
Wednesday

CPP 18: Organic semiconductors I

Time: Wednesday 9:30–11:00 Location: C 130

CPP 18.1 Wed 9:30 C 130
Solvent induced morphology in polymer-based systems for
organic photovoltaics — Matthias A. Ruderer1, Shuai Guo1,
Robert Meier1, Hsin-Ying Chiang1, Volker Körstgens1, Jan
Perlich2, Stephan V. Roth2, and ∙Peter Müller-Buschbaum1

— 1TU München, Physik-Department, LS Funktionelle Materialien,
James-Franck-Str. 1, 85748 Garching, Germany — 2HASYLAB at
DESY, Notkestr. 85, 22603 Hamburg, Germany
In this investigation we probe the influence of the used solvent on the
morphology formation of polymer-based bulk heterojunction systems
for photovoltaic applications. Films are spin coated from different
solvents. We chose the bulk heterojunction system consisting of the
conjugated polymer P3HT (poly(3-hexylthiophene-2,5-diyl)) and the
methano fullerene PCBM. Both components fit very well concerning
their electronic behaviors and this combination is probably the best
investigated system in organic photovoltaics so far. Besides imaging
methods such as atomic force microscopy (AFM), the advanced scat-
tering techniques X-ray reflectivity and grazing incidence small and
wide angle X-ray scattering (GISAXS and GIWAXS) reveal a full un-
derstanding of the inner film structure on molecular to mesoscopic
length scales. In combination with topography imaging we are able to
reconstruct schematic morphologies from the scattering experiments
for the films made from the different solvents. Depending on the sol-
vent, enrichment layers at the interfaces as well as varying structural
length scales inside the active layer are found [Adv. Funct. Mater. 21,
3382-3391 (2011)].

CPP 18.2 Wed 9:45 C 130
Influence of aggregation on the performance of all-polymer
solar cells containing low-bandgap naphthalenediimide-
copolymers. — ∙Marcel Schubert1, Daniel Dolfen2, Johannes
Frisch3, Steffen Roland1, Robert Steyrleuthner1, Burkhard
Stiller1, Zhihua Chen4, Ullrich Scherf2, Norbert Koch3, An-
tonio Facchetti4, and Dieter Neher1 — 1University of Potsdam,
Germany — 2University of Wuppertal, Germany — 3Humboldt Uni-
versity Berlin, Germany — 4Polyera Corporation, USA
Naphthalene-diimide (NDI) or perylene-diimide (PDI) containing
copolymers are promising alternatives for replacing fullerenes as the
electron-accepting phase in organic solar cells. So far, the power
conversion efficiencies (PCEs) of all-polymer solar cells comprising
NDI/PDI-based copolymers and regio-regular poly(3-hexylthiophene)
(P3HT) remained below 1%. It was proposed that the NDI/PDI-
copolymers exhibit a strong tendency to aggregate, which promotes
long range phase separation and unfavourable nanomorphologies.

Our studies of the optical properties of such copolymers in differ-
ent solvents reveal a strong tendency to pre-aggregate. This pre-
aggregation could be fully suppressed by adding suitable high boil-
ing point solvents. Solar cells prepared from these solvent mixtures
showed PCEs of up to 1.4% and high fill factors of up to 70%, which
are among the highest reported values for polymer-polymer blends.
Finally, SNOM and AFM measurements in combination with optical
absorption studies reveal a surprising anticorrelation between the de-
gree of chain aggregation and the photovoltaic device performance.

CPP 18.3 Wed 10:00 C 130
Does conjugation help exciton dissociation? A study on
poly(p-phenylene)s in planar heterojunctions with 𝐶60 or
TNF — ∙Christian Schwarz1, Heinz Bässler1, Irene Bauer1,
Jan-Moritz Koenen2, Eduard Preis2, Ullrich Scherf2, and
Anna Köhler1 — 1Experimental Physics II, University of Bayreuth
— 2Macromolecular Chemistry, Bergische Universität Wuppertal
We report the field-assisted photocurrent generation in organic bilayer
diodes with different poly(p-phenylene)s as donors and 𝐶60 or TNF
as acceptor. The polymers differ regarding their torsional degree of
freedom and concomitantly regarding their conjugation length and en-
ergetic disorder. We find the photocurrent yield to saturate around
100% at fields between 5 · 104 𝑉

𝑐𝑚
to 106 𝑉

𝑐𝑚
. The saturation field

required scales with the optical gap, implying that conjugation and
energetic order is of crucial importance for the yield. We conclude
that the rate limiting step for photogeneration is the formation of a
loosely bound electron-hole pair that can either be collected by a mod-
erate field or relax back to a tightly bound electron-hole pair.

