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Purpose of The Visit

The initial study of conjugated polymers originated in the late 1970’s with the discovery that polyacetylene could become highly conducting when chemically doped. Further research has led to the study of other π-conjugated polymers, such as polythiophenes and polypyrroles, among others. Early work in this field held the hope that these types of polymer systems would serve as replacements for highly conductive metals, such as copper and aluminum for electrical transport or battery electrodes. However, due to the instability of these systems when highly doped, other more practical uses have been realized such as thin film transistors 1, sensors 2, light emitting diodes 3, electrochromic devices 4 and photovoltaics 5. Solar cells based on conjugated polymers are extensively investigated up to date. Although there have been many materials used in organic photovoltaics, the search for materials with improved properties continues. In this context, we have synthesized two new donor/acceptor (D-A)type conjugated polymers(fig.1). Pyrrole bearing D-A type polymers are rare in literature6-8. PGGPY has a p-type behaviour which is confirmed by cyclic voltammetry(CV) and spectrophotometry.It has a low band gap of 1.6 eV. PHTBT is both p and n-type dopable conjugated donor-acceptor polymer which is also confirmed both electrochemically and optically. PHTBT is a strong donor when used with PCBM((6,6)-phenyl-C61-butyric acid methyl ester).
The aim of this visit is to determine the band gaps of PGGPY and PGGHT and to fabricate solar cells using these polymers in the active layer  as donor materials for organic solar cells. My first plan was to characterize two pyrrole bearing D-A type polymers. However; polymerization of the second planned molecule couldn’t be completed due to solubility problems. As a result, I have studied with another donor/acceptor type polymer bearing 3-hexylthiophene as the donor unit.
1. Description of the Work Carried Out During The Visit
Experimental

Absorption spectra were recorded on a Varian Cary UV-Vis Spectrophotometer. Thin films for UV–vis measurements were spin cast on glass from ortho-dichlorobenzene (ODCB) solutions containing 5mg of PHTQ and 10mg of

PCBM (in the case of 1:2)/ml. All current-voltage characteristics of the photovoltaic devices were measured (using a Keithley SMU 236) in glowbox system after production. A Steuernagel solar simulator for AM 1.5 conditions was used as the excitation source with an input power of 100 mW/cm2 white light illumination. 
The basic parameters describing the performance of  a solar cell can be deduced from a current-voltage (I-V) curve (fig. 2).
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Figure 2. 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 largest9. The power conversion efficiencies of the solar cells were calculated according to the following formula:
Equation 1:
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Equation 2:
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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 spectrum10. Impp and Vmpp are the current and voltage at the maximum power point in the fourth quadrant of the current-voltage characteristics. 
The spectrally resolved photocurrent was measured with an EG&G Instruments 7260 lock-in amplifier. The samples were illuminated with monochromatic light of a Xenon lamp. The  incident photon to current efficiency (% IPCE) was calculated according to the following equation:
Equation 3:
IPCE % = Isc * 1240 / Pin *λincident
where Isc (mA/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 l (nm) is the incident photon wavelength11.
2.
Results obtained from the visit

Cyclic Voltammetry

Repeated scan cyclic voltammograms of PGGPY and PGGHT are shown below.
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Fig 3. Cyclic Voltammograms of the polymers (PGGPY and PHTBT)  in Acetonitrile (ACN)/Tetrabutylammonium Hexafluorophosphate (TBAPF6) solvent/electrolyte system.
HOMO-LUMO levels of two polymers are Summarized in table 1. These polymers were synthesized and oxidatively polimerized (chemical polymerization) using FeCl3 previously in our group. It is not possible to calculate the electrochemical bandgap of PGGPY since it is not n-type dopable. 

	
	     HOMO (eV)
	    LUMO (eV)
	Electrochemical
Band gap(eV)
	Optical

Band gap(eV)

	PHTBT
	-5.24
	-3.26
	2.55
	2.3

	PGGPY
	-5.17
	---
	---
	1.6


Table 1: The HOMO and LUMO energy levels, the electrochemical band gap and the optical band gap
1.1 Absorption and Photoluminescence 
In order to determine the optical band gap of the molecules from the lower energy transition, absorption spectra were taken in thin films. To do so;PGGPY,PHTBT and PHTBT:PCBM solutions (1:1, 1:2, 1:3, 1:4, 1:5, 1:6, 2:1, 3:1 ratios w:w in 1ml solvent) were dissolved in the same solvent, i.e. chlorobenzene and coated onto glass.These films were also used for PL measurements. 
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Fig. 4: Absorption spectrum as a function of wavelength: a) PGGPY thin film b) PHTBT film and the blends with PCBM.
For PHTBT, the disappearance of luminescence of the mixture 1:6 (w:w) by a factor of 10 can be attributed to a charge seperation between the polymer and the PCBM.
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Fig. 5: PL quenching between PHTBT and PCBM.

