Electrooxidation of C3 Alcohols on Nickel in Alkaline Electrolytes: Insights from operando Raman spectroscopy.
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Electrochemical oxidation of biomass-derived alcohols on low cost, earth-abundant metals such as nickel is of significant interest in the field of hybrid water electrolysis, in which anodic valorization of organic compounds and cathodic hydrogen production occur concomitantly with reduced energy costs compared to conventional alkaline water electrolysis.[1] Glycerol has emerged as a suitable biomass-derived feedstock due to its low economic value and high abundance as a byproduct of biodiesel production. However, the dynamic interplay between substrate adsorption and the formation of the active phase, NiOOH, during the reaction remains an open question. Furthermore, transition metal catalysts often suffer from a trade-off between catalytic activity and selectivity.[2] Here, operando Raman spectroscopy was used to investigate the electrooxidation of C3 alcohols on a Ni electrode, including mono-ols (n-propanol and 2-propanol), diols (1,2 propanediol, 1,3 propanediol) and the triol (glycerol), differing in the amount of hydroxyl groups present in the structure. The influence of alcohol structure and concentration on both the electrochemical current response and the formation of the NiOOH phase was systematically investigated by cyclic voltammetry (CV) and chronoamperometry (CA). The NiOOH features observed in both CV and operando Raman spectroscopy change substantially by increasing either or both, the number of hydroxyl groups and the alcohol concentration. Reduced intensities were observed in all polyol Raman signals at millimolar levels, while, in the presence of the tested mono-alcohols, clear NiOOH signatures closely resembled the CV and Raman responses observed in blank electrolyte at concentrations up to 3 M. CA was recorded in the presence of different concentrations of alcohol, the observed changes in current were explained by the differences in the adsorption behavior of each alcohol substrate  which was found to be in agreement with density functional theory (DFT) predictions. Ongoing measurements involve the use of differential electrochemical mass spectrometry (DEMS) to probe the competition between the alcohol electrooxidation and the parasitic oxygen evolution reaction (OER).  Preliminary results suggests that the OER is inhibited in the presence of polyols at lower concentrations than the mono-ols, which, in agreement with the operando Raman investigations, could be explained by a lower availability of NiOOH, which are also active sites for the OER. These findings demonstrate that alcohol oxidation on Ni is not dependent only on the presence of the NiOOH active site but in the competition between OH- and alcohol adsorption and the ability of the active site to turn over in presence of this substrate. The results have implications in understanding selectivity challenges and concentrations dependencies during alcohol electrooxidation.
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