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During the last years, Schiff base ligands were found to be an important class of chelating agents in coordination chemistry [START_REF] Aslantas | Synthesis, spectroscopic, structural characterization, electrochemical and antimicrobial activity studies of the Schiff base ligand and its transition metal complexes[END_REF][START_REF] Bilici | Oxidative Polymerization of N 2 O 2 Type Schiff Base Monomer and Its Metal Complexes: Synthesis and Thermal, Optical and electrochemical Properties[END_REF]. These compounds have also played a considerable role in the development of chemistry. Thus, a large number of these Schiff base ligands and their complexes have been studied in the past because of their wide application owing to their interesting properties as in electrocatalysis [START_REF] Adhikari | Influence of dopant ions on properties of conducting polypyrrole and its electrocatalytic activity towards methanol oxidation[END_REF], inhibitors of corrosion [START_REF] Rizzi | Polypyrrole films on Al alloys: The role of structural changes on protection performance[END_REF], and biosensors [START_REF] Ateh | Impedimetric sensing of cells on polypyrrole-based conducting polymers[END_REF].

So, a particular interest was paid to the complexes obtained from tetradentate ligands (OONN) containing oxygen and nitrogen as heteroatom donors. However, these complexes have extensively been used as catalysts for a wide variety of reactions, including olefins epoxidation [START_REF] Kuźniarska-Biernacka | Epoxidation of olefins catalyzed by manganese(III) salen complexes grafted to porous heterostructured clays[END_REF], polymerization [START_REF] Pedeutour | Single-site Olefin Polymerization Catalysts Via the Molecular Design of Porous Silica[END_REF], oxygen activation [START_REF] Manisankar | Oxygen reduction at the surface of glassy carbon electrodes modified with anthraquinone derivatives and dyes[END_REF] and carbon dioxide [START_REF] Rios-Escudero | Electrocatalytic reduction of carbon dioxide induced by bis(N-R-2-hydroxy-1-naphthaldiminato)-copper(II) (R = n-octyl, n-dodecyl): Magnetic and theoretical studies and the X-ray structure of bis(N-noctyl-2-hydroxy-1-naphthaldiminato)-copper(II)[END_REF]. So, in continuation of our recent papers [10], we have undertaken a covalent grafting of electropolymerizable units as pyrrole, aniline and thiophene on Schiff base ligands in order to elaborate their modified electrodes for applications essentially focused on the heterogeneous catalysis and electrocatalysis. In this context, the transition metal complexes anchored on the polymer matrices constitute an active area of research due to their structural, magnetic properties and potential catalytic models of several biological systems as, for example, cytochrome P450 reactions [11]. The oxidative electropolymerization of various metal-salen complexes has been investigated [12] and the electrochemical design of modified electrodes by electrodeposition of polymer films has also been widely developed while those of conducting polymers are little studied. For this reason, this work aims to elaborate new materials as coordination compounds bearing pyrrol units which have been found to be very useful for catalytic applications in various fields of organic, inorganic and bioorganic synthesis [13].

Thus, a copper(II)-Schiff base complex (1b) was synthesized [14] by the reaction of 6-(3'-N-pyrrolpropoxy)-2-hydroxyacetophenone [15] and ethylenediamine using absolute ethanol as solvent. This mixture was refluxed for about 1 hour until completion of the reaction after which, one mmol of copper acetate monohydrated (Cu(OAC) 2 .1H 2 O) was added. After cooling, the copper complex was precipitated by diethyl oxide and the resulting solid was recovered by filtration, yielding 85 mg (61%).

Scheme 1

The analytical data of the new copper(II)-Schiff base complex were in good agreement with the proposed molecular formula. This molecular structure was also confirmed by the X-ray diffraction analysis.

The FT-IR spectrum of the complex shows a strong absorption band at 1602 cm -1 , it may be due to the coordination of the copper(II) ion by the azomethine (C=N) nitrogen atom [START_REF] Franco | Synthesis, spectroscopic and cyclic voltammetry studies of copper(II) complexes with open chain, cyclic and a new macrocyclic thiosemicarbazones[END_REF].

