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Preamble

Scope

Enormous amount of materials are increasingly
emerging to address various unmet needs in this
Materials Hunger World. Manipulation of materials,
their properties, and processes are crucial in the
quest to make things more robust, cheaper, lighter,
more efficient, and more sustainable. Mechanistic
understanding from any field is the route to
developing materials with capabilities beyond these
currently existing.

The conference will cover all aspects, starting from
nanoscale materials to mesoscale structures, multifunctional materials, biomaterials, energy materials
and devices. Further, it will also consider the scope
of transferring the scientific accomplishments to
technology-oriented research for the benefit of
society. This conference will highlight various
approaches
through
interactive
themes
in
functional nanomaterials, advanced electronic
materials, materials for energy and devices,
biomaterials to explore various needs. The
conference aims to provide researchers and experts
with a once-in-a-lifetime opportunity to stay
connected to this rapidly changing field by offering a
comprehensive overview of the recent findings in
the materials of the below themes.

Functional Nanomaterials

Theme

Advanced Electronic Materials
Materials for Energy and Devices
Bio-materials

International Conference on
Frontiers in Materials for Technological Applications
(FIMTA-2022)
DAY 1 (August 03, 2022)
Session Details

Time
8:00– 9:00
9:00– 10:00

Registration
Inauguration
Venue: SSB Hall
Opening Remarks
Prof. Suddhasatwa Basu, Director
CSIR-Institute of Minerals & Materials Technology (IMMT), Bhubaneswar
Chief Guest
Prof. Karuna Kar Nanda, Director
Institute of Physics (IOP), Bhubaneswar

10:00 - 10:20
10:20 - 10:50

10:50 - 11:20

Inaugural Address & Lecture
Prof. Tanusri Saha Dasgupta, Director
S. N. Bose National Centre for Basic Sciences (SNBNCBS), Kolkata
Title: Quantum Materials by Computation: Challenges & Opportunities
Session – I (Venue: SSB Hall)
Tea Break
Invited lecture
Prof. Vivek Polshettiwar
TIFR, Mumbai, India
Title: Nanomaterials for Carbon Dioxide Utilization Technologies
Invited lecture
Prof. V. Subramanian
IIT Madras, India
Title: Magnetoelectric Composites for Energy Harvesting Applications

11:20 -11:30

Break (photo session - Main building front)
Session – II (Venue: SSB Hall)
11:30 - 12:15 Keynote lecture (online)
Prof. Sudhagar Pitchaimuthu
Heriot-Watt University, Riccarton, UK
Title: Light-driven Materials for Sustainable Photoelectrochemical Solar-to-Hydrogen Conversion:
Fundamentals and Challenges
12:15 - 12:45

Invited lecture
Prof. T. N. Narayanan
TIFR, Hyderabad, India
Title: Engineering Interface and Morphology of Two-Dimensional Materials for Energy Devices

12:45 - 13:15

Invited lecture
Prof. Kaushik Chatterjee
IISc, Bangalore, India
Title: 3D Printing of Biomaterials for Orthopaedic Applications

13:15 - 14:30

Lunch Break (Guest House Lounge)

International Conference on
Frontiers in Materials for Technological Applications
(FIMTA-2022)
Session – III (Venue: SSB Hall)
14:30 -15:00

Special lecture (online)
Prof. Kanishka Biswas
JNCASR, Bangalore, India
Title: Enhanced Atomic Ordering Leads to Ultra-High Thermoelectric Performance

15:00 -15:30

Invited lecture
Prof. Rabindra Kumar Behera
NIT Rourkela, India
Title: Self-assembled Ferritin Protein Nanocage: More than Just an Iron Reservoir

15:30 - 16:15

Contributory lectures
Dr. Sudip Maity
CSIR-CIMFR, Dhanbad, India
Title: Coal ash and Overburden Rocks of Coal Mines as an Alternative Resource of Rare Earth Elements
(REEs) for synthesis of Advanced Materials
Dr. Alok Ranjan Paital
CSIR-CSMCRI, Bhavnagar, India
Title: Functionalized Materials as a Single Platform for Simultaneous Detection and Removal of Toxic
Analytes
Dr. Sanjay Prasad
CSIR-NPL, New Delhi, India
Title: Zinc Powder Nanomaterial from Zinc Dross Waste

16:15 - 16:45

Tea Break

Session – IV (Venue: SSB Hall)
16:45 - 17:30

Keynote lecture (online)
Prof. Sara Bals
University of Antwerp, Belgium
Title: 3D Characterization of Nanomaterials under Relevant Conditions by Electron Tomography

17:30 - 18:15

Keynote lecture (online)
Prof. Stephen Pennycook
University of Tennessee, USA
Title: Engineering Functional Materials via Atomic-resolution Microscopy

19:30
onwards

Banquet Dinner (Angan Convention Center, Patia)

International Conference on
Frontiers in Materials for Technological Applications
(FIMTA-2022)
DAY 2 (August 04, 2022)
Session Details

Time
8:00– 9:00
9:00 - 9:30

Registration

Session – I (Venue: SSB Hall)
Keynote lecture (online)
Prof. Krishnaswamy Nandakumar
Louisiana State University, USA
Title: Perspectives on Manufacturing Innovations in Chemical Engineering

9:30 - 10:15

Keynote lecture (online)
Prof. Greg Herman
Oregon State University, USA
Title: Development and Applications for Transparent Field Effect Sensors

10:15 - 10:45

Invited lecture
Prof. Subhankar Bedanta
NISER, Bhubaneswar, India
Title: Organic spintronics- a new playground for exciting physics

10:45 - 11:15

Special lecture
Dr. Binoy K. Saikia
CSIR-NEIST, Jorhat, India
Title: Indigenous Technology for Efficient and Large-scale Production of Biocompatible Carbon
Quantum Dots

11:15- 11:30

Tea Break

11:30 - 12:15

Session – II (Venue: SSB Hall)
Keynote lecture (online)
Prof. Li-Chyong Chen
NTU Taiwan
Title: Recent Trends in Artificial Photosynthesis: Atomistic Insights of Selective Two-dimensional Nanophotocatalysts

12:15 - 12:45

Special lecture
Dr. Kinshuk Dasgupta
BARC Mumbai, India
Title: Graphene and Graphene Derivatives: Technology and Applications

12:45 –14:00

Lunch Break (Guest House Lounge)

International Conference on
Frontiers in Materials for Technological Applications
(FIMTA-2022)
Session - III
14:00 - 16:30

Oral/Poster parallel sessions
Oral Presentations (Venue: SSB Hall)
O-1: Mehak Ahuja, CSIR-NPL; Naphthalenediimide derivative based Paper Strip Chemical Sensor
for the Visual Detection of Acids
O-2: Athira S. J., Shiv Nadar University; First-principles Computational Study of Adsorption of
Acetone on V4C3Tx Mxenes
O-3: Surya Kanta Ghadei, CSIR-IMMT; Hydrophobic and Oleophilic Eggshell-derived Calcium
carbonate/PU foam for Oil-water Recovery: Waste for Environmental Remediation
O-4: Raghunath Sahoo, IIT-Madras; PVP-Controlled Synthesis of Silver Nanowires and Their Effect
in Transparent EMI Shielding Application
O-5: Dr. Suvasmita Rath, Utkal University; Exploring the Nanostructure in Arsenic album and its role
in Immunomodulation
O-6: Bibekananda Nayak, CSIR-IMMT; Modulation of PVDF/BCZT Polymer Composite with
Ceramic content and Fabrication of Piezoelectric Nanogenerator
O-7: Dr. Rajendra Kurapati, IISER Trivandrum; Biological Degradation of Graphene and Emerging
2D Materials
O-8: Sk Jamaluddin, NISER BBSR; Extrinsic to Intrinsic Mechanism crossover of Anomalous Hall
effect in Ir doped MnPt(Ir)Sn Heusler system
O-9: Sheetal Bhatta, CSIR-IMMT; Tailoring the Interfacial polarization in TiO2 nanoparticle based
Piezoelectric Nanogenerator for Ubiquitous Multi-stimuli Sensing
O-10: Tanuja Singh, Shiv Nadar University; Tungsten disulfide (WS2) Nanosheets incorporated Laserinduced Graphene Electrodes for Hydrogen Evolution Reaction
O-11: Niharika Kumar, CSIR-IMMT; Surface and Interface Engineering of 2-D Photocatalyst for
Photocatalytic CO2 Reduction
O-12: A. Rija, CSIR-IMMT; Photocatalytic Reduction of Cr (VI) by ZnO/rGO in Aqueous Medium
under Sunlight Irradiation: Effects of Initial Concentration of Cr (VI), pH, and Catalyst Amount

16:30 - 16:45

Tea Break

Session – IV (Venue: SSB Hall)
16:45 - 17:30

Keynote lecture (online)
Prof. Gilbert Daniel Nessim
Bar Ilan University, Israel
Title: The Versatility of CVD to Synthesize 1D and 2D Nanostructures: Carbon Nanotubes and
Transition Metal Chalcogenides for Electronic and Electrochemical Applications

17:30 - 18:15

Keynote lecture (online)
Prof. Orlando Auciello
UT Dallas, USA
Title: Transformational Integration of Multifunctional Nanolaminate High-k Dielectric/ Piezoelectric/
Ultrananocrystalline Diamond (UNCDTM)/ Crystalline Diamond Films for New Generations of HighTech and Implantable Medical Devices / Prostheses

19:30
onwards

Dinner (Guest House Lounge)

International Conference on
Frontiers in Materials for Technological Applications
(FIMTA-2022)
DAY 3 (August 05, 2021)
Session Details

Time
9:30 - 10:15

Session – I (Venue: SSB Hall)
Keynote lecture (online)
Prof. S. C. Edman Tsang
University of Oxford, UK
Title: Induced Active Sites over 'Rigid' Materials

10:15 - 10:45

Invited lecture
Prof. Dinesh Kabra
IIT Bombay, India
Title: Triplet Excitons in Organic and Halide Perovskite Semiconductors

10:45 - 11:15

Invited lecture
Dr. Ajaya Nayak
NISER Bhubaneswar, India
Title: Room Temperature Magnetic Skyrmion Bubbles in Centrosymmetric Magnet

