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Influence of a Mesogenic Dendrimer on the Morphology of Polymer—Fullerene Composites for Photovoltaics
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The efficiency of “bulk hetero junction”-type plastic solar cells depends crucially on the morphology of an entangled network of two immiscible
compounds that serve as electron donor and electron acceptor, respectively. The present work describes preliminary results about the question how
the luminescence and the morphology of a composite containing a fullerene Cgp derivative and a p-phenylene vinylene (PPV) derivative are altered,
when a dendrimer with a fullerene core and mesogenic side-chains is added. Fluorescence quenching and surface topography of the composites
indicate that adding the mesogenic dendrimer can result in smaller domain sizes, which may be useful for photovoltaic applications.

1. Introduction

Organic photovoltaics has become a topic of extensive
research. The very efficient electron transfer from excited
organic dye molecules to TiO, nanocrystals is utilized in dye-
sensitized solar cells,"? while an organic electron donating
compound is combined with an organic electron accepting
compound in hetero junction solar cells.>* Low molar mass
compounds,>® oligomers,>® polymers,”® and dendrimers®!?)
can be employed for organic photovoltaics. A high efficiency
has also been reported for certain columnar liquid
crystals.'!? In many cases, soluble fullerene deriv-atives are
used as efficient electron acceptors, since the electron transfer
from excited conjugated polymer molecules to Cgo is
extremely fast.!3

Materials and device structures of photovoltaic cells have
to provide very high efficiencies of several subsequent
processes, namely the absorption of light, generation of
charge carriers, separation of the charge carriers of opposite
charge, and transport of the charge carriers to the electrodes.
Optimization of these processes suffers from competing
requirements: Efficient light absorption is favored by a large
sample thickness. However, effective charge carrier separa-
tion is only possible if the layer thickness of the electron
donating layer is smaller than the exciton diffusion length

10-20nm), in order to avoid charge carrier recombina-

tion. Thus, nanostructured systems have been investigated,
which contain, for example, semiconductor nanocrystals,'®
nanowires,'>'® dyad molecules, where both an electron
donating and an electron accepting unit are combined in the
same molecule,!” or diblock copolymers, where the size of
the functional units can be tailored appropriately.'®

More easily, the problem of limited exciton diffusion
length can be solved by means of heterogeneous organic
composites.!>?” Typically, such heterogeneous composites
consist either of two immiscible polymers'® or of an electron-
donating polymer and a fullerene derivative.?”) The respective
systems are known as inter-penetrating polymer network,'”
or bulk-hetero junction?® photovoltaic cells, respectively.
The efficiency of bulk hetero junction photo-voltaic cells!®-??
is extremely dependent on the morphology of the
heterogeneous system,” which in turn depends on the
processing parameters. For example, choosing chloroben-
zene instead of toluene as a solvent for spin casting a
polymer-fullerene composite was found to enhance the

efficiency by almost a factor of 3, mainly due to enlarging the
short circuit current.”) This dramatic effect motivated many
detailed studies on the morphology of polymer—fullerene
composites.?>2® In addition to the influence of the solvent
used for the spin-casting process, also the effect of additives
on the morphology was discussed.?>

Due to the rapid progress in fullerene chemistry,?” many
fullerene derivatives, including fullerene-containing dendri-
mers,”83D have been synthesized. In particular, Janus-type
dendrimers,3? where different functional units are combined
in the dendritic part of the molecule, show a remarkable
mesogenic versatility.3" In the present paper, we report on the
influence of a mesogenic dopant of the latter type on the
sample morphology of a composite that has been very well
investigated and considered for photovoltaic applications.
The system is based on poly[2-methoxy,5-(3,7-dimethyl-
octyloxy)]-p-phenylene vinylene (MDMO-PPV) and [6,6]-
phenyl Cg-butyric acid methyl ester (PCBM). In (1:4)
mixtures, the latter compound was systematically replaced by
the dendrimer compound 1 presented in Fig. 1. In the first
part of the experimental section, fluorescence studies are
described, which give indirect hints on changes of the
morphology. Fluorescence indicates that electrons return
from an excited state to the ground state, thereby loosing their
energy through radiation. This process competes with the
charge carrier separation that is necessary for photo-voltaics.
Thus, reducing the fluorescence intensity may enhance the
photovoltaic efficiency. In the second part of the
experimental section, results obtained by atomic force
microscopy (AFM) are presented, which give direct evi-
dence for changes of the morphology.

