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The anodization process: 
 

The anodization procedures always consisted of: (i) a steady increase in the voltage 

until the anodization voltage was reached, (ii) the anodization at constant voltage, and (iii) the 

slow decrease of the applied voltage to open circuit conditions. In all cases the ramping 

periods were omitted from the graphs and only the constant voltage phase were plotted. Note 

that in these cases the current is two magnitudes higher than in the case of Ti or W 

anodization.1,2 This indicates the favorable dissolution of the NiO during anodization. 

Anodization in the phosphate containing electrolyte (1. method): 

 
Figure S1. Effect of the employed voltage on the anodization curves, recorded in 0.5 M NH4F 
containing 85 wt% H3PO4 electrolyte. 
 

 
Figure S2. SEM images of the NiO samples obtained in 0.5 M NH4F containing 85 wt% 
H3PO4 electrolyte (U = 10 V, t = 10 min). 



 

 
Figure S3. A: EDX spectra of the unannealed and annealed (T= 300 °C, 4 h) NiO samples 
prepared at U = 10 V, for t = 10 min. B: Linear sweep photovoltammetry profiles (5 mV s-1, 
0.1 Hz light interruption) of the NiO sample prepared at U = 10 V, 10 min in 0.2 M Na2SO4 
electrolyte in N2 and O2 saturated solutions. 
 

It was shown previously that this method inherently produces NiF2 rich oxide layers 3, 

because of the fluoride incorporation from the used electrolyte. However, this impurity phase 

can be removed by subsequent heat treatment of the film at 300 °C (as evidenced by EDX 

measurements Figure S3A). Intriguingly, this heat treatment step reveals a hidden drawback 

of this method.4 As the NiF2 content of the film is removed the increase in the phosphorus and 

oxygen amount of the layers can be detected. This may indicate that some form of phosphate 

impurity (from the used electrolyte) migrates to the surface of the sample (see Figure S3A). 

  



Anodization in the complex electrolyte (3. method): 

 
Figure S4. EDX spectra of the NiO samples (U = 30 V, 1 h) annealed at T= 500°C for 
different time. 
 

 
Figure S5. SEM image of the heat treated (T=500 °C, 1h) NiO sample obtained at A: U= 40 
V, 1 h A: U= 30 V, 1 h. 
 
Synthesis of Pt nanoparticles: 

 

Synthesis of 2.0 nm Pt nanoparticles 

For 2.0 nm Pt nanoparticles, 29 mg PtCl4 is dissolved in 2.5 ml ethylene-glycol. 2.5 ml 

of 0.5 M NaOH in ethylene-glycol solution were also prepared. The two solutions were mixed 

in a three-necked round bottom flask. After 30 minutes of sonication, the flask were 

evacuated and purged with atmospheric pressure argon gas in cycles to get rid of additional 

oxygen and water. After three purging cycles, the flask was immersed into an oil bath heated 

to 160 °C under vigorous stirring of the reaction mixture as well as the oil bath. After 180 



minutes of reaction, the flask was cooled down to room temperature. The pH of the 

suspension is neutralized with 2 M aqueous solution of HCl. After neutralization, 4 mg 

polyvinylpyrrolidone (PVP, MW = 40,000) solved in 2 ml ethanol is applied, then the 

suspension is precipitated with centrifuging. The nanoparticles are washed by centrifuging 

with hexane and redispersed in ethanol for at least 2-3 cycles, and finally stored in ethanol. 

Synthesis of 4.8 nm Pt nanoparticles 

For 4.8 nm Pt nanoparticles, 40 mg Pt(C5H7O2)2 and 35 mg polyvinylpyrrolidone 

(PVP, MW = 40,000) are solved in 5 ml ethylene-glycol, and sonicated for 30 minutes to get a 

homogenous solution. The solution was transferred into a three-necked round bottom flask, 

which was evacuated and purged with atmospheric pressure argon gas to get rid of additional 

oxygen and water. After three purging cycles, the flask was immersed into an oil bath heated 

to 200 °C under vigorous stirring of the reaction mixture as well as the oil bath. After 10 

minutes of reaction, the flask was cooled down to room temperature. The suspension was 

precipitated by adding acetone to the mixture. The nanoparticles were collected by 

centrifuging. After precipitation, the particles were washed by centrifuging with hexane and 

redispersing in ethanol for at least 2-3 cycles, and finally stored in ethanol. 

