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ABSTRACT 

Graphene quantum dots (GQDs) are carbon nanomaterials with sizes less than 10 nm, known 
for their unique properties, including low toxicity, high solubility, tunable photoluminescence, 
and biocompatibility. These features have made GQDs highly attractive in the realm of carbon 
nanomaterials, as evidenced by the burgeoning literature on this subject. Various methods for 

synthesizing GQDs from organic, inorganic, and biomaterials have been reported. This study 
focuses on the synthesis of GQDs using amino acids, methionine and tryptophan as precursors. 
Amino acid-based GQDs are expected to be less toxic and more biocompatible compared to 

those synthesized from other organic or inorganic materials. We investigate the effects of 
varying amino acid proportions on the structural, heteroatom doping, and functional 
characteristics of the resulting GQDs. Additionally, the electrochemical sensing properties of 
these GQDs are explored for sensing various analytes with biological and environmental 

significance. 
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ABSTRACT 

Nickel oxide was supported on MCM-41 using the precipitation method. Reduction kinetics of 

supported and unsupported nickel oxide was studied using non isothermal methods to 

investigate the change in activation energy and the reduction reaction mechanism. Activation 

energy was determined using the Kissinger 's method and Straink's method. Model 

discrimination was done using the Hancock-Sharp analysis and Malek's method. The 
calculated and the experimental TPR data was compared to check the reliability of the 
estimated kinetic parameters. The supported nickel oxide showed an increase in activation 
energy due to the influence of the support. The reaction mechanism shifted from Avrami 

Erofeev model in the unsupported to three-dimensional difusion-controlled model in the 
supported nickel oxide. The higher activation energy in the case of supported nickel oxide 
indicates the diffusion of vacancies is the rate limiting step. The reduction mechanism of nickel 
oxide on supported on MCM-41 was proposed in agreement with literature and current study. 

Key words: Nickel Oxide, MCM 41, Reduction kinetics, Temperature Programmed Reduction, 
Diffusion control. 
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CICH3- (Z)-S-chloro-3-(p-tolylimino)indolin-2-one. 

4-CICH3- (Z)-4-chloro-3-(p-tolylimino)indolin-2-one. 
BICH, (Z)-5-bromo-3-(p-tolylimino)indolin-2-one. 

BIH (Z)-5-bromo-3-(phenylimino)indolin-2-one. 
BII (Z)-5-bromo-3-(4-iodophenyl)imino)indolin-2-one. 

CIH (Z)-5-chloro-3-(phenylimino)indolin-2-one. 
FIC (Z)-3-(4-chlorophenyl)imino)-5-fluoroindolin-2-one. 
FICH; (Z)-S-fluoro-3-(p-tolylimino)indolin-2-one. 

ABBREVIATIONS 

HICH3 (Z)-3-(p-tolylimino)indolin-2-one. 
HIF (Z)-3-((4-fluorophenyl)imino)indolin-2-one. 
HIH (Z)-3-(phenylimino)indolin-2-one. 

IH (Z)-5-iodo-3-(phenylimino)indolin-2-one. 

IIB (Z)-3-((4-bromophenyl)imino) -5-iodoindolin-2-one. 
IC (Z)-3-(4-chlorophenyl)imino)-5-iodoindolin-2-one. 

IF (Z)-3-(4-fluorophenyl)imino)-5-iodoindolin-2-one. 

ICH: (Z)-5-iodo-3-(p-tolylimino)indolin-2-one. 

M (Z-5-iodo-3-(4-iodophenyl)imino)indolin-2-one. 
F- Flake 

B- Block 

N- Needle 

DCM- Dichloromethane 

EtOAc- Ethyl Acetate 



ABSTRACT 

The design of flexible molecular crystals by utilizing polymorphism is an emerging area of 

research. Herein we studied polymorphismn in a set of halogen-substituted isatin compounds by 
controlling crystallization conditions. A detailed investigation by optical hot-stage microscopy, 
DSC, and PXRD measurements allowed us to confim the polymorphism in a set of halogen 
substituted isatin compounds. The obtained polymorphic forms in this set of halogen-substituted 
isatin compounds showed distinct macroscopic mechanical responses. It was found that the 
different polymorphs of IH, IIF, IC, IB, IICH, II, CIH, HIF and 4-CICH, showed different 
mechanical compliance: the needle crystals are elastically deformable, while the block-type 
crystals are brittle in nature. Distinct mechanical responses with varying functional groups also 

observed: that is by replacing H with halogens or CH. This study is of great scientific 
significance to engineer mechanical compliance of organic crystals by packing structure 
modification instead of chemical structure optimization. 

