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Preparation of novel colloidal formulations such as emulsions, nanoemulsions and
microemulsions.

» Enhancing and developing the stability of sustainable colloidal systems using suitable materials.
> Preparation of shiny and cost-effective inks/paints using greener solvents and advanced materials.
> Synthesis of novel bio-friendly lonic Liquid (IL) / deep eutectic solvents (DES) and their interaction
studies with proteins and biopolymers.
> Explore research in the field of sustainable synthesis of advanced materials (Perovskites, QDs, CDs
and nanoclusters) using ILs/DES and their applications in energy conversion and storage.
AWARDS:
Name of Award Year Agency
NET 2013 CSIR-UGC India
Junior Research Fellow 2014-2016 DST, Govt. of India
Senior Research Fellow 2016-2018 DST, Govt. of India
Senior Research Fellow 2018-2019 CSIR, Govt. of India
Young Scientist (for best poster 2019 ICEFN&SEM-2019 International
presentation) conference

WORK EXPERIENCE & ACHIEVEMENTS

Work Experience: More than 5 years of research experience in colloidal science at CSIR-CSMCRI as a
research scholar (DST and CSIR). During that, | enrolled for Doctoral studies (PhD) under AcSIR-CSMCRI. |
assisted and guided M.S. dissertation trainee students during my PhD. Apart from that, | have experience
as a guest lecture in chemical science at Girraj Govt. College (Telangana University) for M.Sc. students.

Achievements: | have synthesized various bio-friendly ILs, and studied the properties of ILs based
colloidal formulations (emulsions, nanoemulsions and microemulsions) for synthesis of advanced
materials. Studied optical properties and gas adsorption properties of the materials. | also published
various peer reviewed international articles.

RESEARCH EXPERIENCE AND KNOWLEDGE:

Synthesis and characterization of lonic liquids and their physicochemical properties.

Studied the aggregation behavior of ILs based surfactants in aqueous/non-aqueous and preparation
of thermally stable IL based emulsions.

Synthesis and stabilization of Nanoparticles, Quantum Dots, Nano clusters using IL based
microemulsions / reverse micelles and their applications in light harvesting.

Optoelectronic properties of colloidal semiconducting materials and synthesis of nano-porous
materials in microemulsions/micelles and their applications for gas storage/adsorption.

Preparation of “ionogels” using ILs and their applications in supercapacitors.

| can independently handle Isothermal Titration Calorimeter (ITC), Tensiometer, Rheometer
(Rheology), Dynamic light scattering (DLS), UV-Vis spectrophotometer, Fluorescence (Emission)
spectrophotometer, Time resolved Photoluminescence spectroscopy (TrPL), Circular Dichroism (CD),
Optical and Fluorescence Microscope, Densitometer, Ultrasonic Analyser, Viscometer, Digital
Conductivity meter, pH meter, Osmometer, Refractometer with details analysis using their
respective software.




e Experience and expertise with NMR (*H, 13C, 2D-NOESY), FT-IR, Raman Spectrometer, LC-MS, GC, GC-
MS, DSC, CHNS elemental analysis, TGA, ICP, P-XRD, BET Surface area, FE-SEM, TEM and AFM
techniques with details analysis using their respective software.

e | also have knowledge and experience on Small Angle X-ray Scattering (SAXS) and Small Angle
Neutron Scattering techniques (SANS).

e Having knowledge on computer programs. Independently | can handle analytical software such as
Chem Draw, ORIGIN, Mercury, MatLab, Adobe Illustrator, MestReNova etc.

IMPORTANT CONFERENCES:

e Given poster presentation on “All lonic Liquid based Colloidal Formulations as Recyclable
Nanoreactors” at International Conference on “Energy, functional materials and nanotechnology &
sustainable environment management”- ICEFN & SEM -2019, at Kumaun University, Nainital-263002
Uttarakhand, India.

o Selected and Participated in “XVIII-School on Neutrons as Probes of Condensed Matter” at BARC,
Mumbai, India., 28th October — 1st November, 2018”

e Given Oral presentation on, “lonic Liquid based Colloidal formulations and their applications in
material synthesis towards light harvesting and energy storage materials” at International
Conference on Nanomaterials for Energy conversion and Storage Applications, held at Pandit
Deendayal Petroleum University, Gandhinagar, India during 29th - 3st January’ 2018.

e Oral Presentation in “National Symposium on Electrochemistry, Energy and Environment” at
Department of Chemistry Jai Narain Vyas University Jodhpur December 16-18, 2016.

SUMMURAY OR RESEARCH EXPERIENCE AND ACHEIVEMENTS:

March 10" 2014 to 6™ December 2019, Doctoral student at CSIR-Central Salt and Marine Chemicals Research
Institute, Bhavnagar, Gujarat, India.

Supervisors: Dr. Arvind Kumar (Principal scientist)

Research Field: lonic Liquid surfactant based colloidal formulations and their applications in material synthesis
for light harvesting and gas storage.

Major Research Achievements:

1) [llluminating microemulsions: ionic liquid—CdS quantum dots hybrid materials as light harvesting
systems.

