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Three approaches to solve the
coupled perturbed self-consistent
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Abstract:

In this talk, we will show three approaches to get the response density

matrix using localized non-orthogonal basis sets. Traditionally, the
coupled perturbed self-consistent field~(CPSCF) equation is solved
with the sum-over-states method. Here we show that, the CPSCF
can be solved with the Sternheimer approach or the purification
approach, which only require the occupied states and avoid a sum
over unoccupied states. We present a complete derivation of the
Sternheimer approach and the purification approach to perturbation
theory within the framework of the linear combination of atomic
orbital~(LCAOQO). To demonstrate the capabilities of this method, we
have implemented it in the all-electron Fritz Haber Institute ab initio
molecular simulations~(FHI-aims) package and applied it to
benchmark molecules. For the response properties with respect to the
atomic displacement and to the homogeneous electric field, the
results are in excellent agreement with the previous traditional
method and fully validate the Sternheimer approach and the

purification approach.
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