11:15 - 11:30

Tea Break

11:30 - 12:15

Session – II (Venue: SSB Hall)
Keynote lecture (online)
Prof. Rahul Banerjee
IISER Kolkata, India
Title: Covalent Organic Frameworks and Reticular Nano-Synthesis

12:15 - 12:45

Invited lecture
Dr. Sukhendu Mandal
IISER Thiruvananthapuram, India
Title: New Advances in Atomically Precise Silver Nanoclusters

12:45 - 14:00

Lunch Break (Guest House Lounge)

14:00 - 16:30

Oral/ Poster parallel sessions

Session – III (Venue: SSB Hall)
Oral presentations (Venue: SSB Hall)
O-13: Sonia Saini, IIST, Trivandrum; Low Reflectance of CNTs and CNS based Thin film Coatings
for Stray Light Control Space Applications
O-14: Dr. Binaya K. Sahu, NISER BBSR; Optimizing a Magneto-plasmonic Platform for Optical
Sensing using Au-Ge System
O-15: Amrita Ahuja, Shiv Nadar University; Investigating 2-1 Janus MXenes for their Application in
Supercapacitors
O-16: P. Rambabu, Guru Ghasidas Vishwavidyalaya; Intrinsic Anomalous (Hall, Nernst) effects in
Half-metallic Co2ZrAl from First Principles Calculations
O-17: Dr. Himadri Tanaya Das, Utkal University; Reinforcing the Electrochemical Performance of
Hybrid Energy-storage Device with Magnetic Field Using Magnetic Electrodes

International Conference on
Frontiers in Materials for Technological Applications
(FIMTA-2022)
O-18: Subhajit Kar, IISER, Berhampur, Critical Optimization of Phosphorus Functionalized Carbon
Nanomaterials for Metal-Free Solar Hydrogen Production and Simultaneous Organic Transformation
O-19: Anju Kumari Das, Tribhuvan University, Nepal; Isolation and Corrosion Inhibition Efficiency
of Mahonia nepalensis on Mild Steel
O-20: Goverdhan Reddy Turpu, Guru Ghasidas Vishwavidyalaya; Photodegradation of Methylene
Blue Dye by Hydrothermal prepared V2O5 – rGO composite
O-21: Dola Chakrabartty, NISER, BBSR; Room Temperature Skyrmion Lattice in a Hexagonal
Centrosymmetric Kagome Magnet
O-22: Nishtha Vats, IIT Jodhpur; Micromagnetic simulation on Domain structure of Strontium
Hexaferrite (SrFe12O19)
O-23: Ananda Babu, Institute of Nano Science and Technology, Mohali; 3D Printing Enabled Voice
Recognition Sensor
16:30 - 16:45

Tea Break

16:45 - 17:30

Valedictory session and Prize distribution
Venue: SSB Hall
Valedictory Address
Prof. Suddhasatwa Basu, Director, CSIR-IMMT, Bhubaneswar
Chief Guest
Dr. P. C. Padhi, Principal, CIPET, Bhubaneswar
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Keynote Lecture 01

Quantum Materials by Computation: Challenges & Opportunities
Tanusri Saha-Dasgupta*
Department of Condensed Matter Physics & Materials Science
Thematic Unit of Computational Materials Science
S. N. Bose National Centre for Basic Sciences, Kolkata, India
*t.sahadasgupta@gmail.com

In recent time, there has been a world wide surge of activity on Quantum materials, materials whose
properties are dominated by quantum fluctuations, quantum entanglement, quantum coherence,
topological behavior. In this talk, I will discuss the contribution of computation in understanding and
predicting these materials. In particular, I will discuss its application in understanding materials
properties by understanding the structure-property relation, prediction of new functionalities in known
materials, and predicting new materials all together.

Keynote Lecture 02

Light-driven Materials for Sustainable Photoelectrochemical Solar-toHydrogen Conversion: Fundamentals and Challenges
Sudhagar Pitchaimuthu*
Research Centre for Carbon Solutions, Institute of Mechanical and Processing Engineering,
School of Engineering and Physical Science, Heriot-Watt University Edinburgh, EH14 4AS, United Kingdom
*S.Pitchaimuthu@hw.ac.uk

Increasing greenhouse gas emissions primarily due to fossil fuel-related anthropogenic activities
significantly contributes to climate change and global warming. Moreover, the declining fossil fuel
reserves also limit its use. Alternatively, the growing technological development and wide range
adoption of renewable energy resources are most urgent and vital for a sustainable society. Solar energy
is an important renewable energy resource and is therefore of prime importance. However, storing solar
energy in batteries is expensive, and long-distance transmission is technically challenging. On the other
hand, an attractive alternative is storing solar energy in chemical bonds, namely renewable fuel vectors
such as hydrogen via water splitting using semiconductor catalysts. Such a ‘green hydrogen’ generation
route has a near-zero carbon emission compared to the state-of-the-art carbon-intensive ‘grey
hydrogen’ production process. The photoelectrochemical (PEC) technique shows promising
performance in green hydrogen generation among the renewable routes.1 The visible light driven
nanoscale semiconductors play a crucial role in PEC solar-to-hydrogen (STH) conversion. The merits of
nanostructured semiconductors in producing a large fraction of solar light photon harvesting to the PEC
reaction and rapid charge separation are anticipated to contribute to STH efficiency.2 However, the
intricacy of how the semiconductor/electrolyte interface control both the energetics and kinetics of a
photoelectrode needs to be understood. This talk will focus on how the material design, stability,
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scaleup influence sustainability and STH efficiency.2 Also, the future outlook (techno-economic, life
cycle) and challenges of PEC solar-to-hydrogen conversion will be discussed in detail.
References:
1. (a) Nature, 1972, 238, 37-3; (b) Nat Mater, 2009, 8, 929-930.
2. (a) Journal of The Electrochemical Society, 2015, 162, H108-H114; (b) Physical Chemistry
Chemical Physics, 2014, 16, 21237-21242; (c) Physical Chemistry Chemical Physics, 2017, 19,
4648-4655; (d) Chem. Commun., 2015,51, 522-525.

Keynote Lecture 03

3D Characterization of Nanomaterials under Relevant Conditions by
Electron Tomography
Sara Bals*
Department of Physics University of Antwerp, Belgium.
*sara.bals@uantwerpen.be

Electron tomography enables one to measure the morphology and composition of nanostructures in
three dimensions (3D), even at atomic resolution. However, an emerging challenge is to fully understand
the connection between the 3D structure and properties under realistic conditions, including high
temperatures as well as in the presence of liquids and gases. Our recent experiments demonstrate the
progress that can be obtained by accelerating both the acquisition and reconstruction during electron
tomography. In this manner, we were able to perform a dynamic characterisation of shape changes of
metal nanoparticles at high temperatures. Moreover, we measured the elemental diffusion dynamics
of individual anisotropic bimetallic nanoparticles in 3D and determined the effect of parameters such
as type of interfacial facets, aspect ratio, shape and presence of defects. Finally, by combining aberration
corrected electron microscopy with a quantitative interpretation, we can provide quantitative
measurements of the coordination numbers of the surface atoms of catalytic nanoparticles at high
temperatures and in gaseous environments.

Keynote Lecture 04

Engineering Functional Materials via Atomic-resolution Microscopy
Stephen J. Pennycook1,2*
1.

Dept. of Materials Science and Engineering, University of Tennessee, Knoxville, TN, USA.
2.
School of Physical Sciences and CAS Key Laboratory of Vacuum Sciences,
University of Chinese Academy of Sciences, Beijing, China.
* Stevepennycook@gmail.coom

The recent advances in aberration correction are enabling unprecedented views of the atomic and
nanoscale world that are revealing the origins of materials properties as never possible before. Many
important functional materials such as piezoelectrics and thermoelectrics owe their desirable
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properties to a hierarchical, multiscale microstructure. As we increasingly unravel their complex
structure we can understand the desired structures and evolve towards improved properties. Examples
include the development of more efficient, environmentally friendly thermoelectric and piezoelectric
materials and thin films. Over the last few years several breakthroughs have now enabled lead free
materials fully competitive in performance with their lead containing counterparts, or even superior
[1,2].
So far however this process has been mostly human based, relying on our finding the critical defects
and deciding which are important ourselves. However, machine learning is beginning to enable
automatic classification of defects and structures without human supervision or the need for training
datasets. 2D materials represent an ideal test system for such investigations [3], and point defect
configurations can be discovered reliably through a feature recognition algorithm [4]. Catalysts systems
are another key class of materials where recognition of features is important for their development. In
future, a Smart Microscope can be anticipated to self navigate the microstructural landscape, classifying
the defects it finds, and correlating to the materials properties, which could speed up materials
development many times.
References:
1. H. Liu, H. Wu, K. P. Ong, T. Yang, P. Yang, P. K. Das, X. Chi, Y. Zhang, C. Diao, W. K. A. Wong, E. P.
Chew, Y. F. Chen, C. K. I. Tan, A. Rusydi, M. B. H. Breese, D. J. Singh, L.-Q. Chen, S. J. Pennycook,
and K. Yao, "Giant piezoelectricity in oxide thin films with nanopillar structure," Science, 369,
292–297 (2020).
2. W. He, D. Wang, H. Wu, Y. Xiao, Y. Zhang, D. He, Y. Feng, Y.-J. Hao, J.-F. Dong, R. Chetty, L. Hao, D.
Chen, J. Qin, Q. Yang, X. Li, J.-M. Song, Y. Zhu, W. Xu, C. Niu, G. Wang, C. Liu, M. Ohta, S. J.
Pennycook, J. He, J.-F. Li, and L.-D. Zhao, "High thermoelectric performance in low-cost
SnS0.91Se0.09 crystals," Science, 365, 1418–1424 (2019).
3. X. Zhao, P. Song, C. Wang, A. C. Riis-Jensen, W. Fu, Y. Deng, D. Wan, L. Kang, S. Ning, J. Dan, T.
Venkatesan, Z. Liu, W. Zhou, K. S. Thygesen, X. Luo, S. J. Pennycook, and K. P. Loh, "Engineering
covalently bonded 2D layered materials by self-intercalation," Nature, 581, 171–179 (2020).
4. J. Dan, X. Zhao, S. Ning, J. Lu, K. P. Loh, Q. He, N. D. Loh, S. J. Pennycook, “Learning motifs and
their hierarchies in atomic resolution microscopy,” Sci Adv 8, eabk1005 (2022

Keynote Lecture 05

Perspectives on manufacturing innovations in Chemical Engineering
Krishnaswamy Nandakumar *
Gordon A and Mary Cain Endowed Chair professor
Louisiana State University, Baton Rouge, LA, 70803, USA
* nandakumar@lsu.edu

The manufacturing technologies of the future for converting chemicals, materials, energy etc will be
done in efficient, distributed, modular process equipment where multiphase flows are ubiquitous. Our
traditional design approach has been to rely on rules of thumb, pilot-scale development, and testing of
process equipment which takes up to 20 years to develop a single technology. The design procedures
are often highly empirical, dismissing the high degree of freedom that an engineer has at the early
stages of design by making ad-hoc design decisions, but paying the price during scale-up of processes
through expensive pilot-scale experiments. The question that I address in this presentation is “Can
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Advanced Computational modeling tools come to our rescue in minimizing the need for pilot-scale
experiments?” On the fundamental side, advanced algorithms for direct numerical simulation (DNS)
and Discrete Particle Modelling (DPM) of multiphase flows aid in detailed understanding but for limited
size. For dispersed rigid particles the Navier-Stokes equations are coupled with the rigid body dynamics
in a rigorous fashion to track the particle motion in a fluid. These classes of algorithms show great
promise in attempting to shed light on multiphase flows from which we can extract statistically
meaningful average behavior for use in the design of large-scale engineering equipment.

