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Objectives

The goal of this work is to develop a fundamental 
understanding of the properties and photoelectrochemical 
performance of Si wire-array based photocathodes for H2 
evolution. This work has three general scientific objectives: 
to develop a fundamental understanding of Si microwire 
arrays, H2 evolving catalysts, and solution-based mass 
transport and bubble phenomena associated with H2 
production. We will systematically vary the geometric, 
electronic, and compositional characteristics of the Si 
microwire arrays, to understand, and thus gain control 
over, the photoelectrochemical behavior of such systems. 
Experiments using the combined microwire array–catalyst 
material will be performed in order to determine active H2 
catalysts based on alternatives to Pt, e.g. Ni–Mo alloy and 
MoS2, and ideal catalyst loading, for optimization of the 
Si microwire array photoelectrochemical performance and 
catalytic turnover. Computational modeling, in conjunction 
with experimental measurements on Si microwire arrays 
under operating conditions, will be used to obtain a 
fundamental understanding of the energy penalty associated 
with mass-transport limitations, and complications due 
to production of H2 bubbles, for various photoelectrode 
geometries.

Technical Barriers

Current photovoltaic and photoelectrochemical 
technologies employ a planar-junction design, requiring the 
use of expensive, high-purity semiconducting materials for 
efficient and stable operation. Si microwire arrays afford 
rapid radial charge separation while using a fraction of 
the material and with relaxed purity requirements, while 
the micron-scale interwire spacing can present interesting, 
not-yet-elucidated issues involving mass transport of 
reactants and products under operating conditions. In 
addition, the formation of bubbles due to efficient H2 
evolution at Si microwire array electrodes can reduce the 
overall photoelectrode performance. Realization of efficient 
technologies for photoelectrochemical H2 evolution 
using Si microwire arrays requires that the geometry and 
photophysical properties of the microwire arrays, light 
scattering elements, and electrocatalysts be optimized. Also, 
because noble metal materials, like Pt, are too expensive 
to serve as feasible components in a globally scalable H2-
evolving photoelectrode, other potential catalysts must be 
identified.

Abstract

We have investigated and made significant progress 
on key components of a solar-driven water splitting 
scheme: Si microwire photocathodes, and metal oxide 
photoanodes. Radial p–n+ (n+p) junction Si microwire 
arrays functionalized with Pt or Ni nanoparticulate metallic 
electrocatalysts functioned as efficient photocathodes for 
H2 evolution. Further exploration of geometric parameters 
that influence the photoelectrochemical response of the 
Si microwire arrays is proposed. In addition, experimental 
measurements and computational modeling will be 
employed to investigate how catalysis is affected by mass-
transport limitations, H2 bubble formation, and the use of 
alternative electrocatalysts. The photoresponse of WO3 
photoanodes was improved by implementation of a porous 
film geometry.

Progress Report

We have made very significant progress toward the goals 
listed under the DOE hydrogen fuel initiative project grant 
(DE-FG02-05ER15754) for p-Si microwire photocathodes 
and porous WO3 photoanodes. We have demonstrated a 
high level of control over the material and light absorption 
properties of p-Si microwire array photocathodes. We have 
tested the performance of p-Si microwire arrays embedded 
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in a flexible, processable set of polymeric membranes and 
have further demonstrated the ability to reuse the planar 
Si(111) growth substrate after the Si wire arrays were 
removed from the growth substrate. We have introduced 
a radial n+p junction to improve the photoconversion 
efficiency of these electrodes in both regenerative and 
fuel-forming photoelectrochemical configurations. We have 
developed techniques to deposit Pt and Ni electrocatalyst 
particles onto the wire arrays, and have investigated their 
stability and performance for the hydrogen evolution 
reaction. Toward the development of a photoanode, we 
have synthesized a porous film morphology that improves 
the photoresponse of WO3 toward the oxygen evolution 
reaction. We have also developed a method to reduce 
the bandgap of WO3 from 2.6 eV to 1.8 eV by calcining 
ammonium para- or meta-tungstate in O2 at 420°C.

Future Directions

We are investigating the fundamental 
photoelectrochemical properties of Si wire-array based 
photocathodes for H2 evolution. The proposed research 
will focus on Si microwire arrays, H2 evolving catalysts, 
and solution-based mass transport and bubble phenomena 
associated with H2 production. Our recent demonstration of 
solar-driven H2 evolution from water at an n+p-Si microwire 
array photocathode will be the starting point for the studies. 
The proposed work will elucidate the fundamental effects 
of interfacial structure on the chemistry and physics of 
such photocathodes. We will systematically vary structural 
variables, including the wire diameter, height, spacing, and 
pattern, as well as functional variables, including the doping 
density and junction area, of the Si microwire arrays, to 
comprehend, and thus gain control over, the photophysical 
and photoelectrochemical behavior of such systems. The 
fundamental properties of electrocatalysts on Si wire-array 
electrodes are also not yet understood. An effective catalyst, 
such as Pt, will be used to explore how the deposition and 
coverage affect the catalytic function on both planar Si 
and on Si microwire arrays. After gaining insight into those 
variables, other potential catalysts, such as Ni–Mo alloy and 
MoS2, will be investigated. The enhanced physical surface 
area of wire arrays affords increased rates of catalytic H2 
evolution (per projected area) relative to planar Si. However, 
the aforementioned alternative microwire geometries, 
junction locations, and placement of electrocatalysts can 
result in issues involving mass transport of reactants and 
products and electrical and optical complications due 
to production of H2 bubbles. Computational modeling, 
in conjunction with experimental measurements on Si 
microwire arrays under operating conditions, will be used to 
obtain a fundamental understanding of these problems. The 
proposed fundamental science will aid in the development 
of systems not exclusively derived from Si microwire arrays. 
General guidelines for the design and implementation of 
successful systems that utilize interfacial reactions driven 

by light absorption at the photocathodes will be realized. 
Thus, the fields of photoelectrochemistry and photoinduced 
heterogeneous catalysis will both benefit from the results 
garnered by the proposed studies.
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