
Title: Electrochemistry and the Green Grail, a «Light» adventure 

 

Background and description 

The CO2 emissions from combustion of fossil fuels are large enough to severely alter the Earth’s climate 

and global ecosystem, therefore mankind must accelerate the return to renewable energy. This is 

amplified by the reserves of fossil fuels estimated to last only 50-60 years. Hydrogen from water 

electrolysis (2H2O→2H2 + O2) is an ideal energy carrier to store renewable energy (e.g. solar energy), 

as is clean and sustainable. Imagine that when we one burns hydrogen in a hydrogen-powered engine, 

the only byproduct released is water, which we can electrolyze to get hydrogen back. Moreover, 

hydrogen is extremely important in the chemical industry as a feedstock to produce for example 

ammonia and not least to utilize CO2 and covert it to energy rich compounds, such as methane and 

methanol. 

A particularly promising and renewable way to get hydrogen from water electrolysis is the 

photoelectrochemical (PEC) water splitting technology. In this technology, the electrodes of the 

electrolyzer can split water and absorb light energy from the sun simultaneously, therefore reducing 

the energy input we need to provide externally. These photo-electrodes are based on semiconducting 

materials and their operation is based on the photoelectric effect. The same principle as in the solar 

cells with the only difference that the electricity produced is used to dissociate water to hydrogen and 

oxygen. 

A main challenge associated with semiconductors, i.e. the photocatalysts in a PEC cell is that they have 

poor kinetics for the water splitting reactions and for this reason a co-electrocatalyst is always needed. 

In this project, electrocatalysts based on earth abundant materials, such as Ni, Fe, Co, Mo and Mn will 

be synthesized by simple methods (electrosynthesis, galvanic replacement and thermal annealing) and 

loaded on photocatalysts (a-Fe2O3 and BiVO4).  

The novelty, central to this project, is the synthesis of γ-MnO2, which was recently shown to be stable 

in strong acidic solutions for the oxygen evolution reaction, and its deposition on the photocatalysts 

for acidic photoelectrolysis of water. Furthermore, the project will contribute to the general 

understanding of electrocatalysts synthesis and interfacial reaction kinetics for water electrolysis, as 

well as to the development of solar, environmentally friendly fuels.  

 

Figure 1: See a recent example of our activities in the group for Electrochemistry and how your research might 
turn out (Read article) 

https://pubs.rsc.org/en/content/articlehtml/2020/cc/c9cc08765f


 

Additional information 

Name of supervisor  

Athanasios Chatzitakis  

 

Preferred background of the candidate 

Physical chemistry and electrochemistry, materials science 

 

Number of available projects 

1 

 

Preferred project period 

6 weeks starting from June 10th (a two-weeks supervision is guaranteed and during summer holidays 

remote supervision is possible too) 

Alternatively, 6 weeks starting from August 12th 

 

Outline of the project 

This work will be part of an ongoing project, PH2ON, which is a collaboration between UiO and IFE for 

the development of PV-powered PEC electrolyzers. The student will learn how to perform photo-

electrochemical synthesis and characterization and also analyze and interpret the results. A report to 

UiO:Energy will be the main deliverable and depending on the results, inclusion in upcoming articles 

will be considered. The project is designed in a way that the student after the main initial supervision 

will be able to continue more independently. It is highly desirable that this work will create new ideas 

as well as challenges. 

 

In this project we look into materials, prepared by simple synthetic methods, for use in a photo-

electrolysis cell. Our main aim is to efficiently split water and produce high purity hydrogen fuel. 

Hydrogen is an ideal energy carrier to store renewable energy and important feedstock to the chemical 

industry. 

https://www.mn.uio.no/smn/english/research/projects/chemistry/ph2on---photovoltaic-assisted-hydrogen-generation/

