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	Project Title

	Chemical Speciation of Aluminium in Novel Electrolytes;  The Drive Towards Sustainable Abundant Energy Storage

	Project Highlights:
	1.
	Novel use of spectro-electrochemical ESR/MRI to probe metal ion speciation in novel electrolytes

	
	2.
	Aluminium-based ionic liquid analogue electrolytes for novel energy storage

	
	3.
	Sustainable energy storage for portable devices based on abundant, cost-effective and accessible materials, including aqueous electrolytes.

	Project Description 

	This project will seek to develop spectroscopic tools in combination with electrochemical methods to probe the metal ion chemistry (e.g. aluminium) of various species with potential in portable energy storage devices.  Specifically, this will include the development of electrochemical ESR and NMR as well as Raman and FT-IR.  The ESR will be based locally (Leicester) building on the expertise of the supervisors; the NMR imaging (MRI) will be undertaken jointly developing an established collaboration with the University of Birmingham (Prof. Melanie Britton, School of Chemistry); the FT-IR and Raman work will continue a productive collaboration with the Institute of Polymer Science and Technology (Madrid) under Dr Gary Ellis and Dr Pilar Tiemblo.
Lithium-ion battery technologies continue to dominate the market for mobile charge storage required to sustain ubiquitous modern technologies including laptop computers, phones, portable electronics and electric vehicles (EV).  However, Li metal is difficult to extract from its ore, using huge quantities of water and energy often to the detriment of indigenous regional cultures. The global supply chain for Li metal is also highly vulnerable to geopolitical factors.  Hence the continued global reliance on Li-technology is not sustainable.  Much research effort has focused on alternatives such as sodium-ion and aluminium-ion systems.  Aluminium is an especially strong candidate since the theoretical energy density of its redox reaction is closer to lithium than any other metal in the periodic table.  Despite this, Al metal is very reactive and reduction of Al3+ is both energetically difficult and air and moisture sensitive.  Nevertheless, many prototype Al battery cells have been developed using chloroaluminate ionic liquids and analogues, the latter based on systems that originated in Leicester, but limited understanding of the detailed chemistry is holding these back. There are many efforts to understand aluminium ion speciation in non-aqueous electrolytes but there are many theoretical and practical challenges.  Here we wish to exploit the selectivity and sensitivity of ESR spectroscopy to develop novel electrochemical ESR that will provide detailed information not only about the metal ion, but also about the microscopic environment (viscosity and conductivity) of the electrolyte.  
This will be achieved by the use of functionalised spin-probe and spin-trap derivatives in ESR to elucidate features of both liquid micro rheology as well as the structure and reactivity of the Al3+ ion.  Additionally, in-situ Raman microscopy in collaboration with a group in Madrid.  NMR-based imaging (MRI) studies will also be targeted at understanding the behaviour of metal-ion concentration gradients of cells in operando.  These structural insights will be translated into prototype coin cell design, fabrication and electrochemical testing to improve performance and life-cycle of current Al-based rechargeable cells.  In a more speculative aim, we also plan to extend these studies to incorporate the speciation and properties of aluminium species in aqueous systems which very recently have become the targe of a Faraday Institution funding initiative.
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