1 
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Abstract 

We present the design and synthesis of two SchifT base derivatives, Pyr-SB-1 and Pyr-SB-2, 

tailored for the sensitive detection of Zn'' and Cu?' ions through fluorescence turn-on and 

colorimetric mechanisms. These receptors were characterized by significant changes in 

absorption and fluorescence spectra upon metal ion binding, with Pyr-SB-2 demonstrating 

superior fluorescence enhancement compared to Pyr-SB-1. The selective response towards 

Zn ions was particularly notable, amidst the presence of competing metal ions, underscoring 

their potential for biomedical and environmental applications. The colorimetric shift from 

yellow to green upon metal coordination highlights their utility as dual-mode sensors. Future 

efforts will focus on elucidating binding stoichiometry, determining detection limits, and 

expanding sensor capabilities through the incorporation of alternative fluorophores. 

[xi] 
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ABSTRACT 

Aluminium metal is highly regarded as a superior choice for anode material in Metal-Air 
Battery due to its advantageous canacity and energy density. Nevertheless, the challenge of 
anoale parasitic corrosion significantly impedes the advancement of Aluminium-Air Battery 

Periomance. In the present work, attempts were made to investigate the corrosion inhibition 

cttects of both ZnO and neem eytract in alkaline solution on commercially pure aluminium. 
The synergistic cffect of ZnO and neem extract on the aluminium anode in a 4 M NaoH was 
Su using hydrogen evolution experiment. electrochemical measurements, and surtace 

analysis method. The H evolution shows that it effectively reduces self-corrosion of the 
aluminium anode and increases inhibition efficiency up to 98%, at the optimum concentraion 

O. ano and 3g/L neem extract .Scanning electron microscopy (SEM) is used to exXamine 

the surface morphology of aluminium and reveal the chemical composition of the extract as 
well as the formation mechanism of the protective film on the aluminium surface. Ihe 
interaction between ZnO particles and neem extract is responsible for the formation of this 
film. The surface characterization was carried out using infrared spectroscopy techniques. 
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ABSTl{A(T 

This work invcs1iga1cs the upplicnlio11 of 1'11111111 l.l·nsl Sq11 111es Hrt'.l l",\1011 (l• I.S I<) 
models for Mtecling nnd q11un1il'ying ud11llcmtiu11 111 cd1ltle 01h 11':1111•. 1{1111111 11 

spectroscopy. The study focuses on coconut oil nd11llcrntcd wi1li v1111011~ 011-l :.11d1 w, 
com, collonseed, naxseed, groundnut. 11igc1sccd. palm kc111cl. pal11101l'i11 , 11cc l11 a11 , 
soybean, and sunnowcr oils. Key qualily pn111111clc1s like 1od111l' v11l11c, i.11po11ifica1io11 
value, and acid value were assessed to l'nsurc oil qunlity. H:11111111 spl·clrni:copy provided 
molecular fingerprints of the oils, liicili1a1i11g the iJe1111ficu1 io11 or ad11llc111111 •,. 'J'lic 
PLSR models were calibrated using MATLAB, do111011slralint_: hieh :m:11rucy with l{J 

values nearing 0.999 and low RMSEC values across different ~yste111~. 1 lowcver, tl 1c 
prediction accuracy varied, highlighting the need for further optimi,.ution. 1:n, i11sta11cc, 
the coconut-soybean oil system showed an R2 of0.999 in calihrat io11 but had a hiehcr 
RMSEP in prediction. Similarly, the coconut-sunnowcr oil syslcm cxh,bitcd cxccllc111 
calibration results but required improvement in prediction accuracy. The rc•;carch 
underscores the potential of combining Raman spectroscopy with PLSR models for 
rapid, non-destructive adulteration detection in edible oils, though future work should 
focus on enhancing predictive capabilities for practical applications in the food 
industry. 

Keywords: Raman spectroscopy, Partial Least Squares Regression (PLSR), edible oil 
adulteration, Coconut oil. 
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PREFACE 

 

 

Electrochromic (EC) systems, as exemplified by active chromogenic glasses, offer the 

capability to modulate optical transparency through the adjustment of electric voltage or 

current. An electrochromic device (ECD) typically comprises a multi-layered sandwich 

structure, including an active layer, an electrolyte layer, and a charge-balancing counter layer, 

all positioned between two conductive glass plates. The device functions by electrically driving 

ion insertion or extraction from the electrolyte, facilitating a reversible redox reaction in the 

active or counter electrode. These materials are gaining significant traction in the global 

market, with applications in energy-saving smart windows, facades, aesthetic and privacy 

control glasses, non-emissive displays, smart labels, sensors, and signboards. Investigating 

electrochemical methods to enhance both the EC response and storage capacity is essential for 

maximizing the energy-saving potential of these glasses. While various materials are employed 

as light diffusers in windows to reduce glare and maximize daylight utilization, these materials 

generally lack smart window properties. In this study, we investigate the feasibility of 

integrating a light diffuser into smart windows using hazy WO₃ thin films for electrochromic 

devices. We aim to compare and evaluate the performance of hazy WO₃ films against 

transparent WO₃ films through a series of characterization techniques, demonstrating the 

comparison of hazy and transparent films and study elaborates increase in number of layers of 

hazy film and changes in important properties. This report provides a comprehensive analysis 

of the structural, morphological, optical, and electrochemical properties of these films, offering 

valuable insights into their potential applications in innovative and energy-efficient smart 

window technologies. The findings contribute to the advancement of smart window solutions, 

fostering energy efficiency and sustainability in modern architectural practices. 
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ABSTRACT 

