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The accelerating pace of anthropogenic climate change has galvanized intensive interest in 
electrochemical energy storage and conversion. Developing electrode materials for 
electrochemical devices requires precision and synthetic control over a number of factors, 
including surface morphology, nanostructure, and distribution of active materials. To this end, my 
thesis work investigated strategies to implement the M13 bacteriophage as a programmable, 
lightweight scaffold in the synthesis of three-dimensional, nanoporous foams. Virus-templated 
nanofoams were incorporated into several relevant energy applications spanning water 
electrolysis, microbatteries, and electrolytic urea decomposition. The virus-mediated synthesis 
toolkit yielded clear enhancements in electrochemical performance, as well as design insights into 
improving nanostructured electrodes in diverse contexts.  
 
Virus-templated, platinum–nickel hydroxide nanofoams were first designed and optimized, 
displaying strong performance as electrocatalysts for the hydrogen evolution reaction in alkaline 
conditions (ca. –200 mA cm-2geo and –4.9 A mg-1Pt at –70 mV versus the reversible hydrogen 
electrode). Mass-normalized activity was definitively linked to the platinum dispersion within the 
virus-templated matrix, providing a guideline for future electrocatalyst development.  
 
Next, virus-templated metal phosphides were engineered with orthogonal control over nanoscale 
features, phase, and composition. Synthetic versatility was developed across monometallic nickel 
and copper, as well as bimetallic nickel–cobalt, material systems. When applied as Li-ion 
microbattery anodes, virus-templated Ni5P4 demonstrated a discharge capacity of 677 mAh g-1 
(677 mAh cm-3) and an 80% capacity retention over more than 100 cycles, outperforming 
analogous reported Ni5P4 materials. The strong performance was attributed to the virus-templated 
nanostructure, which remains electronically conductive throughout cycling and obviates the need 
for conductive additives. 
 
In the final application, a fundamental exploration into Ni-based catalysts for the electrooxidation 
of urea was undertaken, highlighting the need for revised benchmarks to facilitate accurate 
comparisons across the literature and developing an empirical hypothesis for catalyst instability 
under constant-current electrolysis. Virus-templated, NixPy nanofoams were again applied as 
electrocatalysts, displaying strong activity relative to the field and enhanced resistance to 
deactivation. Finally, several directions for scaling methodologies are presented with a future 
outlook for virus-templating as a material synthesis platform in electrochemical energy storage 
and conversion. 
 
Thesis supervisor: Angela M. Belcher 
Title: James Mason Crafts Professor, Department Head, Department of Biological Engineering 
and Department of Materials Science and Engineering 
 
Thesis co-supervisor: Paula T. Hammond 
Title: David H. Koch (1962) Professor, Department Head, Department of Chemical Engineering 


