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Formation of NiCo2S4 on Si NW surface

By dipping a substrate in aqueous solutions of Ni(NO3)2.6H2O, Co(NO3)2.6H2O, and 

Na2S.9H2O sequentially, NiCo2S4 thin films were created. SILAR is primarily based on ion 

by ion deposition, which manifests itself as deposition at nucleation sites on submerged Si 

NW surfaces. The following diagram depicts the growth mechanism of NiCo2S4 thin films 

grown using the SILAR method. When Ni(NO3)2.6H2O, Co(NO3)2.6H2O, and Na2S.9H2O are 

all dissolved in DDW water separately, the following three reactions occur.

         𝑁𝑖(𝑁𝑂3)26𝐻2𝑂 →𝑁𝑖𝑂 + 2𝐻𝑁𝑂3 + 5𝐻2𝑂 ‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒ (𝑆1)

𝐶𝑜(𝑁𝑂3)26𝐻2𝑂 →𝐶𝑜𝑂 + 2𝐻𝑁𝑂3 + 5𝐻2𝑂 ‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒ (𝑆2)

                               𝑁𝑎2𝑆 + 2𝐻2𝑂 →𝑆2 ‒ + 𝑁𝑎𝑂𝐻 ‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒ (𝑆3)

In particular, the attraction between Ni2+ ions and the surface of Si substrate, when the 

Si substrate is immersed in the cationic precursor solution 1, Ni2+ ions begin to adsorb on the 

Si substrate. Here cohesive or van der Waals forces, as well as chemically attractive forces, 

might be existent to attach Ni2+ on the substrate. In a similar way, the Co2+ ions are adsorbed 

on Si substrate. Later, the immersion of Ni2+/Co2+ coated Si substrate into Na2S anionic 

solution was the final phase of the reaction process. The Ni2+ and Co2+ ions react with S2 ions 

from the Na2S anionic solution during this reaction. The possible reactions are given as below 

equations.

𝐻2𝑆 →𝐻𝑆 ‒ + 𝐻 + → 𝑆2 ‒  + 𝐻 + ‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒ (𝑆4)

                𝑁𝑖2 + +  𝑆2 ‒  →𝑁𝑖𝑆 ‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒ (𝑆5)

              𝐶𝑜2 + +  𝑆2 ‒  →𝐶𝑜𝑆 ‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒ (𝑆6)

Subsequently, Na2S 
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dissolves in water to yield S-2 ions, which are simultaneously hydrolyzed to produce HS- and 

H2S species. These molecules provide sulphur for the ion-exchange reaction that produces 

NiCo2S4 from Ni and Co precursors [1,2]

. 

Fig. S1 FESEM micrographs of (a,b) top view and cross-sectional view of etched Si NW and 

(c,d) top view and cross-sectional view of Si NW/NiCo2S4 NS. 
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Fig. S2 (a) Top view of FESEM image of prepared heterostructure sample (b-e) EDS 

elemental mapping for Si,Ni,Co and S elements in Si NW/NiCo2S4 NS.

Fig. S3 UV-vis diffuse reflectance spectra of prepared samples

The anti-reflectance behaviour of prepared heterostructure against pristine Si NW has 

been performed using UV-Vis diffusion spectroscopy in the range of 300-800 nm. As shown 

in Fig.S4 the etched Si NW sample has a low reflectance property over the entire visible 

region owing to multiple internal reflectances within the vertical nanostructure geometry of 

the etched Si sample. On the other hand, the heterostructure and pristine samples determine 

the superior anti-reflectance properties over the visible region which is profitable to harvest 

more number of photons from solar spectrum. As a result, the NiCo2S4 NS contribution in 

anti-reflectance property is unchanged which is direct evidence to the material that retains its 

intrinsic anti-reflectance behaviour.  
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Fig.  S4 XPS Survey spectrum of prepared heterostructure. 

Fig.  S5 Current density versus applied bias (vs. RHE) profile of prepared photocathodes  

under dark condition.    
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Fig.  S6 Current density versus applied bias (vs. RHE) curves of prepared monometallic 

sulphide based photocathodes under dark and light conditions.    

Faraday law of electrolysis equation

𝑀𝑜𝑙𝑒 𝑜𝑓 𝐻2 =
1

2𝐹

𝑡

∫
0

𝐼𝑑𝑡 ‒‒‒‒‒‒‒‒‒‒‒‒‒ (𝑆7)

where, F is the Faraday constant (Coulomb/one mole), I is the measurement of photocurrent 

density (mA cm-2) and t is time (sec) [3].

The carrier lifetime of photoelectrode can be calculated from Bode plot using following 

equation (S8)

𝜏 =
1

2𝜋𝑓𝑚𝑎𝑥
‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒ (𝑆8)

where, τ is lifetime of carrier, fmax= maximum peak frequency [4].  
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Table 1: Comparison of PEC performances of fabricated heterostructure with previously 

reported photoelectrodes.
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