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Figure S1 NSs low magnification SEM Image

The EIS spectra were obtained within the turnover region, immediately following the onset potential of each 

sample, to evaluate their HER activities [1]. The experimental EIS spectra were modeled using the Armstrong-

Henderson equivalent circuit, represented by continuous lines [2].



Figure S2 Nyquist plot of NSs, Pt-NSs and Pt (symbols). Full lines represent the fitted data, obtained fitting the curves by the 
Armstrong-Henderson equivalent circuit (inset).

The ECSA was measured by the double layer capacity (Cdl), following the equation:

ECSA = Cdl/Cs, where Cs is the specific capacitance for a flat surface; we assumed a value of Cs of 40 µF 

cm-2 [3].

For HER, Cdl was obtained from CV curves, at a potential ranging from -0.8 to 0.9 vs SCE, from the slope of 

(Ja-Jc) vs the scan rate plot at fixed potential (-0.85V) according to the follow relation [3]:

𝐶𝑑𝑙 =  (𝐽𝑎 ― 𝐽𝑐)/2𝜈

Our data presented an ECSA of 261.5 cm2 for NSs-Pt and of 191 cm2 for bare NSs. These very high ECSA 

values confirm the high surface exposed for bare NSs. Pt decoration slightly varied the ECSA value.



Figure S3 ΔI plot, recorded at a potential of -0.85V, vs scan rate (empty symbols), and the related fits (dashed lines)

Figure S4 HER LSV normalized by ECSA of NSs and Pt-NSs



With Tafel slope it is possible to make considerations on the HER kinetic mechanism. 

HER mechanism in high alkaline media involves three following steps [4]:

(i)  water molecules electroreduction with hydrogen adsorption (H2O + e− → Hads + OH−), which is named 

Volmer reaction;

(ii) H2 formation through electrochemical hydrogen desorption step (Hads + H2O + e− → H2 + OH−), which 

is named Heyrovsky step;

(iii) H2 formation through a recombination step between two adsorbed hydrogen atoms (Hads + Hads → H2), 

which is named Tafel step.

An evaluation of the rate-determining step (RDS) from Tafel slopes can be done [5]. Considering the Butler-

Volmer equation as the foundation of kinetic analysis and mechanism, our values suggest that the RDS for our 

samples is represented by the Volmer step, meaning the initial hydrogen adsorption and water molecule 

electroreduction step.

Figure S5 Tafel plots of NSs, NSs-PT and Pt.



We investigated the band bending at the metal-semiconductor interface via a multiphysics approach. COMSOL 

[6] simulations were performed, assuming a single Pt circular dot (50 nm as diameter) placed onto ZnO in a 

vacuum ambient. Band bending occurs at the Pt-ZnO interface because of the different work functions. Indeed, 

Pt has a higher work function (ΦPt = 6.35 eV) than ZnO (ΦB = 4.2 eV) [7, 8] and such difference leads to a 

potential barrier for electrons and to a significant upward bending of the valence and conduction bands at the 

Pt-ZnO interface. The electric field 2D map at the NSs surface below a circular Pt dot is reported in Figure 

S2(a), showing intensity as high as . This localized electric field caused by Pt decoration is 5 × 107 𝑉 𝑚 ―1

extremely efficient in modifying the band levels and the carrier density at the surface. Finally, from the electric 

field we extrapolated the hole and electron concentrations, reported in Figure S2(b-c). 

Figure S6 COMSOL simulations; (a) Electric field 2D map at the NSs surface below a circular Pt dot; (b) hole and (c) electron 
concentration profiles.



Figure S7 Polarization curve of NSs for Oxygen Evolution Reaction.



Figure S8 NSs Nyquist plot (symbols). The full line represents the fitted data, obtained fitting the curve by the Armstrong-Henderson 
circuit (see Figure S1)

The catalytic activity of NSs for OER wad also evaluated by Tafel Plot, extrapolated from the LSV. As for the 

HER, from the Tafel slope it is possible to make some considerations on the rate determining step. Our 

electrode presents a Tafel Slope of 49 mV dec-1, which is usually related to an RDS consisting of the adsorption 

of OH- ions on the surface of the electrocatalyst [4].



Figure S9 NSs Tafel plot.



Figure S10 OER NSs LSV normalized by ECSA.

For OER, Cdl was obtained from CV curves, at a potential ranging from 0 to 0.1 vs SCE, from the slope of 

(Ja-Jc) vs the scan rate plot at fixed potential (0.05 V) according to the previous relation reported for HER. 

Our data presented an ECSA of 52 cm2 for bare NSs.



Figure S11 NSs XRD pattern

Figure S12 Pt-NSs SEM image after the 24h stability test
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