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Abstract Two-dimensional (2D) materials continue to attract significant interest due to their tunable structural and electronic 

properties. In this work, first-principles calculations based on Density Functional Theory (DFT), as implemented in the 

Quantum ESPRESSO package, were employed to investigate the structural properties of monolayer Germanium Carbide 

(GeC) under biaxial strain. A comprehensive set of convergence tests for k-point sampling and plane-wave cutoff energies 

was first performed to ensure numerical accuracy. The pristine monolayer GeC was then fully optimized, yielding a planar 

honeycomb geometry with an equilibrium lattice constant of approximately 3.27 Å and a Ge–C bond length of 1.89 Å, in 

close agreement with previous theoretical studies. Biaxial strain ranging from −7% (compressive) to +7% (tensile) was 

applied to study structural responses. The total-energy profile exhibited a characteristic parabolic dependence on strain, 

with the minimum located at the unstrained configuration, confirming that the relaxed monolayer represents the most 

stable structure. Tensile strain caused systematic elongation of Ge–C bonds and a gradual increase in total energy, while 

compressive strain resulted in bond shortening and enhanced repulsive interactions, also increasing the system energy. 

No buckling or symmetry breaking was observed across the strain range, indicating strong elastic stability. Overall, the 

results demonstrate that monolayer GeC is a robust 2D material with predictable and tunable structural behavior under 

moderate biaxial strain. These findings provide a solid theoretical foundation for future research on GeC-based flexible 

nano-electronic and optoelectronic devices. 
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