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Introduction

Organic solar cells are promising candidates for utilising
solar energy due to their adjustable chemical structure and
ease of processing for large area photovoltaic panels.'?
Based on organic semiconductors commonly in organic/
polymer blends with band-gap from 1.4 eV to 3 eV," these
materials absorb a small fraction of the solar spectrum. One
approach to overcome this limitation is by stacking cells of
different band-gaps in tandem. However, new materials and
devices with a narrower band-gap require careful design,??
and understanding the diffusion dynamics is required to
enhance the efficiency of the solar cells. Development of
new and efficient organic devices has also been limited due
to poor stability even after the encapsulation to protect
from oxidation.* In this note, the extensively studied blend
Poly(3-hexyl)thiophene-2,5-diyl: [6,6]-phenyl C,, butyric acid
methyl ester (P3HT: PCBM) is characterised via steady-state
and time-resolved spectroscopy.

Methods and Materials

Photoluminescence excitation, emission and electro-
luminescence spectra were measured using an FLS980
Fluorescence Spectrometer equipped with a 450 W Xe
lamp and double excitation and emission monochromators.
Gratings blazed at 250 nm and 750 nm were used on the
excitation and emission arms, respectively. Higher diffraction
orders were filtered by the integrated long wave-pass filters
in the FLS980. A photomultiplier tube detector (PMT-980)
and an NIR-PMT (PMT-1700) were used.

For time-resolved measurements, a picosecond pulsed di-
ode laser (EPL-445) and a Ti-Sapphire laser (Coherent Verdi
G10, 10W and Mira 9200, 200 fs, 76 MHz) were used. The Ti-
Sapphire output was passed through a pulse picker resulting
in repetition rate of 4.75 MHz and then frequency doubled
to provide excitation at 445 nm. The fluorescence emission
was detected by a micro-channel plate PMT detector
(MCP-PMT). All three required detectors were simultaneous-
ly fitted in the ports available in the FLS980.

Poly(3-hexyl)thiophene-2,5-diyl  (P3HT) and [6,6]-phenyl
C,, butyric acid methyl ester (PFCBM) in 1:1 were dissolved
in o-dichlorobenzene (Sigma-Aldrich, 240598) in a 17 mg/
ml solution and stirred for 12 h at 50°C.> This solvent was
used due to its high boiling point at 180°C to assist structural
ordering upon drying and further improve charge transport.

The solution was spin-coated on quartz discs for 30 s at
1000 rpm, left for 2 h to cool down in a culture dish and
finally annealed at 150°C for 10 min. To prevent exposure to
air, the coated films were encapsulated with UV-cured epoxy
on a quartz slide. The solution preparation, spin coating, an-
nealing of the samples and encapsulation were done inside
the glovebox at 0.1 ppm H,0 and O,
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Results - Discussion

Figure 1 displays the normalised excitation and emission
spectra of the air-exposed and encapsulated P3HT: PCBM
samples. The emission spectra are similar before and after
encapsulation with peaks at 720 nm. However, the excitation
spectra of the air-exposed sample monitored at 720 nm,
display the main peak at 600 nm and a shoulder around 450
nm, as well as additional peaks at 220 nm and 280 nm for
the encapsulated sample originating from the epoxy used.
The excitation spectra agree with absorbance spectra with
absorption from PCBM from 200 nm-400 nm and at 400 nm-
600 nm from P3HT.”®
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Figure 1: Excitation and emission spectra of air-exposed and encapsulated
P3HT: PCBM solar cells. The inset displays a photo of the encapsulated solar
cell.

The fluorescence decays of the P3HT. PCBM samples are
shown in Figure 2. The decay of the air-exposed sample was
fitted in a single exponential of lifetime 46.84 ps which is
significantly lower than the encapsulated sample with 647.20
ps. The lifetime of the encapsulated sample agrees with this
of pristine P3HT,*>” which indicates that in this sample the
polymer has not been quenched by PCBM.
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Figure 2: Fluorescence decays of air-exposed and encapsulated P3HT: PCBM
solar cells.
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The normalised electroluminescence (EL) spectra of the
encapsulated sample at different driving currents are
shown in Figure 3. A blue-shift of the spectrum is observed
for increasing injection current, associated with increased
population of higher energy states.™
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Figure 3: Electroluminescence spectra of encapsulated P3HT: PCBM device.
In the inset, a photo of the encapsulated device is shown.

Conclusion

P3HT: PCBM solar cells have been characterised via
photoluminescence and electroluminescence spectroscopy.
The photoluminescence excitation spectra are in agreement
with the absorption spectra. Time-resolved measurements
in the picosecond range revealed the quenching state
of the fullerene by the polymer, which is essential for the
development of organic solar cells with new materials. In
addition, a blue-shift of the electroluminescence spectrum
is observed for increasing current injection.

ANJP”Z MANUFACTURED

WITH PRIDE IN THE
P! uNITED KINGDOM

References

[1] Gunes, S., Neugebauer, H. & Sariciftci, N. S. Conjugated
Polymer-Based Organic Solar Cells. Chem. Rev. 107, 1324—
1338 (2007).

[2] Ameri, T.,, Dennler, G., Lungenschmied, C. & Brabec, C.

J. Organic tandem solar cells: A review. Energy Environ. Sci.
2, 347-363 (2009).

[3] Shaw, P. E., Ruseckas, A. & Samuel, I. D. W. Exciton Diffusion
Measurements in Poly(3-hexylthiophene). Advanced
Materials 20, 3516-3520 (2008).

[4] Burrows, P. E. et al. Reliability and degradation of organic
light emitting devices. Applied Physics Letters 65, 2922-2924
(1994).

[5] Kim, Y. et al. Composition and annealing effects in
polythiophene/fullerene solar cells. J Mater Sci 40, 1371-
1376 (2005).

[6] Dang, M. T. et al. Polymeric solar cells based on P3HT: PCBM:
Role of the casting solvent. Solar Energy Materials and Solar
Cells 95, 3408-3418 (2011).

[7] Trotzky, S., Hoyer, T., Tuszynski, W., Lienau, C. & Parisi,

J. Femtosecond up-conversion technique for probing the
charge transfer in a P3HT : PCBM blend via
photoluminescence quenching. J. Phys. D: Appl. Phys. 42,
055105 (2009).

[8] Cook, S., Katoh, R. & Furube, A. Ultrafast Studies of Charge
Generation in PCBM: P3HT Blend Films following Excitation
of the Fullerene PCBM. J. Phys. Chem. C 113, 2547-2552
(2009).

[9] Piris, J. et al. Photogeneration and Ultrafast Dynamics of
Excitons and Charges in P3HT/PCBM Blends. J. Phys. Chem.
C 113, 14500-14506 (2009).

[10] Tvingstedt, K. et al. Electroluminescence from Charge
Transfer States in Polymer Solar Cells. J. Am. Chem. Soc.
131, 11819-11824 (2009).

For more information, please contact:
T: +44 (0) 1506 425300  E: sales@edinst.com

F: +44 (0) 1506 425 320  W: www.edinst.com

Words and logos marked with ® or ™ are registered trademarks or trademarks owned by EDINBURGH INSTRUMENTS Limited. Other brands and names mentioned herein may be the trademarks of their respective owners. Neither the whole nor

any part of the information contained in, or the product described in, this document may be adapted or reproduced in any material form except with the prior written permission of the copyright holder.