Fractal distributor to promote homogeneity in process vessels

Toroidal helix to enhance transport processes

At LSU we focus on technologies that integrate multiphase flow modeling with process diagnostics,
intensification studies, and optimization and control as applied to the process industries. Case studies
of industrial relevance will be presented to illustrate the benefits of such an approach.
Keynote Lecture 06

Development and Applications for Transparent Field Effect Sensors
Gregory S. Herman*
Oregon State University
School of Chemical, Biological, and Environmental Engineering
Corvallis, OR
* greg.herman@oregonstate.edu

The need for biosensors keeps increasing, where the global market size was $24.9B in 2021. By 2030, it
is predicted that global market size for biosensors will double. Scalable, low-cost manufacturing is
necessary for developing new biosensing platforms that can measure multiple biomarkers of interest.
We have found that amorphous indium gallium zinc oxide (IGZO) field effect transistors (FETs) are a
promising technology for a wide range of electronic applications including implantable and wearable
biosensors. We have developed novel, low-cost methods to fabricate IGZO-FETs, with a wide range of
form factors. Attaching self-assembled monolayers (SAM) to the IGZO backchannel allows us to precisely
control surface chemistry and improve stability of the sensors. Functionalizing the SAMs with enzymes
provides excellent selectivity for the biosensors, and effectively minimizes interference from
acetaminophen/ascorbic acid. We will discuss methods to improve sensitivity by nanostructuring the
IGZO and demonstrate high sensitivity for glucose sensing. Finally, fully transparent glucose sensors
have been fabricated directly on catheters and have been characterized by a range of techniques. These
results suggest that IGZO-FETs may provide a means to integrate fully transparent, highly sensitive
sensors into contact lenses, on endoscopes, and other applications.
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Keynote Lecture 07

Recent Trends in Artificial Photosynthesis: Atomistic Insights of Selective
Two-dimensional Nano-photocatalysts
Li-Chyong Chen*

Center for Condensed Matter Sciences, Center of Atomic Initiative for New Materials, and Department of Physics,
National Taiwan University, Taipei, Taiwan
*chenlc@ntu.edu.tw

Photocatalytic CO2 conversion to hydrocarbon fuels (also named as artificial photosynthesis or solar
fuels), which makes possible simultaneous solar energy harvesting and CO2 reduction reaction (CO2RR),
is considered a killing two birds with one stone approach to solving the environmental and energy
problems. However, the development of solar fuels has been hampered by the low photon-to-fuel
conversion efficiency of the photocatalysts and lack of the product selectivity. Recent advances in
development of integrated nanostructured materials have offered unprecedented opportunity for
photocatalytic CO2RR [Nanoscale 12, 23301 (2020)].
Atomically thin transition metal dichalcogenides (TMDCs) have emerged as a new class of nonprecious
photo/electro-catalysts with high activity. Though a perfect planar layer of TMDC is inactive to catalysis,
nevertheless, we found that defect engineering (e.g., interstitial, vacancy, etc.) holds the key for CO2RR
[Nature Comm. 9, 169 (2018), highly cited]. Ascertaining the function of in-plane intrinsic defects and
edge atoms is necessary for developing efficient low-dimensional photocatalysts. Using low-pressure
vapor deposition approach, a series of monolayer WSe2 samples with different lateral size were
fabricated and the solar-to-fuel quantum efficiency is found to be a reciprocal function of the lateral
size. Notably, the reconstructed edge atoms of monolayer WSe2 artificial leaves exhibit a high rate of
consumed electron number of ~2.1 e- s-1 per edge atom [Nature Comm. 13, 1256 (2022)].
Besides the challenges in materials design and fabrication, to make CO2RR energy conversion a viable
technology, some key questions need to be addressed. For instance: What are the determining steps
for CO2RR? Advancements in scanning probes and in situ synchrotron radiation-based spectroscopies
have enabled scientists to probe the geometric, bonding and electronic information of the catalyst and
obtain atomic insights into the catalytic surfaces and reaction mechanisms [Nature Comm. 11, 4233
(2020); Nature Comm. 12, 1321 (2021); Nature Comm. 13, 1256 (2022); Nano Energy 93, 106809
(2022)]. Several cases will be illustrated.
Keynote Lecture 08

The Versatility of CVD to Synthesize 1D and 2D Nanostructures: Carbon
Nanotubes and Transition Metal Chalcogenides for Electronic and
Electrochemical Applications
Daniel Nessim*

Department of Chemistry, Bar-Ilan University, Israel
*gdnessim@biu.ac.il

1D Nanosynthesis: Despite the massive progress achieved in the growth of carbon nanotube (CNT)
forests on substrate, apart from lithographic patterning of the catalyst, little has been done to selectively
(locally) control CNT height. Varying process parameters, gases, catalysts, or underlayer materials
uniformly affects CNT height over the whole substrate surface. We show here how we can locally control
CNT height, from no CNTs to up to 4X the nominal CNT height from iron catalyst on alumina underlayer
by patterning reservoirs or by using overlayers during annealing or growth.
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We show how we can lithographically pattern the reservoir material and obtain four different CNT
heights during a unique growth process: no growth (Cu/Ag reservoir), nominal growth (no reservoir),
2X growth (Fe reservoir), and 4X growth (Mo reservoir).
Using a complementary technique, we show how a copper or nickel overlayer (stencil or bridge) placed
above the catalyst surface during pre-annealing or during CNT growth deactivates the catalyst. We
showed how we could pattern regions with CNTs and without CNTs by simply annealing the sample with
a patterned overlayer positioned above its surface. We thus synthesized patterned CNT forests using a
simple process, without the need for lithography.
We can combine the overlayer technique with one of the above-mentioned reservoirs (no reservoir,
Cu/Ag reservoir, Fe reservoir, or Mo reservoir) to further modulate CNT growth by offsetting some or all
of the growth enhancements achieved using the reservoirs. This modulation of the CNT height is a
significant improvement compared to the "CNTs (one height) / no CNTs" patterning that has been
achieved using lithography of the catalyst, and moves us closer to building 3D architectures of CNTs that
could be useful for future electronic devices or sensors.
2D Nanosynthesis: Since the excitement about graphene, a monolayer of graphite, with its 2010 Nobel
Prize, there has been extensive research in the synthesis of other non-carbon few/mono-layers
exhibiting a variety of bandgaps and semiconducting properties (e.g., n or p type). The main approaches
to deposit few/monolayers on a substrate are: (a) bottom-up synthesis from precursors using chemical
vapor deposition (CVD) or (b) top-down exfoliation (liquid or mechanical) of bulk layered material. Using
a Lego approach of superposing monolayers, we can envisage the fabrication of heterojunctions with
original electronic behavior.
Here we show a combined bottom-up and top-down approach where (a) we synthesize in one step high
yields of bulk layered materials by annealing a metal in the presence of a gas precursor (sulfur,
phosphorous, or selenium) using chemical vapor deposition (CVD) and (b) we exfoliate and deposited
few/mono-layers on a substrate from a sonicated mixture of our material in a specific solvent. It is
interesting to note that, besides the structure being 2D layered, the properties of the nanomaterials
synthesized slightly differ from the materials with the same stoichiometry synthesized using
conventional chemical methods (e.g., solvothermal).
In this talk, we will discuss the chemical synthesis, the very extensive characterizations, and the lessons
we learned in making multiple metal sulfides (Cu-S, Ag-S, Ni-S), metal phosphides (Ni-P, Cu-P), and metal
selenides (Ag-Se, Cu-Se, W-Se, Mo-Se). We will see how we integrated these new materials into
electrochemical devices and sensors.
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Keynote Lecture 09

Transformational Integration of Multifunctional Nanolaminate High-k
Dielectric / Piezoelectric / Ultrananocrystalline Diamond (UNCDTM) /
Crystalline Diamond Films for New Generations of High-Tech and
Implantable Medical Devices / Prostheses
Orlando Auciello*
Distinguished Endowed Chair Professor
University of Texas-Dallas, Materials Science and Engineering and Bioengineering, USA
Co-Founder/Equity Holder/Investor, Advanced Diamond Technologies, USA
Co-Founder/CEO, Original Biomedical Implants (OBI-USA), USA, Co-Founder/CEO, OBI-México, México
*orlando.auciello@utdallas.edu

