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研究成果の概要（和文）：本研究では、人工知能（AI）を活用して新しいポリマー（高分子材料）を設計し、発
見する方法を開発した。XenonPyというオープンソースのソフトウェアを使用し、様々なポリマーの生成器を作
成した。化学者たちはこれらの生成器を用いて、産業用途に適した新しいポリマー構造をAIから提案され、より
迅速に新材料の設計が可能となった。社会実装例として、我々はこの技術を用いて、新しい液晶ポリイミドとい
う材料を発見したが、その中のいくつかは高い熱伝導性を示している。これらの材料は将来のエレクトロニクス
やその他の産業用途に役立つ可能性がある。

研究成果の概要（英文）：In this study, we developed a method to design and discover new polymers 
using artificial intelligence (AI). We created various polymer generators using an open-source 
software called XenonPy. Chemists can use these generators to quickly design new materials based on 
new polymer structures suggested by AI for any specific industrial applications. As a practical 
example of this technology, we targeted new material based on liquid crystalline polyimide, which is
 typically very rare at the moment. We successfully discovered six new material using our technology
 and all of them have demonstrated high thermal conductivity. These materials have the potential to 
be useful in future electronics and other industrial applications.

研究分野：統計学
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研究成果の学術的意義や社会的意義
本プロジェクトの目的は、データサイエンスの専門知識がない材料科学者でも最新の機械学習技術を活用して、
新しいポリマー材料の発見を加速できる基盤技術を提供することである。XenonPyというオープンソースソフト
ウェアを用いて、液晶ポリイミドなどの新材料を発見した。この実証結果が、実際の産業応用でのこの技術の利
用への関心を高めることを期待している。この取り組みにより、材料設計のプロセスが効率化され、新材料の迅
速な開発が可能になるとともに、持続可能な技術開発に貢献することができる。

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 
 
In the past decade, there was growing intersection of polymer science and machine learning, known as 

polymer informatics. This interdisciplinary field aims to accelerate the discovery of functional polymers 

with specific physical and chemical properties by leveraging data extracted from existing polymer 

databases. The main challenge lies in the complex, high-dimensional search space of polymers due to their 

intricate hierarchical structures. 

 

The momentum for this research is further propelled by the historical context provided by the Materials 

Genome Initiative launched in 2011, which catalyzed the data-driven approach to materials design. Despite 

significant advances, the scarcity of comprehensive, open-access polymer databases has been a critical 

bottleneck, as highlighted by notable studies in the field. 

 

Addressing this, the research builds on foundational work from the JST CREST project "Polymer 

Thermophysical Properties Materials Informatics", which began in 2019 under Prof. Junko Morikawa at 

the Tokyo Institute of Technology. This project's aim to establish a substantial open database for polymer 

thermal properties has laid the groundwork for the current study's objectives. The researcher's participation 

in this project has identified essential needs and opportunities within polymer informatics to employ 

machine learning for efficient polymer design and discovery. 

 

The current proposal intends to develop an ensemble of polymer generators and virtual libraries tailored to 

various material properties, employing machine learning ensemble methods to navigate the vast polymer 

search space. This approach is designed to integrate these tools into a user-friendly platform, making them 

accessible to polymer scientists without a background in data science, thus democratizing the advanced 

capabilities of machine learning in polymer research. 
 
 
２．研究の目的 
 
The goal of this research project is to leverage polymer informatics, blending polymer science with machine 

learning, to significantly expedite the discovery of novel functional polymers. By developing ensembles of 

polymer generators and establishing virtual libraries, the project aims to provide a robust framework that 

allows for the exploration of diverse functional polymers tailored for various industrial applications. This 

approach is intended to overcome the limitations posed by the vast and complex search space of polymers. 

Additionally, the project seeks to make these generators and virtual libraries accessible to the polymer 

science community, facilitating a more efficient and data-driven approach to polymer design. This is 

envisioned to enhance the design process by integrating expert knowledge with advanced computational 

tools, thereby fostering a more systematic exploration of new polymer materials with desired properties. 
 
