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Abstract 

This presentation focuses on multifunctional 2D and 3D materials 

and structure/property relationships to control graphene-like and 

transition metal dichalcogenides nanostructure to be used as 

three-dimensional hybrid electrodes for hydrogen evolution 

reaction, sensors and supercapacitors fabrication. We developed a 

platinum-free electrocatalyst (3D MoSe2 rose-like structure) for 

the hydrogen evolution reaction (HER) as a first step for large-

scale production and application of water splitting devices. 

Recently, we demonstrated a facile strategy to synthesize 

decorated molybdenum oxide (MoO2) nanoparticles on graphene 

oxide (GO) layers. The hybrid membrane exhibits excellent 

performance for HER. In the same endeavor, we showed a novel 

strategy to synthesize vertically aligned porous MoSe2. This 

designed architecture based on an oriented vertical structure 

possesses fully exposed active edges and open structures for fast 

ion/electron transfer, leads to remarkable HER activity with a low 

onset potential and a 3D binder-free without the need for a 

transferring step or a conductive additive to build the electrodes. 

This work opened a new class of nanomaterials in my lab, in 

which we start the fabrication of photoanodes via in-situ 

reduction–graphitization approach toward efficient solar 

hydrogen evolution. For sensing applications, we investigated the 

direct effect of GO sheets sizes on biosensor performance. For 

that, we developed a procedure yielding graphene flakes with 

various amounts of oxygenated defects by using a double liquid 

phase extraction technique (DLPE) assisted by cholesterol-based 

polymers and a green method to avoid the use of chemicals and 

heat to promote the coprecipitation and the reduction of GO and 

GO based foam (membranes) immobilized aptamer as a highly 

selective hormone removal. Recent emphasis is on controllable 

synthesis and development of one-dimensional oriented CdS-

based nanoarray photoanodes for efficient solar water splitting / 

solar hydrogen. 

 Figure: Many uses of 2D and 3D materials, with applications in 

sensing, biomedical diagnostics, catalysis, functional materials, 

electronic devices and processes, and energy-related technologies. 
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