This talk will focus on discussing the materials science / technological applications of new paradigm
multifunctional oxide / diamond films / crystalline diamond, and their integration, enabling new
technologies, namely:
1. Giant dielectric constant biocompatible TiOx/Al2O3 and HfO2/TiO2 nanolaminates and SuperPiezoelectric BiFeO3/SrTiO3 nanolaminates.
2. Unique biocompatible ultrananocrystalline diamond (UNCDTM) films for new generation
implantable prostheses.
3. Oxide nanolaminates / UNCD films integration for new generations external / implantable
medical devices.
4. Super high-k TiOx/Al2O3 nanolaminate/crystal diamond integration for new generation diamond
electronics.
TiOx/Al2O3 nanolaminates (0.2/0.7 nm layers), grown using ALD process, exhibit giant dielectric constant
(~k=1,200). On the other hand, BiFeO3/SrTiO3 nanolaminates (.5/0.3 nm), grown by PLD, exhibit
superior piezoelectric properties than BFO films.
UNCDTM films are grown by microwave plasma chemical vapor deposition and hot filament chemical
vapor deposition, using a novel patented Ar-rich/CH4 gas mixture flown into air evacuated chamber,
producing polycrystalline diamond films with the smallest gran size demonstrated today (3-5 nm). CH4
molecules cracked by plasma or hot filament produce C2 dimers / CHx (x=1, 2, 3) radicals, which react
chemically and nucleate and grow UNCDTM films on any material’s surface. The UNCDTM films exhibit a
unique combinations or properties, namely: hardness (98 GPa) and Young modulus (1000 GPa) similar
to diamond gems, lowest friction coefficient (0.02-0.04) compared with metals (≥ 0.5) currently used in
industrial products and prostheses (e.g., hips, knees), N-UNCDTM films, with N atoms in grain
boundaries, providing electrons, and B-doped B-UNCD films with B atoms substituting C atoms in the
diamond lattice, are currently the only electrically conductive polycrystalline diamond films.
UNCDTM coatings are in industrial products worldwide, marketed by Advanced Diamond Technologies
(Founded by Auciello and colleagues-2003, profitable-2012, sold for profit-2019) and under
development for new generations high-tech/medical devices/prostheses marketed by Original
Biomedical Implants (OBI-USA) and OBI-México, founded by Auciello and colleagues. Products are
described below in order of highest to lowest development:
1. UNCDTM-coated mechanical pump seals/bearings/AFM tips have been in the worldwide market
since 2010.
2. UNCDTM-coated Si-microchip implantable on human retina, to return partial vision to blind by
gene-induced death of photoreceptors. Argus II device (USA/EU markets), by Second Sight,
returns partial vision to blind.
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3. New generation prostheses: a) UNCDTM coated Ti-alloy dental implants, inserted in 50 patients
in clinical trials, in Mexico, demonstrated revolutionary DI technology (projected insertion in
México market/2023-2024); hips, knees, stents are under investigation. UNCDTM coatings
eliminate wear / chemical corrosion by body fluids.
4. Electrically conductive N-UNCD-coating on current graphite/copper anodes eliminate Liinduced corrosion, enabling next generation Li-ion batteries with ≥ 10x longer stable energy vs
charge/discharge cycles and safer. than current LIBs, for new generation
defibrillator/pacemakers, cell phones and other portable devices.
5. Integrated UNCDTM-coated magnet outside eye, creating magnetic field, attracting
biocompatible superparamagnetic Fe2O3 nanoparticles injected in the eye to induce retina
reattachment,
6. UNCDTM-coated valves to drain inner eye’s humor to treat glaucoma.
7. Super-hydrophobic UNCDTM-coated metal stents / artificial heart valves, eliminate blood
adsorption, thus thrombus formation.
8. Integrated Piezoelectric/UNCDTM-MEMS cantilevers for biosensors, via voltage-induced
piezoelectric motion, and MEMS energy generation device powered by biting heart cells on
biocompatible UNCDTM cantilever,
9. Integrated super high-k dielectric TiOx/Al2O3 nanolaminates / crystalline diamond demonstrated
the pathway for future diamond-based micro/nano-electronics.

9

Frontiers in Materials for Technology Applications

CSIR-Institute of Minerals and Materials Technology, Bhubaneswar

FIMTA 2022

Keynote Lecture 10

Induced Active Sites over 'Rigid' Materials
Edman Tsang*
Department of Chemistry, University of Oxford, UK
*edman.tsang@chem.ox.ac.uk

In this talk, I will aim to pose more questions than answers that I could provide in some illustrations of
structure-catalysis relationships. As generally known, the elucidation of active sites’ structure in solid
catalysts under real reaction conditions is one of the most important challenges facing the scientific
community. There is an increasing amount of evidence by the in situ/operando characterization that
active sites can be generated by the interaction of substrate molecules with inorganic catalysts as akin
to enzyme-substrate interaction, which can result in the significant promotion of catalytic performance.
In addition, surface rearrangement could occur under reaction conditions, which may cause dynamic
changes in the active sites. Therefore, the real active sites under working conditions could be
significantly different from those characterized under ex situ conditions. Yet, current limitations in stateof-the-art characterization techniques regarding spatial, temporal and temperature/pressure gaps are
sometimes unable to provide the answers for the understanding. In-situ/operando characterization
using modern designated synchrotron offers exciting possibilities. I hope this talk could stimulate new
science/new instrumentation in catalysis and other disciplines in future.

Keynote Lecture 11

Covalent Organic Frameworks and Reticular Nano-Synthesis
Rahul Banerjee*
Department of Chemical Sciences, Indian Institute of Science Education and Research (IISER) Kolkata,
Mohanpur, India
*r.banerjee@iiserkol.ac.in

Covalent Organic Frameworks (COFs) represent a new class of highly porous, crystalline polymers with
uniformly arranged ordered pore channels. Even though COFs have been used for the storage of a wide
variety of molecular species like gases, nanoparticles, enzymes, and drugs, the benefits of their ordered
pore channels for molecular separation are hardly extracted. The key issue behind this problem is
fabricating COF particles into a self-standing, stable membrane form. Apart from the processability, the
other formidable obstacle preventing the utilization of COFs in real-life applications is i) chemical
stability, ii) complicated synthetic procedures and iii) scalability. In this context, we have successfully
overcome the chemical stability problem of COFs, by synthesizing β-ketoenamine based frameworks.
Irreversible enol to keto tautomerism resulted in exceptional stability within the frameworks. While
processability, synthetic hurdles, and scalability of COFs still remain unexplored. To address these critical
issues, we have developed a straightforward, scalable, and novel methodology by which COFs can be
synthesized by simple mixing and heating of the reactants. Using this method, COF can be processed
into self-standing covalent organic framework membranes (COMs). The resultant COMs display higher
porosity and crystallinity over their reported powder form. These self-standing COMs are flexible,
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continuous, devoid of any internal defects or cracks, show long-term durability. It retains structural
integrity in the water, organic solvents, and mineral acid (3 N HCl). We have utilized these COMs for
separation applications such as wastewater treatment and recovery of valuable active pharmaceutical
ingredients [APIs] from organic solvents. Our result highlights that COMs could satisfactorily address the
world’s most challenging separation problems, including wastewater treatment and drug recovery from
organic solvents in pharma industries.

Invited Lecture 01

Nanomaterials for Carbon Dioxide Utilization Technologies
Vivek Polshettiwar*
Nanocatalysis Laboratory, Department of Chemical Sciences,
Tata Institute of Fundamental Research (TIFR), Mumbai, India
*vivekpol@tifr.res.in

Climate change due to excessive carbon dioxide (CO2) is the Most Serious Problem Mankind Has Ever
Faced. Capture and then conversion of CO2 to useful materials and fuels are the best ways to tackle
these challenges. We discovered a new kind of nanosilica (DFNS),1 which is now being used by more
than 150 groups worldwide for various applications.1 Our group reported several unique nanocatalysts
for CO2 conversions, such as Black Gold2, Defective Nanosilica3, Solid Acids4, Lithium Silicates5 to combat
climate change.
In this talk, I will discuss two of our recent discoveries for solar energy harvesting and CO2 utilization.
i) Black Gold as an Artificial Tree:2 We transformed yellow gold into black gold by changing the size and
gaps between gold nanoparticles supported on nanosilica spheres (due to plasmonic coupling). Black
gold harvest board band light of the solar spectrum, the entire visible region, as well as in the nearinfrared region. Then, similar to natural trees, the black gold acts like an artificial tree that uses CO2,
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sunlight, and water to produce fuel. This process is a way forward to capture and convert CO2 to fuel
and useful chemicals.
ii) Transforming CO2 and Sea Water to Green HYDROGEN & Green CEMENT Using Magnesium Waste
Scrap:6 There is an urgent need for CO2 conversion protocols working at room temperature and
atmospheric pressure, preferentially without any external energy input. In this work, we employ
magnesium (nanoparticles, bulk and even scrap), an inexpensive and eighth-most abundant metal, to
convert CO2 to methane, methanol and formic acid, using water as the sole hydrogen source. The
conversion of CO2 (pure, as well as directly from the air) took place within a few minutes at 300 K and 1
bar, and no external (thermal, photo, or electric) energy was required. This protocol can even be used
for hydrogen production (940 liter per kg of Mg), which is nearly 420 times more than hydrogen
produced by the reaction of Mg with water alone. Our mechanistic studies indicate a unique cooperative
act of magnesium, basic magnesium carbonate, CO2 and water, to convert CO2 to methane, methanol
and formic acid. In the absence of any one of these, no CO2 conversion takes place. Isotopic labeled
13
CO2 experiment, PXRD, NMR, and FTIR studies allowed us to identify reaction intermediates and
overall reaction pathway.6
References:
1. (a) Polshettiwar, V. Acc. Chem. Res. 2022, 55, 1395, (b) Maity, Polshettiwar et al. Nature
Protocol, 2019, 14, 2177.
2. Dhiman, Polshettiwar et al. Chemical Science 2019, 10, 6694.
3. Mishra, Polshettiwar et al. Proc. Natl. Acad. Sci. U.S.A 2020, 117, 6383.
4. Maity, Polshettiwar et al. Nature Comm. 2020, 11, 3828.
5. Belgamwar, Polshettiwar et al. Chemical Science 2021, 12, 4825.
6. Rawool, Polshettiwar et al. Chemical Science 2021, 12, 5774.

