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Introduction

Thin organic films made by electropolymerization of oxidizable monomers [START_REF] Plamper | Polymerizations under electrochemical control[END_REF] like pyrrole [START_REF] Menkuer | Electrodeposition of polypyrrole on copper surfaces in OXA-DBSA mix electrolyte and corrosion behaviour[END_REF], aniline, thiophene [START_REF] Shirakawa | Focus article: twenty five years of conducting polymers[END_REF], mixtures of oxidizable monomers [START_REF] Chen | Electrosynthesis of poly(aniline-co-azure B) for aqueous rechargeable zinc-conducting polymer batteries[END_REF][START_REF] Mousa | Guiseppi-Elli, Electropolymerization of aniline and (N-phenylo-phenylenediamine) for glucose biosensor application[END_REF], catecholamines [START_REF] Li | Electrochemical quartz microbalance study on growth and property of the polymer deposit at gold electrodes during oxidation of dopamine in aqueous solutions[END_REF][START_REF] Bernsmann | Different synthesis methods allow to tune the permeability and permselectivity of dopamine-melanin films to electrochemical probes[END_REF][START_REF] Kim | Electrochemical growth of synthetic melanin thin films by constant potential methods[END_REF][START_REF] Stöckle | Precise control of polydopamine film formation by electropolymerization[END_REF][START_REF] Vatral | Oxidation properties of dopamine at and near physiological conditions[END_REF], catechols [START_REF] Ball | Electrodeposition of pyrocatechol based films: influence of potential scan rate, pyrocatechol concentration and pH[END_REF] are easy to produce on conductive materials via chronoamperometry or cyclic voltammetry. This electrodeposition methods are inexpensive since only the monomer oxidized at the electrode or film surface is consumed, meaning that the monomer solution can be reused up to total consumption of the active molecules. Such films are also interesting as anticorrosive coatings particularly if they incorporate corrosion inhibitors and provided they do not delaminate from their substrate. An other interesting application of electrolymerized polymers is for sensing [START_REF] Kashaba | Development of a novel and cost effective redox sensor for voltametric determination of pantaprazole sodium during pharmacokinetic studies[END_REF][START_REF] Kashaba | Simultaneous voltammetric analysis of antiulcer and D2 antagonist agents in binary mixture using redox sensor and their determination in human serum[END_REF]. To increase the adhesion of the electropolymerized films to their conductive substrate, additives like surfactants or polymers are blended with the monomer solution [START_REF] Syugaev | Molecular architecture of highly protective coatings of electrodeposited dodecyl sulfate-doped polypyrrole[END_REF]. Even if polyphenols are able to adsorb on the surface of almost all known materials [15,16] to produce a conformal and anti-corrosive, often bioactive coating [START_REF] Reitzer | Polyphenols at interfaces[END_REF], their electrodeposition mechanism has been poorly investigated. It is the aim of this article to demonstrate that electrodeposited films made from Tannic acid (TA) + poly(allylamine hydrochloride) (PAH) or TA+poly(diallyldimethylammonium chloride) (PDADMAC) blends display different properties (in terms of electrochemical capacity and impedance spectroscopy) then the films made from Tannic acid alone in the same conditions, namely at pH = 5.0. Those TA + PAH blends were chosen owing to the known reactivity between oxidized polyphenols and nucleophiles like polyamines carrying primary amines [START_REF] Yang | Jack of all trades: versatile catechol crosslinking mechanisms[END_REF]. However at pH = 5.0, at which TA does not undergo spontaneous oxidation induced by dissolved oxygen , and at which most of the amino groups of PAH are protonated (owing to an average pKa of 8.92 [START_REF] Dickhaus | Determination of polyelectrolyte pKa values using surface-toair tension measurements[END_REF]), the quinones and semiquinones formed by the electrode triggered oxidation of TA should not react with the amino groups on the polymer. Hence the influence of the PAH on the electrodeposition process is of different nature. As a control, PDAMAC carrying only quaternized ammonium groups is not able to undergo Schiff base of Michael addition with oxidized polyphenols [START_REF] Yang | Jack of all trades: versatile catechol crosslinking mechanisms[END_REF], and also modifies the properties of the TA based electrodeposited films. The cyclovoltammetry of the TA + PAH and TA+PDAMAC blends, the capacitive curves of the deposited films and their electrochemical impedance spectra are indeed markedly affected by the increasing weight fraction of PAH or PDAMAC in the blends. The possibility to obtain polyamine influenced electrodeposited coatings at pH = 5 is discussed in terms of complexation between polyamines and TA. The solutions were prepared using doubly distilled and demineralized water (=18.2 M.cm) produced with a Millipore system (Direct 8 system, Molsheim, France). All compounds were dissolved in 50 mM sodium acetate buffer which pH was adjusted to 5.0 using concentrated hydrochloric acid. The pH was checked with a glass electrode connected to a a b c
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Hanna 221 pH meter. The glass electrode was calibrated with 3 buffers (pH= 9.0, 7.0 and 4.0) on a daily basis.

