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Figure 1 Nitrogen reduction vulcano plot for 31 different elements [6] 

 

The world market size for ammonia is estimated to be 171 million tonnes in 2020 with an 

expected annual growth rate of 3-5%[1]. Therefore, it belongs to the group of highest produced 

synthetic chemicals. It is mainly used as fertilizer and contributes to the nitrogen nutrition 

demand of agriculture. Ammonia is for 90% produced by the energy intensive Haber-Bosch 

process[2], which is responsible for 1.8% of the global CO2 emissions and contributes highly 

towards climate change.  

 

Recently, a lot of research interest focusses on finding sustainable alternatives for ammonia 

production. Ammonia can potentially be produced by an electrolyser, where the conversion of 

nitrogen, water and electrons (Nitrogen reduction) into ammonia[4], seems a promising 

alternative since no emissions are involved and it could be produced on small scale in a 

decentralized manner.  

 

However, heterogeneous electrocatalytic conversion of nitrogen into ammonia is very difficult 

due to the inert nature of the nitrogen molecule and its competition with the hydrogen 

evolution reaction (HER) which occurs at similar reducing potentials. It is therefore key to select 

and design electrocatalysts that can activate the nitrogen molecule and at the same time 

inhibits HER. Many transition metals, such as Fe and Ru (H-B catalysts) have been tried and 

only low selectivities have been reported[5].  

 

A recently published theoretical study by Dražević & Skúlason proposed gallium and indium 

as effective nitrogen reduction electrocatalysts[6]. These materials belong to the post-transition 

metal group and are known as poor HER promotors and seem to have a decent atomic 

nitrogen affinity from a thermodynamic view point. Up till now, the experimental NRR 

performance of gallium and indium have not been examined, which makes this MSc thesis a 

true pioneering project.  



 

This thesis will mainly involve experimental work executing fundamental electrochemical tests, 

such as cyclic voltammetry, electrochemical impedance spectroscopy and 

chronoamperometry measurements. Ammonia and nitrate quantification will be performed by 

UV-Vis and Nuclear Magnetic Resonance spectroscopy (NMR). The main deliverables at the 

end of this project enclose:  

- An extensive literature screening and documentation of related electrochemical 

ammonia articles. 

- Create an understanding of experimental electrochemistry principles with the focus on 

nitrogen reduction.  

- Finalize if gallium and indium are suitable nitrogen reduction catalysts.  

 

We are looking for: Motivated MSc. Students with affinity towards experimental work who are 

able and willing to work in a consistent, controlled and precise manner. Understanding 

electrochemistry fundamentals is a pre, but not required. 

 

What’s in it for you? Gaining research experience in a multidisciplinary group, become an 

expert in electrocatalysis and nitrogen reduction, contributing to a significant knowledge gap 

in the ammonia research field.   

 

For more information, please contact: Boaz Izelaar (b.izelaar@tudelft.nl) 
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