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Multidisciplinary Field

All aspects integrated in Mons !

Synthesis

Collaborations with Philips, BASF, CDT, Konarka, Rhodia, Evonik....



Multiscale Modelling




Organic Solar Cells

Donor Acceptor
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1) Light absorption

2) Exciton migration

3) Exciton dissociation

4) Charge separation / transport

5) Charge collection

Chem. Rev. 104, 4971 (2004) ; Acc. Chem. Res. 42, 1691 (2009)
Chem. Mat. 23, 591 (2011)




Light Conversion Efficiency

25% of the incoming solar light is harvested for a gap of 2.1 eV

Spectra photon flux
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N.S. Sariciftci, Materialstoday, September 2004



Donor / Acceptor Copolymer
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Transition dipole moment: M= H(D) r L(A) dt



Thienopyrazine-Based Copolymers

- Concept of double acceptor
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n=12,3,4,5,and ~16
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B.P. Karsten et al., J. Phys. Chem. A 113, 10343 (2009)



Thienopyrazine-Based Copolymers

Electronic properties

E (V vs. Fc/Fc")
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The HOMO level is affected when modulating the acceptor !
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Thienopyrazine-Based Copolymers

Experiment Theory
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Molecular Design

High-mobility semiconductors (OFETS)
Triplet emitters (OLEDS)
Molecular conductors (Molecular Electronics)

Sensing materials



Energy Migration

Glass [ ITo| Donor Acceptor
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Diffusion length ~ 10-15 nm

Key role of the morphology ! Donor Acceptor



Forster

Energy Transfer
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Nanochannels
Perhydrotriphenylene-based host

L. Viani et al., J. Phys. Chem. B. 113, 10566 (2009)



Point-Dipole Approximation

» PDA

L. Poulsen et al., J. Am. Chem. Soc. 129, 8585 (2010)



1D — 3D

Exciton Migration
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Photoinduced Charge Transfer

LUMO

I

+
HOMO

LUMO

I

HOMO

O

T.—@

LUMO
+

HOMO

LUMO

O

HOMO

Photoinduced ELECTRON
transfer

Photoinduced HOLE
transfer



Schottky-Mott Limit

Common vacuum level at the O/O interface

E 1 Vacuum level
LUMO 1 DL
HOMO ; DH
HOMO
Donor Acceptor

- Typically assumed in devices to select the organic layers



Organic / Organic Interfaces

Interface dipole

VLS
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- Charge transfer
- Polarization effects

K. Seki and co, Adv. Mater. 11, 605 (1999)



Interface Dipole

M,=2D® VLS =0.75eV
(S=100 A2, e=1)

M, (D)
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VLS=

Distance : 3.5 A

Y shift (A)

Strong variation of the dipole as a function of the relative position
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e eV

Energy Level Shifts

Isolated molecules
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l. Avilov et al., Adv. Funct. Mat., 19, 624 (2009)
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Cqo / Pentacene Interface

AM1 calculations Fredéric Castet, University of Bordeaux
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Cqo + 49 pentacene molecules M, (D)

Significant dipole induced by the polarisation of the C,, cage

M. Linares et al., J. Phys. Chem. C 114, 3215 (2010)



Dynamical Aspects

Photoinduced Charge
Transfer
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Electron Hopping
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Semi-Classical Marcus Theory
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P.F. Barbara, T.J. Meyer, and M.A. Ratner, J. Phys. Chem. 100, 13148 (1996)



Materials under Study

Phthalocyanine (PC) Perylenebisimide (PTCDI)
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— Structural Disorder
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Site Energies

Attractive interactions between the charge and induced dipoles

Positive charge Negative charge
+ -

Similar values for holes and electrons in pentacene (e-h symmetry)



Site Energies

Interactions between the charge and permanent quadrupoles

N Negative charge
Positive charge
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Different sign for holes versus electrons



Theoretical Design of the Heterojunction

AM1 /VBHF



Cqo / Pentacene Interface

S. Verlaak et al., Adv. Funct. Mat. 19, 3809 (2010)

Edge Cofacial ® Separation favored

Currently extended to PIN structures !!



Polymer Chain Packing

PCFF Force Field

lain McCulloch (Imperial), Maxim Shkunov (Surrey), Martin Heeney (Queen Mary)



Simulation of X-ray Spectra

In planle_—l_l ﬁ

Experiment: before = and after =annealing
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Simulation of X-ray Spectra

1 Experiment Theory

Michael Chabinyc (UCSB), Mike Toney (Stanford)



Charge Transport Properties

Equilibrium geometry

I o0.001

Equilibrium geometry
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Cofacial dimer

Ambipolar transport properties

P. Brocorens et al., Adv. Mater. 21, 1193 (2009)



Polymer Chain Packing

Monoclinic

M= 3.3 cm?/Vs

Lamella thickness : 26.2 A
(GIWAXS pattern : 25.6-27 A)

P-stacking distance : 3.6 A
(GIWAXS pattern : 3.6-3.9 A)

K. Mullen and co, J. Am. Chem. Soc. 133, 2605, 2011



Work function [eV]

Metal / Organic Interfaces

Self-Assembled Monolayers

I 20 nm metal
6 B 20 nm metal + HS-C,gH3,
B 20 nm metal + HS-C,H,CgF,

metal (+SAM)

Tuning of injection barriers

Bert de Boer et al., Adv. Mater., 2005, 17, 621



Metal / Organic Interfaces
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Interface dipole : Molecular + Interfacial contributions




Theoretical Methodology

CH,S

Df (bridge) = -1.19 eV
Df (fcc)=-1.52 eV

SIESTA - DFT — GGA (PBE)






