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This  research  proposal  is  on  “Photoactive  nanostructured  materials  and  their  application  to
optoelectronic  devices”.  Two  optoelectronic  devices  will  be  studied:  silicon-based
photocathodes decorated with nanocatalysts (metal phosphide nanoparticles) for solar-driven
hydrogen production; and, photodetectors based on 2D materials. 

As a motivation for the first part of the study one could say that solar energy is by far the largest
exploitable renewable source among others (e.g., wind, hydropower, biomass), providing more
energy to the Earth in one hour than all of the energy consumed by mankind within one year.
Given the intermittent  nature of  sunlight,  if  solar  energy becomes a major  primary energy
source in the future, the harvested energy must be able to be stored and dispatched on demand
to  the  end  user.  Apart  from  the  existing  way  of  storing  solar  energy  using  batteries,  an
especially attractive approach is to store solar-converted energy in the form of chemical bonds,
e.g.,  molecular  hydrogen (H2),  which is  considered very promising for  small-scale,  highly-
distributed energy supply. While solar-to-H2 conversion is already a proven technology, the key
challenge facing scientists & engineers is now how to bring materials costs down such that
widespread use of solar fuels and up-scale deployment of solar-powered electrolyzers can be
made  possible.  To  this  end,  developing  efficient,  low-cost,  and  durable  semiconducting
photoelectrodes is of paramount importance. 

Therefore, this proposal aims to develop silicon (Si) based photocathodes coated with a chemically-
inert  thin  protection  layer  and decorated  with  inexpensive,  earth-abundant  transition  metal
phosphide  (TMP)  nano-catalysts.  The  proposed  research  must  address  key  challenges  to
overcome  for  using  Si,  the  second  most  abundant  element  in  the  Earth’s  crust,  as  a
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photocathode material for solar H2 production: namely, poor chemical stability in electrolytes,
small harvestable photovoltage, and the need for precious, scarce platinum (Pt) catalysts. 

The motivation to study the type of nanodevices proposed in the second part of the project is the
following:  recent  developments  in  vertical  heterostructures,  based  on  two-dimensional
materials, have paved the way to new types of photodetectors. A photodetector of this type is
composed by stacking a boron nitride buffer-layer, a graphene sheet, a multilayer transition
metal dichalcogenide (TMDC), a second graphene sheet,  and a boron nitride encapsulating
layer.  This architecture is called a vertical  photodetector. The two graphene sheets work as
conductive  electrodes  and  the  active  medium is  the  multilayer  TMDC.  These  devices  are
interesting because they are extremely thin (only a few atoms thick), flexible and with much
better electronic properties than more conventional materials for wearable devices. In order to
be economically viable, these devices have to be produced on large area (wafer size), with a
method suitable for upscaling. One of the techniques that is compatible with large-area growth
of these materials is Chemical Vapor Deposition (CVD), which allows large, reproducible and
highly  controlled  production  of  very  thin  (even  atomically  thin)  layers  of  many  different
materials. 

This proposal entails  two types of research tasks: those related with material  growth and those
related with device design and fabrication.
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