2. Experiments and Results

From the compounds shown in Fig. 1, samples with six
different compositions were prepared (Table I). All compo-
sites contain 20% (by weight) MDMO-PPV. The fraction of
PCBM was subsequently replaced by compound 1. For the
sample preparation, indium tin oxide (ITO)-coated sub-
strates were cleaned in an ultrasonic bath for 10 min in
acetone, propanol and deionised water. Subsequently, thin
films were deposited by spin-coating at 2000 rpm from
solutions of 0.5 wt % of the respective mixture in toluene.
Photoluminescence spectra (PL) of the resulting samples
were measured at room temperature. A 90° geometry between
light source, sample and detector and an excitation
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Fig. 1.
A =540 nm.

Table I. Mass fractions of MDMO-PPV, PCBM, and compound 1 in
samples A-F that were investigated.

Sample
A B C D E F
MDMO-PPV 0.2 0.2 0.2 0.2 0.2 0.2

PCBM 0.8 0.75 0.7 0.6 0.4 0
Compound 1 0 0.05 0.1 0.2 0.4 0.8

Compound

wavelength of 480nm were used. The morphology of the
composites was investigated by means of atomic force
microscopy in the pulsed-force mode (WiTec Alpha).
Composites without compound 1 or with a small mass
fraction x,,; of compound 1 show photoluminescence (PL)
at 580 nm (Fig. 2). This luminescence indicates that excited
molecules can return to their ground state by emitting
radiation, a process that competes with charge carrier
separation and thus diminishes the potential efficiency of
a photovoltaic process. For x,; < 0.1, the PL intensity
decreases with increasing concentration of compound 1. This
decrease indicates more efficient fluorescence quenching,
which in turn favors the potential photovoltaic efficiency.
However, a slightly different fluorescence peak at 548 nm
appears at higher values of x,, ; and increases with increasing

()

Chemical structures and luminescence wavelengths of the substances. (a) MDMO-PPV: A = 580 nm, (b) PCBM: A4 = 525 nm, (c) compound 1:

| (counts/ms)

Fig. 2. Photoluminescence spectra of the composites for various mass
fractions of compound 1.

Xm,1 (Fig. 3). Thus, replacing PCBM completely by com-
pound 1 does not lead to efficient fluorescent quenching.
The AFM images for x,; < 0.1 [Figs. 4(a) and 4(b)]
indicate that the average size of the islands of the
heterogeneous composites decreases with increasing amount
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Fig. 3. Influence of the mass fraction of compound 1 on the lumines-

cence intensity. ((J) Peak at 1 =580nm, (/) peak at 4 = 548 nm.
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Fig. 4. (Color online) Pulsed-force mode AFM topography scans of the
samples A, C, and F. (a) 20% MDMO-PPV:80% PCBM (sample A).
(b) 20% MDMO-PPV:70% PCBM:10% compound 1 (sample C). (c) 20%
MDMO-PPV:80% compound 1 (sample F).

of compound 1. This result explains the more efficient
fluorescence quenching in samples, where a small fraction of
PCBM was replaced by the dendrimer 1. However, the AFM
image of sample F [Fig. 4(c)] indicates that replacing
PCBM completely by compound 1 results in a non-uniform
morphology, which is characterized by large islands. The
roughness of the surfaces of the different samples (Fig. 5)
decreases with increasing mass fraction x,,; for x,; < 0.2,
and increases again for higher values of x, ;. This result
coincides with the continuous variations of the sample
morphology. In addition, it shows that adding small amounts
of compound 1 is suitable in order to reduce the surface
roughness, which enhances the uniformity of the film
thickness and makes the deposition of further functional
layers easier.
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Fig. 5. Roughness of the sample surfaces versus concentration of
compound 1.

3. Conclusions

In summary, the investigations on the fluorescence and the
surface topography of composites with different concentra-
tions indicate, that smaller island sizes, more -efficient
fluorescence quenching and a smoother surface of MDMO-
PPV:PCBM blends can be achieved by doping the system
with the mesogenic dendrimer 1. Previous studies?'~2> have
indicated that heterogeneous composites containing a con-
jugated polymer and the fullerene derivative PCBM in
a (1:4)-ratio consist of PCBM clusters dispersed in a
polymer-rich matrix.>® The influence of the solvent on the
domain size?" was attributed to the respective solubility of
PCBM. Thorough studies indicated that the lower solubility
of PCBM in toluene as compared to chlorobenzene results in
an earlier onset for fullerene precipitation during the phase
separation, which in turn results in larger PCBM clusters.”®
The results on the ternary system used in this study reveal
that adding a fullerene dendrimer has a similar effect on the
morphology of the polymer—fullerene composite as using a
better solvent for PCBM. We expect that this additional
influence may be suitable to enhance the photovoltaic
efficiency of this material system further.
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