In all electrodeposition experiments, TA was solubilized in the sodium acetate buffer at a concentration of 1 mg.mL -1 (5.9 x 10 -4 mol.L -1 ) and the concentration of PAH in the TA + PAH blend was varied from 0 to 10 mg.mL -1 (corresponding to a maximal concentration of 0.107 mol.L -1 in monomer units of PAH). PDAMAC was employed at 10 mg.mL -1 (corresponding to a concentration of 0.074 mol.L -1 in monomer units). Control experiments were performed with a PAH solution at 1 mg.mL -1 but without added TA.

The electrochemical experiments were performed with a CHI604B potentiostat Before each experiment, the working electrode (2 mm in diameter) was polished successively on SiC and with Al203 slurries, 1 and 0.1 µm (Escil, Villeurbanne, France) in diameter. Between each polishing step, the electrode was rinsed with distilled water and sonicated in two successive water baths (2 x 2 minutes) at the end of the polishing step. The efficiency of this cleaning-polishing procedure was checked by performing a CV scan in the presence of 1 mM K4Fe(CN)6 dissolved in the sodium acetate buffer. To this aim the potential between the working and the reference electrode was scanned between -1.0 and +1.0 V at a potential sweep rate of 100 mV.s -1 . The electrode was used for further electrodeposition when the oxidationreduction peak potentials on the obtained cyclovoltammogram (CV) were separated by less than 80 mV and if the oxidation-reduction peak currents were equal within  10% [START_REF] Kissinger | Cyclic voltammetry[END_REF].

The electrodeposition experiments were performed with the solution containing TA alone, or PAH alone as well as with different TA + PAH blends at a scan rate of 50 mV.s -1 between -1.0 and +1.0 V vs Ag/AgCl. Similar experiments were done with TA + PDADMAC (10mg.mL -1 ) blends. 40 consecutive CV scans were performed before rinsing the electrode with sodium acetate buffer and performing CV in its presence to get the capacitive curve of the obtained deposit. Finally, CV was again performed with sodium acetate buffer containing 1mM K4Fe(CN)6 in order to investigate the permeability of the electrodeposited film with respect to the redox probe. Finally an impedance spectrum of the coated electrode was performed in the presence of the redox probe. To that aim, a constant potential modulated by a 5 mV AC signal at a frequency changing between 10 -2 and 10 5 Hz was applied around a constant potential equal to the oxidation potential of K4Fe(CN)6 on the polished electrode, namely (+0.25  0.05) V vs Ag/AgCl. An equivalent Randless circuit (Scheme 2) was fitted to the experimentally obtained Nyquist plots, ie the opposite of the imaginary part of the impedance (-Z") plotted against the real part (Z') [START_REF] Gileadi | Physical electrochemistry[END_REF]. The impedance spectra were fitted using the eisanalyser software, freely downloadable from the Internet.

Scheme 2: Randless equivalent circuit used to fit the experimentally obtained Nyquist plots. R1

and R2 are the electrolyte solution resistance and the resistance of the electrodeposited film to the transfer of electrons. W represents the Warburg impedance reflecting the resistance of the redox probe transport to the electrode surface whereas CPE is a constant phase element, comprising a pseudo-capacitance and an exponent n reflecting the deviation from an ideal capacitance (corresponding to n=1) [START_REF] Gileadi | Physical electrochemistry[END_REF].