Fabrication of solar cells

PHTBT:

Solar cells were prepared as following: As substrates, glass sheets of 1.5x 1.5 cm2 covered with ITO, from Merck KG Darmstadt, were used with an ITO thickness of about 120 nm and sheet resistance < 15 Ωcm-2.

The ITO was patterned by etching with an acid mixture of HClconc:HNO3conc:H2O (4.6:  0.4: 5) for ~ 30 min. The part of the substrate which forms the contact is 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 coated on the glass–ITO substrate, and dried under a dynamic vacuum. 

PHTBT was synthesized in our laboratories previously. 5 mg of PHTBT dissolved in 1 mL cholorbenzene and mixed with PCBM ((6,6)-phenyl-C61-butyric acid methyl ester) with 1:1, 1:2, 1:3, 1:4,1:5,1:6, 2:1, 3:1 (w:w) ratios. The blends were spin cast on PEDOT:PSS covered ITO glasses and 100 nm Aluminum (Al) was evaporated as top contact. (see Fig.6)
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Fig. 6: Schematic description of the bulkheterojunction organic solar cell.
Several solar cells are constructed according to the configuration above. PHTBT revealed strong donor property when used with PCBM. I-V characteristics of the devices were measured. Fig. 7 represents the current/voltage behaviour of the solar cells including PHTBT in the active layer. 1:1, 1:2, 1:3, 1:4 ratios are shown below and among them 1:3 (PHTBT:PCBM) showed the best performance. The cell has an open circuit voltage (Voc) of 850 mV, short circuit current density (Jsc) of 2.35 mA/cm2 and a fill factor of 0.29.
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Fig. 7: Current-Voltage characteristics of a bulk heterojunction organic solar cell consisting of PHTBT and PCBM in dark and under simulated solar illumination (AM 1.5).
Table 2 summarizes the results obtained from the PHTBT:PCBM blends. As seen, 1:3 ratio has the best Voc and the Jsc compared to other mixtures. 
	   PHTBT:PCBM blend ratios
	Voc (mV)
	Jsc (mA/cm2)
	FF

	1:1
	600
	0.52
	0.26

	1:2
	800
	2.13
	0.33

	1:3
	850
	2.35
	0.29

	1:4
	750
	2.22
	0.31


Table 2:  Solar Cell performances for PHTBT:PCBM.
PGGPY:

For PGGPY, only 1:2 and 1:3 blends were prepared due to limited amount of material. 

The obtained data are shown in Fig.8.
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PGGPY showed very low short circuit current and open circuit voltage compared to PHTBT. Due to its poor solubility in chlorobenzene, homogeneous films couldn’t be achieved.
These results also confirmed from the Induced Photon to Current Efficiency (IPCE). Comparing the spectral response of the solar cells and the optical absorption spectra of the components of the devices, information on the charge-generation mechanism can be obtained. It is used to obtain information on the number of photons of different energy that contributes to charge generation in the solar cell 12. Fig. 9 shows the IPCE obtained for the blends with PHTBT:PCBM and PGGPY:PCBM. The % IPCE plot exhibits a maximum photocurrent contribution of ca. 30% at around 450 nm for PHTBT blends and 3% for PGGPY. Using these data it can be confirmed that excited photons are converted to photons and it is maximum at the corresponding maximum wavelengths.It is noted that the spectrum lies over a wide range of wavelengths, 350–900 nm. It can be clearly seen that optical absorption and IPCE spectra both match.
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Fig. 9: IPCE % plot for PHTBT:PCBM and PGGPY:PCBM blends as a function of wavelength.
3.Future Collaboration
Based on the exciting results and facilities of the host institute, I will certainly continue to collaborate with LIOS to go one step further in characterization of new materials and to come up with new ideas with the people at LIOS.It was an honour to be a part of the Prof. Sariciftci’s research group for 9 weeks and during these visit I lernt that experience is what you get,when you don’t get what you want.
4.Projected publications/articles 

These results will be my master thesis and these studies will be published separately for the two materials .

5.Other comments
I would like to thank European Science Foundation organizing comittee and the members for giving this chance to researchers to catch up with Europe and  believing in young scientists.I also would like to thank to Prof. Rasit Turan and Solar Energy Reseacrh and Development Center (GÜNAM) for their support and help.
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