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PREFACE

The quantum chemical computations were conducted to explore conformations of few organic
molecules and to study the interaction using different methods like DFT, MP2 and CCSD with
different basis sets. Gaussian 16 suit of program, Orca 5.0 and Multiwfn were utilized to
perform these calculations. The following paragraphs present the summary of each chapter.
Chapter 1 serves as an introduction to conformational analysis and non-covalent interactions,
exploring their diverse aspects. The non-covalent interactions were explored, encompassing
their nature and strength. An array of spectroscopic details that could be computed gets
introduced which are helpful in gaining insight on the conformation and non-covalent
interactions. Furthermore, the effectiveness of DFT calculations in understanding the
interaction between metal clusters and molecules was discussed. The chapter further provides
comprehensive information on quantum chemical methods, basis sets, and computational tools
employed to infer diverse molecular properties. Finally, the chapter was concluded by outlining
the objectives of the work entailed in this thesis.

Chapter 2 focuses on the conformational analysis of three psychedelic molecules namely
psilocybin, psilocin, and mescaline. Each molecule exhibited distinct conformers, including
the global minimum conformer. These conformers demonstrated various intramolecular H-
bonding interactions and other NC-interactions, contributing to the stability of the global
minimum. These interactions were studied through AIM, NCI and NBO calculations. Relaxed
dihedral scans were performed utilizing the B3LYP/cc-pVTZ level of theory. Psilocybin
exhibited the existence of two stable conformers. The energy difference between global
minimum and second most stable conformer was found to be 2.08 kcal/mol with a rotational
barrier of 14.6 kcal/mol between them. Similarly, psilocin also exhibited two stable
conformers, with an energy difference of 5.4 kcal/mol between the local and global minimum.
Notably, these conformers displayed different intramolecular hydrogen bonding patterns.
Conformer-A of psilocin exhibited a strong intramolecular H-bond between the indolic
hydroxy group and ethyl amine, whereas Conformer-B lacked this interaction. To further
understand the strength of intra- versus intermolecular H-bonding, we studied dimers of both
conformers of psilocin. The dimers of Conformer-A displayed a stronger intramolecular H-
bond compared to the intermolecular H-bond, while the reverse was observed in Conformer-
B. Another psychedelic molecule namely mescaline was investigated. Two equally populated

low-energy conformers differing by approximately 0.5 kcal/mol and 1.5 kcal/mol at the
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B3LYP/cc-pVTZ and CCSD/cc-PVDZ levels of theory, respectively, were identified. These
conformers varied in the orientation of the alkylamine group relative to the benzene ring,
mediated by the NH....«w interaction. The geometrical parameters of these conformers aligned
well with a previously reported X-ray crystal structure study. Furthermore, our spectroscopic
analysis, including 1H-NMR, UV, and vibrational mode calculations, exhibited agreement with
literature data for all three molecules (psilocybin, psilocin, and mescaline).

Chapter 3 encompasses an extensive exploration of the conformational landscape of
dithiothreitol (DTT), resulting in the identification of seven minimum energy geometries. This
investigation involved varying the prominent dihedral angles in the molecule through a relaxed
scan, with a step size of 5°, initially carried out at the B3LYP/cc-pVTZ theoretical level.
Further geometry optimization was conducted at the CCSD/cc-pVDZ theoretical level. And at
the CCSD(T)/CBS limit with the cc-pVNZ (N=T,Q) level of theory, single point energies were
also calculated for all conformers which consistently revealed similar energy patterns. Among
the conformers, two iso-energic structures, namely G'TG'1 and G'TT, were identified, despite
their significant structural differences. These two conformers exhibited the lowest energy
compared to the others. In contrast, the cyclic and other configurational counterparts of the
global minimum had a considerable higher energy. An intriguing observation was the
stabilization of the global minimum structure of DTT through an intramolecular sulfur-centered
hydrogen bond. This was established through various analyses, including AIM, NBO, FMO,
and ESP charge analysis. Furthermore, the computed harmonic normal modes and NMR
(Nuclear Magnetic Resonance) spectra of DTT matched appreciably with the available and
observed experimental data.

In Chapter 4, the conformational landscape of thioglycolic acid (TGA) was examined using
the CCSD/cc-pVDZ theoretical level. The GGC conformer was identified as the global
minimum with the GAC conformer following closely. The rotational constant calculated for
the GGC conformer exhibited good concordance with the earlier reported experimental
findings. Furthermore, the study explored sulfur-centered hydrogen bonding in TGA's dimer
and trimer clusters, employing the CCSD/cc-pVDZ theoretical level where it was seen that
both oxygen and sulfur atoms were equally involved in the non-covalent H-bonding
contributing to the stability. The presence of these non-covalent interactions in TGA clusters
were further elucidated through AIM, RDG, and NBO analysis. Additionally, ESP charge and
vibrational mode analysis provided further support for these findings.

In Chapter 5, an exploration into the stability of the disulfide bond within cystine on a copper
cluster (Cu9) was undertaken. This investigation utilized the B3LYP/LAN-L2DZ/6-
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311++G(d,p) level of theory. The geometries of unconnected cystine and Cu9 were optimized
individually and the resulting geometry was used as an input. The outcomes indicated that
cystine adhered to Cu9 primarily through its disulfide and carboxyl functional groups. The
simulation of the Raman spectrum revealed the disruption of the disulfide linkage, marked by
the absence of the -S-S- stretching mode, aligning with prior experimental observations.
Furthermore, the NBO results unveiled the contribution of lone pairs of electrons from oxygen
and sulfur atoms to copper in the Cu9-cystine system. Moreover, the outcomes derived from
MK ESP charge, FMO, and AIM calculations supported the aforementioned findings.

In Chapter 6, the chemical transformation of PATP to its dimer DMAB (p,p-
dimercaptoazobenzene) on copper nanoclusters and its stability on bismuth-based cluster i.e.
the BOC (bismuthoxycarbonate) cluster, are discussed. For this study the generalized gradient
approximation for exchange-correlation functionals PW91PW91 was employed. For the
copper and bismuth atoms, relativistic effective core potentials (RECP) using LANL2DZ were
used, whereas the C, H, N, S, and O atoms were studied using the 6-311+G(d,p) basis set. The
SERS spectrum of DMAB on copper clusters, as simulated, was significantly similar to the
SERS spectrum of PATP on copper observed in experiment. In contrast, the SERS spectrum
simulated for PATP-BOC exhibited notable agreement with the corresponding experimental
SERS spectrum, showing no dimerization. The dimerization of PATP on copper clusters was
associated with metal-to-molecule charge transfer, while the authentic SERS spectrum of
PATP was derived from molecule-to-metal charge transfer when the BOC cluster was
employed as the SERS substrate.

Appendix: It includes the calculation of vibrational frequencies for Ba(CO)n and Ca(CO)n
systems, where n=1, and 2. The main objective is to support experimental vibrational results
by employing various combinations of basis sets in ab initio and DFT methods. A noteworthy
investigation conducted by Xuan et al., revealed the existence of a novel covalent bond between
CO and alkaline earth metals such as Ba, Ca, and Sr. However, there was a considerable
disparity between their experimentally determined vibrational frequencies and the frequencies
calculated theoretically. Our aim was to identify an appropriate method for accurately
calculating the vibrational frequencies of alkaline earth metal complexes. To achieve this, we

employed several ab initio and DFT methods, along with varying combinations of basis sets.
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