 
 
 
 



３．研究の方法 
 

The research methods designed to achieve the goal of accelerating the discovery and design of new 

functional polymers using polymer informatics can be broken down into six aspects, covering both the data 

science aspect and the open science aspect of the project. Details are explained as follows: 

 

Development of Polymer Generators: 

The research will utilize ensemble machine learning methods to navigate the vast and complex search space 

of polymers, focusing on the generation of structures with specific properties. The approach includes the 

development of generators using a variety of methods, including N-gram (a Markov Chain probabilistic 

model for chemical language) and rule-based generators grounded on the empirical knowledge of polymer 

scientists. These generators are designed to cover different types of polymers, which enable the production 

of polymers tailored to diverse functional requirements, addressing the challenge of predicting novel 

polymer structures from high-dimensional data. 

 

Establishment of Virtual Libraries: 

Virtual libraries of diverse functional polymers will be constructed, emphasizing the application of 

unsupervised learning techniques such as UMAP to categorize and organize polymers based on molecular 

structure similarities and properties. These libraries will be dynamically updated and expanded using new 

data from ongoing research, forming a comprehensive resource for industrial applications. 

 

Integration and Validation: 

The polymer generators and virtual libraries will be integrated into the XenonPy platform, making them 

accessible to the global polymer science community. Validation of the polymers' properties and 

functionalities will be conducted through both computational simulations and experimental methods, in 

collaboration with experts in the field. This phase ensures that the polymers meet the required specifications 

and real-world applicability. 

 

Collaboration and Resource Utilization: 

This project will harness the extensive polymer data from open databases and utilize high-performance 

computing resources, including GPU clusters, to support the development and validation processes. 

Collaborations with specialists in computational simulations and experimental polymer science are crucial, 

enhancing the project's scope and effectiveness. This project is closely related to the RadonPy project, 

which aims to develop the largest open database for polymer simulations. 

 

Public Accessibility and Community Engagement: 

All developed tools, libraries, and data will be made available through the open-source XenonPy platform, 

promoting accessibility and collaborative improvement. The project aims to engage the broader polymer 

science community, encouraging the use of these innovative tools and fostering an environment of shared 

knowledge and continuous innovation. 

 

 



Feedback and Continuous Improvement: 

The project will employ an iterative approach to refine the generators and virtual libraries, using new data 

and community feedback. Advanced machine learning techniques, such as transfer learning, will be adapted 

to enhance the capabilities of the polymer generators, particularly in data-scarce scenarios, ensuring the 

platform remains at the cutting edge of polymer informatics and material science. 

 

These methods collectively aim to revolutionize how polymer materials are designed and discovered, 

harnessing the power of data science and machine learning to create a more efficient, creative, and 

collaborative approach in the field of polymer science. 
 
 
４．研究成果 
 

Over the past three years, our research initiative has significantly advanced the field of polymer informatics 

by integrating machine learning with traditional polymer science to enhance the speed and efficiency of 

discovering new functional polymers. Utilizing our open-source materials informatics software, XenonPy, 

developed by our group, we have successfully created a suite of sophisticated NGram-based generators, as 

well as a set of rule-based polymer generators that provide a proposed synthetic path along with the 

generated polymer candidates. We continue to expand our collection, including deep generative models. 

 

In order to demonstrate and promote our design approach, we collaborated with Prof. Junko Morikawa and 

Prof. Teruaki Hayakawa’s research group in Tokyo Institute of Technology in order to make a proof-of-

concept study that discover and synthesis new liquid crystalline polyimide using our generative approach. 

This diverse array of tools has enabled the discovery of six novel liquid crystalline polyimides. More 

importantly, all of them demonstrated promising high thermal conductivity, which highlights the potential 

of our approach for industrial applications. 

 

Furthermore, our project has worked hand-in-hand with RadonPy, a project aimed at developing the largest 

open calculation database for polymers, which showcases the potential of our foundational technology to 

spur further research and collaboration within the industry. The virtual libraries have been rigorously 

validated both computationally and experimentally, confirming the effectiveness of our machine learning 

models in identifying polymers with desirable properties. These libraries not only assist in the rational 

design of polymers but also facilitate the rapid prototyping and testing of new polymer materials. 

 

In conclusion, our research has transformed the approach to polymer design, making it more data-driven 

and efficient. By providing powerful tools and a robust platform through XenonPy, we are enabling polymer 

scientists to quickly harness the potential of vast datasets for the development of advanced materials. This 

integration of machine learning into polymer science represents a significant step forward in the field, 

offering new avenues for innovation and application in various industrial sectors. Our work will continue 

to evolve and expand even after the end of this research project. 
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