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Molybdenum sulfide is a low-cost hydrogen evolution reaction (HER) catalyst that has gained considerable 

attention in the field of renewable energy during recent years. Edge sites, grain boundaries, and sulfur vacancies in the 

crystal lattice all exhibit HER catalytic activity [1], but the basal plane does not [2]. Therefore, a lot of research is 

currently focused on distribution of MoS2 on various substrates with large surface areas to expose more edge sites. 

MoS2 can be obtained in various ways, including chemical (chemical vapour deposition, hydrothermal synthesis) and 

electrochemical methods. Electrodeposition is comparatively simple and cheap, but the deposited films typically are 

amorphous and thus, it is more difficult to obtain the desired film morphology.  

In this study, we investigated the electrodeposition of non-stoichiometric MoSx films from an electrolyte containing 

a common sulfur and molybdenum ion precursor – tetra thiomolybdate (MoS4
2-). A strong dependence on the solution 

pH was observed. Linear sweep voltammetry measurements showed that current densities increase significantly in more 

acidic solutions, leading to changes in the surface morphology as well. Thus, at pH 9 the surface is smooth and has no 

noticeable structures, but when deposition is carried out at pH 6 the surface is covered with molybdenum sulfide 

crystallites (Fig. 1) of up to ~ 1 μm size. EDS analysis confirmed film stoichiometry as MoS2+x (where x = 0,5 to 1). 

The electrodeposited MoS2+x films were tested for their electrocatalytic activity in acidic solution (0.5 M H2SO4). 

Electrode polarization was carried out from open circuit potential (OCP) at a rate of 2 mV s-1 until a cut-off current 

density of 40 mA cm-2 was reached. The films showed good HER activity, reaching 10 mA cm-2 at -0.275 V (Fig. 2). 

Tafel slopes for different samples fell within the 50 – 60 mV dec-1 range, suggesting that H+ adsorption is not the rate-

determining step of the hydrogen evolution reaction occurring on a MoS2+x catalyst. Film stability, however, remains an 

issue, as the catalytic performance of some films degrades noticeably over several measurements. 

 

 

 

Fig. 1. SEM image of MoS2+x film. Deposition time 

– 1600 s. 

 

Fig. 2. HER polarization curves of uncoated copper 

substrate and electrodeposited MoS2+x film. 
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