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Radiative and Nonradiative Transition Rates of Fused-Ring n-Conjugated Molecules
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Herein, we have studied radiative and nonradiative transition rates (kr and kur) of singlet excitons in fused-ring m-conjugated polymer
films by spectroscopic measurements. More specifically, we employed three different conjugated polymers (PTQ1, PNTz4T,
PTNT2T) with different sizes of fused-ring m-conjugation system. In order to evaluate radiative and nonradiative transition rates,
we measured fluorescence lifetime zr by time-correlated single-photon-counting method and fluorescence quantum yield ®r by
absolute photoluminescence quantum yield method. As a result, we found that both zr and ®r increased with increasing fused-ring
m-conjugation system in polymer main chains, resulting in smaller kr and knr.  For radiative transition rates 4, it can be quantitatively
analyzed by Stricker—Berg equation with molar absorption coefficient for each polymer, suggesting that 4: is mainly governed by the
molar absorption coefficient. For nonradiative transition rates knr, it can be analyzed by Englman—Jortner equation with
reorganization energy A and vibronic coupling parameter C. For reorganization energy A/, it decreased for larger fused-ring
m-conjugation system in polymer main chains, suggesting that rigid fused-rings can suppress 4 effectively owing to small structural

change and hence can reduce k.  For vibronic coupling parameter C, it also decreased for larger fused-ring n-conjugation system in
polymer main chains. This is due to smaller C in larger fused-ring m-conjugation system due to smaller overlap between HOMO
and LUMO in the main chain. We therefore conclude that fused-ring m-conjugation system would be beneficial for designing

highly emissive conjugated polymers with well suppressed nonradiative transitions.
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Figure 1. Chemical structures of m-conjugated polymers
studied in this study: a) PTNT2T, b) PNTz4T, and c) PTQI.
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Table 1. Exciton properties of conjugated polymers.

Polymer Eg/eV O 7t/ ns fie! fic/
107s! 107!

PTQ1 1.83 0.030 0.35 8.6 2.8

PNTZz4T 1.60 0.046 0.84 5.5 1.1

PTNT2T 1.70 0.061 1.71 3.6 0.55
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Figure 2. Absorption and photoluminescence (PL) spectra
of PTNT2T films. The shaded portion is a mirror image of
the PL spectrum
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Figure 3. Potential energy curves of the ground state So
and the lowest singlet excited state Si assuming harmonic
vibrations of molecules. The blue and red arrows are
absorption and emission transitions with an energy of £a and
EpL, respectively. The black arrows are reorganization
energy 4. Here, the relationship 24 = Ea — Epr holds.
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Figure 4. Fontier orbitals in trimer unit of conjugated polymers employed in this study, which were obtained by DFT calculation at
B3LYP/6-311G (d,p) basis set: a) LUMO and b) HOMO of PTQ1, ¢) LUMO and d) HOMO of PTNT2T.
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