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Ab Initio Studies of Organic-Based Interfaces

Organic Semiconductors Molecular Junctions

Excited states Charge Transport




Motivation: Organic Semiconductors in PV

e Organics — light, flexible, inexpensive, chemically-diverse
e Low efficiencies (~10%), prone to degradation

e Excited states & transport — critical to efficiency, stability




Motivation: Organic Semiconductors in PV
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e Organics — light, flexible, inexpensive, chemically-diverse
e Low efficiencies (~10%), prone to degradation

e Excited states & transport — critical to efficiency, stability




Solid-Phase Pentacene and PTCDA

Pentacene (C,,H,,) PTCDA (C,,H;O,)
«Triclinic, P Ispace group « Monoclinic, P2/m space group
*2 molecules/unit cell e 2 molecules/unit cell

Systems optimized with lattice parameters fixed to experiment




PTCDA lonization Potential with DFT & GW
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PTCDA lonization Potential with DFT & GW
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Band Structure and Densities of States: DFT vs GW
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* Bulk gap of 2.2 eV rationalizes photoemission experiments




Quasiparticle Gaps and Polarization

Simple electrostatic model
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Pentacene Optical Absorption Spectrum

Optical Gap Molecule Crystal
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Onset energies agree well with previous work:

Tiago,et al. PRB 67 (2003); Amborsch-Draxl,et al. New J. Phys.(2009);
Sharifzadeh, et al. PRB 85 (2012); Cudazzo, et al. PRB 86 (2012)
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Low-Energy Excitons in PEN and PTCDA

Pentacene

A(eV) Molecule Xtal

IPentacene

- | W(r,r, ), wherer, GW/BSE 2.3 0.45

'PTCDA

GW/BSE 2.1 0.6

Simple screening provides
good estimate of binding
energy!
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Low-Energy Excitons in PEN and PTCDA
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Are Low-Energy Excitons in Pentacene of
Charge-Transfer Character?

Experimental disagreement

» Exciton dispersion: schuster, et al Phys Rev. Lett (2007)
 Electroabsorption: Haas, et al PRB (2010); Sebastien, et al (1981)

Theoretical disagreement

Inversion symmetry:

» Semi-empirical studies: Yamagata, et al., JCP (2011) no net dipole

* Many-body perturbation theory studies:
Tiago, et al. PRB 67 (2003); Sharifzadeh,et al. PRB 85 (2012); Cudazzo, et al PRB 86 (2012)
- TDDFT calculations on clusters: zimmerman, et al JACS 133 (2011)

Our approach

* Electron-hole correlation function to quantify charge transfer character
* Future — relate to observables (fission, transport, matrix elements ...)




Quantifying Charge Transfer

Probability that electron and hole are a distance r apart

:/|\I!(re = r—rh,rh)|2d3rh

Average electron-hole distance Percent charge-transfer character
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Lowest Energy Singlet and Triplet States in Pentacene
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Charge-Transfer States at Higher Energies in Pentacene

F(r) = / U(r, =1 —1p,1)]°d’r),
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Sharifzadeh, Darancet, Kronik, Neaton, J. Phys. Chem. Lett. 4, 2197 (2013)
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Fission via charge-transfer states

7% @uoMmo||¥ 7% (b)LUMO

Reichmann et al, J. Chem. Phys. 138, 114103 (2013)

Singlet fission in acene crystals & the role of
charge transfer excited states

Fission via non-adiabatic vibrational coupling

Intermolecular
O Motion Drives
O Fission

Head-Gordon et al,
J. Am. Chem. Soc. 138, 114103 (2013)

Singlet fission: our solid-state calculations indicate that the singlet is “charge-
transfer like”, suggesting a direct transfer mechanism is possible
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