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ESF - Short Visit Grant - Final Report
Purpose of the visit:
Preparation of dye-sensitized solar cells
As I mentioned in my research proposal, we designed and synthesized three heteroleptic Ru(II)bis(bipyridyl)(NCS)2 dyes carrying different para-substituted triphenylamine donor-antenna groups (cf. figure 1). These dyes comprise of an efficient anchoring group to guarantee a proper connection between the dye and the mesoporous TiO2 surface, two NCS-groups to cause a bathochromic shift of the absorption spectra and novel donor-antenna groups. The donor groups cause very high extinction coefficients and as a consequence of this a distinctive light harvesting behaviour. Furthermore, the triphenylamine donors are in para-position covalently connected to H-atoms or different alkoxy-groups.


[image: image2.wmf]
Figure 1: Structures of the synthesized Ru(II)bis(bipyridyl)(NCS)2 donor-antenna dyes.

It was my purpose to test the performance of these dyes in dye-sensitized solar cells at the Ecole Polytechnique Fédérale de Lausanne. For this reason I wanted to prepare and measure solid-state dye-sensitized solar cells comprising of FTO coated glass, mesoporous TiO2, the Ru-dyes and spiro-OMeTAD as hole transport layer (plus additives). Additionally, I wanted to prepare and test dye-sensitized solar cells using a liquid electrolyte as hole transport material. Furthermore, it was my purpose to test the dyes in solar cells containing gel electrolytes. 
Description of the work carried out during the visit:

During my one week long stay at the EPFL, I could accomplish nearly the whole planed work. That involved the preparation of solid-state as well as liquid type dye-sensitized solar cells. The preparation of dye-sensitized solar cells using a gel electrolyte as hole transport material was not possible due to lack of time. 
For the whole stay at the EPFL, I was allowed to work together with Dr. Jun-Ho Yum and Mrs. Soo-Jin Moon. Dr. Yun-Ho Yum supported me in the preparation of liquid type dye-sensitized solar cells. Together with him, I was able to prepare four conducting electrodes which were sensitized with the synthesised dyes (2 x MH4 and 2 x KW31). Afterwards, the solar cells were completed by fixing the counter electrode and filling the free space between the electrodes with a liquid electrolyte. After the preparation, we measured the characteristic parameters: short-circuit current density (Jsc), open-circuit voltage (Voc) and the fill factor (FF). After the determination of the solar cell efficiency (), the incident-photon-to-current-efficiency (IPCE) was measured. Meanwhile the preparation of these liquid type solar cells, Mrs. Soo-Jin Moon showed me how to prepare solid-state dye-sensitized solar cells. Together with her, I prepared eight solid-state solar cells comprising of partly etched FTO coated glass, a blocking TiO2 layer, a nanocrystalline mesoporous TiO2 layer, the synthesised Ru-dyes and spiro-OMeTAD as hole transport layer (plus additives). For the application of the mesoporous TiO2 layer on top of the blocking layer I used two different methods: doctor blading and screen printing. The used technique of the application of the mesoporous layer did not cause a difference in the thickness or any other property of this layer. The purpose of the utilization of these two methods was to learn both techniques. The first two doctor-bladed substrates were sensitized with MH4, KW31 whereas the second doctor-bladed electrodes were sensitized with mixtures of the dyes (KW31:MH4  = 9:1, and KW31:HW580 = 9:1). After finishing the solar cell preparation, the characteristic parameters were measured (i.e. Jsc, Voc and FF were measured,  was calculated and the IPCE was determined). In contrast, the four screen printed electrodes were sensitized just with the pure dyes (2x MH4 and 2 x KW31) and a different solvent was used for the sensitization process. The performance of these cells was measured as well.  

Description of the main results obtained:

In conclusion, I studied the production process of solar cells at the EPFL in detail and learned a lot about the single preparation steps, the used materials as well as the used equipment. It was possible to prepare both, solid-state and liquid type dye-sensitized solar cells of the synthesised dyes. The characteristic parameters of all prepared solar cells are summarized in the following table:

 Tabelle 1: summary of the efficiencies of the prepared dye-sensitized solar cells

	hole-conductor
	thickness of the mesoporous layer [µm]
	sensitizer
	solvent
	efficiency  [%]

	liquid electrolyte (I-/I3-)
	9 (screen printing)
	MH4
	DMF
	7.75

	liquid electrolyte (I-/I3-)
	11(screen printing)
	MH4
	DMF
	6.98

	liquid electrolyte (I-/I3-)
	9 (screen printing)
	KW31
	DMF
	7.18

	liquid electrolyte (I-/I3-)
	11(screen printing)
	KW31
	DMF
	6.39

	solid (spiro-OMeTAD +additives)
	2 (doctor blading)
	KW31
	DMSO:EtOH = 1:9
	0.83

	solid (spiro-OMeTAD +additives)
	2 (doctor blading)
	MH4
	DMSO:EtOH = 1:9
	2.39

	solid (spiro-OMeTAD +additives)
	2 (doctor blading)
	KW31:MH4  = 9:1
	DMSO:EtOH = 1:9
	0.20

	solid (spiro-OMeTAD +additives)
	2 (doctor blading)
	KW31:HW580 = 9:1
	DMSO:EtOH = 1:9
	0.47

	solid (spiro-OMeTAD +additives)
	2 (screen printing)
	MH4
	DMF
	1.10

	solid (spiro-OMeTAD +additives)
	2 (screen printing)
	MH4
	DMF
	1.11

	solid (spiro-OMeTAD +additives)
	2 (screen printing)
	KW31
	DMF
	1.53

	solid (spiro-OMeTAD +additives)
	2 (screen printing)
	KW31
	DMF
	1.17


The results show clearly that MH4 and KW31 are efficient sensitizers for liquid cells. It becomes also obvious that dye mixtures lower the efficiency and that the solvent used for the sensitization has a great influence on the solar cell efficiency.
These preliminary tests of the synthesised dyes used as sensitizers in SDSCs as well as DSCs showed promising results in not yet optimised systems with potential for further improvement. 
Future collaboration with host institution (if applicable):
To optimize the dye-uptake for both types of solar cells (liquid as well as solid) and hence the efficiency, I left 20 mg of each dye at the EPFL. Dr. Jun-Ho Yum is going to optimize both, the solvent used for the sensitization and the dipping duration. When this work is finished, solid-state dye-sensitized solar cells will be prepared again by Mrs. Soo-Jin Moon. I am looking forward to the results of the dyes in an optimized system. 
Exact Travel Time:

from 19.07.2009 to 24.07.2009

Travel costs:

flight costs

368.88 Euro





hotel costs

515.00 Euro





train tickets

45.60 CHF (= 30.55 Euro)







914.43 Euro
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