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In this work, we report the synthesis of the asymmetrical β-diketone 1-(thiophen-2-yl)-3-(thiophen-3-yl)propane-1,3-dione (HL) and its corresponding bis(β-diketonate)copper(II) complex [Cu{1-(thiophen-2-yl)-3-(thiophen-3-yl)-1,3-propanedionate} 2 ] (CuL 2 ), isolated in 60 and 86% yields, respectively. These two new compounds have been characterized by elemental analysis, FT-IR and UV-Vis spectroscopy and, in the case of HL, by 1 H and 13 C NMR spectroscopy. Additionally, both compounds were authenticated by X-ray diffraction analysis.

The β-diketone HL exists as its keto-enol tautomer both in solution and in the solid-state with the -OH group adjacent to the 3-thienyl unit. The CuL 2 is essentially flat and the Cu(II) center adopts a perfect square planar geometry. The CuL 2 modified electrode was fabricated through the electropolymerization of the monomer in a 0.1 M of tetrabutylammonium tetrafluoroborate (TBATFB) in anhydrous acetonitrile solution, in the potential window -1.0 V to 1.6 V. The thin film Pt|(CuL 2 ) n modified electrode response was studied employing a 0.1 M of TBATFB solution in CH 3 CN. Likewise, the potentiostatic method was also employed to synthesize the films on Fluorine Doped Tin Oxide electrode (FTO). Images from the electrode surface were obtained using Scanning Electron Microscopy (SEM).

Introduction

β-diketones and their transition metal complexes [1] are of current interest because they are easily synthesized, functionalized in three sites of the ligand molecule [2], and they exhibit a variety of pharmacological applications [3] and properties that have made them useful for catalysis in organic reactions [4], and as materials for applications in electroluminescent materials in various emerging optoelectronic and photonic technologies, v. g., LEDs devices [5]. In addition, these compounds exhibit attractive building block features for the preparation of Metal Organic Frameworks (MOFs) [6] and as precursors of polydentate Schiff base ligands [7,8]. So far, there are a lot of β-diketone ligands with features including polymerizable groups such as thienyl and there derivatized rings. Those latter compounds are of particular interest for obtaining covalent coupling of a metal complex to a polymer backbone because they can be electropolymerized [9]. The advantages of this last methodology are well known and include the formation of films whose thickness can be modulated through, for example, modifying electrochemical parameters, changing the nature of the electrolyte support or the nature of the used working electrodes. Thus, it is possible to obtain, in a fast and easy way, modified electrodes to be used in electrocatalytic processes or as potential materials for the manufacture of optoelectronic devices.

In this context, we describe here the electrochemical behavior of a bis-(β-diketonate complex) of copper(II) (CuL 2 ), in which the β-diketonate ligand (L) is asymmetrically substituted with two thienyl groups, and its ability to form deposits via electropolymerization. Herein, our work deals (i) with the synthesis, the spectroscopic characterization and the crystal and molecular structures solved by X-ray diffraction analysis of the new β-diketone 1-(thiophen-2-yl)-3-(thiophen-3-yl)propane-1,3-dione (HL) and its corresponding copper(II) complex CuL 2 (see structures in Scheme 1), and (ii) with the preparation and characterization of (CuL 2 ) n deposits obtained by electropolymerization of the monomeric species. To the best of our knowledge, polythienyl bearing β-diketonate complexes have not been described in the literature or deposited on an electrode using an electrochemical oxidation process.

