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Stability Analysis of Structural Isomers of Thiocarboxylic Acid and Thiophosphoric Acid
Utilizing Resonance Structure (Faculty of Engineering, Kyoto University, *Graduate School
of Engineering, Kyoto University, *Fukui Institute for Fundamental Chemistry, Kyoto
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The stability of structural isomers in prototropy, such as keto-enol tautomerism, is
known to be affected by the surrounding environment, including substituents and
solvents. However, it is often difficult to predict its stable structure. In this study, the
stabilities of thiocarboxylic acid, RC(=O)SH2RC(=S)OH, and thiophosphoric acid,
R2P(=0)SH=2R,P(=S)OH were analyzed by using quantum chemical calculations. As
quantum chemical methods, accurate molecular orbital methods such as CCSD(T) and
density functional theory such as B3LYP were used. It was found that the more stable
states are RC(=0O)SH and R,P(=S)OH, respectively, for all the methods. This indicates
that the stability depends on the central atom. To investigate the origin of the
difference, we analyzed electronic structures of these structural isomers by using our
recently developed method that can calculate the weights of resonance structures®. In
this method, the weights of determinants consisting of atomic orbitals, corresponding
to resonance structures, can be obtained from the density matrix and overlap matrix
obtained from molecular orbital theory. It was demonstrated that the weight of the
resonance structure differs depending on the central atom, suggesting a relationship
between the stability and the resonance structure.
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