Synthesis of 7.2 nm Pt nanoparticles 

For 7.2 nm Pt nanoparticles, 41 mg H2PtCl4 and 20 mg polyvinylpyrrolidone (PVP, 

MW = 40,000) are dissolved in 5 ml ethylene-glycol, and sonicated for 30 minutes to get a 

homogenous solution. The solution was transferred into a three-necked round bottom flask, 

which was evacuated and purged with atmospheric pressure argon gas to get rid of additional 

oxygen and water. After three purging cycles, the flask was immersed into an oil bath heated 

to 200 °C under vigorous stirring of the reaction mixture as well as the oil bath. After 120 

minutes of reaction, the flask was cooled down to room temperature. The suspension was 

precipitated by adding acetone to the mixture. The nanoparticles were collected by 



centrifuging. After precipitation, the particles were washed by centrifuging with hexane and 

redispersing in ethanol for at least 2-3 cycles, and finally stored in ethanol. 

Synthesis of 8.6 nm Pt nanoparticles 

For 8.6 nm Pt nanoparticles in diameter, 40 mg H2PtCl6 and 40 mg 

polyvinylpyrrolidone (PVP, MW = 40,000) is dissolved in 2.5 ml ethylene-glycol. 2.5 ml of 

0.075 M NaOH in ethylene-glycol solution were also prepared. The two solutions were mixed 

in a three-necked round bottom flask. After 30 minutes of sonication, the flask were 

evacuated and purged with atmospheric pressure argon gas in cycles to get rid of additional 

oxygen and water. After three purging cycles, the flask was immersed into an oil bath heated 

to 160 °C under vigorous stirring of the reaction mixture as well as the oil bath. After 180 

minutes of reaction, the flask was cooled down to room temperature. The pH of the 

suspension is neutralized with 2 M aqueous solution of HCl. After the neutralization, the 

suspension is precipitated by adding acetone to the mixture. The nanoparticles are washed by 

centrifuging with hexane and redispersing in ethanol for at least 2-3 cycles, and finally stored 

in ethanol. 

Synthesis of 12.3 nm Pt nanoparticles 

For 12.3 nm Pt nanoparticles, 40 mg Pt(C5H7O2)2 and 30 mg polyvinylpyrrolidone 

(PVP, MW = 40,000) are dissolved in 5 ml ethylene-glycol, and sonicated for 30 minutes to 

get a homogenous solution. The solution was transferred into a three-necked round bottom 

flask, which was evacuated and purged with atmospheric pressure argon gas to get rid of 

additional oxygen and water. After three purging cycles, the flask was immersed into an oil 

bath heated to 200 °C under vigorous stirring of the reaction mixture as well as the oil bath. 

After 120 minutes of reaction, the flask was cooled down to room temperature. The 

suspension was precipitated by adding acetone to the mixture. The nanoparticles were 

collected by centrifuging. After precipitation, the particles were washed by centrifuging with 

hexane and redispersing in ethanol for at least 2-3 cycles, and finally stored in ethanol. 



 

 

Figure S6. TEM image of a Pt/NiO composite (7.2 nm Pt) obtained at higher Pt loading. 

 
Figure S7. The effect of Pt size and concentration to the NiO Pt/NiO photocurrent ratio. Lines 
connecting the measured data are guides for the eye. 
 



 
Figure S8. Pt 4d XP spectra of NiO Pt nanocomposites with different Pt sizes (2 µg cm-2 
loading). 
 

 
Figure S9. Photoaction spectra for the pristine NiO and 2.0 nm sized Pt decorated samples in 
0.2 M Na2SO4 electrolyte at E = -0.8 V, ∆λ = 10 nm. 
 
EIS measurements: 
 

Various equivalent circuits are proposed in the literature to fit metal-oxide 

nanostructures prepared via anodization. The common feature of these is the separation of the 



response of the compact bottom and upper porous layer.5 The response of the samples can be 

adequately fitted by an equivalent circuit. In this model both the bottom blocking layer and 

the upper porous layer in contact with the electrolyte are considered. The surface 

inhomogeneity of the electrodes was taken into account by substituting the capacitive 

elements in the model to constant phase elements. The equivalent circuit in Figure S10 was 

applied to evaluate the data from electrochemical impedance measurements. This circuit 

consists of an active solution (electrolyte) resistance (RS) coupled series with the impedance 

of the bottom compact NiO layer (CL) and the upper porous NiO layer (PL). Impedance of 

such electrodes is commonly described with parallel combination of the layer resistance (RCL 

and RPL) and capacitance (QCL and QPL).  

 
Figure S10. The equivalent circuit used for the EIS fits. 
 

 
Figure S11. A: Electrochemical impedance spectra recorded for the bare NiO samples and 
fitted with the equivalent circuit in Figure S10 at two different potential E= -0.6 V and E= -
0.0 V in the 10 Hz to 0.1 MHz frequency range in 1.0 M Na2SO4. B: Electrochemical 
impedance spectra recorded for the sample decorated with 8.6 nm Pt nanoparticles and fitted 
with the equivalent circuit in Figure S10 at two different potential E= -0.6 V and E= -0.0 V in 
the 10 Hz to 0.1 MHz frequency range in 1.0 M Na2SO4. 
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