Experimental section

General experimental methods

Reactions were performed under dry dinitrogen atmosphere using standard Schlenk technique. Solvents were dried and distilled under dinitrogen by standard methods prior to use [START_REF] Armarego | Purification of Laboratory 776 Chemicals[END_REF]. All chemicals were purchased from commercial sources and used without further purification. FT-IR spectra were recorded from KBr disks on a Perkin Elmer model 1600 FT-IR spectrophotometer, in the 4000-450 cm -1 range. Electronic spectra were recorded in CH 2 Cl 2 in a Shimadzu UV-1800 spectrophotometer. 1 H and 13 C NMR spectra were obtained in (CD 3 ) 2 CO on a Bruker 300 FT-NMR spectrometer at 298 K. Chemical shifts (d) are reported in parts per million (ppm) and referenced to the residual deuterated solvent peaks [(CD 3 ) 2 CO: 1 H δ = 2.06 ppm, 13 C δ = 28.96, 205.25 ppm]. 1 H and 13 C NMR chemical shift assignments are supported by data obtained from 1 H-1 H COSY and 1 H- 13 Melting points were measured in evacuated capillaries on a Kofler Bristoline melting point apparatus and were not corrected. For electrochemical experiments, anhydrous acetonitrile (CH 3 CN, 99.8%, Aldrich) stored over molecular sieves and tetrabutylammonium tetrafluoroborate (TBATFB, 99.0% Aldrich) previously dried at 120 °C, were used as solvent and supporting electrolyte, respectively. All electrochemical measurements were accomplished on a Voltalab PG2100 potentiostat at r. t. (20°C) under high purity argon atmosphere, in a threecompartment, three-electrode anchor-type electrochemical cell. A platinum disk (0.07 cm 2 geometric area) was used as working electrode, a platinum wire coil of large geometric area as counter electrode and Ag|AgCl in KCl solution, as reference electrode.

Synthesis of 1-(thiophen-2-yl)-3-(thiophen-3-yl)propane-1,3-dione (HL)

A Schlenk tube was loaded with a magnetic stirrer, 2.0 g (15.5 mmol) of 3acetylthiophene 98%, 2.02 g (15.8 mmol) of potassium tert-butoxide 95% and 30 mL of dry THF. After 30 minutes of stirring at r. t.,18.4 mmol) in 20 mL of THF was added dropwise to the orange mixture. Stirring was continued for 5 h, after which time the reaction was quenched by addition of water (10 mL) to dissolve the slurry suspension and 30 mL of 1.0 M aqueous HCl. The resulting solution was stirred for additional 30 min, and extracted with diethyl ether (3x20 mL). The extracts were combined, dried over MgSO 4 and concentrated under vacuum. The resulting residue was purified by silica gel chromatography (9/1 hexane/ethyl acetate as eluent). The yellow band was collected and slow evaporation of the solvents overnight afforded 2.10 g (60% yield) of HL as light yellow crystalline solid. A suitable single crystal was selected from this crop for X-ray diffraction analysis. J H-H =5.0, 1.3 Hz, 1 H, H-4 3-Th), 7.63 (dd, J H-H =5.1, 3.0 Hz, 1 H, H-5 3-Th), 7.27 (dd, J H-H =5.0, 3.9 Hz, 1 H, H-3 2-Th), 6.99 (s, 1 H, CH=C). 13 

Synthesis of the bis-β-diketonato complex, CuL 2

A Schlenk tube equipped with a reflux condenser was charged with a magnetic stirrer, 200 mg of HL (0.85 mmol), 78.4 mg of copper(II) acetate 98% (0.42mmol) and 20 mL of ethanol. The reaction mixture was refluxed for 2 h. Upon cooling to r. t., a green solid was formed and filtered off, washed with water, ethanol and diethyl ether and dried under vacuum to afford 193.4 mg (86.3% yield) of CuL 2 . Suitable single crystals for X-ray diffraction analysis were obtained by slow evaporation of a dichloromethane solution, at r. t. M. p. 295 °C. Anal. calcd. for C 22 H 14 CuO 4 S 4 (534.15 gmol -1 ): C ,49.47;H,2.64;S,24.01;Found: C,49.49;H,2.46;S,26.12. FT-IR (KBr, cm -1 ): 3103.5 (w) v(C-H arom), 1559 (s), 1534 (vs), v(C … O andC … C), 767 (m), 707 (w) δ(C-H out-of-plane th).