UV-vis spectra of TA, TA+PAH and TA+PDAMAC blends dissolved in sodium acetate buffer at pH=5 where measured in the absence and in the presence of NaIO4 (2mM) as the oxidant using a double beam mc² spectrophotometer (Safas, Monaco). The reference cuvette contained sodium acetate buffer.

Atomic force microscopy (Nanoscope III, Bruker) was performed in the dry state and in the contact mode on electrodeposited films made after 40 CV cycles on an amorphous carbon electrode in the presence of either TA (1mg.mL -1 ) or TA (1 mg.mL -1 ) + PAH (10mg.mL -1 ).

After electrodeposition, the electrodes were rinsed with sodium acetate buffer, distilled water and dried under a stream of filtered air. Finally the top of the electrode was cut with a saw and blown with a stream of filtered air to remove dust just before imaging. The used cantilever was an MLCT type C from Bruker with a nominal spring constant of 0.01 N.m -1 as given by the 

Results and discussion.

When CV is performed in the presence of TA (1mg.mL -1 ) in the presence of 50 M sodium acetate buffer, the oxidation current increases suddenly for potentials greater than +0.3

V versus Ag/AgCl and a broad distribution of oxidation peaks contributes to the oxidation current up the limit of the investigated potential window, +1.0 V vs Ag/AgCl. This broad distribution of oxidation events is due to a large number of oxidizable and non equivalent catechol groups present in TA (Scheme 1). When the potential is scanned back to -1.0 vs Ag/AgCl, almost no reduction current other than the capacitive current is measured down to about -0.5 V vs Ag/AgCl implying that the oxidation of TA on the electrode surface is an irreversible process. Below -0.5 V vs Ag/AgCl, the reduction current due to dissolved oxygen is measured (no care was taken to purge dissolved components from the ambient air). The present finding of irreversible TA oxidation is in agreement with the observation that the oxidation current measured in the second sweep cycle is decreased by almost 50% with respect to the first cycle. The oxidation current then decreases progressively during the next performed CV cycles up to the last performed one (Fig. 1). This finding is similar to the observed progressive decrease of the oxidation current of pyrocatechol (benzene-1,2-diol) on an amorphous carbon electrode [START_REF] Ball | Electrodeposition of pyrocatechol based films: influence of potential scan rate, pyrocatechol concentration and pH[END_REF] and suggests that the irreversible oxidation of TA becomes slower when successive potential scans are performed, most probably due to the deposition of an insulating film hindering progressively further oxidation of TA.

When PAH is added to the TA acid solution (a typical example for a TA + PAH blend with PAH dissolved at 1 mg.mL -1 is shown in Fig. 1A, red curve), the same phenomena are observed qualitatively but the oxidation currents are lower and decrease faster than in the absence of PAH (Fig. 2). This trend is amplified when the concentration of PAH is increased.

When TA is absent (blue curve in Fig. 1A), no other faradaic current than the reduction current due to dissolved O2, between -0.5 and -1.0 V vs Ag/AgCl, is measured. 

