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Research Areas: Engineering of Nanomaterials: Applications, devices
and systems

[ Nano Materials] Dr. C. K. Sumesh & group
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2D TMDC and analogous materials

Quality Parameters:
 Tunable optical bandgap
* High surface area
 Easy to functionalize

« complementary material to
graphene

- ;
MX, Structure e g

& M: Transition metal (i.e. Ta, W, Mo, V, Zr, etc)
@® X:chalcogens (i.e S, Se and Te)

Transition metal dichalcogenides (TMDC) (eg. MoS,, WS,, and WSe,)
Transition Metal Oxides (TMO) (eg. MoO3, WO, Cu based Oxides)

hBN
‘white graphene’

Graphene
famil

Graphene Fluorographene | Graphene oxide

Metallic dichalcogenides: NbSe,,
NbS,, TaS,, TiS,, NiSe, and so on

2D MOSZ: WSZs
chalcogenides lf MoSe,, WSe,

Semiconducting dichalcogenides:
MoTe,, WTe,, ZrS,, ZrSe, and so on Layered semiconductors: GaSe,

GaTe, InSe, Bi,Se; and so on

Micas, BSCCO MoOs, WO, Perovskite-type: Hydroxides: Ni(OH),, Eu(OH),
LaNb,O-, and so on
2D oxides T | |G
Layered Cu BI4T13012,
o V205, TaO;, RUOZ . Others
oxides Ca,Ta,TiOqg
and so on

and so on

Control CuO Nio Fe,0, Scope for collaboration
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6hr N 7 « Anti-cancerous &
i “ . biological activities using
> various metal oxides

24h

(..
1 < &
>
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2H structure of WSé,A" .

Decoration of Ag

HRTEM image of the WSe, nanosheet
represents the honeycomb structure
Prepared by

Results

SEM Image of WO; nanoflowers
Prepared by chemical route
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photodetector with and without
illumination

+ Corrosion testing
* Photocatalysis

Dr. Kamlesh Chauhan, CSPIT

Synthesis Methods

Chemical Route
Solvo/Hydro-thermal
Microwave

Direct Vapour Transport

Vacuum deposition, etc
Main features

Easy synthesis methods
Possibility to fabricate
heterostructure

Optimization in various
properties such as optical,
electrical, etc

Contemporary device
fabrication such as
photodetectors, gas sensors,
electronic devices, bio-

Sensors

Dr. Sanni Kapatel



Research in Theoretical Physics

Theoretical High Energy
Physics, Hadron Physics

U Blackhole Physics Area of Interest :

+0.0000

U Small scale structure formation — +00082 U Mass spectra of Meson

+0.0637

+0.2125

U Gravitational Wave | +05008 i Decay properties of Meson

+0.9747

Print Thermo

U Digital Image Processing U Exotics states

. L U Masses of tetraquark states in
U Gravitational collapse of stars

. . : the hidden charm sector
U Gravitational lensing and shadows
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Dr. ShwetaDabhi Dr. Manan Shah 4




Portable spectrophotometer (Make: Ocean

Lasers: _

(i He-Ne Red laser (632 nm, 5mW) optics)

i Diode Green laser (532 nm, 30mW) * FLAME -SXR1-ES Spectrophotometer, I ——

i He-Cd laser (442 nm, 30mW) detection range,a> = @0B1000nm, Microsco g.
: pe (Make: Meiji,

. Tunthen I;I]alogen SO—UZ%_I(;%%%OLL’ Japar IM7200 )
BELE EIEL Rangeg» - nm « Calibrated Scale
* 40Cm UV/VIS optical fibore and cuvette « Polarizer
holder « Color CCD camera (make:

Jenoptik, German, Resolution:
2080x 1542 pixel)

Pl. Dr. Rucha P Desai, BSERB/002278 Project



Magnetic Fluid based Tunable OPTICAL CLOAKING

Diffraction Grating

H=370G, T=240sec Field off H=0,T=30sec
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intensity(counts

intensity(counts)

LT A s

Magnetic field induced chain White light spectroscopy-
formation —Microscopic image ~ MF as monochromator

 Oneway cloaking
« Two-way cloaking



Magnetic Fluid Mirror

Rare earth
Magnet L

~
Ms ~ 280G Reﬂeded diverged Beam Reflected focused beam
H=750G (without focusing lens (2)) (with focusing lens(2))

Reflection due to the spherical curvature in the mirror leads to diverged the reflected beam.
External lens is needed to focus the beam.

=
e

Ms~70G
H=750G Incident light Reflected Beam

Reflection due to the plane surface of the mirror leads to focused beam (without lens).

