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ABSTRACT

Regioregular polythiophenes baring 3-(p-methoxyethoxyethoxy)-phenyl substituents
(PEOPT) show high photoluminescence efficiencies. Exposing thin films of thispolymer
to vaporsof chloroform or annealing them by heat treatment resultsin ared shift of the
absorption maximum due to solvent or heat induced ordering which givesrise to more
planar conformations. The fact, that annealed thin films of PEOPT exhibit absorption
edges at relatively low energies and thus have an enhanced spectral range makes them
suitablefor usein photodiodes/ solar cells. The photoinduced charge generation
efficiency in PEOPT issignificantly enhanced by the addition of astrong electron
acceptor like fullerene, as observed by quenching of the luminescence and by
photoinduced absorption measurementsin the infrared and UV-Visregime. The
efficiency of the photoinduced charge transfer from PEOPT to amethanofullereneis
found to depend on the ordering of PEOPT inthin films.

INTRODUCTION

Polythiophenes were among thefirst conjugated polymers modified by attaching long
solubilizing side chainsto improvetheir processing properties. For some processible
polythiophenes, among them thepoly(3-alkylthiophenes), athermochromic change was
found rather early between ared and ayellow phase[1]. Theorigin of this
thermochromism was extensively studied from structural point of view especially with



respect to the interplay between the effective conjugation length of the thiophene
backbone and the conformational change of the alkyl side chains(i. e. flat transvs.
twisted gauche structures) [2, 3, 4]. Recently, emphasiswas put again on theinvestigation
of thetwo different phasesin substituted polythi ophenes, demonstrating photoinduced
phase transformation in polyalkylthiophenes within thens regime [5]. The regioregularity
of the polythiophenes has an important influence on the effective conjugation length. For
regioregul ar thiophenes, thep conjugation seemsto belonger since the thiophenerings
arelesstwisted dueto steric hindrance [6].

Regioregular polythiophenes with enhanced absorption in the near infrared regime are
also interesting for asecond application. Since the discovery of an ultrafast photoinduced
electron transfer [7] from many conjugated polymers onto fullerenes, this effect has been
used to devel op efficient photovoltai c devices[8]. Prototypes of photovoltaic devices
based on a polymeric donor / acceptor networks show solar energy conversion
efficiencies of around 1% [9]. A clear handicap of these cellsistherelatively large band
gap of the conjugated polymers, typically > 2.2.eV. Regioregular thiopheneswith
extended absorption in the < 2 eV regime are expected to enhance the efficiency of
polymeric photovoltaic devicessignificantly.

Inthis paper weinvestigated anovel class of regioregular phenyl substituted
polythiophenes [10]which show structural ordering upon heating (or solvent vapor
treating), on the occurrence of photoinduced charge transfer with fullerenes. The
difference between these two phases with respect to their efficiency in charge transfer
will be evaluated.

EXPERIMENTAL

The chemical structure of various pheny! substituted polythiopheneswhich show an
annealed / not annealed phaseis shown in Figure 1. For the studies presented in thiswork
PEOPT was used as the electron donor, while the el ectron acceptor was [6,6]-Phenyl Ce; -
butyric acid methyl ester [11] (PCBM). The enhanced solubility of PCBM compared to
Cgo alowsahigh fullerene - conjugated polymer ratio and strongly supportsthe

formation of donor - acceptor bulk heterojunctions. The not anneal ed sampleswere
produced by spincasting from 1 — 1.5 wt% solutionsin chloroform at high spinning
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speed, resulting in orange brownish films. The annealing of the cast filmswas performed
typically at atemperature of 100 ° C, giving deep purplefilms. Casting ODCB solutions
directly resultsin the annealed form without heat treatment. A HP UV/V1S spectrometer
with aCCD array was used to measure the room temperature absorption. Photoinduced
FTIR spectrawere recorded on a Bruker | FS 66S spectrometer with aliquid nitrogen
cooled MCT detector. The photoinduced changesin theinfrared absorption spectraof the
conjugated polymer were observed by measuring 10 single beam spectraunder
illumination of the polymer sample and referencing them to 10 single beam spectrataken
inthe dark. The sampleswereilluminated by the 488 nm line of anAr* laser. For abetter
signal-to-noise ratio 200 repetitions of the measuring sequence described above were
accumulated. The vacuum during all measurements was better than 10> mbar.
Photovoltaic deviceswere produced by spin casting 1:1 ratios of PCBM : PEOPT from
chloroform or ortho-dichl orobenzene (ODCB) solution at ambient conditions. The
transparent aluminum top electrode was evaporated thermally. Photocurrents were
measured at room temperature in vacuum. |llumination through the transparent I TO side
was provided by white light from a hal ogen lamp with 60 mW/cn?. I/V curves were
recorded with aKeithley 2400 Source Meter, typically by averaging 200 measurements
for onepoint.