CPP 18.4 Wed 10:15 C 130
Charge Transfer in Polymer:PC60BM:PC70BM triple Blends:
Which Fullerene gets the Electron? — ∙Andreas Sperlich1,
Johannes Römer1, Hannes Kraus1, Carsten Deibel1, and
Vladimir Dyakonov1,2 — 1Experimental Physics VI, Julius Maxim-
ilian University of Würzburg, D-97074 Würzburg, Germany — 2ZAE
Bayern, D-97074 Würzburg, Germany
The highest efficiencies reported for organic solar cells are for devices
incorporating blends of conjugated polymers and C70-derivatives, due
to their higher optical absorption compared to C60. Yet the costly
purification of higher fullerenes might hinder a widespread adoption of
this promising material. However recent results showed that polymers
blended with a PC60BM/PC70BM mixture without further purifica-
tion yield solar cells with comparable performance. This is surprising,
because from absorption and photoluminescence spectra, different en-
ergy levels for both fullerenes are expected. If there were a noticeable
difference in electron affinity, one of the two fullerenes would act as an
electron trap in a mixed phase, hence hindering transport and limit-
ing device performance. This raises the question, on which fullerene
derivate the electron is residing after light induced charge transfer from
the polymer? Using Light-induced Electron Spin Resonance (LESR)
we can distinguish between holes on the polymer and electrons on ei-
ther C60 or C70, since their ESR spectra are slightly shifted against
each other. Our results demonstrate that there is no strong preference
for either fullerene. Thus from an economic point of view “unpurified”
fullerenes might be a viable option for large scale production.

CPP 18.5 Wed 10:30 C 130
Exciton and Charge Dynamics in PCPDTBT:PCBM Blends
Probed by Broadband VIS-NIR Transient Absorption Spec-
troscopy — ∙Fabian Etzold, Ian A. Howard, Don Cho, Michael
Meister, Ralf Mauer, Klaus Müllen, and Frédéric Laquai —
MPI für Polymerforschung Mainz
The efficiency of PCPDTBT:PCBM bulk heterojunction solar cells
depends very much on the film preparation conditions, like the use
of cosolvents, for reasons still not well understood. In this contribu-
tion we present the exciton and charge carrier dynamics in pristine
PCPDTBT films and in photovoltaic blends with PCBM studied by
VIS-NIR broadband transient absorption spectroscopy. In particular
we monitor the previously unobserved, but for low-bandgap polymers
essential spectral region between 1000-2000 nm, where we can clearly
identify the individual contributions and dynamics of singlet excitons,
charge-transfer excitons as well as free and trapped polarons. This
not only allows a qualitative assessment of the effect of cosolvents on
the photophysics, but also the extraction of the most relevant recom-
bination parameters that finally determine the device efficiency. Our
experiments show that cosolvents promote the generation of mobile
charge carriers that can be extracted as photocurrent.

[1] F. Etzold et al., manuscript in preparation.

CPP 18.6 Wed 10:45 C 130
Origin of Sub-Bandgap Absorption in P3HT:PCBM Solar
Cells — Martin Presselt, ∙Felix Herrmann, Marco Seeland,
Maik Bärenklau, Roland Rösch, Wichard J. D. Beenken,
Erich Runge, Sviatoslav Shokhovets, Harald Hoppe, and Ger-
hard Gobsch — TU Ilmenau, Ilmenau, Germany
To explain the origin of sub-bandgap (SBG) absorption contribut-
ing to the photocurrent in bulk-heterojunctions (BHJ) made of
poly(3-hexylthiophene-2,5-diyl) (P3HT) and [6,6]-phenylC61-butyric
acid methyl ester (PCBM) at least four different models are discussed
in the literature. In an earlier work we have shown that an exponen-
tial in addition to a Gaussian function is needed to reproduce SBG
external quantum efficiency (EQE) spectra. There, the exponential
function was assigned to a disorder related absorption tail, while the
SBG EQE Gaussian was not assigned unambiguously. In the present
work, the SBG EQE Gaussian is assigned to a hole-polaron transi-
tion at P3HT rather than to a direct charge transfer transition from
the P3HT HOMO to the PCBM LUMO or absorption of molecularly
dispersed PCBM as concluded from temperature dependent EQE mea-
surements.