However, the absorption band appearing at 1249 cm -1 was assigned to the C-N stretching; while, the strong band located at 1096 cm -1 is assigned to the stretching mode of the phenoxy group. The formation of the M-O and M-N bonds were further supported by the appearance of the ν (M-O) and ν (M-N) bands at 570 and 625 cm -1 respectively as reported in the literature [START_REF] Franco | Synthesis, spectroscopic and cyclic voltammetry studies of copper(II) complexes with open chain, cyclic and a new macrocyclic thiosemicarbazones[END_REF].

The formation of the copper(II) complex was also confirmed by UV-vis analysis since their electronic spectra, recorded in DMF solution, show three absorption bands at 288, 351 and 550 nm. At short wavelengths, an intense absorption band is attributed to π-π* transitions of the aromatic moieties, while a wide absorption band n-π* arising from electronic transitions involving the conjugated system of the complex with azomethine groups. The transitions observed in the visible region around 550 nm were attributed to the weak d-d transitions and it expresses that the copper atom is well coordinated to the ligand (H 2 L). These results are in good agreement with the literature [START_REF] Meghdadi | Synthesis, structure and electrochemistry of Co(III) complexes with an unsymmetrical Schiff base ligand derived from 2-aminobenzylamine and pyrrole-2-carboxaldehyde[END_REF][START_REF] Losada | Synthesis, electrochemical properties and electrooxidative polymerization of copper(II) and nickel(II) complexes with N-benzoylthiourea ligands containing pyrrole groups[END_REF].

The FAB-mass spectrum of the complex Cu(II)-L shows a peak at m/z = 606.6 (20.00%) corresponding to the weight of the molecular ion (M + ). Another peak was also observed at m/z 1209.9(11.53%) suggesting the binuclear form [Cu(II)-L] 2 . Further fragmentations of this copper complex generates a stronger peak m/z 543.7(100%) corresponding to the base peak [L+H] + ion. The mass spectrum of the Cu(II)-L shows again several peaks representing successive degradation of the complex molecule leading to the formation of different fragments such as m/z 272.6(13.46%), 330.6 (17.30%), 344.4(9.23) and 367.6(3.07%).

Prismatic colourless single crystals of Cu(II)-L suitable for X-ray diffraction were obtained by slow evaporation from acetonitrile solution and crystallizes in the triclinic space group P-1 with 2 formula units in the cell [START_REF]Nonius four-circle diffractometer equipped with a CCD camera and a graphite monochromatic Mo Kα radiation source (λ=0.71073 Å) from the Centre de Diffractométrie (CDFIX)[END_REF]. The copper complex was characterized by Xray diffraction, and the ORTEP representation with the atomic numbering is given in fig. 1.

Relevant X-ray diffraction data are listed in Table 1 C-N, respectively. These values are also in good agreement with related reported complexes [START_REF] Talukder | An antiferromagnetically coupled hexanuclear copper(II) Schiff base complex containing phenoxo and dicyanamido bridges: Structural aspects and magnetic properties[END_REF]. Cisoid and transoid angles for Cu deviate also from their ideal values of 90° and 180° and are found to be in the range 86.22(13)-92.54(12)° and 168.64(13)-170.02(13)°, respectively. The bond lengths and angle around C17 are in agreement with sp3 hybridizations of this atom. The molecule is not planar, the two phenyls rings (C8→C13 and C20→C25) and the two five members ring of the pyrrol (N3, C1→C4 and N4, C29→C32) are almost orthogonal. Some overlap of one sp 3 orbital of oxygen with π-system of phenyl ring may be considered. The first is ascribed to the reoxidation of Cu(I)/Cu(0), the second to the reoxidation of Cu(II)/Cu(I) while the third one may be attributed to the oxidation of Cu(III)/Cu(II). These results may be approached to those reported in the literature [START_REF] Naskar | Synthesis, X-ray crystal structures, spectroscopic and cyclic voltammetric studies of Cu(II) Schiff base complexes of pyridoxal[END_REF]. As for the wave located at + 0.841 V/SCE, it corresponds to the anodic oxidation of pyrrole moieties leading to the formation of poly(pyrrole) films. The last one may be assigned to the oxidation of the Schiff base ligand. For the return sweep, only two reduction waves were observed at Ep c1 = -0.904 and Ep c2 = -1.143 V/SCE. The first is attributed to the reduction of Cu(II)/Cu(I) species and the second to the reduction of Cu(I) yielding Cu(0). Concerning oxidation wave of pyrrole, it seems to be an irreversible system [START_REF] Deronzier | Polypyrrole films containing metal complexes: syntheses and applications[END_REF].

