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Abstract 

This lecture introduces the fundamentals and discusses the recent progress achieved in plasma 

nanoscience research and its applications in materials science and technology, focusing on the authors 

contributions to the development and advancement of this research field. The advances made and the 

knowledge base created are critically examined by focusing on the key fundamental questions: (1) 

what happens when low-temperature plasmas face a solid object of nanoscale dimensions [1] and (2) 

how to utilize diverse plasma-specific effects to synthesize and post-process advanced functional 
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 materials for applications in diverse fields including but not limited to energy, environment and heath 

[2]? 

 These fundamental questions are at the foundations of the plasma nanoscience. The answers lead 

to better understanding of the many unique and interesting physical and chemical effects that could be 

generated through the nanoscale localizations of multi-phase interactions at plasma-solid interfaces 

under strongly non-equilibrium conditions.   

 Many synergistic effects appear through these interactions at the plasma interface. All other three 

states of matter can face the plasma and undergo significant transformations under the plasma 

exposure. The plasma effects enable several applications of low-temperature plasmas in micro- and 

nanofabrication, nanoscale materials synthesis and processing, industrial catalysis, new sustainable 

industrial processes based on green-chemistry approaches. Many exotic effects appear when the 

plasma itself is reduced to smaller dimensions, for example microplasmas. The selected examples are: 

plasma-nano catalysis and sustainable nanotechnology [3], as well as nanoscale plasma-surface 

interactions [4,5].  

 The lecture shows selected recent examples of using plasma, thermal, ionic and other processes to 

control macroscopic properties of materials by precise manipulations of atomic bonds, atoms and 

defects at nanoscales and the opportunities for applications in diverse fields including energy, 

environment and health [2-5]. The challenges and cross-disciplinary platforms on the way to 

materialize these ambitious goals are discussed as well.     
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