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Backgrounc ..

1. Introduction (or educational background)

Incident Light

Noble metal NPs have garnered significant interest due to their unigue optical properties,

which are heavily influenced by their size, photon energy, electronic structure FWHM and A
LSPR (Zhang & Chen, 2021). As NP size increases, FWHM broadens due to enhanced
radiative damping and multipolar effects. (Kheirandish et al., 2023). To extract the plasmonic
properties of the resonance, Modified Long Wavelength Approximation(MLWA) Is used for the
single NP polarizability. Noble metals (Au, Ag) dominate plasmonics: excellent LSPR but
expensive and limited in spectral range. Unconventional transition metals (e.g., Zn, Rh, Re, ,
Mo, Ta, Ti, Sc) . Some of these Unconventional transition metals offer lower cost, UV-range Nanoparticles LAgE wreve
operability, Broader spectral tunabllity.

Electric Field

Fig. 1. Schematic description of LSPR in metallic
2 Problem statement gluli;?atcherough oscillation of free electrons on the NP

Gold i1s lossy, relatively expensive and not readily available. It's also limited to UV range due to the presence of interband transitions, technological
constraints. Oxidation. Silver nanostructures experience aging. This study addresses this research gap by examining how NPs sizes, ranging from 10
nm to 400 nm affects LSPR and FWHM using the Mie theory. Among the studied metals are Zinc ,Gold, Silver, Rhodium , Rhenium , Molybdenum
antalum , Titanium , and Scandium

Current Work ..

1. Objectives 3. Results

« Small NPs (10-30 nm) have high absorption due to LSPR. scattering
dominates Large NPs (>80 nm).

* To extract Mie scattering and absorption data from MieApp.

» To investigate the optical properties (scattering, absorption, LSPR  LSPR red-shifts and broadens with size increase due to multipolar modes

and FWHM) of the unconventional transition metals for broadband and retardation.
application. » LSPR peaks red-shift with increasing NP size. Material-dependent LSPR
up to ~275 nm. Material-independent behavior above 275 nm due to
2. Methodology dynamic depolarization. Mo & Ti show peak energies >6 eV (UV range).
1. This study applies a hybrid methodology that combines literature based » Ta lowest FWHM across all sizes. Ti highest FWHM (150-225 nm). Rh, Re,
data analysis, theoretical modeling and numerical simulation. Mie theory Zn and Sc have narrow peaks (better for sensing)

& Modified Long Wavelength Approximation (MLWA) were applied. » Larger NPs (>200 nm) have FWHM narrows for most metals.
2. MATLAB & MieApp were used for simulation (input: digitalized refractive

Index data).

3. Analysis of LSPR energy, FWHM, scattering/absorption (NP sizes: 10—
400 nm). The extracted data was used to determine the electronic
properties.
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Conclusion & Expectations B

 NPs have a broad and tunable LSPR across a wide spectral range, making them promising candidates for broadband optical applications.

* Gold and silver NPs showed strong and narrow LSPR peaks with relatively low damping, especially in larger NPs of size 100 nm to 400 nm.

« Larger NPs of size range 100 nm — 400 nm demonstrated a broader spectral response due to increased radiative damping.

* |n addition, interband transitions in these unconventional transition metal NPs contributed to LSPR broadening, which enhanced the overlap
of plasmonic peaks across the visible and near-infrared regions.
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