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1. PHD PROJECT DESCRIPTION (4000 characters max., including the aims and work plan) 
 
1.1. Project goals 

strategies for synthesizing nitride-  The proposed 
detailed aims will be based on the synthesis and characterization of nitrides including metal or non-metal 
nitrides and their composites with oxides, elemental doping, and electrochemical tests. Two main reactions, 
the hydrogen evolution reaction (HER) and oxygen evolution reaction (OER) will be the basis of verifying 
practical application.  

1.2. Outline 
The key innovation lies in the synthesis of new composite catalysts and controlling the 

physicochemical and electrochemical properties. A very important element of the ongoing research will be 
the obtaining of catalysts that are highly stable and bi-functional, i.e., that exhibit activity in both the HER 
reaction and the OER reaction. Furthermore, the synthesis strategy will be established taking into account 
the high variability of metals and dopants. The chemical state of atoms will be examined and characterized 
in order to make possible the choice of the most effective catalysts for the OER and HER reactions. This way, 
we will gain a precise determination of catalyst site types, which will be particularly important for the 
interpretation of electrochemical measurements. An important step will be determining the relationship 

different electrolytes. 

1.3. Work plan 
The Project will be developed through four scientific work packages (WP1-WP4) described in detail 

below.  
 

WP1: Synthesis of nitrides by various methods  
The main objectives of WP1 are to obtain catalysts for effective water splitting (WP4). As part of WP1, 

metal and non-metal Ns will be synthesized using different procedures: (1) using hydrothermal process, or 
(2) heating at tube furnace in NH3, argon or nitrogen atmosphere. Additionally, to obtain catalysts; 
elemental-doped Ns will be synthesized to regulate the adsorption, electronic, and physicochemical 
properties. Elemental doping will be the incorporation of heteroatoms or impurities (metal or non-metal 
elements). Planned research includes: (1) preparation of Ns doped with metals, (2) preparation of Ns doped 
with non-metals. Transition metals, e.g., cobalt, manganese, iron, nickel, or their derivatives are very 
promising for water electrolysis due to their unique d electronic structure and abundant reserves, and 
therefore will be introduced t
properties, heteroatoms, e.g., nitrogen, phosphorus, sulphur, and boron will be introduced to the structure. 
It is also possible to introduce metal oxides depending on the given material  

WP2: Synthesis of hybrid materials containing nitrides and carbon matrix 
To improve the metal and non-metal Ns properties, such as dispersion of active sites, and to prevent 

the catalysts from aggregating, the hybrids will be manufactured with carbon matrix with various properties. 
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A carbon matrix almost automatically provides two key features, i.e., chemical stability and a high electric 
conductivity.  

WP3: Physicochemical characterization of the obtained nanostructured catalysts 
A set of laboratory analyses of samples will be carried out using methods for quantifying heteroatoms, 

metals (metal oxides), and Ns associated with the carbon. The results of physicochemical analyses will be 

analysed using different methods, such as elemental combustion analysis, Raman spectroscopy, XDR, EDX, 
and XPS, to determine composition both in the bulk and on the surface. This way, we will make a precise 
determination of the type of catalyst places, which is particularly important for later WP4 electrochemical 
measurement interpretat
HRTEM, and the method of low-temperature nitrogen adsorption. 

WP4: Electrochemical investigations  oxygen evolution reaction and hydrogen evolution reaction 
The electrochemical tests of the samples obtained in WP1 and WP2, undertaken to prove the newly 

Studies of electrochemical activity regarding the Ns and their hybrids will be carried out. The materials 
selected will be analysed as catalysts for water splitting.  
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1.5. Required initial knowledge and skills of the PhD candidate 

1) Basic knowledge in the area of electrode materials and design 
2) Basic knowledge in the area of materials characterization methods 
3) Ease of learning and accepting new knowledge 
4) Innovative attitude to problem solving 
5) Knowledge of carbon material science 
6) Good knowledge of English with particular emphasis on scientific language 

 

1.6.  skills 

1) Electrode materials design 
2) Methods for water molecule split 
3) Analytical thinking 
4) Cooperation spirit and team work ability 
5) R&D project management 
6) Writing of grant applications and research papers 
7) Results and projects presentation at conferences 
8) Communication in English 

  


