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Abstract:
2D carbides and nitrides, known as MXenes, are among the most recent, but quickly expanding material families. The field is experiencing very fast growth with the number of papers on MXenes doubling every year with about 850 journal papers in 2019 and the same number in the first 6 months of 2020. Major breakthroughs have been achieved in the past 2-3 years, including the discovery of 2D M5C4 carbides with the twinned layers and CVD synthesis of MoSi2N4, representing a new family of 2D nitrides. Synthesis of dozens of predicted MXenes, demonstration of superconductivity in MXenes with specific surface terminations, stronger interactions with electromagnetic waves compared to metals, metallic conductivity combined with hydrophilicity and redox activity, led to numerous applications. MXenes are promising candidates for energy storage and related electrochemical applications, but applications in optoelectronics, plasmonics, electromagnetic interference shielding, electrocatalysis, medicine, sensors, or water purification are equally exciting. Reversible redox activity of transition metal atoms in the outer layers of MXene flakes combined with high electronic conductivity led to applications in a variety of batteries and electrochemical capacitors. 
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Abstract: 
Materials sustainability is particularly important when building future energy storage and conversion technologies. Such energy technologies are crucial to ensure the transition towards a zero emissions society but are relying heavily on materials. We must therefore address the fine balance between the development of emerging energy technologies and the materials we use to build them. Today, scarce metals are the components of energy storage and conversion systems. Cobalt and graphite are in the cathodes and anodes of Li-ion batteries. With the accelerated development of Li-ion battery technologies, there is a huge demand not only for Cobalt and graphite but also for Li itself, which is geographically confined to Bolivia Chile and Argentina.  Hence, we need innovative energy storage technologies beyond Li. Iridium and Platinum are the catalysts of choice for H2 production from water and its utilization in fuel cells to generate clean electricity. The current available supply for these metals cannot sustain the expansion of such technologies at a global scale. We need alternative electrocatalysts and sources for H2 production and H2 use in fuel cells. Gallium, Tellurium, Indium are used in solar cells and photocatalytic systems for solar fuel production. These materials are scarce, and alternatives must be sought for the next generation of solar panels and photocatalytic systems.
In this talk I will present some of our innovations in the design of sustainable materials to be efficiently utilized in energy storage and conversion technologies. Examples will range from efficient and sustainable batteries beyond Li to alternative catalysts to Pt for fuel cell’s cathodes as well as alternative biowaste sources to water for the production of affordable and clean H2. A new family of photoactive nanomaterials made from biomass, i.e carbon dots, will also be discussed for potential use in solar H2 production. 
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High-power electrochemical energy storage devices are important components for various industrial applications, ranging from individual electronics to grid storage. The demand for power and energy supply is equally imperative in actual use and is keen to expand in the future. Thus, it is highly desirable to design new electrochemical batteries and supercapacitors to mitigate the trade-off between power density and energy density. On the other hand, as growing requirements for intelligent electronic devices and internet-of-things, extensive attentions have been attracted to functional (particularly, smart and stimuli-responsive) energy storage devices, which are rapidly responsive to the variations of devices or the external environment, e.g., configuration, voltage, deformation, light, and temperature, etc. Meanwhile, the portable, implantable, and wearable electronics are advancing toward miniaturization as well as ultralight, and safe, long-term, and high-speed operation, thus stimulating the urgent pursuit for miniaturized energy storage devices. 
In this lecture, we will present our recent efforts in developing functional graphene and 2D materials for high-power energy storage devices, especially for the flexible/micro-supercapacitors with smart functions. Electrochromism, thermo-response, and photo-response can be integrated into such devices which provide the possible means to monitor the electrochemical process using external stimulus, thus opening up windows for realizing the power systems for intelligent electronic devices. Towards realizing high-power electrochemical batteries, we will discuss our recent progress in the development of dual-ion energy storage devices, which involve different charge storage chemistry in contrast to the conventional “rocking-chair” mechanism. 
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[image: C:\1 E\5 experiment data\Wood Paper\FIGURE\TOC.tif]Electrochemical capacitor traditionally plays the role to bridge the gap between lithium batteries and conventional electrolyte capacitors. One of the emerging promising application fields for high-rate electrochemical capacitor is their huge potential to replace bulky aluminum electrolyte capacitors (AECs) and serve as alternating current filter for flexible, lightweight, and miniaturized electronics. The key point for high-performance filtering capacitor from academic to industry is the rational design and synthesis of electrode materials. Here, we will introduce our recent research results about wood-based high-rate electrochemical capacitor for filtering purpose. Wood as a renewable resource was used to fabricate highly conductive, robust, porous thin carbon membranes as free-standing electrodes for ultrafast electrochemical capacitors. Transformation of wood slice to carbon membrane was realized via wet-chemical treatment of wood slices and subsequent morphology-maintaining carbonization by spark plasma sintering. The carbon membrane-based electrochemical capacitor exhibits excellent frequency response with efficient 120 Hz filtering (phase angle = −83.5o). This wood-derived porous carbon membrane holds the potential for versatile platform for other applications which require highly conductive porous substrates.
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