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BEVEZETÉS

The Born-Oppenheimer Approximation (BOA) which is based on the separation of elec-

tronic and nuclear motion, is one of the most widely used approximation of quantum chem-

istry. Although the error of the approximation is small and negligible compared to that

of standard quantum chemical calculations, there is an increasing number of high accu-

racy applications emphasizing the limits of the BOA’s applicability, and the importance of

quantities neglected by the approximation.

One such field of applications is the very accurate treatment of the ground state of small

systems, where the error introduced by the BOA can effectively be taken into account by the

first order perturbational correction to the Born-Oppenheimer energy, the so called Diago-

nal Born-Oppenheimer Correction (DBOC). The routine calculation of DBOC was, however,

only be possible with the Hartree-Fock method, which is known to deliver inaccurate results

in other types of application. Therefore, one of the main motivations of my doctoral research

was to make available the calculation of DBOC at more accurate correlated levels, exten-

sively discuss the behavior and importance of DBOC, and create a new, unprecedentedly

accurate tool for the scientific community of high accuracy ab initio thermochemistry. This

topic forms the basis of the first part of this dissertation.

In the theoretical investigation of photochemical processes, other quantities neglected by

the BOA are of special importance, namely those that characterize the interaction of excited

electronic states. The most important is the Non-Adiabatic Coupling Vector (NACV), which

could, similarly to DBOC, only be evaluated using a few methods. Because the applicability

of these models is strongly limited by their cost and complexity, there was a strong demand

for making the routine evaluation of this vector available with another ab initio method that

is both accurate and easy to use. The most appropriate was the Coupled-Cluster method,

which is one of the most successful and powerful tools of quantum chemistry. In the second

pat of this dissertation, I present the theory, implementation and benchmark applications

for the evaluation of the NACV within the framework of Coupled-Cluster theory.

The so called interstate coupling constants of the Linear Vibronic Coupling (LVC) model

are closely related to the NACV, that allow the simulation of absorption spectra with the

inclusion of non-adiabatic effects. In the third part of my dissertation, I present the calcula-

tion of these constants on the Coupled-Cluster level, and, as their application, the simulation
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of the lowest-energy absorption bands of the pyrazine and cytosine molecules.

RESULTS

The correlated calculation of the Diagonal Born-Oppenheimer Correction

1. We developed the theory of the evaluation of the Diagonal Born-Oppenheimer Cor-

rection (DBOC) using arbitrary level Configuration Interaction (CI) and Coupled-

Cluster(CC) methods, as well as using MP1 and MP2 perturbation techniques. Using

these theories, we created routinely applicable implementations, that were integrated

into the CFOUR program system.

2. We established, that the correlation contribution to the DBOC is 1-4 percent of the to-

tal quantity. For routine applications, the CCSD level of theory can be recommended,

which was found to recover 80-90 percent of the total correlation contribution.

3. The MP1 and MP2 methods are able to recover 89 and 98 percents of the CCSD

correlation contribution, respectively, thus, depending on the particular application,

both methods were found to be good cost-effective alternatives of CCSD.

4. The inclusion of electron correlation has a big impact on the DBOC contribution to

atomization energies. For trans-butadiene, the effect is 54 percent of the total effect,

and for benzene, naphtaline, antracene, and tetracene it was also found to be at least

25 percent smaller than the Hartree-Fock value. Based on these findings, it is clear

that the consideration of DBOC has to be done at correlated levels in high accuracy

thermochemistry applications.

Calculation of the Non-Adiabatic Coupling vector at the Coupled-Cluster level

5. I designed the theory for the calculation of the Non-Adiabatic Coupling Vector

(NACV) with the Equation-of-Motion Excitation Energy Coupled-Cluster (EOMEE-

CC) method. I show that the formalism of Coupled-Cluster causes that this quantity

has two possible definitions with the same legitimacy, whose arithmetical mean is the

most practical choice for the calculation.
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6. I created a routinely applicable implementation for the evaluation of NACV s at the

EOMEE-CCSD level, which was integrated into the CFOUR program system.

7. I show that for the couplings between the S1 and S2, as well as the S2 and S3 states

of the LiH molecule, the EOMEE-CCSD method gives results very close to that of

MR-CISD, in the whole bond distance region between 2 and 10 bohrs.

Interstate couplings of the Linear Vibronic Coupling model

8. I developed the theory for the calculation of interstate couplings for the Linear Vibronic

Coupling (LVC) model with Equation-of-Motion Excitation Energy Coupled-Cluster

Singles and Doubles (EOMEE-CCSD) theory.

9. I designed an implementation for the evaluation of interstate couplings at the EOMEE-

CCSD level, which was integrated into the CFOUR program system.

Absorption spectra of the pyrazine and cytosine molecules

10. I performed the simulation of the lowest-energy absorption band of pyrazine and cy-

tosine within the LVC model. The parameters of the simulation were calculated at

the EOMEE-CCSD level.

11. I show that the interstate couplings cause the appearance of many new peaks in the

absorption spectrum of pyrazine, getting it significantly closer to the experimental

curve.

12. The absorption spectrum of cytosine is not considerably affected by the inclusion of

λ couplings. This justifies that in the region between 4 and 7 eVs, only transitions of

the two states with A′ symmetry have any contribution to the spectrum.
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