X-ray crystal structures determination

Crystallographic measurements for HL were carried out at T = 150(2) K on a APEXII Bruker-AXS diffractometer equipped with a bidimensional CCD detector, using graphite monochromated Mo-Ka radiation (l = 0.71073 Å). X-ray intensity data for CuL 2 were collected at 150(2) K on a D8 VENTURE Bruker AXS diffractometer equipped with a myltiplayers monochromated Mo-Ka radiation (l = 0.71073 Å) and a CMOS Photon100 detector. For each compound, a crystal of appropriate size was coated in Paratone-N oil, mounted on a Kaptan loop and transferred to the cold gas stream of the cooling device. The structures were solved by direct methods using SIR97 program [START_REF] Altomare | [END_REF], and then refined with full-matrix least-square methods based on F 2 (SHELXL-97) [12], with all non-hydrogen atoms being refined anisotropically. The disorder observed for the thiophene fragments in the two compounds was modelled using three sites for the sulphur atoms in each thienyl ring. In HL, the enol H atom was found by difference synthesis and refined isotropically. All the other hydrogen atoms were included in calculated positions and were refined as riding atoms with isotropic displacement parameters. A summary of the details about crystal data, collection parameters and refinement are documented in Table 1, and additional crystallographic details are in the CIF files. ORTEP views are generated using OLEX2 [13]. 

Electrochemical synthesis and characterization

Polymer films were deposited by potentiodynamic method (CV) under the previously optimized experimental conditions, namely potential window -1.0 V to 1.6 V, scan rate 0.05 Vs -1 (twenty consecutive cycles). The working solution consisted of 1.0 mM CuL 2 and 0.1 M TBATFB in anhydrous acetonitrile. Subsequently, the Pt|(CuL 2 ) n modified electrode response was studied employing a 0.1 M TBATFB solution in CH 3 CN. Finally, potentiostatic method was also employed to synthesize the films on Fluorine Doped Tin Oxide (FTO) electrode, and images from the electrode surface were obtained on a fifty LEO VP1400 Scanning Electron Microscope (SEM).

The optimization of the electro-synthesis process of Pt|(CuL 2 ) n was carried out by CV varying the potential window on Pt electrode, the supporting electrolyte, the solvent, and concentration. The most appropriate conditions in this case are those indicated in the preceding paragraph. Potentiostatic method was also employed to synthesize the films on FTO electrode, with the aim to perform the morphological analysis of the surface. Working under the same experimental conditions used for CV measurements, it was found that the suitable oxidation potential to polymerize by potentiostatic perturbation (chronoamperometry) is 2.3 V.

Results and discussion

Synthesis and characterization

As shown in Scheme 1, the new asymmetric β-diketone HL was prepared in 60% yield as a yellow solid, following a slightly modified procedure reported in the literature [14]. Its bis(βdiketonate) copper(II) complex CuL 2 was isolated in 86% yield, as green microcrystalline powder upon reaction of the protonated ligand HL with copper(II) acetate (2:1 stoichiometric ratio) in refluxing ethanol (Scheme 1).

Scheme 1 Synthesis of β-diketone HL and its corresponding bis(β-diketonate)copper(II) complex CuL 2 .

Both compounds are air and thermally stable and exhibit rather good solubility in DMSO, THF, CH 2 Cl 2 , acetone, acetonitrile but are insoluble in alcohols and hydrocarbons. Their compositions and identities were deduced from satisfactory elemental analysis, 1 H and 13 C NMR spectroscopy (HL) and absorption spectroscopy. In addition, the crystal and molecular structures of HL and CuL 2 were determined by single-crystal X-ray diffraction analysis (see below).

The The electronic absorption spectra in the UV-visible region for HL and CuL 2 were recorded in CH 2 Cl 2 solution (Fig. 2). Upon deconvolution of the spectra with Gaussian curves, the two experimental absorption bands in HL give rise to a set of three transitions, while the four experimental absorption bands in CuL 2 give rise to a set of five transitions (Table 2). The lowerenergy absorption bands in HL are assumed to originate from intraligand p-p* transitions, which are slightly shifted towards lower energies in CuL 2 because of increased p delocalization in the chelate ring. In addition, the band at 306 nm observed for the CuL 2 complex is assumed to originate from ligand-to-metal charge transfer (LMCT), while the broad band observed at 635 nm is due to d-d transitions and is indicative of the square-planar Cu(II)-complexes with D 4h symmetry [START_REF] Lever | Inorganic Electronic Spectroscopy[END_REF]. 