Michelson Interferometer: An application

Michelson Interferometer
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Optically transparent gel

—__, Magnetic Coil

Adaptive Liquid Lens

Non-magnetic

liquid (e.g. PVA
--8--15ul
or PVP)
gEs= 0o O
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0 Magnetic fluid=40pL
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H(G)

Side view of Curvatures at different magnetic fields

Magnetically conducting O-ring

H=1000G H=430G

Scopéfor collaboration

0 to interfacemagneticfield andfull setup.

Feedbaclandcontrol loop

Simulationof the experiment

Toprepareminiaturizedfully automateddevice
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Inverted Metallurgical Microscope — University users

Variable »
Polarization

Material Surface

Al Particles Al - Composite

: : : : Inverted Metallurgical Microscope (Make:
: Mech | E PIT, CHARUSAT . .
Dr. Mayur Sutaria & Group, Mechanical Engineering, CSPIT, C UuS Meiji, Japar IM7200 ) equipped with CCD

camera (makelenoptik German, Resolution:
2080x 1542 pixel)

Fiber Dimensions Hyphae Fungus Fish Bone

Sand Particles

Dr. Vaibhav Patel, PDPIASDr. Kiran Patel, PDPIAS Dr. Chirayu Desai, PDPIAS Dr. Prabin S. Civil Engineering, CSPIT, CHARUSAT &



Image Analysis
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Time dependent data

Video of interference pattern _
extracted from the video

* Analysis of images using ImageJ softwari Java based script

+ Method developed for the analysis of structure identification & inter
structure distance . The method will be submitted tgithub, and hence
can be added as plugn in the ImageJ software
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Inter-chain distance determlnatlon

Scope for collaboration:

* Interest to explore different types of structure
(particle shape, si ze,

« Study internal cell structure and subsequently
analysis of various parameters

Urvesh Soni et al



Michelson Interferometer

M,

l

. b
Laser : 542.8 nm, 30 mW L] ’
Beam Dia: 1.5 mm i %ﬁ'ﬁ il “2
Arm-1: 2.5m | - .3 1'
Arm-2: 3.0 m -

Cube beam splitter: 2.5 cm
Mirror : 5 cm

aser power:.
Beam diameter: 0.3 cm




Michelson Interferometer: Applications

AL =0.7cm

1.66 cm

Simulated Interference pattern Experimental Interference pattern

Refractive Index measurement

1.5800
L5600 C PbSIPEOX
| © PbSIPEOX-PVA
154004 & PbS/PVA
3 15200-
145 'g ]
sensitivity = 33 msec per slice = 1.5000 4
140 g ]
14800 .
135+ % 1 ,/% . .
3 %1.4600— - PbSThin films
S 130 14 ] A A5
3 1.4400 - &
| |
1.4200
120 " T T T T+ T T T* 1
o : : — =0t 000 002 004 006 008 010
Data obtained using 115 ——f=1000 Hz |
image analysis fitted 03 & & 5 1o 12 1e 16 18 20 22 26 35 28 %0 PbS Conentration
z with Lorentz function slice .
(solid line) Effect of applied frequency on the Collaborator: Dr. Vaibhav Patel &
interference pattern Group, Department of Chemical
N Sciences, PDPIAS, CHARUSAT

s s e Collaborator:Dr. DipanjanDey, Dr. Pankaj S Joshi,
|ICCCharusat
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3-stage translational and a rotational motorized
system for optical elements

XYZ Stage

Rotary Stage

Investigators:Maulik shah &Axat patel
CSRT harusat

Machine Learning for Image Generation: GAN

Generative Adversarial
Network

Collaborator: DrParth
[ Shah, Department of

L e Information Technology,
} o | [T ke CSPIT, CHARUSAT

i Fine Tune Training

Magnetic field induced diffraction pattern

Cryptograrhy

12



Protein Purification - Enzyme Immobilization

0 ~¢
120 7 Temperature Profile —&—Immobilized
: = —8—TFree
. . 100 4
Bacteria (extracellular and intracellular o
. < 80 1
protein) g
: 0
~ < 40 ]
o~
20 o
0 - o

10 20 30 40 50 60 70 80 90 100

; 2 g Assay Temperature (C)
jiBiaavailability 2 _ Collaborators:

. Dr.Darshan H Patel, CIPSharusat Collaborator:Dr. BhavtoshA. Kikani Depit.
- Dr. Ruchi Chaturvedi, Dept. of of Biological Sciences, PDPI&ABarusat
Biological Sciences, PDPIASarusat 13

