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Abstract: This study employs Density Functional Theory (DFT) simulations to explore the fracture toughness 

(KIC), surface energy (γ), and Young's modulus (E) of α-Al2O3 (aluminum oxide) while investigating the 

impact of vacancies on these mechanical properties. Young's modulus and fracture toughness are 

determined for models with and without vacancies. Fracture toughness and Young's modulus are 

fundamental indicators of a material's ability to withstand crack propagation and its stiffness, respectively. 

DFT, a computational approach, facilitates the analysis of atomic-level interactions within materials. Al2O3, a 

versatile ceramic with exceptional mechanical characteristics, serves as the subject of investigation. 

Through DFT simulations, this research delves into the fracture mechanisms and crack propagation behavior 

of Al2O3, providing insights into its intrinsic fracture toughness. DFT can predict the formation and behavior 

of defects and dislocations in the material, which can affect its mechanical properties, including fracture 

toughness. By integrating DFT results with experimental data, a comprehensive understanding of both 

fracture toughness and Young's modulus is achieved. The research results provide useful information on the 

behavior of α-Al2O3 in the presence of vacancies. This study advances insights into Al2O3's crack behavior 

and mechanical attributes, informing its application across aerospace, electronics, and manufacturing. 

Demonstrating DFT's efficacy in uncovering complex mechanical phenomena, the research guides materials 

design strategies while forecasting employment opportunities in cutting-edge materials science. 
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