X-ray Crystallographic Study

Diffraction-quality single crystals for X-ray structure investigation were obtained for the dicarbonyl derivative HL and for its copper(II) complex CuL 2 by slow evaporation of solutions of the compounds in n-hexane/ethyl acetate mixture and dichloromethane, respectively. Molecular structures of HL and CuL 2 with partial atom labelling scheme are displayed in Figs. 3 and4, respectively. Crystal data for the structures of HL and CuL 2 are summarized in Table 1, and selected bond distances and angles are listed in Table 3. Both compounds crystallize in the monoclinic centrosymmetric P2 1 /c space group with in each case, a single molecule in the asymmetric unit. All close intermolecular contacts correspond to van der Waals interactions. In both compounds, orientational disorder of the thienyl rings is observed with the sulphur atoms in each thienyl ring occupying three sites.

In β-diketone HL, the planes of the 2-thienyl ring and of the 3-thienyl ring make similar angles of 6.45 and 6.65°, respectively, with the plane of the enol ring. Thus, the three units can be considered to be approximately coplanar taking into account the large thermal motion in the molecule. The molecular parameters indicate the formation of a single enol form rather than a tautomeric equilibrium between the two enol forms in the solid state. The two C-O and two C-C bond lengths in the enol ring are significantly different (Table 3). Indeed, the C(5)-O(1) (1.277(3) Å) and C( 6)-C(7) (1.381(4) Å) bonds display double bond character, while the C(7)-O(2)

(1.311(3) Å) and C(5)-C( 6) (1.418(4) Å) bonds exhibit single bond character (Fig. 3) [21]. Those bond lengths as well as the bond angles (see Table 3) in the backbone of the enol ring are in agreement with those measured for the other reported thienyl-containing β-diketone compounds [19,22]. , Ph [19]) and was explained by the electron-withdrawing power of the CF 3 group and a larger angle observed between the phenyl and enol planes, respectively. In the present case, the dihedral angles between the aromatic rings and the enol plane are identical within the experimental error, giving rise to similar conjugation between the two different thienyl moieties and the pseudo-aromatic enol core. Thus, the resonance driving force arguments [23] do not apply here. A possible explanation could come from a stronger interaction between the sulfur atom of the 2-thienyl ring with the carbonyl oxygen (S … O(1) = 2.959(3) Å) than between the 3-thienyl sulfur and enol oxygen atoms (S … O(2) = 3.94(2) Å), albeit the role of packing forces could not be excluded. 4) 3) indicates the latter is behaving as a delocalized metallacycle. The C(5)-C( 6) and C( 6)-C(7) bond lengths were found to be 1.396(4) and 1.395(4) Å, respectively. These values are typical of C-C partial double bonds 

O(1)-C(5) 1.277(3) 1.286(3) O(2)-C(7) 1.311(3) 1.283(3) O(2)-H(2C) 0.895(19) - Bond angles O(1)-Cu(1)-O(1) #1 - 180.0 O(2)-Cu(1)-O(2) #1 - 180.0 O(1)-Cu(1)-O(2) - 93.59 (8) 

Electrochemical polymerization

Preparation of modified electrode Pt|(CuL 2 ) n by cyclic voltammetry (CV) and chronoamperometry

Voltammetric profiles recorded by CV, corresponding to the electro-synthesis of (CuL 2 ) n on Pt, is shown in Fig. 5a. After several optimization attempts, varying monomer concentration, supporting electrolyte, potential window, solvent, etc. it was established that the appropriate window for the electropolymerization of CuL 2 , in the electrolytic medium employed, was in the range -1.0 and 1.6 V on Pt electrode. Fig. 5 shows in this case a current density increases from cycle 1 to 20, which means the formation of polymeric deposit occurs without electrode surface passivation, i. e. it is possible that the polymer displayed conductivity.

