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Abstract | This study presents a detailed first-principles investigation of the structural response of monolayer silicon carbide (SiC)

to mechanical strain, motivated by the material’s exceptional mechanical strength, thermal stability, and semiconducting
characteristics that make it a promising candidate for next-generation nano-electronic and optoelectronic technologies.
The pristine monolayer SiC, composed of alternating silicon and carbon atoms arranged in a planar hexagonal lattice,
was fully optimized using Density Functional Theory (DFT) within the Quantum ESPRESSO framework. Calculations
employed PAW pseudopotentials from the PSL library and the Perdew—Burke—Ernzerhof (PBE) Generalized Gradient
Approximation (GGA), with a 10x10x1 Monkhorst-Pack k-point mesh, an 80 Ry plane-wave cutoff, and strict
convergence criteria. Structural relaxation yielded an equilibrium lattice constant of 3.0969 A and a bond length of 1.787
A, confirming the planar and mechanically stable nature of the monolayer. To explore strain engineering, biaxial strains
ranging from —7% to +7% were systematically applied while maintaining the hexagonal symmetry. The resulting energy—
strain curve exhibited a characteristic parabolic profile, with the minimum total energy (—65.0725 Ry) occurring at zero
strain, validating the pristine configuration as the most stable state. Tensile strain increased Si—C bond lengths and
gradually weakened covalent interactions, producing an upward shift in total energy while maintaining structural
integrity. Conversely, compressive strain shortened the bonds, enhanced orbital overlap, and sharply increased total
energy due to stronger repulsive forces, indicating reduced stability under high compression. Within the full £7% range,
the monolayer remained planar and free from structural distortions, demonstrating robust elasticity. Overall, the findings
highlight the effectiveness of strain as a non-destructive tool for tuning the structural characteristics of monolayer SiC
and establishing a reliable computational framework for strain-dependent studies in two-dimensional materials. These
insights support the potential of SiC for applications in flexible nanoelectronics, optoelectronics, and strain-engineered
devices, and lay the groundwork for future investigations into its electronic, vibrational, and thermal properties.
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