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Abstract
In this thesis, the results of a detailed ab initio DFT/B3LYP and MP2 investigations on two
of the benzothiazole tautomers and their derivatives are presented. The energy and
geometrical parameters of 2-mercaptobenzothiazole (MBT) and 2-aminobenzothiazole
(ABT) tautomerization in the gas phase, CCly, water, and DMSO solutions were calculated
using 6-311++G(2d,p) and 6-311G++(3df,2p) basis sets. Bulk solvent effect was explored
using the PCM method. Due to intramolecular proton-transfer, the study included five
different tautomeric forms of ABT. In contrast, four possible tautomeric structures of MBT
have been studied. The geometrical parameters of all tautomers were compared with the
available X-ray data, and the tautomers have been ranked according to the stability pattern
in the gas phase. Solvent effects were studied for all tautomers, and the results were
compared with those of the gas phase. The obtained data showed that all the solvents did
not have a significant effect on the stabilization order of all the available tautomers. The six

different substituents at C3 position on the phenyl ring, namely -CF;, -NO,, and -CN as



electron-donor groups, and -C,Hs, -OH, and -NH, as electron-acceptor groups have
insignificant effects on the tautomeric preferences. However, all calculations evidently
show that among the tautomeric forms, MBThione/trans-MBThiol and ABT/trans-IBT are
the most stable tautomeric forms. The investigations of the IRC show that MBThione and
ABT tautomers (lower by 9.02 and 5.80 kcal/mol, respectively) dominate and dictate the
structure of 2-mercaptobenzothiazole and 2-aminobenzothiazole, respectively. The second-
order perturbation theory and AIM analysis at B3LYP/6-311++G(d,p) for ABT/IBT and
MBThione/MBThiol tautomers have been performed and discussed. As two well-known
corrosion inhibitors for steel in acidic media, it was necessary to explain the mechanism of
corrosion inhibition of 2-aminobenzothiazole and 2-mercaptobenzothiazole at the atomic-
level. The four tautomeric forms MBThione/MBThiol and ABT/IBT of the two inhibitors
and the protonated forms at different positions of these tautomers have been investigated.
The quantum chemical calculations with 6-311++G(d,p) and 6-311++G(3df,2p) basis sets
were used to calculate the electronic properties of the two molecules in their different
tautomeric and protonated forms. The quantitative quantum chemical parameters were
correlated with the experimentally determined inhibition efficiencies. The adsorption of the
inhibitor on the metal surface was simulated by attaching one Fe atom of different electron-
donor sites and also by placing the Fe atom above the phenyl and thaizole rings. The
efficiency order and the mechanism of action of the studied inhibitors on a steel surface, as
obtained by experimental results, have been verified by theoretical calculations. An effort
to rationalize the adsorption of the inhibitor on the Fe surface by physical and/ chemical
adsorption models was performed, through correlation between the quantum chemical
parameters of five electronic states (S,,S;,S7,S,,and IH*) and the order of the inhibition

efficiency of the two molecules under probe obtained experimentally.