Publication: Chem. Commun., 2016, 52, 6320-6323.
Microemulsions (MEs) comprising of 2-
hydroxyethylammonium formate, (HO-EAF), isooctane and
dioctylsulfosuccinate proliniumisopropylester ([ProCs]AOT)
have been constructed and used to prepare and stabilize CdS
Quantum Dots (QDs) at room temperature. Such hybrid
materials exhibited tunable light emission wherein the
photoluminescence chromaticity could be precisely adjusted
to pure white with a quantum efficiency (QE) of 43%, by
adjusting the droplet size of MEs.
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2) Versatile Surface-Active lonic Liquid: Construction of Microemulsions and their Applications in Light
Harvesting



Publication: Phys. Chem. Chem. Phys., 2020, 22, 8157--8163

The article outlines towards the sustainable way to the synthesis

of advanced materials such as core/shell Quantum Dots (QDs) molca s }“—"'“’25

and their in-situ stabilization using microemulsions (MEs). QDs s ¥ Casians
are the versatile materials which show unusual optical Q\)'”"‘“‘M u
properties. We have constructed MEs consisting of an lonic -
Liquid (IL) based surfactant i.e. choline dioctylsulfosuccinate,
[Cho][AOT] as an emulsifier, toluene as nonpolar phase and
water as polar phase. The system forms a large single-phase
region in phase diagram without any co-surfactant.
Spontaneous formation of micelles has been observed and
studied through tensiometer, fluorescence and isothermal
titration calorimetry (ITC). Exceptional swelling behaviour of MEs was studied using Dynamic Light Scattering
(DLS) and small angle neutron scattering (SANS). In MEs droplets i.e. Reverse Micelles (RMs), we successfully
synthesized spherical core/shell QDs (size ~3 to ~6 nm) with a precise control over size and morphology. The
QDs have been characterized using Scanning Electron Microscope (SEM), Transmission Electron Microscope
(TEM) and Powder X-ray Diffraction (PXRD). QDs stabilized in MEs exhibited excellent optical properties and
can be suitably used as light harvesting material for diverse applications.
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3) Nanoemulsions with All lonic Liquid Components as “Recyclable Nanoreactors”.
Publication: Langmuir, 2018, 34, 10081-10091

Nanoemulsions (NEs) comprising of ionic liquids (ILs);
ethanolammonium formate (HO-EOAF),
proliniumisopropylester dioctylsulfosuccinate
([ProCs][AOT]) and 1-butyl-3-methylimidazolium
bis(trifluoromethylsulfonyl)imide,  ([Bmim][NTf;]) as
insoluble hydrophilic, surface active and hydrophobic
components have been constructed. This novel class of
colloidal formulation exhibited several contrasting
properties vis-a-vis conventional water-in-oil (W/O) or
water-in-ionic liquid (W/IL) or non-aqueous NEs such as (i) spontaneous formation (ii) thermodynamic stability
and isotropic nature (iii) decrease of droplet size with increase in polar medium concentration, and (iv) high
thermal and kinetic stability. Mechanisms and characteristics for such anomalies have been investigated by
physical, spectroscopic and imaging techniques. NEs have been demonstrated as versatile recyclable
nanoreactors for user-friendly synthesis of materials such as metal-organic frameworks (MOFs) / light
harvesting hybrid systems. We anticipate that this development will lead to the construction of several other
need-based “All lonic Liquid Nanoemulsions” in view of flexibility provided by tailoring nature of ILs.
Illuminating microemulsions: ionic liquid—CdS quantum dots hybrid materials as light harvesting systems.

4) lonic Liquid based Colloidal formulations for the synthesis of nano-MOFs and Applications in gas
adsorption and Desalination of Water using Nanofiltration Composite Membranes.

Publication: Under revision.

Microemulsions (MEs) consisting of choline dioctylsulfosuccinate, [Cho][AOT], a bio-based ionic liquid
surfactant as an emulsifier, (R)-(+)-limonene (RL), ethanolammonium formate (EOAF) as nonpolar and polar
phase have been constructed. Isothermal titration calorimetry (ITC) and surface tension measurements
indicated the spontaneous aggregation of [Cho][AOT] molecules in RL and EOAF forming reverse micelles



(RMs) and micelles respectively. MEs have been characterized from ternary phase diagram, dynamic light
scattering (DLS) and small angle X-ray scattering (SAXS) techniques. Reverse micelles (RMs) have been used
as reactors to synthesize various MOFs such as ZIF-8, HKUST-1, UIO-66-NH; and MIL-53-Al-NH, with desired
size and morphology in a greener way and are characterized using scanning electron microscope (SEM),
transmission electron microscope (TEM) and powder x-ray diffraction (P-XRD). The nano-MOFs with high BET
surface area and better CO, adsorption, are fabricated in nanofiltration membranes which shows remarkable
properties for the desalination of water. The membranes show excellent flux and selectivity (~99.8%) of
divalent salts.

5) Self-assembled Systems of Surface-Active lonic Liquids in Deep Eutectic Solvents for Sustainable
Preparation of Carbon Dots as light harvesting systems.

Publication: Under revision.
The utility of deep eutectic solvents (DESs) for

self-assembly  of ampbhiphiles, especially

Bio Polymers

surface-active ionic liquids (SAlLs), is at a ! T
2-6h, 100°C

budding stage and offers opportunities to
develop new colloidal systems for different
applications owing to their physicochemical " Miiceliesn DES
merits vis a vis ionic liquids. One such property
of immense interest is biomass dissolution for
preparation and stabilization of carbon-based
nanomaterials. Following this, herein, we have
investigated the self-assembly behavior of
different anionic SAILs, some of which are based on biological components, in a DES composed of choline
chloride and ethylene glycol in 1:2 mole ratio and compared the behaviour to that observed in aqueous
medium. Thus, obtained micellar systems of bio-based SAILs in DES are exploited as suitable medium for
dissolution of easily available and a cheap biopolymer, Gelatin (G), and subsequent preparation and
stabilization of Carbon Dots (CDs). The prepared colloidal CDs has been characterized for optical (UV-Vis and
fluorescence), structural (X-ray diffraction) and morphological (transmission electron microscopy) properties.
In this way, a new and sustainable method for preparation of CDs is presented. It is expected that the present
work would open up a new avenue for utilization of DESs based colloidal systems for preparation and
stabilization of other carbon-based nanomaterials for diverse applications.
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