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ABSTRACT

There is significant interest in the development of plasmonic nanostructures for the detection
of chemicals or biomarkers based on Localized Surface Plasmon Resonance (LSPR). The
large electric-field enhancement due to the excitation of LSPR or SPR also enables surface-
enhanced Raman scattering (SERS), which is used for the specific and sensitive detection of
chemicals and biological molecules of interest. This thesis details the research work carried
out in the development of plasmonic nanostructures and nanoparticles for LSPR- and SERS-
based applications.

The design and numerical simulations of a nanostructure geometry consisting of arrays of
nanocrosses interspaced between triangular bowties for LSPR-based refractive index sensing
have been presented. Various parameters of the geometry were varied, and their effect
studied. The geometry was suitably tuned to maximize bulk and localized sensing
performance in different regimes of operation.

The process for the formation of gold nanoparticles (AuNPs) by evaporation on substrates
at a high temperature has been thoroughly studied. Highly crystalline AuNPs have been
successfully formed for film thicknesses up to 40 nm at a comparatively lower temperature of
500 °C. The bulk and localized sensitivity of the fabricated AuNPs were evaluated.

A novel method for developing large-area SERS substrates based on gold-coated
nanostructured surfaces has been presented. The SERS substrates were optimized by
variation in the fabrication process parameters. The substrates were tested using a SERS
active molecule (pMBA) and subsequently used for the detection of organophosphorous
pesticides — Paraoxon-Methyl and Paraoxon-Ethy]l.

The growth of silver nanowires performed (AgNWs) on flexible substrates — plain weave
fabric and Kapton was studied and their performance compared with AgNWs grown on a
rigid substrate — silicon. The substrates were assessed with the SERS active molecule pMBA

and also employed for the label-free detection of DNA nucleobases adenine (A) and cytosine

(©).
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List of Abbreviations

AFM: Atomic Force Microscopy

AgNWs: Silver Nanowires

ALD: Atomic Layer Deposition

AuNPs: Gold Nanoparticles

DNA: Deoxyribonucleic Acid

EBL: Electron-Beam Lithography

EF: Enhancement Factor

EM: Electromagnetics

FDFD: Finite-Difference Frequency-Domain
FDTD: Finite-Difference Time-Domain
FEM: Finite Element Method

FESEM: Field Emission Scanning Electron Microscope
FIB: Focused lon Beam

FOM: Figure of Merit

FMM: Fast Multipole Method

FWHM: Full Width Half Maximum

GLAD: Glancing Angle Deposition

HeFIB: Helium Focused lon Beam

LSP: Localized Surface Plasmon

LSPR: Localized Surface Plasmon Resonance
MoM: Method of Moments

MPTES: (3-mercaptopropyl) triethoxy-silane
NN: Neural Network

PCA: Principal Component Analysis

PLD: Pulsed Laser Deposition

PMBA: 4-Mercaptobenzoic Acid

PML.: Perfectly Matched Layer

QCM: Quartz Crystal Monitor

RIE: Reactive lon Etching

RIU: Refractive Index Unit

SERS: Surface-Enhanced Raman Spectroscopy
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SPP: Surface Plasmon Polariton

TEBAL: Transmission Electron Beam Ablation Lithography
TEM: Transmission Electron Microscopy

TLM: Transmission Line Method

UV-Vis: Ultraviolet-Visible Spectrophotometer

XRD: X-Ray Diffraction
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