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Introduction
Poly(3-alkylthiophene)s (P3AT)s are soluble conjugated polymers, applied as a hole conducting or p-type material in the active layer of the bulk heterojunction plastic solar cells. Especially poly(3-hexylthiophene) (P3HT) is one of the workhorse materials, together with the soluble C60 derivative, i.e. Phenyl-C61-Butyricacid-Methylester ([60]PCBM), used as electron acceptor or n-type material. The synthesis of P3ATs is well documented and can be achieved using various synthetic routes. Experience in the field of synthesis of functionalized P3HT has been gathered at the University of Hasselt. 
The functionalized P3AT copolymer which is used in this report is synthesized at the Hasselt University. It is a novel functionalized polythiophene (PT) copolymer with 3HT, produced using the Rieke method, yielding a material with regio-regularity of more then 90%. Such materials have a tendency to crystallize upon annealing, favouring high energy conversion efficiency in solar cells. The functionalized polymers have a comparable degree of regio-regularity as P3HT synthesized with the same method, so that the material properties and hopefully also the performance in organic solar cells of the novel PTs are minimally degraded due to insertion of functional groups. Introduction of functional groups on the polymer side chains allows to explore the possibilities of several secondary functionalities on this material. Copolymers of P3HT containing acid functionalities in the side chain were prepared. The acid functionalities can be coupled to complementary functional groups. This way, RR P3ATs functionalized with an alkyne bond can be obtained. 
The purpose of the visit to Madrid is to further functionalize a polythiophene copolymer containing alkyne functions in the side chain by reaction with a phtalocyanine (Pc) compound bearing an azide function. This way we mean to broaden the absorption window of the material, with a possible beneficial influence on the performance in plastic solar cells.

Purpose of the visit
One of the limitations of plastic solar cells is the narrow absorption window of the solar spectrum. Light with only a certain range of wavelength is absorbed. A possible way to increase efficiency in plastic solar cells is to broaden the absorption window of the polymer material. Since P3HT absorbs light with wavelengths ranging from 400-600nm (figure 1), the addition of a Phthalocyanine absorbing in the 600-700 nm region will cause an increased absorption of energy from the sunlight. A material with a broader absorption spectrum could capture more energy from sunlight. This could lead to a higher photocurrent in a solar cell and an increased efficiency.
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Figure 1: UV-Vis absorption spectra of Pc in solution and P3HT in solution (left) and in film (right) 
Combining an azide functionalized Phthalocyanine, developed at the Universidad Autonoma de Madrid, and a polymer containing an acetylene function synthesized at the Hasselt University, we will link both molecules using “click chemistry”. The reaction between a C≡C bond and an azide function is known to proceed with a high yield. The goal of the visit is to produce a phtalocyanine-functionalized regioregular polythiophene (Figure 1) in Madrid. This material will be able to absorb a higher range of wavelengths compared to P3HT and can be tested afterwards in an organic solar cell.
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Figure 2: Synthesis of phtalocyanine- functionalized polythiophene
Obtained results
The chosen reaction conditions reflect several considerations and are adapted from literature procedures. Because the copolymer and Pc should both be soluble in the reaction medium, THF was chosen as solvent. THF is degassed by sonicating while an Argon flow is sent continuously through the solvent. The polymer and Pc are dissolved in THF before adding the copper containing compound, 2,6-lutidine as a ligand and an aqueous sodium ascorbate solution if necessary.
In an attempt to obtain a complete functionalization of the alkyne bonds present in the copolymer side chains, we varied the experimental reaction conditions. After work-up and verification with thin layer chromatography (TLC) of the absence of residual non-reacted phtalocyanine molecules, a UV-Vis spectrum was recorded of each sample. The batch where the highest absorption was observed at 675nm was analyzed by 1H-NMR.
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Figure 3: UV-Vis absorption spectrum of polymer-Pc solution in THF
The reaction conditions of several batches are displayed in table 1, equivalents are calculated with respect to the number of alkyne functions present in 50mg of the copolymer.
Table 1: Number of equivalents added of the reactants for several experiments

	
	Pc
	Cu
	NaAscorbate
	2,6-lutidine
	THF

	A
	0.7
	0.7 CuI
	1 drop*
	0.2
	15 ml

	B
	0.7
	0.05
	0.1
	
	15 ml

	C
	1.5
	1.5
	8 drops*
	0.2
	10 ml 

	D
	1.5
	1.5
	
	0.2
	10 ml

	E
	2.5
	2.5
	
	0.2
	5 ml


*: 2M solution in water
Using 1H-NMR, we could determine that for experiment A, 1/3 of the alkyne functions present in the polymer reacted. For experiment E, no signal of the methylene protons next to the alkyne bond are visible in the reaction product. Using the conditions of reaction E, functionalization of the alkyne bonds present in the polymer side chains is complete. 
The reaction product E, with the highest Pc-functionalization degree, is dissolved in CHCl3 and a Uv-Vis spectrum of a polymer film, dropcasted and evaporated to the atmosphere, is recorded. In film, the relative absorption of the polymer is higher due to stacking of the conjugated polymer backbone. The absorption of the Pc moiety is still clearly visible around 670 nm. Thus, also in polymer film, the absorption window is broadened. The shoulder in the polymer absorption spectrum, visible at 600nm, diminishes upon covalent linkage with the Pc molecule. This means that the structural order in the film is disrupted because of the presence of the Pc moieties. How this will influence the morphology in a blend with an electron acceptor and the performance in a plastic solar cell, will be evaluated. 
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Figure 4: UV-Vis spectra of polymer and polymer-Pc film
Future collaboration with host institution
As a consequence of the positive outcome of the experiments in Madrid, some other experiments will be performed. Since in the solid phase the absorption intensity of the Pc is lower compared to the PT, a polymer with a higher degree of functionalization will be prepared. This way we will be able to determine how the percentage of Pc present on the copolymer influences the absorption spectrum, film morphology and solar cell performance.
Publication of the results obtained during the visit
Once the influence of the Pc degree of functionalization on absorption, film morphology and solar cell performance is clear, the results can be published. 
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