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Title: ORGANIC SOLAR CELLS USING LIQUID CRYSTALS
Objectives: Bulkheterojunction polymer solar cells continue to be of interest due to their low cost and easy of fabrication .Power conversion efficiency of 4~6 % was reported in single bulk heterojunction polymer solar cell using conjugated polymer and fullerene derivatives. In order to enhance efficiency, a lot of effort has been made to develop new organic material and new device architecture. Recently, Heeger et al reported power conversion efficiency of 5% in organic solar cells based on regioregular P3HT in the combination with PCBM [1]Crystallinity  of P3HT attributed to the high quantum efficiency of the cell.Annealing is one  of the promising methods to improve the crystallinity of P3HT[2].
We have chosen to use P3HT and PCBM  for solar cells fabrication because these are well known and widely studied materials for efficient organic photovoltaic devices. In this work, we use comparative optical and electrical techniques to probe the properties of organic solar cells fabricated from P3HT and PCBM bulk-heterojunction by adding liquid crystals. Our first aim was, improve the P3HT/PCBM solar cells efficiency with adding liquid crystals. Because of this we have studied two different liquid crystals (Lc1 and Lc2). 
In this work we used the cell structures of ITO/PEDOT:PSS/P3HT-PCBM/Lif/Al(as a reference) ,ITO/PEDOT:PSS/Liquidcrystal-P3HT-PCBM/Lif/Al, ITO/PEDOT:PSS/P3HT/C60/Al and ITO/PEDOT:PSS/P3HT:Liquid crystal/C60/Al This study  includes the investigation of the photovoltaic properties of two  new liquid crystals (S)-5-Octyloxy-2[{4-(2-methylbutoxy)-phenylimino}methyl]phenol (EY6,Lc1) and 1,3-Bis{4-[11-(dimethylsilane)undecenyloxybenzoyloxy] benzoyloxy}benzene (CY53,Lc2).  Liquid crystals were synthesized by Assoc. Prof. Dr. Belkız Bilgin Eran (Yildiz Technical University of Turkey, Chemistry Department) and her students.

Visit Report

This report is based on the results of the scientific research which was performed at Linz Institute for Organic Solar Cells (LIOS) to achieve the objectives above which were proposed to European Science Foundation (ESF) before the visit. The liquid crystals used in this study were synthesized by Assoc. Prof. Dr. Belkız Bilgin Eran and  her  coworkers. These studies can be summarized as following:

1. Description of the work carried out during the visit
1.1  Characterization of a Solar Cell

The basic parameters describing the performance of  a solar cell can be deduced from a current-voltage (I-V) curve (see figure 1). 
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Figure 1. Current-voltage characteristics of a solar cell.
In the dark, there is almost no current flowing, until the contacts start to inject heavily at forward bias for voltages larger than the open circuit voltage. (a) Short-circuit current condition where the maximum generated photocurrent flows (b) Flat band condition where the photogenerated current is balanced to zero. The fourth quandrant (between (a) and (b)) the device generates power. At maximum power point (MPP), the product of current and voltage is the largest.11
The photovoltaic power conversion efficiency of a solar cell is determined by the following formula:
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where Voc is the open circuit voltage, Isc is the short circuit current, FF is the fill factor and Pin is the incident light power density, which is standardized at 1000 W/m2 for solar cell testing with a spectral intensity distribution matching that of the sun on the earth`s surface at an incident angle of 48.20, which is called the AM 1.5 spectrum.12 Impp and Vmpp are the current and voltage at the maximum power point in the fourth quadrant of the current-voltage characteristics.

