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Electron paramagnetic resonance (EPR) spectroscopy is a versatile and powerful technique for
investigating defect structures in a wide variety of materials, particularly oxides, where defects play a
key role in defining their electronic, magnetic, and optical properties. In this seminar, | will provide a
brief introduction to EPR spectroscopy within the context of solid-state materials science, focusing on
its ability to study defects in semiconductor nanomaterials, perovskites, and 2D materials. EPR is not
only effective in characterizing intrinsic and extrinsic defect states but is also highly sensitive to
variations in crystal field parameters, which differ across material types—from perovskites like PbTiO3
and lead-free alternatives to semiconductor systems such as ZnO nanomaterials. Additionally, EPR
offers detailed insights into the electronic states of metal ions, making it an extensive technique for
determining the concentration and nature of defect ions, whether they are extrinsically doped into
solids orintrinsically present. It is also capable of distinguishing between surface and volume defects,
which is crucial for understanding material behavior in various applications. We will explore how EPR
spectroscopy can uncover critical details such as ion substitution, charge compensation, and oxygen
vacancies, and discuss how these insights contribute to the broader understanding of material
properties.

Finally, | will introduce ongoing research where ZnO and lead-free perovskites are being applied as
electrode materials in all-in-one supercapacitor devices for energy storage systems. We will examine
the relationship between material properties and device performance, highlighting how EPR and
complementary techniques such as photoluminescence provide extensive control over defect states,
enabling a deeper understanding of the functional properties of electrode materials for sustainable
energy technologies.
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