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Cataluminescence in perovskites: a novel energy conversion
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In my talk, I will shortly review various ideas of a future circular energy scenario. Although much
R&D is focused on the production of renewable energy carriers, their conversion into heat, work, and
electricity on demand is equally important. However, apart from hydrogen, the conversion efficiency
of most renewable energy carriers such as hydrocarbons, and ammonia is limited.
Thermophotovoltaic energy conversion devices are a relatively old idea, which did not make it due
to the low conversion efficiency. I will sketch the functioning of such devices, from which one can
conclude that the efficiency is very low due to the low efficiency of chemical energy to light limited
by the process of heat from the chemical reaction released as black body radiation [1]. From a
fundamental point of view, the direct conversion of chemical energy into light without the detour is
possible in principle. For the first time, we demonstrate this so-called cataluminescence [2] from
methanol combustion over Er-substituted SrTiO3 with high efficiency. The catalytically active
quaternary perovskites ErxSr1-xTi0.95Cu0.05O3-d are non-conducting in oxidized state, but exsolute
metallic Cu particles onto the surface upon reduction at high temperatures [3]. Thus, we are able to
manipulate the metallic state and investigate its influence on the catalytic as well as luminescent
properties. Coincidentally, the fuel to air ratio ('lambda ratio') around the stoichiometry point
corresponds to the tipping point between reducing and oxidizing conditions altering the surface
properties as evidenced by operando optical spectroscopy and post mortem X-ray diffraction and Xray photoemission. Cataluminescence takes place under oxidizing conditions (lean fuel to air mixture)
on the Er-perovskite with a strong selective IR- emission, while under reducing conditions Cunanoparticles develop, which emit black body radiation [4].
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