( __  __ )
To check the occurrence of film deposition during the CV scans of TA acid and its blends with PAH, CV scans were measured in the presence of sodium acetate buffer after the 40 electrodeposition cycles. It appears in all cases that the capacitive current is higher than on the freshly polished electrode ( _ _ _ _ in Fig. 3) and that the electrodes, most probably coated with a film, display some intrinsic electrochemical activity as shown by the series of oxidation peaks between about +0.1 and +0.5 V vs Ag/AgCl (Fig. 3). This finding is again similar to that obtained upon electrodeposition of pyrocatechol on amorphous carbon electrodes [START_REF] Ball | Electrodeposition of pyrocatechol based films: influence of potential scan rate, pyrocatechol concentration and pH[END_REF]. The deposition of a film impermeable to the used redox probe, Fe(CN)6 4-, was further confirmed when the potential was previously cycled 40 times between -1.0 and +1.0 V vs Ag/AgCl in the presence of TA or the TA + PAH blends (Fig. 4). In all this cases the Faradaic current measured in the presence of the redox probe was almost indistinguishable from the capacitive current obtained after the 40 potential sweep cycles but in the presence of buffer alone (Fig. 3). This means that a pinhole free film impermeable to the used redox probe has been deposited. However, when the 40 potential sweep cycles were performed in the presence of PAH alone, the electrode remained permeable to Fe(CN)6 4-anions, with the appearance of an additional symmetric oxidation-reduction peak at around +0.4 V vs Ag/AgCl (arrows in Fig. 4). This suggests that even if no oxidation-reduction phenomena are apparent during potential cycling in the presence of PAH alone (Fig. 1A, blue curve), PAH nevertheless adsorbs at the electrode surface. It is a polycation and can bind the negatively charged redox probe giving rise to a typical symmetric oxidation-reduction peak of an immobilized redox probe. To further confirm the deposition of films after 40 CV cycles in the presence of TA and TA + PAH blends, electrochemical impedance spectra were performed (Fig. 5) and the Nyquist plot expected for an equivalent Randless circuit (Scheme 2) were fitted to the experimentally obtained ones. It clearly appears that in all conditions, including PAH alone, the Nyquist plots are above that of the pristine electrode (short dashed line in Fig. 5) confirming the deposition of a coating. More interestingly the Nyquist plots shift to the right when the PAH/TA ratio increases (for PAH alone, this ratio is infinitely large) (Fig. 5). With exception of the Nyquist plot obtained on the PAH alone films, the curves intersect in the upper right part of the Nyquist plots, ie for the measurements performed at low frequencies. In all cases the fit of the model to the data was good, but yielding to a systematic overestimation of the imaginary part of the impedance in the low frequency domain, ie for the high impedance values (Fig. 6). Since the Randless equivalent circuit already implies 5 unknown parameters (see Scheme 2), it was decided to limit the analysis to such a circuit not adding other circuit elements which would induce an increase in the number of fitting parameters. Our analysis using the Randless equivalent circuit as a model for films made from TA and TA+PAH blends is hence only semi-quantitative and is aimed to find a trend in the impedance spectra displayed in Fig. 5. The calculated fitting parameters are given in Table 1 and the results are plotted in Fig. 7 as a function of the PAH concentration in the blend. Note that Table 1 does not include the fits obtained on the film obtained after potential cycling (40 cycles) in the presence of PAH alone because there is no active film forming component, namely TA, in this experiment.

CV cycle

Z' (x10 -6 ohms) 0.00 0.02 0.04 0.06 0.08 0.10 0.12 0. From these semi-quantitative data, it appears that an increase in the PAH concentration in presence of a constant concentration in TA (1mg.mL -1 ) leads to a progressive decrease in the film's resistance to electron transfer (Fig. 7A) and a concomitant increase in the value of the constant phase element, ie the pseudo capacitance (Fig. 7B). On the other hand, the value of the Warburg impedance reflecting the transport of the redox probe to the electrode is almost not affected by the presence of PAH (Fig 7B). The n exponent reflecting the deviation from an ideal capacitor is slowly decreasing with the PAH concentration in the blend (Fig. 7B). Hence the electrochemical behaviour of the film is modified when deposited in the presence of increasing concentrations in PAH.

The increase in the pseudo capacitance value with the increase in PAH concentration in the blend may be explained by at least two factors:

(i)

The incorporation of PAH in the film (this point will be discussed again later on) increases the surface charge density of the film with respect to films obtained from oxidized TA, which are almost neutral at pH owing to the pKa value of TA [START_REF] Erel-Unal | Hydrogen-bonded multilayers of a neutral polymer and a polyphenol[END_REF] (ii)

The change in film morphology with the incorporation of PAH.

Using AFM imaging it appears clearly that the surface roughness of the electrodeposited film increases when the deposition is performed in the presence of PAH (Fig. 8). This implies an increase in the films specific surface area/porosity and hence an increase in its charge capacity.

