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The EU has set an ambitious target of reducing greenhouse gas emissions and becoming completely climate-neutral. To enable this energy transition, we need to design short- and mid-term energy storage capacities that allow us to store energy produced by renewable energy sources, which are often intermittent in nature (e.g., wind and solar power) and cause large fluctuations in power output. Batteries are among the prime candidates for this task. Currently, lithium-ion batteries dominate the market, and their future demand is projected to increase. However, the availability, sustainability, and future cost of the materials used in these batteries are being actively questioned. There is a need to search for new battery components, including electrodes, electrolytes, and novel chemistries, that can ensure higher battery capacity, improved safety, and enhanced electrochemical stability. Besides the search for new materials, a critical area of research involves understanding and controlling the phenomena occurring at the electrode-electrolyte interface, where energy storage takes place and degradation processes are initiated.
Within our laboratory, we are developing new electrolytes and electrode systems for lithium-ion, lithium-sulfur, and multivalent batteries. Operando and In-situ measurement techniques are unique tools that enable us to link microscopic-level phenomena with the electrochemical properties of a cell. In this work, case studies employing such measurements will be presented, illustrating the entire process from formulating a research hypothesis to solving the underlying problem. The examples will cover a broad range of topics, including cathode and anode materials in lithium-ion batteries studied using Operando Raman spectroscopy, which enables tracking of structural evolution and changes in chemical composition during charge and discharge cycles. In addition, Operando Raman spectroscopy applied to lithium-sulfur systems provides semiquantitative insights into the effects of concentration on lithium polysulfide chain-length evolution, solubility, and diffusion in the electrolytes under investigation. The results obtained using Operando and In-situ techniques will be supported by an extensive dataset comprising electrochemical, computational, and spectroscopic studies.
