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                                   Abstract 

 

The present work focuses on the surface plasmon resonance based 

sensors for potential applications as sensors, especially in the area of 

biosensing. Theoretical simulations based on Mie Theory are 

performed to optimize the experimental parameters such as refractive 

index of medium for sensing applications.  Finite difference time 

doman (FDTD) analysis were performed to understand the field 

enhancement in nanostructures and compare the parameters with Mie 

simulations. 

Surface plasmon resonance (SPR) refers to the collective oscillations 

of the conduction electrons in metallic nanostructures. Both the 

intensity and the position of the SPR strongly depend on the size, 

shape and composition of the nanostructures, as well as the dielectric 

properties of the surrounding environment.This variety of responsive 

variables allows for optical sensors to be created using plasmonic 

metallic nanostructures. Hence plasmon-enhanced optical sensors are 

finding increasing application in detection of analytes in biomedical 

diagnosis, homeland security, food safety and environmental 

monitoring. “Plasmonic sensor” here refers to sensors that directly 

utilize shifts in the spectral properties of the plasmon to act as the 

transducer of the sensing signal. 

The variation in the resonant wavelength induced by silver 

nanoparticle size and the dielectric constant of the medium observed 

experimentally using optical absorption is compared with the existing 

theories.  The experimentally observed plasmonic resonances along 

with the simulations are very important for developing optical based 

sensors. 
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Abstract 
Nanoparticles are the particles with the length of <100 nm at least in one direction. Their 

properties are different from the bulk particles of same element/ compound. Due to the 

presence of Quantum effects in smaller dimensions, the properties become dependent on size 

and show variation from bulk materials. 

A dispersion of nanoparticles appears macroscopically homogeneous but microscopically 

inhomogeneous. Nanoparticles act as a bridge between the atomic and macroscopic world. 

The main thing, which was focused here, was the dependence of optical properties of Gold 

(Au) and Silver (Ag) nanoparticles on size and wavelength. The size and wavelength 

dependence was seen using multiple scattering theory and expected plots were received. Then 

for determining the size of nanoparticles, we used same theory and got experimental plots. 

Fitting the experimental and theoretical plots helped us to get to know about the size of 

nanoparticle. 

MATLAB software was used in simulation and determination of size of nanoparticles. The 

zip file used here to run Mie Theory codes was SPlaC-v1_01.zip, which is available online. 

More than the expected time was spent learning this software and simulating the data. The 

main focus was to study the optical properties of gold nanoparticles with a flavour of silver 

nanoparticles included. The use of UV-Visible Spectrometer was not done here in person as 

due to lockdown there was constraint on working in the department. However, through online 

mode of experimental solid-state lab module, a brief idea of how it gives experimental data 

was provided by the Supervisor. 
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Abstract 
 

The accurate measurement of particle sizes has been of fundamental and primary importance in nanoscience. 

In the following project, nickel oxide nanoparticles are synthesized via the sol-gel route using nickel acetate 

tetrahydrate and methanol as precursors. The characterization techniques used in the present study are X-ray 

diffraction, Transmission Electron Microscopy (TEM) and Vibrating Sample Magnetometer (VSM). 

The structural properties of samples annealed at 400oC, 600oC, and 800oC were studied and analysed using 

the x-ray diffraction technique. The highest peak intensity was displayed by nanoparticles annealed at 8000C. 

The crystallite size of the nanoparticles increased from 12 – 27 nm with the increase in annealing temperature. 

The XRD patterns were plotted in the Origin software where the average crystallite size and stress of 

nanoparticles at the three annealed temperatures were calculated using the Scherrer’s Equation and 

Williamson Hall analysis. TEM Data for nickel oxide nanoparticles prepared at 6000C was provided to study 

their morphology. ImageJ software was used to calculate the average grain sizes of the particles. A 

comparative study of XRD and TEM data annealed at 6000C was done and the reasons for different results 

were concluded. Further, Rietveld refinement analysis, using FullProf software, was performed on the 

model structure to get more refined and detailed parameters of the nanoparticles. The refinement was also 

tried on three models of non-stoichiometric Nickel Oxide (NiOx, NixO, Ni1-xOx), but the results were not 

satisfactory. The magnetic properties of NiO nanoparticles were also characterized using Vibrating Sample 

Magnetometer (VSM). The hysteresis curves for the three samples were compared and plotted using the 

Origin software. 
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ABSTRACT 
Solid State Detectors, semiconductor ones in particular can detect a wide range of radiation from 
slow moving protons to electro-magnetic waves, and give a proper energy resolution. 
This report consists of the electrostatics of a p-n junction diode (Si) used as a radiation detector. 
Dependent parameters like width of depletion layer, dopant concentration etc and calculated 
from the data using MATLAB. The plots related to electrostatics including potential profile are 
generated by simulating a mathematical model of the diode. Some parameters like surface area 
of diode are varied in the simulation and their effects on the results are studied. The aim is to 
enhance the understanding of the mechanisms underlying the degradation of the performances of 
semiconductor devices induced by ionizing radiation. 
The capacitance and voltage data are provided through my supervisor’s collaboration with 
International Atomic Energy Agency (CRP F11016). 
The report includes the use of a Schottky diode as a detector, with several advantages over a p-n 
junction diode, along with its’ fabrication.        
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