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ABSTRACT. We compared methodologies based on the density functional theory (DFT), e.g., time-dependent DFT (TD-DFT),
TD-DFT within Tamm-Dancoff approximation (TDA-DFT), and spin-unrestricted DFT (UDFT), that are usually employed to
optimize the geometries of -conjugated molecules in their lowest lying triplet excited (T}) state. As a model system for -conjugated
molecules, we employed 1,2,3,4,5-pentacyano-6-phenyl-benzene. In conjunction with 6-31G(d) basis sets, we made use of gap-tuned
range-separated ®B97X functional which is often employed recently in the calculations of molecular excited states. Near the
equilibrium geometries, we found that the important difference between the geometries derived at UDFT level and those at
TD-DFT or TDA-DFT methods: more stable ground-state energies but higher triplet excitation energies for UDFT derived geometries.
In the studies, we discuss such differences in more detail.
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Figure 1. Chemical Structure of 1,2,3,4,5-pentacyano-6-phenyl-
benzene (SCPB).
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Figure 2. Calculated potential energy surfaces for (a) the ground and (b)-(d) lowest lying triplet excited (T;) states of 1,2,3,4,5-pen-
tacyano-6-phenyl-benzene as a function of torsional angle between the electron-donor and acceptor subunits; the orange dot in the graph
(a) corresponds to the minimum energy and optimal torsional angle for the ground state. T-state geometries were derived at TD-DFT
(black), TDA-DFT (red), and UDFT (green) levels of theory, respectively, with the torsional angle frozen; however, the energies for
the ground and triplet states were commonly calculated using (a) DFT, (b) TD-DFT, (¢) TDA-DFT, and (d) UDFT methods, respec-

tively.
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Figure 3. Dominant natural transition orbital pairs for the lowest
triplet excited state of 1,2,3,4,5-pentacyano-6-phenyl-benzene at
torsional angles, &, of 50° and 60° between phenyl subunits. The
contributions of a given NTO pair are denoted below hole wave
functions. Note that different colors (blue vs. yellow) correspond
to the different signs (positive vs. negative) of amplitudes of wave
functions.
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