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Abstract

Intramolecular singlet fission (iISF) materials provide remarkable advantages in terms of tunable electronic
structures, and quantum chemistry studies have indicated strong electronic coupling modulation by high-
frequency phonon modes. We formulate a microscopic model of iSF with simultaneous diagonal and off-diagonal
coupling to high-frequency modes. A nonperturbative treatment, the Dirac-Frenkel time-dependent variational
approach is adopted using the multiple Davydov trial states. It is shown that both diagonal and off-diagonal
coupling can aid efficient singlet fission (SF) if excitonic coupling is weak; and fission is only facilitated by diagonal
coupling if excitonic coupling is strong.

In the presence of off-diagonal coupling, it is found that high-frequency modes create additional fission channels
for rapid iSF. Separately, we investigate nonlinear spectra that monitor SF processes mediated by a conical
intersection (CI) of two lowest excited electronic states for various optical dephasings. Simulated 2D spectra at
different population times follow ultrafast population transfer through the Cl and exhibit spectral features related
to the tuning mode. The anticorrelated oscillations of cross peaks located at symmetric positions with respect to
the main diagonal are clearly identified after the stimulated-emission contribution quenches. Simulated transient
absorption signals show a fast decay of 1st excited singlet state and exhibit multiple peaks revealing the tuning
mode
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