Note that the specific capacitance of the TA@TAH films as obtained from fits to the electrochemical impedance spectra are about 10 times higher than that of lipid bilayers those thickness is close to 5 nm [START_REF] Fettiplace | The thickness, composition and structure of some lipid bilayers and natural membranes[END_REF]. The films obtained herein have a maximal thickness of about 15 nm (Fig. 8) hence three times more than symmetric lipid bilayers. Since the specific capacitance of a planar condensator is proportional to the dielectric constant of the material and its thickness, the results obtained herein are close to expected values for coatings rich in water having an expected dielectric constant much larger than that of lipid bilayers (close to 2 or 3). To investigate the occurrence of interactions between PAH and TA upon oxidation, TA at 1 mg.mL -1 and TA mixed with PAH (10 mg.mL -1 ) was then subjected to chemical oxidation with NaIO4 at a total concentration of 2 mM. The addition of the oxidant is aimed to mimic the effect of the electrode during the anodic part of the CV scans. An immediate but different colour change occurred after addition of the oxidant in the TA and TA + PAH solutions, showing the interaction of the polycation with the polyphenol in oxidizing conditions (Fig. 9A). This interaction appears more clearly in the UV-spectra of the oxidized TA and TA + PAH blend (Fig. 9B) where the spectra of the oxidized blend is red shifted with respect to oxidized TA.

However when PDADMAC (10 mg.mL -1 ) is mixed with TA (1 mg.mL -1 ) and subsequently oxidized with NaIO4, an even more pronounced red shift than in the presence of PAH is observed (Fig. 9B). Since PDADMAC has only quaternary ammonium groups it is not able to bind with quinone groups on oxidized TA. In addition, when a TA + PDAMAC (10 mg.mL -1 )

blend is subjected to 40 cycles (at 50 mV.s -1 ) on an amorphous carbon electrode and subsequently characterized in the presence of buffer, a redox active film is formed (Fig. 10).

This film is however different from that obtained with a TA + PAH (10mg.mL -1 ) blend (Fig. 10). All these findings strongly suggest that PAH does no bind covalently to oxidized TA during TA (1mg.mL -1 ), 40 CV cycles TA (1mg.mL -1 ) + PAH (10mg.mL -1 ), 40 CV cycles film formation. Anyway unprotonated amino groups on PAH are present in a negligible proportion at pH 5.0 owing to an average pKa value of 8.92 [START_REF] Dickhaus | Determination of polyelectrolyte pKa values using surface-toair tension measurements[END_REF]. The unprotonated amino form is required to form a covalent bond either through Michael addition or Schiff base formation [START_REF] Yang | Jack of all trades: versatile catechol crosslinking mechanisms[END_REF][START_REF] Suarez-García | Copolymerization of a catechol and a diamine as a versatile polydopamine-like platform for surface functionalisation: the case of a hydrophobic coating[END_REF] with quinones formed at the electrode surface during the oxidation of TA. Fig. 9: A: pictures of oxidized TA (1mg.mL -1 ) and of a TA (1mg.mL -1 ) + PAH (10 mg.mL -1 ) blend in the presence of NaIO4 (2mM). The pictures were taken a few minutes after addition of NaIO4 to the solutions.

B: UV-vis spectra of TA (1mg.mL -1 ), TA + PAH (10 mg.mL -1 ) before and after addition of NaIO4 to reach a final oxidant concentration of 2 mM. The spectrum of a TA + PDADMAC (10 mg.mL -1 ) blend after oxidation with NaIO4 (2mM) is also displayed with a full green line.

All the solutions were diluted 50 times with sodium acetate buffer before spectral acquisition.

Even if PAH at pH = 5.0 is not able to bind covalently with oxidized TA at the electrode surface, the presence of PAH, as well as PDAMAC, markedly affects the electrodeposition process (Fig. 1) and the properties of the obtained coatings (Fig. 3, 5 and 10). Hence there must be another interaction between the polyelectrolytes and the polyphenol. This interaction is certainly of electrostatic nature since the TA +PAH blends (as well as the TA + PDAMAC (10 mg.mL -1 )) display some turbidity. Hence electrodeposition from the TA + polycation blends at pH = 5.0 most probably occurs through adsorption of TA + polyelectrolyte complexes undergoing oxidation of TA at the electrode surface and leading to the deposition of thicker and rougher films (Fig. 8) with increased pseudo capacitance with respect to films obtained from TA alone. The presence of complexes in the TA + PAH and TA + PDADMAC blends was indeed confirmed by means of dynamic light scattering (Fig. 11). The hydrodynamic diameter calculated from the measured autocorrelation function was found to increase continuously with the PAH concentration at a constant concentration in TA (1 mg.mL -1 ) and was also found to be slightly larger in the presence of 10 mg.mL -1 PDADMAC than in the presence of 10 mg.mL -1