Invited Lecture 02

Magnetoelectric composites for energy harvesting applications
Venkatachalam Subramanian*
Microwave Laboratory, Department of Physics
Indian Institute of Technology Madras, Chennai, India
*manianvs@iitm.ac.in

Magnetoelectric composites are class of devices that operate on the basis of strain transfer between
magnetostrictive and electrostrictive materials. The control of magnetostriction through external
electric field and control of piezovoltage through external magnetic field can be used to design tunable
components and sensors. Another notable application is the harvesting of energy. The efficiency of the
energy harvesting depends on the coupling between the magnetostriction and piezoelectricity. The
success of the energy harvesting lies on the choice of materials for the two phases and effective coupling
between them. In this talk, the development of few bi-layered magnetoelectric composites for energy
harvesting would be discussed.
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Invited Lecture 03

Engineering Interface and Morphology of Nanostructures for Energy
Devices
Tharangattu N. Narayanan*
Tata Institute of Fundamental Research - Hyderabad, India.
*tnn@tifrh.res.in

Two-dimensional layered materials are identified as promising candidates for energy devices and future
electronics - particularly those in 'More than Moore' category, and the 2D industry technology is
approaching readiness level:7-8 (TRL:7-8). But, 2D materials' morphology, phase, interfaces etc. play
significant roles in the device performance. In this talk, I will be discussing three such applications of a
well studied 2D material-molybdenum disulfide (MoS2). In the first case, our recent findings on MoS2
for developing a solar battery will be discussed. This solar battery is one having two electrodes but can
charge the battery using light without coupling to a solar cell. A lithium (Li) ion battery is shown to be
rechargeable using the photo-physics happening at the MoS2/MoOx heterostructure electrode of Li
electrode based two electrode cells. This brings promises in developing stable solar batteries of high
photoefficiency. In the second part, atomic layering and morphology engineering of such MoS2 atomic
layers will be discussed and their advantage in the electrocatalytic process of hydrogen generation will
be shown. It is shown that morphology tuning of the edges of the atomic layers together with in-plane
results in to a novel, noble metal free electrocatalyst for hydrogen generation. Such doping based
engineering can also bring interesting light-matter interaction properties to the MoS2 layers. A
mechanistic insight into such physical property tuning will also be shown. In the last part of the talk,
such atomic layers and heterostructure in ultra-thin stable transistor development, and applications of
such transistors as photodetectors will be discussed. Though tremendous potentials are there with such
transition metal dichalcogenides (such as MoS2), their chemical stability and hence sustainable
performance are highly questioned. Here we show that such issues can be addressed with other stable
atomic layers and in situ growth, leading to ultra-stable high performance devices of atomic layers.
References:
1. Photo Rechargeable Li-Ion Batteries using Nanorod Heterostructure Electrodes, Amar Kumar, et
al. Small doi.org/10.1002/smll.202105029(2021)
2. On the Synthesis of Morphology Controlled Transition Metal Dichalcogenides via Chemical
Vapor Deposition for Electrochemical Hydrogen Generation, Rahul Sharma et al. Physica Status
Solidi (Rapid Research Letters) 1900257 (2019).
3. Giant Photoresponsivity of Transfer Free Grown Fluorographene – MoS2 Heterostructured
Ultra-Stable
Transistors,
Rahul
Sharma
et
al.
Materials
Today,
doi.org/10.1016/j.mattod.2021.06.012 (2021).
4. Vapor Transport Deposition of Fluorographene Oxide Films and Electro-Optical Device
Applications, Rahul Sharma et al. Applied Materials Today 13, 387-395 (2018).
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Invited Lecture 04

3D Printing of Biomaterials for Orthopedic Applications
Kaushik Chatterjee*
Department of Materials Engineering,
Indian Institute of Science, Bangalore, India
*kchatterjee@iisc.ac.in

3D printing and additive manufacturing technologies have emerged in recent years to offer unique
opportunities for the processing of materials for biomedical applications. In this talk, I will highlight the
recent activities in our group to leverage the advantages of 3D printing for preparing metallic implants
and polymeric tissue scaffolds. The first part will describe the work on selective laser melting (SLM) of
titanium alloys. Unique heat treatment of the parts prepared by SLM was developed to improve the
biomechanical performance of the as-manufactured parts and was further adopted for preparing
patient-specific implants as part of an ongoing clinical trial. Fused filament fabrication (FFF) offers an
affordable and simple route to prepare 3D tissue scaffolds from biodegradable polymers. Coating the
3D printed scaffolds with bioactive ceramics was found to be critical to improving the cellular response
toward bone tissue regeneration. Digital light projection (DLP)-based 3D bioprinting can be used to
prepare cell-laden hydrogels. Photopolymerizable bioinks were used to prepare scaffolds that can
faithfully mimic the architecture of bone tissues seen in vivo. Taken together, this talk will highlight how
biomaterials processed by 3D printing can be developed for clinical use in orthopedics.
Invited Lecture 05

Self-assembled Ferritin Protein Nanocage: More than Just an Iron
Reservoir
Rabindra Kumar Behera*
Department of Chemistry, National Institute of Technology, Rourkela – 769008, India
*beherarabi@nitrkl.ac.in

Iron, the fourth most abundant element in the Earth’s crust, is central to both geochemistry and biology.
While the cellular requirement of iron ranges from 10-6 M to 10-3 M, the Fe(III) solubility under
physiological conditions is only ~ 10-18 M [1-2]. Ferritins decrease this gap inside the living cells by
synthesizing protein-coated hydrated ferric oxy/hydroxide mineral (Fe2O3.xH2O), achieving iron
concentration equivalent to ~ 0.2 M. In this talk, I will present the iron bio-mineralization that occurs
inside the confined ferritin protein nanocage and how the protein cage (self-assembly) impacts the
process [2-3].
In addition, this talk will discuss two new functions, catalase (H2O2 disproportionation) and Dps-like
DNA protection activities of heme binding ferritin (BfrA) from Mycobacterium, along with its usual
ferroxidase/mineralization activity. This unique ferritin, executes multiple functions in order to cope up
with the host generated oxidative stress and to promote pathogenesis [3-4]. Towards, end of my talk; I
will discuss self-assembly phenomena in ferritin (and the influencing factors), to use this protein cage
as a potential nanoreactor and nanocarrier for biomedical applications [5-6].
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Figure 1: Multi-functional Mycobacterial ferritin.
References:
1.
2.
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4.
5.
6.
7.

Theil, Tosha and Behera., 2016, Accounts of Chemical Research, 49, 784-91.
Behera and Theil., 2014, PNAS, 111, 7925-30.
Parida A and Behera R.K., 2020, Inorganic Chemistry 59, 629-641.
Mohanty A and Behera R.K., 2019, Inorganic Chemistry 58, 4741-4752.
Mohanty A and Behera R.K., 2021, Inorganic Chemistry 60, 16937-16952.
Subhadarshinee B and Behera R.K., 2017, BBA 1865, 1267-73.
Mohanty A and Behera R.K., 2021, Biomacromolecules; 22, 1389-1398.

Invited Lecture 06

Organic spintronics- a new playground for exciting physics
Subhankar Bedantaa*
a

Laboratory for Nanomagnetism and Magnetic Materials, School of Physical Sciences,
National Institute of Science Education and Research (NISER), HBNI, Jatni-752050, India
*sbedanta@niser.ac.in

Interface induced phenomenon in ferromagnetic/organic semiconductor is an emerging topic towards
organic spintronics [1,2]. Buckminsterfullerene (C60) is a potential candidate for organic spintronics due
to many desirable properties viz. low spin orbit coupling, large spin diffusion length at room
temperature etc. [3]. It has been observed that C60 exhibits ferromagnetism at the interface of FM/C60
[3-6].
We have prepared single layers of Fe, Co and CoFeB, and compared the magnetic properties to the
bilayers of Fe/C60, Co/C60 and CoFeB/C60. The films were prepared on both MgO (001) and Si (100)
substrates. Finite magnetic moment was obtained in the C60 layer at the interface between the Fe/C60
and Co/C60 layers by polarized neutron reflectivity measurements [4-6]. Magneto optic Kerr effect
(MOKE) based microscopy was performed to observe the effect of the magnetic C60 layer on the
hysteresis loop shape and the domain images of the FM (Fe, Co or CoFeB) layers [4-7]. We also study
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the change in magnetic anisotropy due to the presence of spinterface in these bilayer systems [5-7]. It
has been found that anisotropy increases with C60 thickness [7]. We have also studied the FM/OSC
having perpendicular magnetic anisotropy (PMA). In this context we have taken Pt/Co/C60 as a model
system. It has been observed that introducing a C60 layer increases the anisotropy and decreases the
domain size of the system [8]. We have also observed spin pumping and inverse spin hall effect (ISHE)
at the CoFeB/C60 interface [9]. Further we also show that ferromagnetism can be observed at the
interface between Cu/C60 interface. In this case due to the charge transfer from Cu to C60, density of
states of Cu get modified which leads to ferromagnetism in Cu [10].
Reference:
1. S. Sanvito, Nat. Phys. 6 (2010), 562−564.
2. W. J. M. Naber et al., J. Phys. D: Appl. Phys. 40 (2007), R205.
3. T. Moorsom, et al., Phys. Rev. B 90 (2014), 125311.
4. S. Mallik et al., Scientific Reports 8 (2018), 5515.
5. S. Mallik et al., Nanotechnology 30 (2019), 435705.
6. S. Mallik, et al., Appl. Phys. Lett. 115 (2019), 242405.
7. P. Sharangi et al., J. Phys. Chem. C, 125, 25350 (2021)
8. P. Sharangi et al., arXiv:2012.12777 (manuscript under review).
9. P. Sharangi et al., arXiv:2106.06829 (manuscript under review)
10. P. Sharangi et al., Phys. Chem. Chem. Phys., 23 (2021), 6490–6495.

