3D Printed Spectroelectrochemical Cell for in situ and in operando Measurements
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Spectroelectrochemistry is a powerful tool that allows scientists to observe the details and changes in electrogenerated species on the electrode surface, contributing to a deeper understanding of electrochemical processes1,2. The combination of electrochemical techniques and Raman spectroscopy provides important information about  formation of films on an electrode, changes of oxidation states, the formation or breaking of a bond, and even help unravel a reaction mechanism2. However, commercially available spectroelectrochemical cells (SEC) have some limitations, such as high cost and limited working electrodes options. Commercial cells strongly rely on circular flat electrodes, which are usually platinum, gold or glassy carbon electrodes. Electrochemical studies, however, use a variety of electrodes, both in size and material, where these characteristics may play important roles in the reaction studied. Therefore, the ability to perform spectroelectrochemical measurements in a cell where the working electrode can be adapted for the experiment is an essential feature. Additive manufacturing, also known as 3D printing, is a versatile and low-cost method for producing tailored objects designed according to application and user needs2. In this sense, we propose the design of a 3D printed SEC for confocal Raman spectroscopy, where parameters such as the printing material and working electrode (WE) type and size can be easily adjusted. The cell uses a modular design with four main parts (Figure 1), where the WE platform can be easily adapted to meet the user’s needs. The designed cell was printed using both fused deposition modelling (FDM) and digital light processing (DLP), demonstrating the versatility of the printing technique and material. Its application was successfully evaluated for well-known electrochemical systems, such as Prussian blue electrodeposition via chronoamperometry (Figure 2(a)) and probing of Prussian blue changes (Figure 2(b)).
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Figure 1: (a-e) SEC design and (f) SEC in use.





 Figure 2: Time-resolved Raman spectra for (a) electrodeposition and (b) CV of the Prussian blue.
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