Ahmed El 
  
Kassmi Werner Bilchner 
  
Fabienne Fache 
  
Marc Lemaire 
  
  
  
Poly(fluorinated 3-alkoxy thiophene)

INTRODUCTION

It has been shown that the modification of the thiophene monomer by introduc tion in the 3 position of an alkyl group [1][2][3], an alkylsulphonic acid group [4] or a phenyl substituent [5] gives specific properties to the new polymers [6,7]. Recently, polyalkoxythiophenes have been reported as soluble electrical conducting polymers [8][9][10]; patents have also been published on the subject, which reveal the potential industrial interest of such compounds [11,12]. At the same time, studies on poly(fluorinated 3-alkylthiophenes) have been developed [START_REF] Willoughby | Preparation, Properties and Industrial Applications of Organofluorine Compounds[END_REF] because of the re markable chemical and thermal stability of fluorinated polymers in general and with the purpose of having new monomers miscible with commercial fluoropoly mers.

Here we want to report the synthesis of alkoxyfluorinated thiophene monomers, the optimization of the conditions of their chemical and/or electropolymerisation as well as their intrinsic properties as conductive polymers.

EXPERIMENTAL

Synthesis of the monomers

We have already described the introduction of a polyfluorinated alkoxy chain on a thiophene ring [START_REF] Kassmi | [END_REF] by aromatic nucleophilic substitution catalysed by copper species. This original synthesis is summarized in Fig. 1. 

Synthesis of the polymers

Electrochemical synthesis

The electropolymerisation of these monomers was performed in a one-compart ment cell; the concentration of the monomer, the nature and the concentration of the electrolyte, the solvent and the nature of the electrodes have been optimized and will be described later. All the solutions were degassed by argon bubbling prior to electropolymerisation. After polymerisation, the films were rinsed with acetone, dried and transferred to a cell containing the electrolyte in the appropri ate solvent. All potentials refer to a saturated calomel electrode (SCE). The doping level y was calculated from the amount of charge measured during the oxidation of the polymer ( Q0 ) and the amount of charge used for the film deposition ( Qd ), using the relation y = 2 Q0/ (Qd -Q0 ).

Chemical synthesis

Doped polymer. In a three-necked flask fitted with an efficient stirrer, a thermometer and a septum, 8.9 g (54.8 mmol) of anhydrous iron(III) chloride were dissolved in 80 ml of chloroform, under nitrogen, the temperature being main tained at + 20°C. Then, 20 ml of chloroform and 2.5 g (13.7 mmol) of monomer 1 were added dropwise in 10 min. The mixture was stirred during 2 h. After filtration, the crude product was washed 5 times with 500 ml of chloroform, dried in dynamic vacuum at 20°C. 2.55 g of doped polymer 1 were obtained.

Dedoped polymer. The procedure is the same as the one described for the doped polymer, but after the 2 h stirring, the reaction mixture was poured into methanol. The resulting precipitate was filtered off, washed with methanol + water solution and filtered off again. The powder was treated with a 0. 1 M solution of NH40H in a 1/1 mixture of water + methanol. Finally, the powder was filtered off and dried in a dynamic vacuum at 20°C. 2.1 g of dedoped polymer were obtained.

RESULTS AND DISCUSSION

Poly(3-(2,2,2-trifluoroethoxy )-thiophene): poly I The optimized conditions for the galvanostatic polymerisation of monomer 1 (short chain) are summarized in Table 1 and the voltammogram of poly 1 is presented in Fig. 2. The highest doping level value we observed was 7% with a /pa//pc ratio of 1.6. As this polymer was soluble in the different solvents used for its electrosynthesis, the doping level values determined by cyclic voltammetry were representative of both the oxidation of the polymer and the synthesis yield. Nevertheless, this deposit polymer remained stable under cycling at 50 mV s-1 for several tens of cycles. The electrosynthesis yield of such a polymer was too low for large scale preparation, therefore we have realized the chemical synthesis of this polymer following the method described in the experimental part. The dedoped poly 1 thus obtained exhibits a solubility of 14 x 10-3 g 1-1 in CH3CN and 26 x 10-3 g 1-1 in THF. The conductivity of doped polymer in pressed pellets lies between 2 x 10-1 and 10-2 S cm-1• These properties (stability under cycling, solubility, conductivity) and the fact that poly 1 contains 31 % of fluorine make this new polymer very interesting for further developments.