Collaborator:Dr. C NRamchand



Exploring antimicrobial

activity of MgO
nanoparticles on

antibiotic resistant strains

Figure 14 Antimicrobial activity on MRSA

ginosa

Multi-drug Antibacterial Antibacterial
resistantstrains concentration of Sensitive of MgO NPs
(MDR) MgO NPs strains
MRSA 20 mg MSSA 11 mg to 20 mg
7 mg and 10 mg
inhibitory
. : concentration.
E.colitESBL) 11 mg E.coli Iethal
concentrationl 1 mg
20 mg
Pseudomonas.aeru 18 mg to 20 mg Proteus mirabilis 13 mg 20 mg

Table 3 Result of antimicrobial activity

Collaborator:Dr. Artee Tyagi,Dr. Darshan H Patel, CIPGharusat

Thank You

Antimicrobial
activity on
microorganism
of discarded
tips
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Faculty Name

PalashMandal

Gayatri Dave

Research area(s)

FattyLiver Diseas®)evelopment of therapeutic interventions to norm
both alcohol and nonalcoheinluced increases in hepatic inflammation,
which could be used to treat patients with ALD, NASHofRplé
microbioatan Fatty Liver Disease, Obesity and Diabetes.

Product and Process Development such dadfmtly fabric and Reporte
assays for Microbial activity testing )

Antimicrobial activity testing
Product characterization
Toxicity analysis assays

-/
).
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P.D. Patel Institute of
APPLIED SCIENCES:

Faculty Name

Aditi Buch

Research area(s)

Ecofriend\Bricks and construction materials:
Plant Microbe interaction

AgriwastemanagemeniBiocharpreparationand use as bio fertilizer

Purification and applications of plant as well as microbial pigmen

Use of Magnetic nanoparticles in controlling plant pathogens

Nonbiologicabpplications obiomolecules

¥ NS \ bt \ /



P.D. Patel Institute of
APPLIED SCIENCES

Faculty Name Research area(s)

Study of redox reactionsjectroactivebiopolymers, corrosion due to biofiln
biocatalysis

Bra

. Developmendf Bioadhesives
gadish lyer

Liquid Waste Management

Biotransformation

Liquid Waste Management

Nanotechnology for postarvest storage applications

Biofertilizersaand plantmicrobe interactions )




P.D. Patel Institute of
APPLIED SCIENCES

Faculty Name Research area(s)
Bioconcretdevelopment

Developmemtaf Moonlightingroteins

Effect of medical imaging on surfaoé&croflora
Anoop Markande

Protein Molecular Dynamics simulation

Plant Microbe interaction, Optimization of Large scale@udrol
cultivation, Enzyme Engineering /

—— 0\ )

KirankumarPatel
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CHARUSAT
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Faculty Name

ChirayuDesai

\

7

Bhthosh Kikani

Research area(s)

Integrated eceelectrogenisystemfor efficient and sustainable
treatment of textile wastewater

Microaerophili@erobic based treatment of textikffluents

Microbial diversity across the Ganges

Protein engineeringPurification of various enzymes; Enzyme
Immobilization usinganomateril$o increase its stability

e \./ “\

P.D. Patel Institute of
APPLIED SCIENCES:
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Inter DisciplinaryResearch @ Biological Sciences, PDPIAS

P.D. Patel Institute of
APPLIED SCIENCES

Faculty Name

Janki K. Patel

Research area(s)

Toxicity (in vitro and in vivo) and ameliorative studies of hadtalal
compounds, phytochemical analysis, cytogenetics

Nutrition (Probiotics), Hasicrobe interactions and Computational Biol

=

o/

PlantMicrobe interactiorBiocontrohctivity,ISR and SAR response in [

e | ).



P.D. Patel Institute of

APPLIED SCIENCES

Faculty Name

NeerajJain

Research area(s)

Cancer BiologyDevelopment of novel candberapeutic
approach using magnetic nanoparticles for the treatm:
of solid tumors

Synthesis of heterocyclic derivatives and evaluation 6
cancer parameters

Immunotherapy for Colorectal Cancer: Focus on Canc /
Stem Cells & Advance stages

S N\ /



RUSAT Department of Mathematical Sciences
= 0ngeing Research Work (KBK)

ResearchArea Fractlonal Calculus, Mathematical Physics
ativesare widely usedby researchersn modelling realistic systems Such

aos Below a thresholdvalue of fractional order derivative,thesesystemsshow

regularbehavior We are studying chaosin various fractional order system

« We are developing analytic and numerical methods to solve fractional differential
equationswith variousfractionalorderderivatives

* Linear viscoelasticityis certainly the field of the most extensiveapplicationsof fractional
calculus,in view of its ability to model hereditary phenomenawith long memory We
developfractional viscoelasticnmodelswith various fractional derivative operator.

