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Due to their thermal properties, amorphous materials are attracting increasing attention for industrial use. 

Compared to crystalline materials, amorphous materials exhibit distinct thermal and lattice vibration 

properties because of lack of periodicity. However, analyzing atomic networks in the transmission electron 

microscopy (TEM) images of amorphous materials is challenging. 

In this study, we applied topological data analysis (TDA) to detect a hidden order in TEM images 

referring to the atomic arrangements obtained by molecular dynamics simulations of amorphous 

germanium (a-Ge) and characterized the structural factors influencing the thermal conductivity of a-Ge 

based on principal component analysis (PCA). Our findings indicate that larger atomic rings, formed at 

higher deposition temperatures, significantly enhance thermal conductivity by facilitating heat transfer. 

By utilizing data science, this study quantitatively distinguishes and characterizes previously 

difficult-to-identify structural factors in amorphous materials. This method introduces a new approach for 

incorporating metastable phases into the development of thermal insulators and thermoelectric materials. 

Our results suggest that manipulating atomic networks through controlled deposition processes can 

optimize the thermal performance of amorphous materials, opening new avenues for material innovation. 
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