Invited Lecture 07

Triplet Excitons in Organic and Halide Perovskite Semiconductors
Dinesh Kabra*
Department of Physics, IIT Bombay, Powai – Mumbai-400076, India
*dkabra@iitb.ac.in

In this talk, I will give you an overview on the role of triplet excitons in organic and halide perovskites
semiconductors. These semiconductors have emerged as potential photonics materials for future
commercial optoelectronic devices, however, face a major challenge of ambient stability. Organic LEDs
have become a matured technology by now for small display industries with few 10s B$ industry.
However, triplets are still a challenge, I will discuss one of in-depth study of triplet transport physics in
organic semiconductors.
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In halide perovskites; the two-dimensional (2D) and quasi-2D halide perovskites have shown promising
stability against ambient stability. Hence, the understanding of the photo-physics of 2D perovskites can
be a tool to get an in-depth insight into these novel halide perovskites. Here in this talk, we will discuss
the origin of broadband illumination and other emission peaks using temperature-dependent timeresolved photoluminescence (PL) spectra of 2D layered halide perovskites (i.e., (PEA)2PbBr4 and
(PEA)2PbI4) semiconductors. Both the perovskites systems show only a single peak exciton emission at
room temperature, which becomes multi-peak exciton emissions at low temperatures. For
temperatures below 100 K, (PEA)2PbBr4 film gives broad PL emission, stoke shifted by 750 meV from
narrow exciton emission peaks, whereas (PEA)2PbI4 film does not show any broad emission. This broad
emission in (PEA)2PbBr4 perovskite is observed due to coupling of electronic states in inorganic well part
(PbBr64-) and organic barrier part (PEA), which is in contrast to a proposed model based on self-trappedexciton.
Reference:
1. G.S. Banappanvar et al “Novel optoelectronic technique for direct tracking of ultrafast triplet
excitons in polymeric semiconductor” Applied Physics Reviews Vol. 8, p-031415 (2021)
2. Laxmi and D. Kabra “Origin of Contrasting Emission Spectrum of Bromide vs Iodide Layered
Perovskite Semiconductors” J. Phys. Chem. Lett. Vol. 13, p-2737 (2022)
Invited Lecture 08

Room temperature magnetic skyrmion bubbles in centrosymmetric magnet
Ajaya K. Nayak*
School of Physical Sciences, National Institute of Science Education and Research (NISER), Bhubaneswar, India
*ajaya@niser.ac.in

Magnetic skyrmions/antiskyrmions are topologically nontrivial chiral spin textures, whose topological
protection helps them to move in lower cut-off current by avoiding defects, hence considered as
potential candidates for high density racetrack memory devices. In general, the competing Heisenberg
exchange and the Dzyaloshinskii-Moriya interaction (DMI) in noncentrosymmetric systems gives rise to
the formation of skyrmions/antiskyrmions [1,2]. Recently skyrmion like spin textures have also been
found in centrosymmetric magnets with uniaxial magnetocrystalline anisotropy (UMA) [3-5]. Competing
dipolar interaction and UMA is the fundamental mechanism for the stabilization of skyrmions in these
materials. Here, we explore room temperature hexagonal skyrmion lattice in a new centrosymmetric
kagome ferromagnet using Lorentz transmission electron microscopy (LTEM). The stripe domain like
magnetic ground state transforms into skyrmion lattice with increasing magnetic field applied along the
c- axis over a wide range of temperature. Existence of skyrmions with opposite helicities are observed
due to the degenerate energy state of both skyrmions in the centrosymmetric magnets. A switching
mechanism of chiral skyrmion (topological number ± 1) to non-chiral type II bubble (topological number
0) is also demonstrated by applying a nonzero in plane magnetic field excitation.
References:
1. S. Mühlbauer et al., Science. 915-919. 323 (2009).
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2. A. K. Nayak, et al., Nature 548, 561 (2017). [3] Z. Hou et al., Adv. Mater. 1701144. 29 (2017). [4]
X. Xiao et al., Appl. Phys. Lett. 142404. 114 (2019). [5] W. Wang et al., Adv. Mater. 28, 6887-6893
(2016).
3. X. Yu et al., Adv. Mater. 29, 1603958 (2017).
4. X. Xiao et al., Appl. Phys. Lett. 142404. 114 (2019).
5. W. Wang et al., Adv. Mater. 28, 6887-6893 (2016).
6. X. Yu et al., Adv. Mater. 29, 1603958 (2017).
Invited Lecture 09

New Advances in Atomically Precise Silver Nanoclusters
Sukhendu Mandal*
Department of Chemistry
Indian Institute of Science Education and Research Thiruvananthapuram, Kerala, India
*sukhendu@iisertvm.ac.in

Atomically precise metal nanoclusters, a new class of materials are composed of tens to hundreds of
metal atoms in the core possess unique structures, high stability and attractive properties. Built on the
significant success of Au nanoclusters, Ag nanoclusters have recently received increasing attention.
Synthesis and structural elucidation of Ag NCs is challenging because the zero-valent oxidation state of
Ag is very reactive and prone to oxidization.1 We have designed new strategy to synthesize novel silver
clusters. Then we have adopted different methods to generate functionality and correlate their
structure-property relationship. Here we will discuss three new silver nanoclusters and these are: (a) A
new Ag-S cluster [Ag50S13(StBu)20][CF3COO]4 with its unique hcp Ag14 kernel and Ag36 Keplerian shellbased structural architecture and its photoresponsivity;2 (b) Anion template-assisted Ag16 silver
nanocluster for artificial light-harvesting system through supramolecular functionalization;3 (c) new
approach for generating functionality in template-assisted alloying of atom-precise silver nanocluster.4

Scheme 1. (a) Structural anatomy of Ag50; (b) artificial light-harvesting system using Ag16 cluster; (c)
template-assisted alloying of Ag20 nanoclusters.
References:
1. Yang, J.; Jin, R. ACS Mater. Lett. 2019, 1, 482-489.
2. Biswas, S.; Das, A. K.; Reber, A. C.; Biswas, S.; Bhandary, S.; Kamble, V. B.; Khanna. S. N.;
Mandal, S; Nano Lett. 2022, 22, 3721-3727.
3. Das, A. K.; Biswas, S.; Manna, S. S.; Pathak, B.; Mandal, S; Chem. Sci. 2022, DOI:
10.1039/D2SC02786K.
4. Das, A. K.; Biswas, S.; Manna, S. S.; Pathak, B.; Mandal, S; Manuscript submitted
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Special Lecture 01

Enhanced Atomic Ordering Leads to Ultra-High Thermoelectric
Performance
Kanishka Biswas*
New Chemistry Unit & International Centre for Materials Science,
Jawaharlal Nehru Centre for Advanced Scientific Research (JNCASR),
Jakkur P.O., Bangalore 560064 (India)
*kanishka@jncasr.ac.in

With about 2/3 of all utilized energy is being lost as heat. Thermoelectric materials can convert waste
heat to electrical energy, and it will have significant role in future energy management. High
thermoelectric performance is generally achieved either by electronic structure modulations or through
phonon scattering enhancements, which often counteract each other. A leap in performance requires
innovative strategies that simultaneously optimize electronic and phonon transports. We demonstrate
high thermoelectric performance with a near room-temperature figure of merit, zT ~1.5 and a
maximum zT ~2.6 at 573 K by optimizing atomic disorder in Cd doped polycrystalline AgSbTe2.1 Cadmium
doping in AgSbTe2 enhances cationic ordering, which simultaneously improves electronic properties by
tuning disorder-induced localization of electronic states and reduces lattice thermal conductivity via
spontaneous formation of nanoscale (~2-4 nm) superstructures and coupling of soft vibrations localized
within ~1 nm around Cd sites with local strain modulation. The strategy is applicable to most of other
thermoelectric materials which exhibit inherent atomic disorder.
Reference:
1. S. Roychowdhury, T. Ghosh, R. Arora, M. Samanta, L. Xie, N. K. Singh, A. Soni, J. He, U. V.
Waghmare and K. Biswas, Science, 2021, 371, 722

Special Lecture 02

Indigenous Technology for Efficient and Large-scale Production of
Biocompatible Carbon Quantum Dots
Binoy K Saikia1*
1

Coal & Energy Division, CSIR-North East Institute of Science and Technology,
Jorhat-785006, Assam, India
* bksaikia@neist.res.in

We have developed a bulk synthesis route for carbon quantum dots using wet-chemical technique
assisted with low ultrasonic energy. The most abundant low-quality Indian coal feedstock were utilized
in our patented (US 10655061B2) technology and the process is facile, cost-effective, and environment
friendly. We also have varied the reaction time, volume of solvent used, and type of coal to evaluate
the derived CQDs properties. Our innovative process also produces N and S-co-doped CQDs from coal
during the oxidative process. The coal-derived CQDs showed blue/cyan emission under UV light. The
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coal-based CQDs shows biocompatibility, sensing, photocatalysis, bio-imaging, cytotoxicity, and plant
growth promotion activities leading to their multifarious technological applications.
References:
2. Saikia BK et al., US patent, Application No. 10655061B2, May, 2020

Special Lecture 03

Graphene and Graphene Derivatives: Technology and Applications
Kinshuk Dasgupta*
Materials Group, Bhabha Atomic Research Centre, Mumbai-400085, India
*kdg@barc.gov

Graphene and graphene derivatives are exotic materials having many attractive properties. However,
translating their exotic properties into actual applications is a technological challenge. Novel techniques
have enabled us to grow 3-D graphene and hybrid structures comprising graphene and carbon
nanotubes. These structures have applications in energy storage and also as fillers in composites.
Oxygen groups in graphene enhance its functionality in certain applications. Addition of graphene oxide
in polymer matrix composite improves its fracture toughness enormously whereas it also increases the
compressive strength of concrete. The lecture will cover our experience on the technological aspect as
well as the applications of graphene and graphene derivatives. A future roadmap for the large-scale
synthesis of these materials will be discussed.
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Contributory Lecture 01

Coal ash and overburden rocks of coal mines as an alternative resource of
Rare Earth Elements (REEs) for synthesis of advanced materials
Sudip Maity*
Sudip Maity1,2*, Akshay K Singh Choudhary1,2, Santosh Kumar1,2 and Raj V Sharma1,2
1CSIR-Central Institute of Mining and Fuel Research (Digwadih), PO: FRI, Dhanbad – 828108, India
2Academy of Scientific and Innovative Research (AcSIR), Ghaziabad 201002, India
*sudipmaity@cimfr.nic.in

REEs (Lanthanides with Y and Sc) are the most important elements in the modern era of technological
breakthroughs for advanced material synthesis. REEs are crucial to the development of green and clean
energy technologies. Minable REE resources are very less and hence alternative resources are sought
to meet the global demand. Some promising alternative resources of REE are coal ash and overburden
rocks (OB) from coal mines which have shown very high REE concentrations. Some studies showed that
ΣREE in coal ash from Russia have reached a value higher than 8000 ppm [1] whereas studies on Indian
coal ash and OB rocks are scanty. The global average value of ΣREE in coal ash is 403.5 ppm [2-4]. The
overburden rocks from coal mines have emerged as a new secondary source of REE. Some studies have
indicated that REE concentration in associated rocks or OB are higher than in coal. Researchers from
China studied REE concentrations in coal seams and associated parting rocks and found the REE content
of roof is 479.08 ppm, for partings it is 384.73 ppm and 410.15 ppm and for the floor it is 854.16 ppm
[5]. A study from a North-Eastern coalfield of India showed that REE concentrations in OB is in the range
of 325 ppm to 610 ppm [6]. REE in coal, coal ash and OB from an ongoing study by the authors reached
a maximum of 239.22 ppm, 783.24 ppm and 1051.02 ppm respectively which can be economically
exploited using enrichment methods (Figure 1). Global studies have reached pilot-scale extraction stage,
basis of which lied on bench-scale studies [7]. India is lacking behind which has delayed our possibilities
of being self-reliant and global leader in REE production. Current REE extraction practice is energy
intensive generating lots of hazardous acids which are not environment friendly. Partitioning of REEs to
coal ash during combustion of coal in Thermal Power Plants plays the major role for coal ash becoming
a potential source of REEs. In an ongoing study of the present authors, steps have been initiated to
intensify nationwide study on REE occurrences in secondary resources such as coal, coal ash and OB
and development of suitable green chemistry pathway for extracting these critical resources. Targets
have also been set for study of enrichment potential of REEs in Pilot Scale.