Fig. 5b shows the voltammetric response of CuL 2 polymer (Pt|(CuL 2 ) n modified electrode) by scanning between 1.2 and -1.0 V at 100 mVs -1 , in a solution without monomer, which revealed that the deposit has not been over-oxidized, therefore, its chemical characteristics should be very similar to that of polythiophene [25,26]. In fact, the color of (CuL 2 ) n is light brown like a polythiophene deposit (Fig. 5b). Also it is possible to observe the p-doping (Ecp) and p-undoping (Eap) peak potentials, representing respectively the amount of energy required for (CuL 2 ) n becoming positively charged, adsorbing anions from the solution, and its reverse discharge process expelling the anions. The p-doping charge is 1.38 mC cm -2 and that of pundoping is 1.39 mC cm -2 (both charges referenced to the geometric area of the support electrode, i. e. 0.07 cm 2 ), so the process of p-doping/undoping or charge/discharge of this polymer can be considered fully reversible, since the charge quotient is very close to one. This property is very interesting for future applications, like extraction process from contaminated solutions [27][28][29].

This response also shows two small peaks in anodic (pox) and cathodic (pred) direction, respectively. The difference between Epox (0.053V) and Epred (-0.600 V), 0.54 V, suggests a quasi-reversible electrochemical process, given by Cu ion inside the polymer, however, it looks very little because of overlapping with the polymer response. Subsequently, (CuL 2 ) n was electro-synthesized by chronoamperometry on FTO electrode, in order to determine the Nucleation and Growth Mechanism (NGM), and to observe the surface by SEM. To this purpose, a constant potential of 2.3 V was applied for 500 s. The analysis of the transient recorded during this electrosynthesis process (Fig. 6) enables to appreciate a significant difference in the nucleation and growth induction time (t), being much higher for CuL 2 than other monomers like thiophene, reported elsewhere [30][31][32][33]. This can be explained considering the steric demand of CuL 2 (Fig. 4) which renders difficult the formation of oligomers and thus the delay in High Density Oligomeric Region (HDOR) [30][31][32][33]. After time t, when nucleation occurs, the figure in the insert of Fig. 6 shows time-current deconvolution of the transient recorded during 60 s of polymerization, in order to determine the NGM by which the deposit is formed, as described in similar studies [30][31][32][33]. The equation that enabled deconvoluting this transient responds to the following equation [START_REF] Pletcher | Robinson in Instrumental Methods in Electrochemistry[END_REF]:

j = P 1 [1-exp(-P 2 t 2 )] (1) 
wich corresponds to an instantaneous nucleation with charge-controlled three-dimensional growth (IN3Dct) mechanism. P 1 and P 2 corresponds, respectively, to

P 1 = nFk P 2 = pN o k 2 M 2 /r 2
where n is the number of electrons involved, F is the Faraday constant, k is the growth rate constant, N o is the nuclei number formed at t = 0, M is the monomer molar mass, and r is the film density. Values of P 1 and P 2 that allowed accurate simulation of the experimental transients are 2.036•10 -5 and 1.47•10 -3 , respectively. A clear correlation between experimental and simulated transients is observed and, consequently, this NGM would be reliable. 

SEM Characterization

To determine deposit morphology and particularly to validate the simulations leading to NGM determination, SEM was utilized to characterize the coating (Fig. 7): a fully coated electrode (Fig. 7a) by a deposit formed of regular particles with uniform size is clearly visible in the microphotographs (Fig. 7b) [30][31][32][33][START_REF] Pletcher | Robinson in Instrumental Methods in Electrochemistry[END_REF]. 

Conclusions

The new asymmetrical β-diketone 1-(thiophen-2-yl)-3-(thiophen-3-yl)propane-1,3-dione (HL) and its corresponding bis(β-diketonate)copper(II) complex [Cu{1-(thiophen-2-yl)-3-(thiophen-3-yl)-1,3-propanedionate} 2 ] (CuL 2 ) were synthesized and characterized by analytical and spectroscopic methods as well as by X-ray diffraction study. The keto-enol form of HL was found to be predominant in solution. In the solid-state, the enol group is adjacent to the 3-thienyl fragment. In CuL 2 , the Cu(II) metal ion occupies a crystallographic inversion center and sits in a perfect square planar coordination environment made of four oxygen atoms. Electrochemical experiments have established that the formation of (CuL 2 ) n polymeric deposit occurs, with a degree of electronic communication between the organic skeleton and copper complex, thus establishing that it is possible to obtain modified electrodes from the electropolymerization of the thienyl groups attached to a β-diketonate complex. This is the first example disclosing the generation of a polythienyl-containing β-diketonate complex and its deposition on an electrode using an electrochemical oxidation process.

