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Research contents:

Intramolecular singlet fission (iSF) is an efficient strategy of multiexciton generation
for their applications of solar cells via one singlet exciton splitting into a correlated
triplet pair in one organic molecule. Pentacene (Pc) dimers and polymers have been
reported to be high quantum yields (QYs) of iSFs. However, there is no report on iSF
of triangle acene derivatives in which one more available triplet site adjacent to the
requisite two chromophores. In the case of tetracene (Tc) oligomers, only Tc oligomers
with conjugated bridge represented high QYs of iSFs while not in the one with
homo—-conjugated bridge. We focused on the iSFs of Pc and Tc dimers and trimers with

homo—-conjugated bridge

Steady—-state absorption spectra of Pc and Tc monomers, dimers, and trimers represented
similar spectra with several-nm red-shift in the oligomers, which indicated a negligible
electronic coupling between the acene chromophores. Fluorescence QYs reduced from 46%

and 87 % for Pc and Tc monomers to 7% and 49% for their dimers, and 3% and 32% for their




trimers. In both Pc and Tc derivatives, the fluorescence dynamics showed 6.0 ps decay
components as compared with their long—lifetime monomers. Transient absorption (TA)
spectra of Pc trimers represented fast relaxations at absorption peaks 463 and 1380 nmwith
rising signals at 516 and 973 nm, which were corresponding to the relaxation of singlet
state and the formation of the triplet pair. The formation times of the triplet pair in
the trimers (5.5 ps) were almost same to those in the dimers (6.0 ps), which suggested
that an intermediated state should exist before the iSF process was triggered. Either
a CT-state with an energy determined by the molecular morphology, or an exciton
delocalization state barriered by the homo—-conjugated bridge could be the intermediate
state. The rate of this intermediate step was unique for the dimer and trimer owing to
the same bridge. The available iSF site, that is the chromophore number, gives less
influence on the reaction rates. Moreover, QYs of iSFs “160% in both Pc dimer and trimer
could be directly obtained by analyzing TA of singlet state around 1380 nm in the near—-IR
region, which were in good agreement with the triplet sensitization experimental results.
For Tc oligomers, solvent effects on iSF were monitored with increasing of polarity from
0.1 (hexane) to 4.6 (benzonitrile), and the rate of iSF in Tc trimers reduced from 0. 18
to 0.33 ps', which suggested the charge-transfer state as the intermediate state in iSF

of Tec dimer and trimer.

In summary, the intermediate state in iSFs of Pc and Tc oligomers with 2,3,2’,3’-1inkage
were confirmed, and the homo-conjugated bridge influenced the formation time of the

intermediate state and hence impacts on the reaction rate of iSFs. In Tc oligomers, the
intermediate state was confirmed to be the charge—-transfer state by its solvent effect

on iSFs.
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