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1 Section 1 (12 pt Arial, bold)

Coupled-cluster theory in its single-reference formulation (SRCC) is one of the most accurate and powerful methods for solving the nonrelativistic electronic Schrödinger equation for atoms and molecules as it adequately accounts for dynamic electron correlation. It fails, though, for multireference cases like excited states, biradicals and for systems with degenerate or quasidegenerate states.

 For these cases with static electron correlation the use of a multireference method is required. Among the plethora of multireference coupled-cluster formulations Mukherjee’s multireference coupled-cluster method (Mk-MRCC) has proven to be promising [1,2]. Especially the property of size-extensivity determines the success of Mk-MRCC. Nevertheless Mk-MRCC is still highly experimental  and several theoretical aspects are yet uncertain, among them the concern, that the corresponding reference determinants might not be sufficiently coupled in the Mk-MRCC ansatz.

During my PhD I want to exploit the Mk-MRCC ansatz to calculate spin-orbit (SO) splittings in degenerate open-shell $\Pi$-states. For these molecules the exact treatment of SO couplings is essential (even if they contain only light elements like e. g. OH) for the high-accuracy computation of spectra and thermochemical parameters. It is planned to connect the computation of SO splittings with scalar-relativistic calculations (direct perturbation theory [4]), which will enable a thorough treatment of relativistic effects in molecules containing light elements.

Furthermore SO splittings can serve as a quality criterion for the coupling terms and sufficiency conditions in Mk-MRCC theory since the SO operator directly couples the corresponding reference determinants. Considering theoretical aspects and comparing the obtained SO splittings with experimental data we want to examine Mk-MRCC theory and - if indicated - propose improvements. Coupled-cluster theory in its single-reference formulation (SRCC) is one of the most accurate and powerful methods for solving the nonrelativistic electronic Schrödinger equation for atoms and molecules as it adequately accounts for dynamic electron correlation. It fails, though, for multireference cases like excited states, biradicals and for systems with degenerate or quasidegenerate states

2 Section 2 (12 pt, Arial, bold)

For these cases with static electron correlation the use of a multireference method is required. Among the plethora of multireference coupled-cluster formulations Mukherjee’s multireference coupled-cluster method (Mk-MRCC) has proven to be promising [1,2]. Especially the property of size-extensivity determines the success of Mk-MRCC. Nevertheless Mk-MRCC is still highly experimental  and several theoretical aspects are yet uncertain, among them the concern, that the corresponding reference determinants might not be sufficiently coupled in the Mk-MRCC ansatz.

2.1 Subsection 2.1 (11 pt, Arial, bold)

During my PhD I want to exploit the Mk-MRCC ansatz to calculate spin-orbit (SO) splittings in degenerate open-shell $\Pi$-states. For these molecules the exact treatment of SO couplings is essential (even if they contain only light elements like e. g. OH) for the high-accuracy computation of spectra and thermochemical parameters. It is planned to connect the computation of SO splittings with scalar-relativistic calculations (direct perturbation theory [4]), which will enable a thorough treatment of relativistic effects in molecules containing light elements.

Furthermore SO splittings can serve as a quality criterion for the coupling terms and sufficiency conditions in Mk-MRCC theory since the SO operator directly couples the corresponding reference determinants. Considering theoretical aspects and comparing the obtained SO splittings with experimental data we want to examine Mk-MRCC theory and - if indicated – propose improvements.

During my PhD I want to exploit the Mk-MRCC ansatz to calculate spin-orbit (SO) splittings in degenerate open-shell $\Pi$-states. For these molecules the exact treatment of SO couplings is essential (even if they contain only light elements like e. g. OH) for the high-accuracy computation of spectra and thermochemical parameters. It is planned to connect the computation of SO splittings with scalar-relativistic calculations (direct perturbation theory [4]), which will enable a thorough treatment of relativistic effects in molecules containing light elements.

Furthermore SO splittings can serve as a quality criterion for the coupling terms and sufficiency conditions in Mk-MRCC theory since the SO operator directly couples the corresponding reference determinants. Considering theoretical aspects and comparing the obtained SO splittings with experimental data we want to examine Mk-MRCC theory and - if indicated – propose improvements.

During my PhD I want to exploit the Mk-MRCC ansatz to calculate spin-orbit (SO) splittings in degenerate open-shell $\Pi$-states. For these molecules the exact treatment of SO couplings is essential (even if they contain only light elements like e. g. OH) for the high-accuracy computation of spectra and thermochemical parameters. It is planned to connect the computation of SO splittings with scalar-relativistic calculations (direct perturbation theory [4]), which will enable a thorough treatment of relativistic effects in molecules containing light elements.

Furthermore SO splittings can serve as a quality criterion for the coupling terms and sufficiency conditions in Mk-MRCC theory since the SO operator directly couples the corresponding reference determinants. Considering theoretical aspects and comparing the obtained SO splittings with experimental data we want to examine Mk-MRCC theory and - if indicated – propose improvements.
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