Electronic Structure of Oligomers (OPVs)

Collaboration with H. Lischka, F. Plasser (Vienna/Texas Tech/Tianjin University)

e high-level electronic
structure methods
(ADC(2), CC2, MRCI)

e exciton trapping, due to
BLA modes, described
correctly
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Panda, Plasser, Aquino, Burghardt, Lischka, JPCA, 117, 2181 (2013), see also: Sterpone, Rossky, JPCB 112, 4983 (2008), Nayyar et al., JPCL 2, 566 (2011)



e ab initio ADC(2) calculations 6=180° _’- -

e transition densities: e-h states
(particle-in-the-box type)
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Vibronic Lattice Model: J, H, and HJ Aggregates
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Binder, Rémer, Wahl, Burghardt, J. Chem. Phys. 141, 014101 (2014)
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e analytic mapping of oligomer PES onto effective Frenkel model in 1D or 2D:
Frenkel model should be understood in terms of center-of-mass ek coordinate

(NB.: VG/VE: monomer potentials, w: site-to-site coupling)



Exciton-Polaron Formation on a Minimal Lattice
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e fastest time scale: oscillatory transients

e stationary exciton-polaron ~ 250 fs (same time scale as torsional relaxation)

e irreversible exciton-polaron formation through decoherence/relaxation via
electron-phonon coupling on a finite lattice wahi, Binder, Burghardt, Comput. Theor. Chem. 1040, 167 (2014)



Larger Lattice: 20-Site J-Aggregate with Central Torsion

C-C inter-monomer mode + local C=C + torsion + bath C-C inter-monomer mode + torsion + bath
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e ML-MCTDH: 20 Frenkel sites, up to 60 modes
e trapping effects: local CC stretch modes make exciton more compact

Binder, Burghardt, to be submitted



Temperature Effects: Ehrenfest/Langevin dynamics
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e ultrafast transients not correctly reproduced by Ehrenfest dynamics
e at increasing temperatures, fluctuations start driving exciton migration

Wahl, Binder, Hegger, Burghardt, to be submitted



Summary

@ Molecular-Level Approach to Organic Photovoltaics
e combine electronic structure & high-dimensional quantum dynamics
e ¢-h lattice model: highlights fragment properties + molecular packing
e accurate on-the-fly dynamics highly challenging

® Coherent Exciton Dissociation & Migration

e ultrafast (~ 50-100 fs), coherent initial charge separation
e ultrafast formation of quasi-stationary exciton-polaron states
e exciton-polaron migration via “coherent hopping” dynamics

® Role of Nano-Morphology

e singlet exciton fission depends crucially on molecular packing
e Coulomb barrier to free carrier formation reduced in regioregular domains
o charge-transfer excitons in regioregular phases
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