 

 

This work compares the properties and performance of transparent (T200) and hazy (H200) 

WO₃ films, fabricated via spray-coating, for smart window applications. XRD confirmed the 

amorphous structure of both films. Profilometer measurements showed T200 films, coated at 

lower temperatures, are thicker than H200 films.  

OPM and SEM revealed morphological differences: hazy films had spherical-shaped pits, 

while transparent films had a tile-like structure. AFM confirmed higher roughness in hazy 

films, causing more light scattering. UV-VIS NIR spectroscopy showed lower transmittance 

for H200 due to increased scattering. 

Electrochemical studies indicated Li+ ion insertion with voltage changes, and GCD 

experiments showed higher capacitance values for hazy films with more layers. Cyclic stability 

tests showed high optical contrast for both films, with decreasing transmittance over time. 

Coloration efficiency was higher for T200, and response time analysis revealed faster responses 

for transparent films. 

Transparent WO₃ films are suitable for applications requiring natural daylight and heat control, 

while hazy films are ideal for privacy and glare reduction. Both films offer dynamic control 

over window properties, contributing to sustainable building designs and innovative smart 

window solutions. 
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ABSTRACT 

This project focuses on the development and characterization of a spectrophotometric and 
colorimetric sensor for bilirubin using Zinc(l) phthalocyanine pyridine (ZnPcPy). ZnPcPy was 
synthesized through a multistep process involving 4-nitrophthalonitrile, 3-hydroxypyridine, 
pentanol, zinc acetate, cobalt chloride, and potassium carbonate. Spectrophotometric analysis 
confirmed that ZnPcPy forms a stable complex with bilirubin, exhibiting a distinctive colour 

change whose intensity correlates with bilirubin concentration. Concentration studies, 

performed both spectrophotometrically and colorimetrically, demonstrated that the sensor can 

detect bilirubin with a detection limit of 2.3x10-7 M. Selectivity and interference studies 

against co-existing biomolecules further validated the specificity of ZnPcPy towards bilirubin. 
Practical utility and reproducibility assessments underscored the sensor's potential for clinical 

applications. This study establishes ZnPcPy as a promising candidate for bilirubin sensing due 

to its sensitivity, selectivity, and robust performance characteristics. 
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ABSTRACT 

This work focuses on the quantitative estimation of bioactive compounds such as protein and 
total phenolic as well as a qualitative estimation of cyanide by using the leaf extracts. The 
aim behind this work was to let know people the existance of plant protein called Rubisco 
which claimed to be of zero allergens and high nutritive value. It also possesses high phenolic 
content which is a key factor for enhancing the antioxidant properties. Qualitative estimation 
for cyanide shows a positive result and indicate the need to remove them and make useful 
food supplements from plant leaves. 

Key words: protein, total phenolic content, cyanide and FCR 
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ABSTRACT 

Aluminium metal is highly regarded as an cxccllent choice for the anode material in metal-air 
fucl cclls. The self-corrOsion of aluminium anode in aqueous alkaline clectrolyte hinders the 
Wider application of Al-air battery. The addition of corrosion inhibitors to the clectrolyte 

significantly reduces the corrosion behaviour of Al anode. In this work, we introduce a glyccrol 
system as a water-in-salt clectrolyte to modify the conventional aqueous solution and 
investigate the effcct of DL a-lipoic acid as a corrosion inhibitor to further reduce the corrosion 
of Al anode in 4M NaOH solution. The combination of 20% glycerol and 3mM lipoic acid 
CXhibits an inhibition efficiency of 72% in Hydrogen evolution test. Electrochemical 

measurements such as Electron impedance spectroscopy, Potentiodynamic polarisation were 
carricd out. The results indicate a negative shift in open circuit potential, suggesting that 
additives play a role in suppressing the cathodic corrosion process and addition of lipoic acid 

further decreascs the corrosion current (Icon), achieving a 67% efficiency. Surfacc morphology 
reveals the interaction of lipoic acid molecules on the surfacc of aluminium. Surface 

characterisation was carried out using ATR-FTIR Spectroscopy. 


