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Abstract:
Ion-conducting glasses in the  system have been synthesized and investigated to
understand their electrical relaxation and transport behavior using electrical modulus formalism. The complex modulus
spectra exhibit clear non-Debye relaxation features, indicating the presence of distributed relaxation processes
associated with structural disorder and mixed network former effects. The Havriliak-Negami (HN) model provides an
excellent fit to the experimental data, yielding parameters that reveal the asymmetric nature of ion relaxation. The
relaxation time  follows Arrhenius behavior. The activation energy drops off rapidly with an increase in 
content. The weak temperature dependence of the HN shape parameters additionally confirms the stability of ion
dynamics across compositions.
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I. Introduction
Ion-conducting glasses have emerged as a technologically significant category of materials due to their distinctive
combination of high ionic mobility, structural disorder, and compositional flexibility. These amorphous substances
function as efficient solid electrolytes in all-solid-state batteries. They have benefits including isotropic ion
transport, thermal stability, and no grain-boundary resistance, which is common in crystalline ceramics[1]. For
example, lithium- and sodium-based glass electrolytes have conductivities similar to those of liquids, but they are
also very strong and easy to work with [2]. Ion-conducting glasses have been increasingly employed in
electrochromic devices, sensors, and photonic components, where mobile ions influence dielectric relaxation,
polarization effects, and refractive index modulation, in addition to their electrochemical significance [3], [4]. In
solar cell technologies, glass materials are gaining popularity as solid-state ionic transport or buffer layers that help
separate charges efficiently, making devices more stable by replacing liquid electrolytes [5]. Ion-conducting
glasses are well-suited for multifunctional applications that combine ionic, electrical, and optical properties, as they
are naturally transparent, chemically stable, and flexible in composition, making them easy to form into thin films or
bulk shapes [6]. Therefore, it is crucial to understand the relaxation dynamics and electrical modulus in these types
of glasses, as these factors affect how charges move, which is essential for the performance of solar and photonic
energy systems.
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