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Clean, abundant, and sustainable energy is undoubtedly one of the greatest challenges in the 

21
st
 century. Fossil fuels that account for more than 80% of the world’s current energy needs 

are limited and harmful to the environment. While renewable energy sources such as solar 

and hydrogen together can meet our energy need, considerable material challenges remain 

before they can replace fossil fuels. I will outline some of these challenges in energy storage 

and conversion with particular emphasis on hydrogen storage [1], Li-ion batteries [2-4], and 

perovskite-based solar cells [5] and discuss how complex hydrides may provide a possible 

solution.  At the outset these three classes of materials do not appear to have anything in 

common. However, a closer look reveals that all these materials are ionically bonded systems 

composed of multi-component negative ions mimicking the chemistry of halogens. This class 

of negative ions known as “superhalogens” has been an active research field for some time. I 

will demonstrate how understanding gained from their studies in the gas phase can help in the 

design and synthesis of halogen-free electrolytes in metal-ion batteries as well as address 

some of the fundamental problems associated with the stability of organic hybrid perovskites 

solar cells exposed to moisture and ways in which their band gaps can be tuned for 

photovoltaic applications [5]. If time permits, I will also discuss issues with irreversibility [6] 

and safety of complex borohydrides [7] for hydrogen storage. Experimental evidence will be 

provided to establish the predictive capability of our theory.  
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