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Purpose of the visit:

The research and development pace for organic devices have been steadily increasing due to the special properties of the organic semiconductors.  Simple chemical designing can lead to significant property control as one desires. More importantly, low cost, large area and flexible devices are appealing to future semiconductor market for both economic and practical reasons, as printing and coating technologies can be incorporated during the material process. 

Organic solar cells are particularly the focus of research as one of the renewable future energy sources.  Moreover, the efficiencies of organic solar cells have been improved consistently over the years giving hope for achieving comparable device performances as inorganic solar cells. Stability of the devices is one of the major issues. Biopolymers are generally much more stable than synthetic polymers. Moreover, their biocompatibility and natural growth make them the candidate for the future fourth generation solar cells. 

Melanin is a class of important bio-macromolecule, [1] which exhibits interesting physical properties.  It has a strong broad band optical absorption from ultra-violet to near infra red region, [2] extremely low quantum yield for radiation emission, [3] and quite significant electrical conductivity and photo conductivity. [4,5] Therefore it is considered to be biological semiconductor with promising future application in material science, and attracted much attention from biophysicists and soft matter physicists. However, melanin is not solvable in usual standard solvents, making it very difficult to do structural characterization. Recent advances in synthesis method, [6] purification technique, [7] thin film growth [8-9] and ultra fine imaging, [10] again boosted the research activities on melanin system for establishing the structure and function relations. 

For device application, high quality thin films should be obtained.  Only recently it was reported that device quality melanin thin films can be realized. No device has been fabricated [11]. 

The aim of the visit is to realize first organic solar cells based on Melanin biopolymer by exploiting its optical absorption and photoconductive properties.  

Description of the work carried out during the visit

Initial effort was given to find suitable solvents for Melanin. Many different types of organic or aqueous solvents were applied. Only polar solvents such as DMSO (Dimethylsulfoxid) and DMF (2,5 Dimethylfuran) were proved to be good solvents for Melanin. Atomic Force microscopy measurements were carried out to investigate the film structure. We tried to fabricate solar cell devices. Since there are some difficulties in realizing the device in short visit period, we made use of our stay here to work in parallel on another interesting antracene based copolymer system [12]. Detailed study on improvement of the cell efficiency was performed.  

Description of the main results obtained

For Melanin based solar cells, PEDOT:PSS as a hole transport layer, which also guarantee avoiding shorting for ITO contacts is not suitable for DMSO solvent. Therefore, we had to go head with ITO substrate, which gives us the shorting problem. The thickness of the film can’t be controlled well, as the evaporation temperature of the DMSO is rather high. Close collaboration with chemists are necessary for functionalizing the melanin to make it solvable in apolar organic solvents, which also make bulk hetero-junction structure possible.  Hence we in parallel studied the antracene based copolymer system in order to correlate the polymer structure (side chain) and device performance.    Chemical structures of the three types of polymers are given below: 
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CUL007 or An.1.1.1.1 ( DEL5 new): R = R1 = octyl and /or 2-ethylhexyl: Mn = 16000 g/mol, Mw = 38000 g/mol.( From Jena: Mn = 19000 g/mol, Mw = 36000 g/mol.)
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CUL008 or An.1.1.2.0: R = R1 = octyl, R2 = 2-ethylhexyl. Mn = 68400 g/mol, Mw = 136200g/mol. (from Jena)

DEL16 or An.1.1.0.2: R = octyl, R1 = R2 = 2-ethylhexyl. Mn = 11500 g/mol, Mw = 26100 g/mol (from Jena).

The main difference is the linear or branched side chains they contain, which can affect solubility, pi-pi stacking as well as planarity of the polymer back bone.  

Optical absorption is given in Fig. 1.
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Clear red shift of the absorption maximum of CUL007 is observed, indicating higher degree of planarity of the polymer backbone. 

Polymer and PCBM bulk heterjuction active layer solar cells were prepared using different weight ratios. Fig. 2 shows the cell structure we applied. 
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J-V characterization and cell efficiency parameters for CUL007 sample are given in Fig.3 and table 1. 
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Table 1:  Cell efficiency parameters of the solar cells with CUL007:PCBM active player:
	CUL007: PCBM
	ISC (A)
	VOC (mV)
	FF (%)
	CE (%)

	0,4:1
	7.1E-4
	850
	50
	3.0

	0,5:1
	4.1E-4
	750
	33
	1.0

	0,6:1
	6.8E-4
	750
	38
	1.95

	0,7:1
	8.8E-4
	800
	40
	2.8

	1:1
	3.4E-4
	700
	39
	0.92


J-V characterization and cell efficiency parameters for DEL16 sample are given in Fig.4 and table 2. 
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Table 2:  Cell efficiency parameters of the solar cells with DEL16:PCBM active player:

	DEL16: PCBM
	ISC (A)
	VOC (mV)
	FF (%)
	CE (%)

	0,4:1
	3.1E-4
	700
	35
	0.76

	0,5:1
	3.1E-4
	750
	41
	0.94

	0,6:1
	3.1E-4
	750
	38
	0.87

	0,7:1
	2.4E-4
	700
	31
	0.52

	1:1
	1.3E-4
	600
	30
	0.24


J-V characterization and cell efficiency parameters for CUL008 sample are given in Fig.5 and table 3. 
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Table 3:  Cell efficiency parameters of the solar cells with CUL008:PCBM active player:

	CUL008: PCBM
	ISC (A)
	VOC (mV)
	FF (%)
	CE (%)

	1:1
	1.5E-4
	600
	27
	0.24

	0,4:1
	3.1E-4
	650
	32
	0.65

	0,5:1
	3.5E-4
	700
	30
	0.74

	0,6:1
	3.6E-4
	800
	32
	0.92

	0,7:1
	4.1E-4
	750
	29
	0.90


Weight ratio is optimized to yield maximum 3% solar cell efficiency. Although the polymer structure is similar with slight side chain difference, solar cell performance is rather different. It can be attributed to the side chain effect, which either induces backbone planarity or pi-pi stacking distance. 

Projected publications/articles resulting or to result from your grant:
For antracene based polymers, we have done mobility measurements. Photoelectron spectroscopy and X-ray diffraction measurements are planned. With these results, we will try to give a complete picture about side chain effect on polymer structure and device performance. The results are projected to be submitted for publication in two months time.   
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Figure1: Normalized Optical Absorption of the samples CUL007, CUL008, DEL16 as well as P3HT films.





Figure2: Solar cell structure used in our work. 





Figure3: J-V curves of the solar cells of CUL007:PCBM active layer with different weight ratio (under illumination of AM 1.5, 100mW/cm2). 





Figure4: J-V curves of the solar cells of DEL16:PCBM active layer with different weight ratio (under illumination of AM 1.5, 100mW/cm2). 





Figure 5: J-V curves of the solar cells of CUL008:PCBM active layer with different weight ratio (under illumination of AM 1.5, 100mW/cm2). 
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