  C HSQC NMR experiments, and are given according to the numbering scheme of Fig. 1. Coupling constants (J) are expressed in Hertz (Hz). The following abbreviations are used to describe the signals: s = singlet, dd = double doublet, br = broad. Microanalyses were conducted on a Thermo-FINNIGAN Flash EA 1112 CHNS/O analyzer by the Microanalytical Service of the CRMPO at the University of Rennes 1, France.

  C NMR (75.48 MHz, (CD 3 ) 2 CO): δ 183.3 (C=O), 176.2 (CH=C), 142.2 (C-3 3-Th), 137.9 (C-2 2-Th), 133.5 (C-3 2-Th), 131.1 (C-5 2-Th), 129.9 (C-2 3Th), 128.5 (C-4 2-Th), 127.2 (C-5 3-Th), 125.8 (C-4 3-Th), 93.3 (CH=C).

Fig. 1

 1 Fig. 1 Labeling scheme used for NMR assignments

  more salient features of the solid-state FT-IR spectrum of the β-diketone HL are: (i) the presence of a band at 3422 cm -1 assigned to the ν(O-H) stretching vibration, and (ii) a broad and strong band at 1572 cm -1 attributed to the C … O and C … C stretching modes, clearly showing the existence of the keto-enol tautomeric form[15,16]. In the spectrum of complex CuL 2 , the ν(O-H) vibration vanished while the broad one splitted into two intense sharp bands at 1560 and 1534 cm -1 . Moreover, they are shifted to lower wave numbers, consistent with the coordination of the Cu(II) center to the oxygen atoms of the β-diketonate ligands and with an increased quasiaromaticity of the six membered chelate rings[17]. In addition, the two absorption bands observed for HL in the 785-708 cm -1 region, due to the substituted thienyl rings[18], are virtually unchanged in the spectrum of the CuL 2 complex, thus indicating that the thiophene sulfur atoms are not coordinated to the Cu(II) center.Meanwhile, the 1 H NMR spectrum of HL recorded in deuterated acetone solution at 298 K, showed a broad signal at 16.3 ppm and a sharp singlet at 6.99 ppm, each resonance having an integral value of 1 H, due to the intramolecularly hydrogen bonded enolic proton and the methine proton, respectively, demonstrating that the enol form, stabilized by intramolecular hydrogen bonding, predominates in solution with a population of ca. 95%. Those chemical shift data do not, however, indicate the dominant structure of the enol tautomer in solution, which can be either (2-Th)-C(OH)=CHC(O)-(3-Th) or (2-Th)-C(O)CH=C(OH)-(3-Th). The behavior of HL slightly contrasts with the 18/82 diketone/keto-enol ratio reported byConradie et al. [19] for the symmetric 1,3-bis(thiophen-2-yl)-propane-1,3-dione in CDCl 3 . However, the solvents are different, and we have previously observed complete enolization of a diketone/keto-enol mixture on passing from chloroform to acetone, a more polar solvent [16b]. In addition, each of the six magneetically non equivalent protons of the two different thienyl rings showed up as a double doublet between 8.37 and 7.27 ppm (see Section 2.2 for complete assignments).The13 C NMR spectrum confirms both the asymmetry of the molecule and the existence of the keto-enol isomer in solution with two carbonyl carbon signals at 183.3 ppm (C=O) and 176.2 ppm (=C-OH), and that of the methine carbon at 93.3 ppm. In agreement with the proposed structure, the magnetically non equivalent thienyl carbons give rise to eight lines in the range 142.2 to 125.8 ppm (see Section 2.2 for complete assignments).