Figure 3

Cyclic voltammograms, recorded in the range between 0.0 and +1.0 V, show a redox couple exhibiting two waves Cu(II)/Cu(III) at +0.48 V and Cu(III)/Cu(II) at +0.36 V. The peak-to-peak separation (∆Ep) was found to be 120 mV. On the other hand, in spite of the ∆Ep data being larger than the theoretical value for an electrochemically reversible oneelectron process. Thus, for this complex the large ∆Ep value expressing an electrochemical oxidation of Cu(II) would be due to a quasi-reversible behavior of the couple Cu(III)L + e -= Cu(II)L. This fact implies that these electrochemical processes are mainly diffusion-controlled [START_REF] Losada | Synthesis, electrochemical properties and electrooxidative polymerization of copper(II) and nickel(II) complexes with N-benzoylthiourea ligands containing pyrrole groups[END_REF]. In addition, in the range 0.0 to -1.5 V, it was observed that the copper(II) complex shows two irreversible reduction waves in the cathodic potentials region as reported in the literature for similar structures [START_REF] Sreedaran | Novel unsymmetrical macrocyclic dicompartmental binuclear copper(II) complexes bearing 4-and 6-coordination sites: Electrochemical, magnetic, catalytic and antimicrobial studies[END_REF]. 

Figure 4

Atomic force microscopy was used to explore the morphology of the poly-[Cu(II)-L ] films electrodeposited onto ITO-substrate. The values of roughness and film thickness are summarized in Table 2.

Table 2

Figure 5 From the micrographs, it can be clearly observed that there is a significant increase in roughness and film thickness values as the number of voltammetric scans increases. A typical 3-D AFM micrograph is shown in the Fig. 5. Where, it becomes clear that the nuclei are produced with different forms and sizes at the surface of the electrode.

The oxidations of methanol, ethanol, isopropanol and benzyl alcohol were performed using copper(II) complex as catalyst in an aqueous media. These electrochemical experiments have confirmed the presence of electrocatalytic behavior for the different alcohols indicated above as it can also be observed from Fig. 6.

Figure 6

The effect of the concentration of alcohol was studied with the four types of alcohols. Their electro-oxidation reactions were carried out using Cu(II)-L as catalytic sites which were uniformly dispersed on the surface of the modified electrode. For this purpose, volumes ranging from 10µL to 40µL were progressively added in order to evaluate the concentration effect as function of the efficiency of the electroxidation reaction. Fig. 6 (curves a, b, c andd)

shows the plots of the anodic oxidation charge obtained for different concentrations of each alcohol. The efficiency of this reaction was estimated from the Q ox values (integrated charge under the oxidation wave at low scan rate), recorded at each concentration applied for all alcohols studied. From these observations, it can be concluded that the anodic oxidation charge increases as the alcohol concentration increases. In fact, at low concentrations of substrate, the electrocatalytic oxidation process is mainly controlled by a diffusion process. In this case, the molecules of alcohol diffuse easily in the bulk of the modified electrode.

