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Theoretical analysis of the electronically excited singlet states by the Coupled-Cluster method
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In this work, the electronically excited singlet states have been studied to determine the performance of different Coupled-Cluster methods. In our study, the description have been made for about 150 electronically excited states of 28 photochemically interesting organic molecules containing different functional groups with hierarchical series of CC2, CCSD and CC3 Coupled-Cluster methods. CC2 and CCSD methods have been benchmark for the vertical excitation energies and the EOM and LR-type oscillator strength against the high level CC3 method.
As of the result, it can be determined that the vertical excitation energies of the CCSD method is somewhat more systematic than CC2, but on the other hand due to the lower cost of the latter method, it can be applied for larger systems. Regarding the oscillator strength of both CC2 and CCSD methods give qualitatively and quantitatively sufficient results, however, the CCSD values are much more reliable. Comparing the results of the two formalism, the LR-type oscillator strength is always more accurate, but the difference between the EOM and LR values is not too large. For this reason, some of the computational time can be saved by calculating the EOM-type values.
The results presented in this thesis have been documented in two international journals as well [1,2].
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