Fig. 2

 2 Fig. 2 Experimental UV-vis spectra of HL (top) and CuL 2 (bottom: UV (left), vis. (right)) recorded in CH 2 Cl 2 solution at 20 °C

Fig. 3

 3 Fig. 3 Molecular structure of the β-diketone HL with partial atom numbering scheme. Hydrogen atoms have been omitted for clarity. Thermal ellipsoids are drawn at 50 % probability.

O

  with the Cu(II) metal ion occupying a crystallographic inversion center and coordinated by an ideal square planar geometry of four oxygen atoms (Fig. 4). The O-Cu-O diagonal angles are equal to 180°. The structure shows that the β-diketonate ligands are coordinated to copper(II) in a bidentate fashion. They form two six-membered chelate rings with O(1)-Cu(1)-O(2) bite angles of 93.59(8)°. The similarity within the pairs of Cu-O, C-C bond lengths, and Cu-O-C, O-C-C bond angles in the chelate ring (Table

[

  21]. The mean Cu-O distance is 1.913(2) Å which lies in the range previously reported for bis(βdiketonate)Cu(II) complexes [24]. As a whole, the molecule is essentially flat. By symmetry the CuO4 core is a perfect plane. Deviations of the C(5),C(6) and C(7) carbon atoms of the βdiketonate backbone from the CuO 4 least-square mean plane are 0.180, 0.236 and 0.117 Å, respectively. The maximum deviation (0.616 Å) is measured for the C(1C)carbon of the 2-thienyl group. The 2-thienyl and the 3-thienyl rings make dihedral angles of 8.31 and 6.47°, respectively, with the plane of the metallacycle.

Fig. 4

 4 Fig. 4 Molecular structure of the CuL 2 complex with partial atom numbering scheme. Hydrogen atoms have been omitted for clarity. Thermal ellipsoids are drawn at 50 % probability.

Fig. 5

 5 Fig. 5 (a) Voltammetric profiles during CuL 2 electro-polymerization; interface: Pt|0.01 molL -1 CuL 2 + 0.1 molL -1 TBATFB in CH 3 CN; v = 50 mVs -1 . (b) Polymer of CuL 2 on Pt disc: Pt|(CuL 2 ) n . (c) Pt|( CuL 2 ) n response in 0.1 molL -1 TBATFB in CH 3 CN; v = 100 mVs -1 .

Fig. 6 j

 6 Fig. 6 j/t transient registered during CuL 2 electro-polymerization on FTO. Interface: Pt|0.01 molL -1 CuL 2 + 0.1 molL -1 TBATFB in CH 3 CN.

Fig. 7

 7 Fig. 7 FTO|(CuL 2 ) n SEM images with magnifications (a) 10 and (b) 3 μm.

  

  

  

Table 1

 1 Crystallographic data, details of data collection and structure refinement parameters for

	compounds HL and CuL 2		
		HL	CuL 2
	Empirical formula	C 11 H 8 O 2 S 2	C 22 H 14 CuO 4 S 4
	Formula mass (g mol -1 )	236.29	534.11
	Collection T (K)	150(2)	150(2)

Table 2

 2 Electronic Spectral Data for HL and CuL 2

	Compd.	λ max / nm (log e)
		(CH 2 Cl 2 )
		267 (4.98)
	HL	347 (5.38)
		370 (5.21)
		269(4.33)
		306(4.15)
	CuL 2	363(4.61)
		393(3.68)
		635(1.99)

Table 3

 3 Selected bond distances (Å) and angles (°) for compound HL and CuL 2

	HL	CuL 2
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Appendix A. Supplementary data CCDC 1509142 for HL and 1509143 for CuL 2 contain the supplementary crystallographic data for this paper. These data can be obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data Centre, 12, Union Road, Cambridge CB2 1EZ, UK; fax: +44 1223 336033; or e-mail: deposit@ccdc.cam.ac.uk.

Electropolymerization of the β-(diketonate)copper(II) complex (illustrated) allows the fabrication of modified electrodes; a film was also synthetized on Fluorine Doped Tin Oxide electrode using potentiostatic methods, and the morphology of the deposit was studied by Scanning Electron Microscopy.