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Digital-Intellectual Design for Desired Materials. 

Abstract 

Traditional design strategy for new materials with targeted properties is trial-and-error method, which 

is time- and cost-consuming. In recent decades, computational materials design has been gaining rapid 

development including materials genome and machine learning. Recently, we proposed a digital-

intellectual materials design method, in which digitization is embodied in big data and intelligence 

here means not only the wisdom of artificial intelligence (AI) but also human expertise. It requires the 

seamless integration of data, AI and especially human expertise [1]. This new way of materials design 

can be divided into three processes: development of a property prediction method, high-throughput 

material screening and retro synthesis of designed material. Here, I would introduce several cases of 

digital-intellectual design in the fields of porous materials, organic semiconductors and electrocatalyst, 

which have been achieved in our group recently. We developed a van der Waals force field for 

describing the adsorption of gas in porous materials [2] and used it to design and synthesize series of 

materials which can capture carbon dioxide and convert it to valuable chemicals at room temperature 

and atmospheric pressure [3]. Moreover, we developed a hole/electron mobility theory for describing 

incoherent charge transport in organic semiconductors [4] and used it to design series of organic 
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 materials. Eventually, we developed a two-dimensional descriptor for oxygen evolution reaction and 

used it to screen and design covalent organic frameworks electrocatalysts [5]. With the rapid 

development of computational materials, we believe that the computation materials design especially 

digital-intellectual materials design may accelerate the materials discovery process.  
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