”PPV Derivative with Phthalocyanines (Pc) Covalently Bonded”



                                                                               


Purpose of the visit

Besides a possible improvement in efficiency of organic solar cells by incorporation of push-pull dipoles as side chains on the conjugated PPV backbone, PPV derivatives bearing phthalocyanine (Pc) molecules as pendant groups are promising candidates for electron and energy transfer processes applied to photovoltaic devices. Pc’s are characterized by an outstanding stability, high polarizability and interesting optical properties. After all, one of the biggest existing hurdles to reach high-efficiency photovoltaic devices with conjugated polymers is the mismatch between the absorption spectrum of the organic semi-conductors and the solar spectrum. The absorption bandwidth of PPV-type materials is too narrow to absorb a large fraction of the solar spectrum. While the photon flux of the AM1.5G solar spectrum peaks around 700 nm, PPV-type polymers absorb strongly over the wavelength range 350-650 nm. Pc’s on the other hand, absorb strongly in the area where the photon flux of the AM1.5G solar spectrum peak is maximum. Therefore, they act as efficient antennas which collect the solar light by the harvest of light in the lower region of the visible spectrum, leading to a better match with the solar spectrum of the polymers. By covalently attaching Pc-molecules to a polymer backbone, the PC’s may play the role of photo-sensitizer, allowing the formation of excitons within the polymeric framework by energy transfer.

Covalently linking Pc, with an azide group (from Universidad Autónoma de Madrid), to PPV, with an acetylene group (from Hasselt University), can be done using click chemistry.
Description of the work carried out during the visit

The general scheme of the reaction between PPV and Pc, using click chemistry, is shown in figure 1. The reaction was done in several different conditions.
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figure1: general scheme of click reaction between PPV and Pc
The solvent for the click reaction was THF because both, PPV and Pc, are good soluble in this solvent. THF was dried and degassed before using. As coupling agents was chosen for either CuI with the ligand 2,6-lutidine, with or without sodium ascorbate in H2O (2 M), or CuSO4·5H2O in H2O with sodium ascorbate in H2O. All reactions were done at reflux temperature. 
Reactions with CuI

A solution of PPV and THF was heated to reflux temperature. After cooling to room temperature Pc, 2,6-lutidine and CuI (and sodium ascorbate) were added to the mixture. 

In table 1 the different conditions of the reactions with CuI are summarized.
	
	reaction 1
	reaction 3
	reaction 4
	reaction 5

	THF
	(ml)
	20
	15
	15
	10

	PPV
	(mg)
	50
	50
	50
	50

	
	(mol ≡)
	1.72 · 10-5
	1.72 · 10-5
	1.72 · 10-5
	1.72 · 10-5

	Pc
	(eq)
	0.7
	1.1
	1.1
	2.5

	
	(mg)
	10.6
	16.6
	16.6
	37.8

	CuI
	(eq)
	0.7
	1.1
	1.1
	2.5

	
	(mg)
	2.3
	3.6
	3.6
	8.2

	2,6-lutidine
	(eq)
	0.2
	0.2
	0.2
	0.2

	
	(mg)
	0.3
	0.3
	0.3
	0.3

	sodium ascorbate (2M)
	(drops)
	0 + 3 + 5 *
	√
	3
	√

	reaction time
	hours
	2 + 2 + 16 *
	48
	48
	42


*: 2 hours without sodium ascorbate, 2 hours with sodium ascorbate and another 16 hours with 5 extra drops of sodium ascorbate.
table 1: reactions with CuI
Reaction with CuSO4·5H2O and sodium ascorbate

A solution of PPV and THF was heated to reflux temperature. After cooling to room temperature Pc, CuSO4·5H2O and sodium ascorbate were added to the mixture. 

In table 2 the conditions of the reaction with CuSO4·5H2O is summarized.

	
	reaction 2

	THF
	(ml)
	15

	PPV
	(mg)
	50

	
	(mol ≡)
	1.72 · 10-5

	Pc
	(eq)
	0.7

	
	(mg)
	10.6

	CuSO4·5H2O (0.001 g/ml)
	(eq)
	0.05

	
	(ml)
	0.21

	sodium ascorbate (0.001 g/ml)
	(eq)
	0.1

	
	(ml)
	0.34

	reaction time
	hours
	48


table 2: reactions with CuSO4·5H2O
Work up of the reactions

The work up of the reactions is all the same. First, the THF is evaporated under reduced pressure and the crude product is redissolved in CH2Cl2. To remove CuI, the reaction mixture is extracted with NH4OH (2 x 20 mL) and water (2 x 20 ml). Subsequently, the amount of CH2Cl2 was diminished until 10 mL. This solution is precipitated drop wise in cold MeOH (100 mL). The resulting copolymer is filtered off and washed with acetone. To remove the excess of Pc, the copolymer is washed with acetone and filtered off (3 x 100 ml). After the last filtration, a TLC (eluent hexane/THF 2/1) is taken from the copolymer to see if there is any Pc left. If this is ok, the copolymer is dried.
Description of the main results obtained

All the polymers are characterized with UV/Vis spectroscopy, in solution (THF). This is because both, the PPV and Pc, are visible on different wavelengths. The results are presented in figure 2.
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figure 2: the normalized absorption in function of the wavelength

PPV has a λmax of 510 nm and the λmax of Pc is 677 nm. For reactions 1, 3, 4 and 5 the PPV and the Pc are present. For reaction 2 there was almost no Pc visible. As a conclusion, reaction 3 and 5 are the best. These two reactions are further investigated by NMR-spectroscopy, but this is still in progress.

Future collaboration with host institution

Because the functionalization is not complete, it is useful to connect even more Pc to the PPV. We will try to do that.

Drs. Duchateau Jan

Institute of Materals Research (IMO)
Hasselt University

Agoralaan 1, SBG/OS, Building D 
3590 Diepenbeek, Belgium
Period of stay 24/11/2008 till 05/12/2008

Host Institution:
Departamento de Química Orgánica - Facultad de Ciencias
Nanoscience and molecular materials research group
Universidad Autónoma de Madrid
28049 - Cantoblanco
España

_1289911503.bin

_1289999223.bin

