrolyte interface. Rct,bulk was the charge transfer 

resistance at the semiconductor/electrolyte interface when photogenerated holes 

injected into the electrolyte are mainly transferred though the valence band of 

Ta3N5; Rct,trap was the charge transfer resistance at the semiconductor/electrolyte 

interface when photogenerated holes injected into the electrolyte are mainly 

transferred though surface states; the capacitance of the bulk for Ta3N5 photoanode 

(Cbulk) was incorporated into the EC by a constant phase element (CPE1), which 

Rs CPE1

Rct

Rtrap CPE2

Element Freedom Value Error Error %

Rs Free(? 0.84307 0.0038273 0.45397

CPE1-T Free(? 0.0063365 0.00082714 13.054

CPE1-P Free(? 0.87548 0.017322 1.9786

Rct Free(? 2127 675.08 31.739

Rtrap Free(+) 1.206 0.095279 7.9004

CPE2-T Free(? 0.0075572 0.00075479 9.9877

CPE2-P Free(? 0.98548 0.015812 1.6045

Chi-Squared: 0.0015738

Weighted Sum of Squares: 0.14951

Data File: E:\6.大化所 \4.实验数据 \光电流 \二次焙烧法制备 Ta3N5\20190326\TN-30S-0.4V-area.dat

Circuit Model File:

Mode: Run Fitting / Freq. Range (0.001 - 1000000)

Maximum Iterations: 100

Optimization Iterations: 0

Type of Fitting: Complex

Type of Weighting: Calc-Modulus

Rs CPE1

Rct

Element Freedom Value Error Error %

Rs Free(? 0.86435 0.0045605 0.52762

CPE1-T Free(? 0.0017361 1.527E-05 0.87956

CPE1-P Free(? 0.83458 0.0017235 0.20651

Rct Free(? 212.2 1.7959 0.84632

Chi-Squared: 0.0013346

Weighted Sum of Squares: 0.13879

Data File: E:\6.大化所 \4.实验数据 \光电流 \二次焙烧法制备 Ta3N5\20190326\TN-15-15S-1.5-area.dat

Circuit Model File: E:\6.大化所 \4.实验数据 \光电流 \二次焙烧法制备 Ta3N5\20190326\1.mdl

Mode: Run Fitting / Freq. Range (0.001 - 1000000)

Maximum Iterations: 100

Optimization Iterations: 0

Type of Fitting: Complex

Type of Weighting: Calc-Modulus

a

102

103

104

105

0.0 0.4 0.8 1.2

102

103

104

105

R
to

t 
(Ω

 c
m

2
)

Potential (V vs. RHE)

R1 CPE1

R2 R3

CPE2

Element Freedom Value Error Error %

R1 Free(? 0.8349 0.0041844 0.50119

CPE1-T Free(? 0.0036109 0.00013728 3.8018

CPE1-P Free(? 0.76428 0.0037394 0.48927

R2 Free(? 2.144 0.14926 6.9618

R3 Free(? 1290 76.492 5.9296

CPE2-T Free(? 0.0011055 0.00011076 10.019

CPE2-P Free(? 0.94397 0.014083 1.4919

Chi-Squared: 0.00070108

Weighted Sum of Squares: 0.069406

Data File: E:\6.大化所 \4.实验数据 \光电流 \二次焙烧法制备 Ta3N5\20190304\20-0.6V-归一化 .dat

Circuit Model File:

Mode: Run Fitting / Freq. Range (0.001 - 1000000)

Maximum Iterations: 100

Optimization Iterations: 0

Type of Fitting: Complex

Type of Weighting: Calc-Modulus
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considers the space charge region; the capacitance of the surface states (Css) was 

calculated through a constant phase element (CPE2). d) Comparison of total 

resistance values (Rtot) obtained by PEIS simulations (squares) and those by 

calculating dV/dJ from the J(V) curves in Fig. S7 (lines). The colors correspond to 

different samples: Ta3N5-30 (blue) and Ta3N5-15-15 (orange). 

 

 

 

 

 

 

 

  



 

Fig. S6 CPE-T and resistance values obtained on Ta3N5-30 when the PEIS data in Fig. 

5a,b are modeled using the equivalent circuit shown in Fig. S5b. The results are 

almost identical with that (Fig. 6) obtained on Ta3N5-30 using the equivalent circuit 

shown in Fig. S5a. 

Both equivalent circuits shown in Fig. S5a,b were employed to fit the EIS data of 

Ta3N5-30 in Fig. 5a,b. The results obtained with both circuits exhibit similar values 

for CPE1-T, CPE2-T, and Rtrapping. However, it is more convincing that Rct,bulk which 

is physically related with CPE-1 (represent the capacitance of the bulk) shows a 

valley corresponding to the peak observed in CPE-1, rather than Rct,trap which is not 

directly physically related to CPE-1. Therefore, the equivalent circuit shown in Fig. 

S5a is more preferable than that in Fig. S5b. In other words, in Ta3N5 photoanodes, 

the photogenerated holes injected into the electrolyte are mainly transferred from the 
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valance band and the surface states function as charge recombination centers. Hence, 

the equivalent circuit shown in Fig. S5a was used to derive the data which is 

discussed within this paper. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Fig. S7 LSV curves acquired under illumination (black solid line) and in the dark 

(black dashed line), Rct,bulk (squires), and CPE1-T (circles) obtained on a) Ta3N5-30 

and b) Ta3N5-15-15 in 1.0 M NaOH (pH 13.6). Illumination: AM 1.5G. 
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Fig. S8 Top and cross-sectional SEM images of a,b) Ta2O5-15-15 and c,d) Ta2O5-30.  
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