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H electrodynamic effects, are often ignored but can become significant in heavy-
Introductlon element systems. Combining different basis functions, such as Gaussian
and B-splines, could improve accuracy and efficiency. Machine learning
techniques could be used to optimize basis sets dynamically, focusing
computational resources on regions of interest. Leveraging high-performance
computing architectures could handle larger systems and more complex basis
sets, making the approach scalable to superheavy elements and molecules.
Adapting the finite basis set method to time-dependent Dirac problems would
open avenues for studying relativistic dynamics in ultrafast processes [4,5].

The two-center Dirac problem is a cornerstone of relativistic quantum
mechanics, describing the interaction between an electron and two fixed
nuclei in a relativistic framework. Its applications span atomic physics,
molecular physics, and quantum chemistry, particularly in modeling diatomic
systems and understanding electronic structure under relativistic conditions.
For heteronuclear systems—where the two nuclei differ in charge or mass—
the problem becomes especially challenging, as it lacks the symmetry present
in homonuclear systems. In this context, the finite basis set approach offers -
a powerful and versatile numerical method to solve the Dirac equation for Conclusion
such systems. By representing the wavefunction in a discrete basis, this
method transforms the continuous Dirac equation into a tractable eigenvalue The finite basis set approach is a robust and versatile method for solving
problem. This article explores the principles, implementation, and implications the two-center heteronuclear Dirac equation. By transforming the relativistic
of the finite basis set approach for solving the two-center heteronuclear Dirac wave equation into a manageable eigenvalue problem, it provides a practical
equation. The accuracy of the finite basis set method depends heavily on the framework for studying relativistic effects in molecular and atomic systems.
choice of basis functions. These are computationally efficient and widely used Despite its challenges, the method continues to evolve, driven by advances in
in quantum chemistry. However, their exponential decay may not fully capture computational techniques and its pivotal role in understanding the relativistic

relativistic effects near the nuclei [1]. guantum mechanics of complex systems.
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atomic and molecular problems but are computationally demanding. Flexible
and efficient, B-splines can model complex wavefunctions and are ideal for
adaptive basis set refinement. Relativistic effects, such as spin-orbit coupling
and the Zitterbewegung phenomenon, are intrinsic to the Dirac equation. In
the finite basis set approach, these effects are incorporated through careful None.
construction of the basis functions and the Dirac Hamiltonian. For example,
basis functions must account for the spinor structure of the wavefunction. References
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