In the case of the poly(3-(2,2,3,3,4,4,4-heptafluorobutoxy)-thiophene), its solubil ity in electrosynthesis solvents was higher than the solubility of poly 1 and therefore its study will not be discussed here. 

'Ci

Pol y(;).) The optimized conditions for the galvanostatic or the potentiostatic polymerisa tion of monomer 3 (long chain) are described in Tables 1 and2 respectively. The voltammograrn of poly 3 is presented in Fig. 2. With our optimized conditions, only one system could be observed for poly 3, but with other electrolytes like LiPF6 or NBu4S0 3 CF3, two redox systems were obtained. This is a classical result for polymers bearing an ether group in their 3 substituent. The origin of the phe nomenon is still a matter of investigation [15]. It is noteworthy that under potentiostatic conditions we obtained a higher doping level value than under galvanostatic conditions (26% instead of 21.4%). Nevertheless, under potentio static conditions the optimal potential range was very narrow: at 1.6 V /SCE, no polymerisation was observed and at 1.9 V /SCE the doping level value fell down to 9%. As quite a good doping level value had been obtained with poly 3 in optimized galvanostatic conditions, we studied the stability of this polymer synthesized under these conditions (Fig. 3): after 3000 cycles between 0 and + 1.15 V /SCE at 200 m V s -1, 70% of the electroactivity was recovered. To compare poly 3 to the well known stable polymers poly(3-methylthiophene) (16] and poly(3-octylthiophene) (17], we studied its stability under cycling at 50 m V s -1 between -0.05 and + 1. A conductivity of 1 to 10 S cmt evaluated by the four-probe measurement method was observed.

CONCLUSIONS

In summary, we have shown that it is possible to polymerize monomers with a polyfluoralkoxy chain as a 3-substituent, leading, in the case of the short chain (poly 1), to an interesting soluble material and, in the case of the long chain (poly 3), to a polymer which exhibits a high doping level and stability compared with its polyalkylated analogue.

Fig. 1 .

 1 Fig. 1. Reagents and conditions: (i) NaH, Cul, DMF, llO"C, 5 h; (ii) NaH, Cul, DME, 90°C, 15 h.

Fig. 2 .

 2 Fig. 2. Cyclic voltammograms of films of poly 1 and poly 3, prepared on Pt using 200 mC cm -2 (in NBu4PF6 +CH2Cl 2 for poly 1 and in LiC104 +CH3CN for poly 3); scan rate, 50 mV s-1.

Fig. 3 .

 3 Fig. 3. Stability under cycling of film of poly 3 in CH 3CH + LiCl04 0.1 mol 1-1 ; scan rate, 200 m V s -1; potential range, 0 -1.15 V /SCE.

  2 V /SCE. The results are summarized in Fig. 4. Poly 3 lost its electroactivity rapidly compared with the two other polymers, but after rapid stabilisation around y = 10% (after 300 cycles) it remained stable for several hundreds of cycles and then exchanged the same charge as the two other polymers. Films of 4 µm thickness have been obtained by polymerisation of monomer 3 on an ITO glass electrode covered by a thin film of 10 mC of poly(3-methylthiophene). __ _,._ _ I _.,__ _ Poly(3) � 1 d, .

Fig. 4 .

 4 Fig. 4. Comparative study of the stability of different polymers (LiCI04+CH3CH :100 mmoJ 1-1; scan rate, 50 m V s -1; potential range, -0.05 to + 1.2 V /SCE).

TABLE 1 Optimized
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	conditions of polymerisation under galvanostatic conditions
	Parameters	Poly 1	Poly3
	Solvent	CH2Cl 2	CH3CN
	Electrolyte	NBu4PF6	LiCl04
	[Electrolyte)	50	50
	/mmol l-1		
	Electrode	Pt	Pt or ITO
	[Monomer)	100	100
	/mmol 1-1 j /mA cm-2	4	1.9
	y/%	7	21.4

Conditions: scan rate, 50 mV s-1; potential range, + 0.05-+ 1.25 V /SCE. 3 40 µA t Pol y (1) .+ 1.25 E/V (SCE)
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