PAH. The formation of complexes increasing in size with the TA/PAH ratio and depositing larger amounts of TA close to the electrode is not inconsistent with the finding that the impedance spectrum from the film prepared with TA alone and its mixture with PAH at 1 mg.mL -1 are the same (Fig. 5). In the latter case there is not enough PAH to build up large complexes and the global amount of TA reaching the interface is roughly the same as in the case of pure TA. Only for larger TA/PAH ratios, The interactions allowing to obtain aggregates when mixing TA and polyamines are certainly of electrostatic origin even if TA is unprotonated at pH 5 (pKa = 6.5) owing to a possible pKa shift in the presence of highly charged polycations. Such pKa shifts have been found during the layer by layer deposition of poly(vinylpyrrolidone) and polyacrylic acid [START_REF] Sukhishvili | Layered, erasable polymer multilayers formed by hydrogenbonded sequential self-assembly[END_REF].

E (V vs

The composition of the films produced by CV deposition from TA + PAH or TA+PDADMAC blends on amorphous carbon electrodes could not be investigated by techniques such as FTIR spectroscopy.

However the FTIR spectra of TA + PAH blends have already been measured and they display the characteristic vibration bands of TA at 1627, 1511, 1175 cm -1 [START_REF] Ball | Stabilisation of [(poly(allyl amine)-tannic acid]n multilayer films in acidic and basic conditions after crosslinking with NaIO4[END_REF]. This shows that TA is incorporated in the complexes and is consistent with the CV findings. Unfortunately the electrochemical impedance 

Conclusions

The electropolymerization of TA in the presence of PAH at pH = 5.0 leads to a faster decrease of the oxidation current than in the absence of PAH. The films obtained after 40 CV cycles in the presence of TA + PAH blends were all impermeable to K4Fe(CN)6 and displayed some intrinsic electroactivity do to the incorporation of TA. The higher the PAH concentration in the blend the higher was the pseudo-capacitance of the obtained films as shown by fitting the impedance spectra with a model corresponding to the Randless equivalent circuit. The higher pseudo-capacitance of the films obtained in PAH rich blends was attributed to the simultaneous incorporation of PAH in the coatings, increasing its charge density, and to the increase of the film roughness, hence to an increase in its specific surface area. the incorporation of PAH (and PDAMAC) in the coatings is not due to covalent binding of the polyamines to the oxidized TA, which is impossible in these pH conditions, but is due to the electrodeposition of TA/PAH or TA/PDADMAC complexes as suggested from an increase in the film roughness and the presence of complexes in the blends. The electropolymerized films obtained from TA + PAH blends could find interesting applications as antimicrobial and anticorrosive coatings on conductive materials. 

  Scheme 1: Chemical structures of (a) poly(allylamine hydrochloride) (PAH), (b) poly(diallyldimethylammonium chloride) (PDADMAC) and (c) tannic acid (TA).

(

  CHInstruments, Houston, Texas) working in a three electrode configuration with an amorphous carbon working electrode (ref. CHI 104), an Ag/AgCl reference electrode (ref. CHI 111 with saturated KCL + AgCl as the internal electrolyte) and a platinum wire as an auxiliary electrode (ref. CHI 115).
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 12 furnisher. Dynamic light scattering experiments were performed on TA solutions and the different TA + PAH and TA + PDAMAC blends. The experiments were performed with a nano ZS device R Malvern operating in the backscattering mode. The diffusion coefficient was calculated from the characteristic time of the measured intensity autocorrelation function. The hydrodynamic diameter was then calculated from the obtained diffusion coefficient using the Stockes-Einstein equation.

Fig. 1 : 8 Fig. 2 :

 182 Fig.1: 40 CV cycles performed at 50 mV.s -1 in the presence of TA (1 mg.mL -1 ) alone ( _____ ), in the presence of TA (1mg.mL -1 ) + PAH (1mg.mL -1 ) ( _____ ), and PAH (1 mg.mL -1 ) alone

Fig. 3 :

 3 Fig.3: Cyclovoltammogramms obtained in the presence of sodium acetate buffer at a potential sweep rate of 100 mV.s -1 after 40 cycles of electrodeposition (as in Fig.1) in the presence of TA alone ( _____ ), TA + PAH (1mg.mL -1 ) ( _____ ), TA+ PAH (5 mg.mL -1 ) ( _____ ), TA + PAH (10 mg.mL -1 ) (_____) and PAH alone (1mg.mL -1 ) ( _____ ). The CV measured on a polished electrode in the presence of sodium acetate buffer is also represented ( _ _ _ _ ). For reasons of clarity, only the anodic branch of the CVs are represented.