However, at higher concentrations, a significant increasing of peak current (i pa ) due to the interaction between alcohol molecules and available catalytic sites of the modified electrode expresses an enhancement in the electrocatalytic activity. In this case, it was observed that the current density obtained for the oxidation of isopropanol was found to be higher than those of all other alcohols [START_REF] Nagashree | Electrocatalytic oxidation of methanol on Ni modified polyaniline electrode in alkaline medium[END_REF]. This result may be explained by a significant increasing of the electronic density on the hydroxylated carbon owing to electrodonating effect of both methyl groups.

The reduction of carbon dioxide (CO 2 ) has also been investigated. Cyclic voltammograms obtained with GC-electrode modified by electrodeposition of poly-[Cu(II)-L] in acetonitrile solutions are shown in Fig. 7. The redox system Cu(II)/Cu(I) appears at -1.100 V/SCE under dinitrogen atmosphere whereas under CO 2 atmosphere, severe changes are observed such as, a significant enhancement of i pc current accompanied with total disappearance of i pa and the shifting of the reduction wave potential inducing 160 mV as gain of potential. This gain of potential is characteristic of an electrocatalytic current represented by the ratio i pc (CO 2 )/i pc (N 2 ) equal to 3.28. Hence, the importance of this ratio permits to judge the efficiency of an electrocatalytic reaction. Furthermore, a new redox system has also appeared at more cathodic potentials (E 1/2 = -1.121V). This result corroborates with the formation of µoxo dimers like those described for the oxidation reactions model of cytochrome P450 [START_REF] Horwitz | Electrocatalytic olefin epoxidation using manganese Schiff-base complexes and dioxygen[END_REF].

The reduction process of carbon dioxide allows to regenerate the catalyst and produces simultaneously carbon monoxide with formic acid as reported in the literature [START_REF] Isaacs | Electrocatalytic reduction of CO 2 by aza-macrocyclic complexes of Ni(II), Co(II), and Cu(II). Theoretical contribution to probable mechanisms[END_REF]. These facts can be summarized in the following proposed mechanism, illustrated by the Fig. 8.

Figure 8

The main results obtained from this study can be summarized as follow: (i) proposition of a simple and efficient method for the synthesis of new pyrrolic monomers containing transition metals coordinated to the Schiff base ligands. This new class of compounds was clearly evidenced by cyclic voltammetry and mass spectrometry analysis. (ii) The copper(II)complex obtained was easily electropolymerized by cathodic reduction process to its poly-[Cu(II)-L] yielding modified electrodes containing catalytic sites as divalent copper ions (Cu II ). (iii) These new modified electrodes can be used as sensors for the detection of small molecules such as carbon dioxide, dioxygen, nitrites and nitrates ions. Finally, it can again be concluded that this electrode material seems to be more adapted for working in catalysis, electrocatalysis and sensors. containing clay-supported Mn (III) salen complex -Dioxygen activation with cytochrome P450 model, J. Electroanal. Chem. 641 (2010) 64-70. 
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  . The crystal structure of Cu(II)-L shows a tetradentate OONN coordination of the Schiff base ligand. The coordination environment of Cu is satisfied by the phenoxo oxygen and imine nitrogen atoms of the Schiff base ligand [Cu: O1, O2, N1, N2]. The azomethine linkage is evident from the N1-C14 and N2-C18 bond lengths (1.303(5) and 1.309(5) Å, respectively), C17-N1-C18 and C14-N2-C16 angles (118.4(3) and 119.7(3)°, respectively). The bond lengths involving the phenyl carbon and phenoxo oxygen atoms, C12-O1, C8-O3, C21-O2 and C25-O4 are 1.309(5), 1.378(5), 1.317(5) and 1.372(5) Å, respectively and these values are in the range of the usually observed standard C(sp2)-OH and C(sp2)-O-bond length [20]. The Cu-O and Cu-N bond lengths for Cu(II)-L vary in the range 1.892(3)-1.899(3) for C-O and 1.937(3)-1.947(3) for
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	Number of cyclical scans	1	5	10		20	30	50
	Thickness (nm)		166.90 321.38 125.71 246.61	757.19 729.65
	Roughness (nm)		1.9180 6.4787 8.1671 21.8772	58.6395 75.1424
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