2. Experimental

As substrates, glass sheets of 1.5x 1.5 cm2 covered with ITO were used with an ITO thickness of about 120 nm and sheet sheet resistance < 25 Ωcm-2.
The ITO was patterned by etching with an acid mixture for 30 min. The part of the substrate which forms the contact was covered with a scotch tape preventing the etching. The scotch tape was removed after etching and the substrate was then cleaned by using acetone in an ultrasonic bath and finally with iso-propanol. An aqueous solution of poly(3,4-ethylenedioxythiophene)–poly(styrenesulfonate) (PEDOT:PSS) was spin cast on the glass–ITO substrate, annealed 140oC 5 min. then dried under a dynamic vacuum. 
Two  different new liquid crystals which we used in this study below: 
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Lc1(EY6): (S)-5-Octyloxy-2[{4-(2-methylbutoxy)-phenylimino}methyl]phenol.
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Lc2(CY53): 1,3-Bis{4-[11-(dimethylsilane)undecenyloxybenzoyloxy] benzoyloxy}benzene.
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Figure 2. Chemical Structures and phase transition temperatures of the investigated Liquid crystals (Lc1 and Lc2).
All current–voltage (I–V) characteristics of the PV devices were measured (using a Keithley SMU 236) under nitrogene in a dry glove box immediately after production. A Steuernagel solar simulator, simulating AM1.5 conditions, was used as the excitation source with an input power of 100 mW/cm2 white-light illumination.
The spectrally resolved photocurrent was measured with a EG&G Instruments 7260 lock-in amplifier. The samples were illuminated with monochromatic light from a Xenon lamp. The incident photon to current efficiency (% IPCE) was calculated according to the following equation:

IPCE (%)= 
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where Isc ( μA/cm2) is the measured current under short-circuit conditions of the solar cell,

Pin (W/m2) is the incident light power, measured with a calibrated silicon diode, and λ (nm) is the incident photon wavelength.
3. Results 
3.1 Photovoltaic Results of Lc1/P3HT/PCBM and Lc2/P3HT/PCBM Blend Solar Cells
Figure 3. shows the untreated and treated photovoltaic characterization of the withLc1/P3HT:PCBM withoutLc1:P3HT:PCBM  solar cells.
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Figure 3. Treated and untreated current-voltage characteristics of solar cells.

a) without Lc1 untreated b)without Lc1 treated c)with Lc1 untreated d) with Lc1 treated 
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Figure 4. Current-voltage characteristics of different concentrations of liquid crystal (Lc1) in P3HT:PCBM solar cells.
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We see from the figure 3and figure 4 that very small amount of Lc1 improved the current voltage characteristics in P3HT:PCBM solar cells.
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Figure 5. Current-voltage characteristics of different concentrations of liquid crystal (CY53,Lc2) in P3HT:PCBM solar cells.

We see from the figure 5 that different concentration of Lc2 decreased the current voltage characteristics in P3HT:PCBM solar cells.
3.2 Incident Photon to Current Efficiency (IPCE) of Lc1(EY6):P3HT:PCBM Solar Cells
The percent IPCE is the percentage of electrons, measured under short-circuit current conditions, which are related to the number of incident photons. It is used to obtain information on the number of photons of different energy that contributes to charge generation in the solar cell. Figure 6 shows the IPCE spectra of Lc1:P3HT:PCBM solar cells. 
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Figure 6. Treated and untreated IPCE spectra of with Lc1:P3HT:PCBM and without Lc1:P3HT:PCBM solar cells.
3.3 Photovoltaic Results of Lc1:P3HT/C60 Solar Cells
Figure 7 shows the photovoltaic characterization of the Lc:P3HT/C60 solar cells with different blend ratios. 1:5 liquid crystal to P3HT ratio, the solar cells showed the highest performance .
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Figure 7. Current-voltage characteristics of ITO/PEDOT/P3HT:Lc1/C60/Al solar cells  (a) without Lc1 (b) 1:20 (c) 1:10 (d) 1:5 blend ratio

3.4 Incident Photon to Current Efficiency (IPCE) of Lc1:P3HT/C60 Solar Cells
Figure 8 shows the IPCE spectra of Lc:P3HT/C60 solar cells with different liquid crystals to P3HT ratio. Lc1:P3HT/C60 solar cells with 1:5 ratio showed the best photovoltaic performance these cells had the highest IPCE peak value of ca 12 % at around 550 nm.
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Figure 8. IPCE spectra of Lc:P3HT/C60 solar cells with different liquid crystals to P3HT ratios.(a) without Lc, (b)with Lc1(EY6), (c) with Lc2(CY53).
4. Description of the Main Results Obtained
We prepared organic solar cells using two liquid crystals which were synthesized by Belkız Bilgin Eran and her coworkers. As compared to the liquid crystals Lc1, Lc2, Lc1showed better photovoltaic performance as cast from the same solvent. The liquid crystal Lc1 seems interesting and is worth to go for further investigations. 
5. Future Collaboration 

We will continue the collaboration with the host institute. Future collaboration includes photo physical characterization, morphology characterization and further devices with new materials.

6. Scientific Publications Resulting from Exchange Grant

These results will be published in a  paper.
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