Figure1. Σ REE concentration from coal, CFA and OB from
ongoing unpublished work of the authors.
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Contributory Lecture 02

Zinc powder nanomaterial from zinc dross waste
Sanjay Prasad*
Metal Extraction & Recycling Division
CSIR-National Metallurgical Laboratory
Jamshedpur – 831 007, India
*sprasad@nmlindia.org

This investigation deals with the production of electrolytic nano zinc powder from zinc
dross in an alkaline medium by using its as anodic feed material. The zinc dross obtained from
galvanizing plant was used for this purpose. Zinc dross contains more than 95% zinc with iron and it is
good conductor of electricity. With the help of this waste electrolytic set can be made and pure zinc in
the form of zinc powder can be deposited on cathode. The crushed zinc dross is taken in a porous
metallic container used as anode. With this an idea present investigation was undertaken. By passing of
electricity through DC rectifier zinc nano ion enters from zinc dross into the solution. The use of suitable
cathode deposited the small zinc powder and it is scratched, washed and dried to get pure 99.5% zinc
powder. In an electrolytic cell various parameters such as current density, current efficiency, voltage and
concentration of electrolyte etc. have been studied. It was found that at 5 amp/dm2 current density the
formation of zinc powder is possible with 1.23 kWh per kg of energy consumption. The impressed
voltage was found 1.2 V with a current efficiency of 90%. The zinc powder obtained were characterized
by XRD, SEM-EDS, TEM studies and found suitable for industrial applications.
Contributory Lecture 03

Functionalized Materials as a Single Platform for Simultaneous Detection
and Removal of Toxic Analytes
Alok Ranjan Paital*
Principal Scientist, Salt & Marine Chemicals Division, CSIR-Central Salt & Marine Chemicals Research Institute,
G.B. Marg, Bhavnagar-364002, Gujarat, India.
*arpaital@csmcri.res.in

The Toxic analyte sensing and their extraction/removal are two vital tools for environmental
remediation and economic benefits. A detection method requires a sensor that signals the presence of
a targeted analyte, while an extraction/removal method needs an extractant, which binds the analyte
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strongly for its effective removal process. Most of the organic fluorophores fail to do both the jobs
simultaneously, considering the contradictory intrinsic requirements of both the processes. That is why
most often, a hydrophilic sensor is used for sensing studies, and a hydrophobic extractant is used for
extraction studies. Therefore, to bring out synergy in their dual-functional activity, we are working on
functionalized materials as a single platform for the dual applications of sensing and extraction. We also
emphasize the recyclability of these materials for sustainability.
References:
1. Yadav, S., Rajpurohit, D., Dash, S. R., Bhojani, G., Chatterjee, S., Paital, A. R., Microporous and
Mesoporous Mater., 2022, 338, 111945.
2. Yadav, S., Choudhary, N., Bhai, S., Bhojani, G., Chatterjee, S., Ganguly, B., Paital, A. R., ACS Appl.
Bio Mater. 2021, 4, 6430.
3. Gohil, H., Yadav, S., Rajpurohit, D., Bhojani, G., Chatterjee, S., Paital, A. R., ACS Sustainable
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Naphthalenediimide derivative based paper strip chemical sensor for the
visual detection of acids
Mehak Ahuja and Rachana Kumar*
Photovoltaic Metrology Group, Advanced Materials and Devices Metrology Division, CSIRNational
Physical Laboratory, National Measurement Institute of India, Dr. K. S. Krishnan Marg,
New Delhi, India-110012 Academy of Scientific and Innovative Research (AcSIR), Ghaziabad201002, Uttar Pradesh, India
* rachanak.npl@nic.in

NDI derivatives have wide applications in the field of sensors as they have positive quadrupole moment,
are small, easily functionalisable and highly soluble in a range of solvents with tunable optical and
fluorescent properties.1 NDI possess electron deficient parent aromatic core and their coordination
abilities can be increased by presence of electron rich species through the prevalent anion-π or anionlone pair interactions.2 In the current work, NDI derivative having phenyl amine end group (PPD-NDI)
has been synthesized and tested for its sensitivity towards trifluoroacetic acid (TFA), hydrochloric acid
(HCl), nitric acid (HNO3) and sulfuric acid (H2SO4). This special behavior of PPD-NDI has also been
compared among three other reference NDI molecules with different end groups and linkers. The PPDNDI derivative shows charge transfer band in the range of 500-600 nm in the absorption spectra along
with a visible color change in the presence of acid. The sensor shows selective sensitivity for TFA present
in low concentration (1 mM) and HCl at all other concentrations. Binding constants for the association
between PPD-NDI and acids have been obtained from the Benesi Hildebrand plot and highest value is
observed in case of TFA due to its highest extent of assosciation.3 Lab-on paper strip testing experiment
was performed with PPD-NDI strips for the detection of HCl acid by naked eye in low and high
concentrations without need of any excitation source which is generally required for any sensor. This
low cost and reversible UV-Visible absorption sensor undergo wide area applications in the field of optoelectronics.

Figure 1. (A) Interaction of PPD-NDI with acids, (B) UV-Visible absorption spectrum of PPD-NDI in
presence of trifluoroacetic acid, (C) Visible color change of PPD-NDI strips in presence of HCl vapors.
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First-principles Computational Study of Adsorption of Acetone on V4C3Tx
Mxenes
Lakshmi Manasa Chintapalli1, Athira S J1, Priya Johari1*
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Significant rise in diabetes in youngsters and especially in children has become a major concern globally.
Advancements in technology have facilitated a rapid and cost-effective diagnosis of diabetes. However,
most of the methods are still not pain-free and thus, not very suitable for kids, in particular. Therefore,
demand for a trouble-free and portable diabetes monitoring device is all time high. In this context,
acetone biosensor in which a painless non-invasive detection technique is used, in contrast to the
conventional detection methods, has shown a promise. Further, recent advancement of twodimensional (2D) material based biosensing devices show a promising avenue for humankind by
outperforming the present metal oxide-based devices in many ways, especially in terms of sensitivity,
selectivity, and durability [1]. Herein, we examine a relatively newer member of the 2D family – Mxene
and considering the least studied V4C3 based MXene as a prototype for the 4-3 Mxene family, we
demonstrate it to be a more efficient detector of volatile organic molecule than the largely studied 2-3
and 3-2 Mxenes like Ti2CTx and Ti3C2Tx (T= O, OH, and F), respectively [2]. In particular, our first-principles
density functional theory-based study reveals surface-engineered V4C3TX to be quite effective for
hassle-free monitoring of acetone via a breath biomarker. This shall help in diagnosing diabetes at a
very early stage, without causing any pain.
References:
1. Kim, S. J., Koh, H.J., Ren, C. E., Kwon, O., Maleski, K., Cho, S.Y., Anasori, B., Kim, C.K., Choi, Y.K.,
Kim, J.H., Jung, Y.G., & H.T. (2018), ACS Nano, 12(2), 986.
2. Lee, E., Vahid Mohammadi, A., Yoon, Y. S., Beidaghi, M., & Kim, D.J. (2019) ACS Sensors, 4(6),
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Hydrophobic and oleophilic Eggshell-derived calcium carbonate/PU foam
for oil-water recovery: waste for environmental remediation
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The frequency of oil spills and the increasing amount of oily sewages not only cause serious water
pollution as well as a lot of ecological problems but also result in huge economic losses [1]. Spongebased materials have recently gained much attention in the field of oil/water separation due to their
easy fabrication, recyclability, environmental friendliness, low cost, and reusability of the absorbed oil
by squeezing [2,3]. To make them applicable in oil/water separation, the sponges have been modified
with low surface energy materials and nano/micro hierarchical roughness, hence changing their
wettability to hydrophobicity/oleophilicity (absorb oil and repel water).
This work provides a new method to prepare oil/water separation materials by using waste egg shells.
Eggshells comprise calcium carbonate, which is then further functionalized with fatty acid and coated
on PU foam to form a hydrophobic/oleophilic sponge. The coating is confirmed by using scanning
electron microscope and FTIR. The water contact angle of the synthesized foam is evaluated to be 1480,
which shows a nearly super-hydrophilic nature, whereas the oil contact angle is 00. This makes promising
material for a good oil absorbent against water. The material is proven to be applicable to different oils
and organic solvents. The material was also tested for different conditions such as varying pH,
temperature, and salt concentration to examine the practical efficiency of the material. The material
was tested for number of cycles for testing absorption capacity with cycle number, and found to be
stable even after 50 cycles. These results shows that the material can be used for effective oil water
separation and recovery.

