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Cyclic voltammetry has proven its versatile popularity compared to most other electroanalytical methods for investigating electrochemical mechanisms and kinetics. Many textbooks provide clues for understanding and quantify the main features displayed in a voltammogram but this is unfortunately not often useful when confronted to intricate mechanisms as those presently investigated. This brief opinion article discloses a few theoretical challenges that need to be solved to investigate issues associated with modern applications of cyclic voltammetry.

Cyclic voltammetry has proven its invaluable analytical performance especially since the introduction of microelectrodes [1] followed by that of nanoelectrodes [2] has permitted rapid measurements of concentrations and other electrochemical parameters of importance in still solutions, polymers [3], living materials [4], etc. One of the reasons why cyclic voltammetry supplanted the main other electrochemical methods is that, in addition to classical electrochemical data, it offers a wealth of information about mechanistic pathways initiated by electron transfers to or from an electrode surface [5]. Many textbooks and articles exist to provide useful hints for solving elementary mechanistic situations and extract quantitative data about the thermodynamics and kinetics of the few steps whose nature(s) and magnitude(s) influence the voltammetric data [5-7]. However, most mechanistic problems considered in molecular electrochemistry nowadays involve complex competitive and entangled reactions that occur indifferently in solutions and onto the surface of electrodes, quite often with a series of entwined surface-solution sequences. When confronted to such problems, the classical views result inefficient.

For example, we recently introduced and investigated what is now termed the "Laviron-Amatore" paradox in the case of the electrocatalyzed reduction of benzyl chloride at silver cathodes [8]. Although the critical steps are essentially heterogeneous, involving adsorbed and chemisorbed intermediates, the voltammetric trace displayed none of the expected corresponding features. Conversely, the voltammetric data seemed fully coherent with diffusion/reaction solution processes as if the silver cathodes were playing a strict outersphere role [9]. For this reason, all previous investigators including the discoverers of the electrocatalytic performance of silver cathodes were mystified. Similarly, it was recently established within a wholly different context that under specific circumstances an interplay  Dedicated to our esteemed friend and colleague, Prof. Dr. Fritz Scholtz, at the occasion of his 65 th birthday.

between surface and solution processes may introduce concentration-dependent selfinhibitory effects whose consequences [10] are not coherent with any predictions based on classical electrochemical laws such as Butler-Volmer even in their Marcus-type version or including Savéant's concerted steps [5].

It is presumable that many of such competitive reactions of intermediates exchanged between an electrode surface and the solution which feeds the overall process have remain unnoticed due to the lack of possible theoretical approaches to apprehend their curious behavior. It is our opinion that only careful investigations based on fast and reliable simulation programs prone to handle complex mechanistic sequences competing not only in solution (e.g., as offered by DigiSim © [START_REF] Rudolph | A simulator for cyclic voltammetric responses[END_REF] and DigiElech © [START_REF] Rudolph | Digital simulations on unequally spaced grids: Part 2. Using the box method by discretization on a transformed equally spaced grid[END_REF]) but also finely intertwined with heterogeneous inner-sphere chemical and electron-transfer steps such as those that KISSA © can handle in user-friendly ways [13-15]. Alternatively, one may rely on multi-purpose programs such as Comsol © -multiphysics programs [START_REF]COMSOL Multiphysics, COMSOL[END_REF] in order to treat such complex electrochemical sequences but this requires a sufficient know-how [10].

Therefore, it may seem that the theoretical resolution taken since the 60s [5] to disentangle any complex mechanistic electrochemical mechanism featuring electron-transfer activation of molecules are reaching their initial goals after 50-60 years of intense efforts. However, this is just an impression because whatever the complexity of the sequences that may then be simulated, such approaches rely on statistical laws such as Fick's or Nernst-Einstein's laws. This becomes a serious difficulty when considering nanoelectrodes or electrocatalytic nanoparticles in which stochastic reaction probabilities must be considered [START_REF] See | Electrochemistry within a limited number of molecules: delineating the fringe between stochastic and statistical behavior[END_REF][START_REF] See | Stochastic processes in electrochemistry[END_REF] and no more constant "rate constants". In addition, at nano-electroactive elements, the classical notions of diffusion-migration layers and diffuse layers (and more generally electrical field effects) may become hard to define separately [START_REF] Amatore | Is cyclic voltammetry above a few hundred kilovolts per second still cyclic voltammetry?[END_REF][START_REF] Norton | Effect of the electrical double layer on voltammetry at microelectrodes[END_REF]. Treating these issues will require the introduction of new stochastic approaches that are of a fully different type than those developed for understanding single molecule electrochemistry [START_REF] Fan | Electrochemical detection of single molecules[END_REF][START_REF] Fan | Single molecule electrochemistry[END_REF][23], and possibly up to a theoretical multiscale continuum involving molecular dynamics and quantum mechanics in addition to transport [24]. Note however that these theoretical efforts don't need to be specifically developed for the treatment of voltammetric situations but they will need to be adaptable to them. This will certainly be done in future driven by nanosciences.

We wish to conclude with a more prosaic but nonetheless difficult problem. It concerns the alterations brought to voltammetric predictions by ohmic drop and time constant or the postcorrection of their distortions [START_REF] Nadjo | Convolution potential sweep voltammetry. III. Effect of sweep rate cyclic voltammetry[END_REF]. Commercial software products such as DigiSim © or DigiElech © propose to treat these alterations through introducing a control of the electrode potential by an ad-hoc pure RC series circuit where C is a pure capacitance representing the double layer capacitance and R is the uncompensated solution resistance. This is making sense in electrochemical textbooks but does not resist the usual practice since nowadays molecular electrochemistry is essentially performed at solid and even nanostructured electrode surfaces. Therefore, except for a few cases, background voltammograms are far from those predicted based on constant double layer capacitances over potential windows used in voltammetric studies as soon as they are defined away from the point of zero-charge. Representing the ohmic and time constant alterations by classical RC circuits is thoroughly misleading. Moreover, incorrect evaluations of ohmic drop and capacitive currents may introduce severe errors on the interpretation of transient voltammetric data [26]. This is why we did not incorporate such option in KISSA © [15]. Similarly wrong is the current practice of subtracting a background voltammogram recorded independently from the global one, because the capacitive and Faradic currents cross-talk when the Faradic current develops [START_REF] Nadjo | Convolution potential sweep voltammetry. III. Effect of sweep rate cyclic voltammetry[END_REF][START_REF] Andrieux | Fast sweep cyclic voltammetry at ultra-microelectrodes evaluation of the method for fast electrontransfer kinetic measurements[END_REF]. It seems therefore that the only viable approach consists in modeling double layers by a constant phase element (CPE) [26,[START_REF] Aoki | Effects of the dipolar double layer on elemental electrode processes at micro-and macro-interfaces[END_REF], or a combination of CPEs, as currently performed in studies of complex electrochemical impedances [START_REF] Hirschorn | Determination of effective capacitance and film thickness from constant phase-element parameters[END_REF]. This has provided spectacular results for investigations of simple electron-transfer mechanisms [26] so the next step will certainly consist of the introduction of CPEs in numerical simulation programs capable of handling any complex electrochemical sequence. This is presently investigated in the authors' research team.
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