RESULTS AND DISCUSSION

UV/Vis absorption spectroscopy was used to give afirst evaluation of the annealing of
PEOPT with and without PCBM. This step was necessary to verify that the presence of
PCBM inside the composites does not hinder the compl ete structural reorganization of
the PEOPT. Figure 2 showsthe absorption spectrum of PEOPT compared to
PEOPT/PCBM before and after the annealing step. Annealing was preformed by a
temperature step. Treating the thin films with solvent vapor was found to give less
complete ordering. A clear color change of the sampleswas observed during the
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annealing step, from orange/brownish to adeep purplered. The absorption data show,
that annealing takes place successfully also in the presence of PCBM. The absorption
maximum, located around 475 nm for the not annealed form, isshifted by ~75nmtoit’s
maximum in the anneal ed form around 550 nm. The presence of PCBM in the fullerene
loaded composites broadens the absorption, but even without deconvolution the
maximum around 550 nm for the PEOPT / PCBM anneal ed composite can be recognized.
The IR absorption and the PIA IR spectrum of the four samplesis shown in Figure 3 for
spin cast films on ak Br pellets. IR absorption shows clearly, that no new IR bandsare
formed during the annealing step. Thisisin agreement with the assumption, that the
annealing istriggered by a macroscopic ordering phenomenon. The photoinduced IR
absorption spectrum (Figure 4) reveals, that the lower polaronic absorption of the PEOPT
isshifted by app. 1500 cm™.(~ 0.18 eV), which ishalf the val ue of the bandgap shift. The
IRAV bandswere found to be at comparabl e energiesfor the anneal ed and the not
annealed form. Interestingly, the signal of the annealed form is stronger than the one from
the not anneal ed form. Further investigations are necessary to explain thisincrease of the
signal intensity.

Photovoltaic devices were produced from PEOPT / PCBM (1:1) solutionsasdescribed in
the experimental section. Figure 5 showsthelogarithmically plotted I/V curves of
annealed and not anneal ed PEOPT/PCBM devices. Annealed deviceswere produced
directly by spin casting from ODCB solutions, which givesthe annealed form. The l/V
curves presented in Figure 5 were recorded on devices with semitransparent Al
electrodes. It isworth to note, that the anneal ed device shows an unusual highfilling
factor (FF ~ 0.49). FF of this magnitude are usually only observed in organic bilayer
structures. The V. of the not annealed device (~ 0.65 V) can not be explained by a
simple metal isolator metal picture, since the differencein the work functions between
the ITO and the Al isapp. 0.4eV. More sophisticated models are necessary to explain
thisobservation [9].
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CONCLUSION

Thisnovel class of regioregular thiophenesisapromising candidate for photovoltaic
devices. Chargetransfer within the bulk of the anneal ed phase PEOPT / PCBM
composite was shown, however |/V characteristics of photovoltaic cells show higher
photocurrents and photovoltagesfor the not annealed form. Further optimization of the
PV devicesin the annealed form is necessary to utilize the red shifted absorption of this
material.

1
101 ot annealed: l,. = -0,48 mA/cm?
Vuc = 0v62 \ /_;’

~ -
=
L
<
E
=
o
5
o
] N
= V, =038V
T L. FF =049
0 1074 ‘

-1,0 -0,5 0,0 0,5 1,0

Voltage [V]



ACKNOWLEDGEMENT

Thiswork is performed within the Christian Doppler Foundations dedicated laboratory on
Plastic Solar Cellsfunded by the Austrian Ministry of Economic Affairs and Quantum
Solar Energy Linz Ges. m. b. H. Thework isfurther supported by the “ Fonds zur
Forderung der wissenschaftlichen Forschung” of Austria,(Project No. P-12680-CHE), the
Magistrat Linz and the Netherlands Organization for Energy & Environment (NOVEM).

REFERENCES

1K.Yoshinoetal., Jon. J. Appl. Phys. 27, L716 (1988).
2M. J. Winokur et al., Synth. Met. 28, C419 (1989).
3W. R. Salaneck et al., J. Chem. Phys. 89, 4613 (1988).
4 M. Leclerc et al., Chem. Phys. B 101, 10075 (1997).
5 N. Hosaka, H. Tachibana, N. Shiga, M. Matsumoto, Y. Tokura, Phys. Rev. Lett.
82:1672 (1999).
6 R. D. McCullough, R. D. Lowe, J. Chem. Soc. Chem. Commun. 70: 1992 (1992).
7 N. S. Sariciftci, L. Smilowitz, A. J. Heeger and F. Wudl, Science, 258: 1474, 1992.
8G.Yu, J. Gao, J. C. Hummelen, F. Wudl, A. J. Heeger, Science 270: 1789, 1995. C. J.
Brabec, F. Padinger, J. C. Hummelen, R. A. J. Janssen, N. S. Sariciftci, Synthetic Met.
102, 861(1999). C. J. Brabec, F. Padinger, N. S. Sariciftci, J. C: Hummelen, J. Appl.
Phys., 85, 6866 (1999).
9 C. J. Brabec, T. Fromherz, F. Padinger, N. S. Sariciftic, J. C. Hummelen, R. A. J.
Janssen, to be submitted.
10 M. Berggren, O. Ingands, G. Gustafsson, J. Rasmusson, M. R. andersson, T.
Hjertberg, O. Wennerstrom, Nature 372, 444 (1994). M. R. Andersson, W. Mammo,
T. Olinga, M. Svensson, M. Theander, O. Inganés, Synth. Met, to be published. M. R.
Andersson et. al, Advanced Materials 10 (1998) 774.
11 J. C. Hummelen, B. W. Knight, F. Lepec, F. Wudl, J. Yao, C.L. Wilkins, J. Org.
Chem., 60 (1995) 532.



