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Transition metal dichalcogenides (TMDs) are trending as promising materials for a large verity of 

applications such as photocatalysis, photonics, photovoltaic devices, thin layer transistors, super capacitors 

and many others. Precise control over morphology and composition of the TMDs is crucial and should be 

tailored for each specific application. Traditional solid state techniques such as chemical vapour deposition 

(CVD) or chemical vapour transport (CVT), while simple and well established for producing flat, single or 

few layers TMDs, become inefficient when required to produce large scale, homogeneous constructs with 

complicated morphologies. 

 

We have shown that colloidal synthesis can be used to produce TMD alloys with defined edge oriented 

morphology, thus obtaining control over their electronic and catalytic properties. Choosing to focus on 

electrocatalysis, we produce thin edge nanoflowers of Mo(SxSe1-x)2 (MoSSe) alloys as well as Mo1-

xWxSe2 (MoWSe) alloys as model systems to show the versatility of the method. Various analytical 

methods were used to determine the composition and structure of the products as well as their 

electrochemical performance towards the hydrogen evolution reaction in both acidic and alkaline 

conditions. 

  

Electrochemical measurements show that both the MoSSe and MoWSe alloys are catalytically active, with 

low overpotentials for most of the materials between 205 and 269 mV and Tafel slopes of 51 to 82 mV dec-

1. We also used electrochemical impedance spectroscopy (EIS) to determine that for the MoSSe alloys 

there is internal resistance that hinders the catalytic performance and that the charge transfer of the x=0.58 

alloy is faster than the other materials in this series. The MoWSe alloys show much lower internal 

resistance, which is evident in the low Tafel slopes from both the polarization curve and the EIS 

calculations. The ternary alloys of MoWSe also show better performance than both pure MoSe2 and WSe2 

suggesting that the combination of Mo and W improves the catalytic properties of the alloys. By 

successfully modifying the electronic and catalytic properties of TMDs using colloidal synthesis we have 

opened the door for additional tuning and optimization of TMDs for other applications such as photonics, 

super capacitors or batteries. 
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Figure 1. (a) SEM image of MoWSe nanoflowers. (b) TEM image of the edges of the MoWSe alloy 

nanoflowers. (c) HRTEM image of the layer edge of MoWSe alloy showing the hexagonal structure. 

Coloured dots show a suggested illustration of the structure of the alloy with Mo in yellow, W in blue and 

Se in white. (d) Polarization curve of MoWSe alloys in acidic and alkaline solutions.  
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