« Lie Algebra and Fractional order polynomials

* Image Processingusing Fractional calculus

 We trying to obtain certain properties of fractional order polynomials using Lie-

Algebra.
« Weareworking onapplications of fractional calculusin imageprocessing A



Gausshypergeometriéunction, Bessel functions, Legendre, Lagudrermitefunctions,
Mittag-Leffler function are here worth mentioning.

Some mathematical models depending upon more number of parameters and to contre
as per the physical problem requirement, the generalized structure of $pacianss
needed. We have generalizédusdhypergeometri¢dunction, Bessel functiongnhdMittag-
Leffler functionsatisfying infinite order ordinary and fractional differential equations and
studied their properties together with ggenfunction property by the construction of a ne
operator with the aid of ordinary and classical fractional derivatives operators. l



| portant and crucial in industries.
We are working on magnetic flulwhsed squeeze film bearing systems with the effect of
porosity, roughness and slip velocity.

Mainly we have studied the performance of squeeze film Slider bearing, Annular bear
circular bearing and Journal bearing considering the influence of magnetic fluid, poro:
roughness and slip velocity.

In our investigation, we start with the Reynolds equation of the conventional fluid bas
bearing system. Then, we modified this Reynolds equationkerttofluidflow
modelsNeuringefR 0 s e n s moelal,$hbomidmo del , Jenki nsos 1
roughness and slip velocity. After solving modified equation, we can derived Pressure
Load carrying capacity and Friction of the bearing system. In this way we can analyse
performance of the bearing system.

Our above research is totally theoretical.



ARUSAT Department of Mathematical Sciences

ngoing-Research Work: (YFP)
odeling & Computational Methods

ResearchArea: Compartm

phenomenaswell asthe effectof variousparametersmvolvedin thedynamicmodels

* Dueto the complexnatureof biology, chemistry,physics,pharmacokineticenodel, it is
necessaryto reduceinto simple form so that one can easily understandthe effect
behaviourand interaction of various parameterswhich can be easily achieve using
compartmenmodelling

* Mostof thetime compartmenmodelsaredescribedanathematicallyby ordinaryor partial
differentialequations

« As moreparameterareinvolved,the mathematicamodelingleadsto complicatedsystem
of differentialequationsaandsolutionto suchkind of problembecamea challengdor one

« Sowe requireda computationamethodswhich provide solutionwith lesscomputational
effortsand lesstime. A



& - R USAT Department of Mathematical Sciences

CHAROTAR UNI D TECHNOLOGY PR

3ric g faem

ongoir

earch Work(RVS)

tion:s | thogonal polynomials and their generalizations
: .:\{\1 g with their g-versionsin the senseof p-

DIU U

deformation

* Theinverseserieselationsof thesep-polynomialwith the help of generainversionpair

« Combinatorialdentitieswith helpof generalinversionpair

« p-Versionof Ri o r dlassficaionof Combinatoriaidentities

« The differential equationof p-polynomial using recurrenceand differential recurrence
relation

« Thegeneratindunctionrelation,summatiorformulasinvolving the polynomials

« TheCompaniomatrix andits applicationto find eigenvalues

« p-versionof R a ma n uthearems s

—_—



k/ CH ARUS AT Department of Chemical Sciences
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P. D. Patel Institute of
APPLIED SCIENCES;
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Nanomaterial supported functionalized catalysts Metal carboxylate net | 2D packing

Design and Development of Advance Functional
Materials



CHARUSAT Department of Chemical Sciences

&

CHAROTAR UNIVERSITY OF SCIENCE AND TECHNOLOGY
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Synthesis of Surface Active lonic Liquids P P. D. Patel Institute of
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Design and Development of Surface Active lonic Liquids
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CHARUSAT Department of Chemical Sciences

Synthesis of homopolymer | Syuthesis of copolymes
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Antimicrobial study
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Nanofiber synthesis Surface morphology study
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fon exchange study
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Development of Acrylate Polymer,

Nanocomposites and Nanofibres
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CH ARUS AT Department of Chemical Sciences /.\>
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P. D. Patel Institute of
APPLIED SCIENCES,

Development of single step in-situ protocol for NCs Metal/Polymer Nanofibers

Pwrray S
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TEM of PHS/PVP NC

B

SEM of PHS/PVP NC : 1C NMR of PBS/PVP NC XPS of PbS/PVP NC

Nanocomposites and Nanofibers
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