Fig. 4 :_____).

 4 Fig.4: CV performed at a sweep rate of 100 mV.s -1 in the presence of 1 mM K4Fe(CN)6 after 40 CV cycles (at 50 mV.s -1 ) on a polished electrode ( _ _ _ _ ), in the presence of TA ( _____ ), TA + PAH (1mg.mL -1 ) ( ______ ), TA + PAH (5 mg.mL -1 ) ( _____ ), and PAH alone (1 mg.mL -1 )

Fig. 5 :Fig. 6 :

 56 Fig. 5: Electrochemical impedance spectra plotted in the form of Nyquist plots and in a log-log scale. The spectra were acquired in the presence of 1 mM K4Fe(CN)6 after 40 CV cycles on the polished electrode in the presence of sodium acetate buffer) ( _ _ _ _ ), and in the presence of TA (), TA + PAH (1 mg.mL -1 ) (), TA + PAH (5 mg.mL -1 ) (), TA + PAH (10 mg.mL -1 ) () and PAH alone (1 mg.mL -1 ) (). The arrow indicates the influence of an increase in the PAH/TA ratio on the Nyquist plots.

14 -Fig. 7 :

 147 Fig. 7: A: Evolution of the resistance to the electron transfer ( _ _  _ _ R2 in Scheme 2) and of the Warburg impedance ( _ _  _ _ ) with the PAH concentration (in the presence of TA at

Fig. 8 :

 8 Fig. 8: Morphology of electrodeposited films obtained after 40 CV cycles on amorphous carbon electrodes as obtained by AFM imaging in the dry state and in contact mode. The root mean squared roughness was of 3.2 and 47.5 nm respectively for the film obtained with TA and with the TA + PAH (10 mg.mL -1 ) blend. The film thickness was of 4 ± 2 and 15 ± 6 nm in the case of films obtained from TA and from the TA + PAH (10 mg.mL -1 ) blend.

  Tannic acid, oxidized Tannic acid + PAH, oxidized Tannic acid + PDADMAC, oxidized

Fig. 10 :

 10 Fig.10: Cyclovoltammogramms obtained in the presence of sodium acetate buffer at a potential sweep rate of 100 mV.s -1 after 40 cycles of electrodeposition (as in Fig. 1) in the presence of TA alone ( _____ ), TA + PAH (10 mg.mL -1 ) ( _ _ _ _ ) and TA + PDADMAC (10 mg.mL -1 )

Fig. 11 :

 11 Fig. 11: Variation of the hydrodynamic diameter of particles present in TA + PAH () and in TA + PDADMAC () blends as calculated from the autocorrelation functions calculated from dynamic light scattering experiments. The error bars correspond to one standard deviation over 3 independently prepared blends. The data point obtained at 0 concentration in polyamine corresponds to a TA solution at 1 mg.mL -1 .

  an indication that PAH is incorporated in the films, not a definitive proof. In future studies Xray photoelectron spectroscopy will be performed on such films

Table 1 :

 1 Values of the fitting parameters obtained by fitting the mathematical model corresponding to the Randless equivalent circuit (see Scheme 2) to the experimentally obtained Nyquist plots. The given uncertainties correspond to  one standard deviation calculated by the eisanalyser software.

		211  23	1.01  0.17	2.25  0.53	3.79  0.12	0.86  0.01
	mL -1 )					
	TA	219  6	0.75  0.16	3.83  0.40	3.91  0.09	0.85  0.01
	(1 mg.mL -1 ) +					
	PAH (1					
	mg.mL -1 )					
	TA	235  7	0.65  0.16	2.19  0.71	4.85  0.22	0.81  0.02
	(1 mg.mL -1 ) +					
	PAH (5					
	mg.mL -1 )					
	TA	377  11	0.34  0.13	2.49  0.60	5.42  0.22	0.79  0.01
	(1 mg.mL -1 ) +					
	PAH (10					
	mg.mL -1 )