Figure 1. (a) Graphical illustration (b) Absorption capacity with different
Reference:
1. Deng, Y., Peng, C., Dai, M., Lin, D., Ali, I., Alhewairini, S. S., ... & Naz, I. (2020). Recent
development of super-wettable materials and their applications in oil-water separation.
Journal of Cleaner Production, 266, 121624.
2. Guan, Y., Cheng, F., & Pan, Z. (2019). Superwetting polymeric three dimensional (3d) porous
materials for oil/water separation: A review. Polymers, 11(5), 806.
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PVP-Controlled Synthesis of Silver Nanowires and Their Effect in
Transparent EMI Shielding Application
Raghunath Sahoo1*, Ramaprabhu S1, Subramanian V1
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A material with high visual transparency and excellent electromagnetic interference efficiency (EMI SE)
is the need of the hour for emerging electronic devices. Silver nanowires (AgNWs) are the best
alternative to match the commercially used Indium tin oxide (ITO) films. Poly (vinylpyrrolidone) (PVP)
being the crucial parameter plays an important role in deciding the crystallinity and aspect ratio of
AgNWs. Herein, in order to achieve optimum EMI shielding property, the molecular weight of PVP is
varied (40000, 360000, and 1300000) by keeping other same parameters constant in a modified polyol
method. The structural and morphological properties of the prepared AgNWs are investigated. With the
strong coordination interaction between Ag+ and PVP, the aspect ratio of AgNWs is enhanced with an
increase in molecular weight of PVP, showing a maximum value of 450 for PVP-1300k. As-synthesized
AgNWs are spin-coated on the glass substrate and studied for EMI shielding performance and visible
transparency. The EMI SE of the fabricated films shows the same trend as the aspect ratio, displaying
the highest EMI SE of 37 dB in the X-band (8-12 GHz) with visible transparency of 30% for PVP-1300k.
O-05

Exploring the nanostructure in Arsenic album and its role in
immunomodulation
Suvasmita Ratha*, Jyotiprava Jemab, Kamali Kesavanc, Sagar Mallickc, Debadatta
Nayakd, Jyotsnarani Pradhanb, G.B.N.Chainyb, Jagneshwar Dandapatb,e
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b
Post-graduate Department of Biotechnology, Utkal University,
Bhubaneswar, 751004, Odisha,India,
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d
Central Council for Research in Homeopathy, New Delhi, India
e
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*suvasmita.biotech@gmail.com

The application of nanoparticles as potential therapeutic agents are intensively studied and their role
in immunomodulation is under investigation. Arsenic trioxide (As2O3) nanoparticles are one of the wellstudied anticancer drugs and are mostly used in cancer immunotherapy. As2O3 is the component of the
most popularly used homeopathic drug arsenic album (Ars. alb) at its ultrahigh dilutions and is primarily
prescribed for various clinical conditions like fever, cough, fatigue, diarrhoea, nausea. Recently Ars. alb.
has been claimed to have immune-boosting activities however has not yet been validated
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experimentally. This study mainly focused on the structural characterization of arsenic album and
correlates with immunomodulatory function by macrophage activation which are components of the
body’s innate immune system. Structural characterization of Ars. alb. is performed by transmission
electron microscopy (TEM) which indicated formation of nanoparticles in ultra-high-diluted Ars. alb 30C
sample. In this study, we have made an attempt for the first time to validate the immunomodulatory
potential of Ars. Alb 30C through cell culture-based studies using RAW 264.7 cells as representative of
macrophage. RAW 264.7 cells were treated with arsenic album 30C (diluted 10-4 times) for different
time points followed by protein isolation and western blotting. Our results indicated a significant
increase in the expression of innate immune markers like TLR3, TLR7, and effector molecules like NFkβ
and IL-6 in 30C treated cells for 24 h. Furthermore, Nitric Oxide (NO) assay of 30C-treated and control
groups showed maximum NO production in treated cell compared to control groups.We have also
observed a significant increase in iNOS and IL-6 expression in the transcript levels. Raman spectroscopic
analysis is performed to validate macrophage polarization in 30C treated cells. We proposed a
hypothesis that Ars. alb 30C acts as an immunomodulatory agent through macrophage activation and
downstream signaling cascade. Further investigations in this regard are in progress and extensive
studies are required to explore the detailed mechanism using an appropriate animal model system.
Keywords: Arsenicum Album, Macrophages, TLR7, TLR3, Immunomodulation
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With the rapid development of the microelectronic industry, there is an increasing demand for high
performance dielectrics. The polymer/inorganic nano-composites are promising dielectric materials
and have been paid great attention, which are typically superior to the properties of pure polymer
matrices. Through the doping of nanoinorganic oxides in matrix, we can design the composites with
different functions to meet the needs of the electronics industry. The poly(vinylidenefluoride) (PVDF),
as the widely used flexible dielectric material in industry, has better chemical, thermodynamic stability
properties. It also possesses high dielectric constant and low processing temperature compared with
other organic polymer [1].
In this work, Piezoelectric ceramic-polymer composites consisting of poly vinyledine Fluoride (PVDF) as
polymer host and Ba0.85Ca0.15Zr0.1Ti0.9 O3(BCZT) ceramic as Filler, were prepared by using solution casting
technique [2]. These composites were characterized for structural, microstructural, vibrational,
dielectric and ferroelectric properties under various experimental conditions.
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Fig: (a) FTIR spectra of PVDF+ wt% BCZT polymer composite (10,20,30,40,50); (b) XRD patterns of
PVDF/BCZT composite film with 20wt% BCZT doped ; (c) Output voltage generated by Finger tapping
motion of PVDF-BCZT (20Wt%)
The electroactive β phase fraction increases as the filler concentration increases up to 20 wt.% of BCZT
and above that, its value decreases. FTIR results were analysed to understand the mechanism of
enhancement of β phase by the interaction between negatively surface charged ions of filler with the
CH2 dipole of polymer matrix. The output from the fabricated nanogenerator reached up to 3.48V
through human finger tapping motions, Paving way for its potential use in the field of Sensor, actuators
and self-sustaining Flexible Devices.
References:
1. Z.M. Dang, T. Zhou, S.H. Yao et al., Adv. Mater. 21, 2077–2082 (2009)
2. H. Lu, L. Liu, J. Lin, W. Yang, L. Weng, X. Zhang, G. Chen, W. Huang, J. Appl. Polym. Sci. 2017, 134,
45362
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Biological Degradation of Graphene and Emerging 2D Materials
Rajendra Kurapati11*, Swetha K1 and Pavithra K1
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Understanding of biotransformation of nanomaterials is still at the preliminary stage, which is highly
essential to know the fate of the nanomaterials in the organism. Poor knowledge of the biodegradability
of inorganic nanomaterials (Au, Ag, etc.) affected the clinical translation of their potential biomedical
products. More recently, the graphene family including other 2D materials has displayed immense
potential for biomedical applications because of their high hydrophilicity and biocompatibility. However,
the biodegradability of 2D materials has been poorly studied, including the effect of chemical
functionalization and serum protein corona formation in blood contact with 2D materials. Herein, the
biodegradability of 2D materials will be discussed, in particular, the biodegradability of graphene,
graphene oxide, h-BN, MoS2 and black phosphorus sheets will be discussed by the action of human
immune cells like neutrophils as well as artificial enzymes. We also developed the “degradation-bydesign” concept - how chemical functionalization enhances the biodegradability and safety of 2D
materials. The results recapitulate that degradation of 2D materials is possible in humans and could be
important to design the biomedical application of 2D materials.
References:
1. R. Kurapati et al. Angew. Chem. Int. Ed., 2018, 57, 11722-11727.
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In a ferromagnetic system, in addition to ordinary Hall voltage, an extra Hall contribution appears known
as anomalous Hall effect (AHE). The AHE has two types of microscopic origin, such as (i) scattering
independent intrinsic contribution and (ii) scattering dependent extrinsic contribution. The total
anomalous Hall resistivity can be expressed as
𝐴
ρ𝑥𝑦
= aρ𝑥𝑥0 + bρ2𝑥𝑥 --------------(1)
Where the first term is the skew scattering contribution and the second term is intrinsic contribution.
From an applications perspective, the dissipationless intrinsic contribution is desirable and also the
study of AHE gives deep insight into the topology of the materials. The scattering independent intrinsic
mechanism occurs due to the anomalous velocity of charge carriers caused by the electronic band
structure in presence of SOC whereas the skew scattering appears due to the scattering of carriers at
𝐴
the impurity site. One can identify the dominant mechanism using the scaling relation ρ𝑥𝑦
α ρ𝛼𝑥𝑥 . With
α=2 intrinsic contribution is dominant and for α = 1 the major contribution to AHE comes due to the
skew scattering.
In the present work, we have studied the magnetic and electronic transport properties of MnPtxIr1-xSn
Heusler system. We observe a large enhancement of the AHE with increasing the iridium concentration
in place of platinum while the saturation magnetization decreases considerably shown in Fig. 1a.
Experimentally, we have calculated the scaling factor α using the scaling relation shown in Fig. 1c. With
increasing iridium concentration the value of α changes from 1 to 1.93, implying a changeover in the
mechanism of AHE from extrinsic to intrinsic in MnPt0.5Ir0.5Sn. Further, we have separated out the
different contributions of AHE using the equation [1]. The extrinsic parameter ‘a’ decreases and the
intrinsic parameter ‘b’ increases with increasing iridium concentration. This illustrates that iridium
doping enhances the intrinsic contribution to the AHE in the present system.
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Fig.1. (a) Variation of Hall Resistivity (red curve) and saturation magnetization with iridium
concentration (blue curve) at 5 K. (b) Scaling factor α as a function iridium concentration (X). (c) The
extrinsic parameter (a, green curve) and intrinsic parameter (b, red curve) as a function of iridium
concentration (X).
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PVDF-based flexible piezoelectric nanocomposites are gaining interest in the field of ambient energy
harvesting due to their easy fabrication and long-term stability1. Researches have mostly been aimed at
understanding the role of fillers in enhancing piezo response of the polymer matrix 2. For the first time,
we discuss the effect of modulating polymer weight percentage on the piezoelectric voltage responses
of the films.

Nanocomposite films with 10 wt. % of TiO2 nanofiller dispersed in varying weight percentages of PVDFHFP was synthesized and characterized using XRD, FTIR and SEM. The capacitance and loss tangent of
the polymer-modulated nanocomposite films were studied against a variable dynamic force from 0.05
N to 0.5 N. Piezoelectric nanogenerators (PENGs) were fabricated by sandwiching the films between
copper tapes and were subjected to various motions like bending, stretching and finger tapping to
harvest energy. The voltage output is influenced by the synergistic effect of inherent CH2/CF2 dipoles of
electroactive PVDF-HFP and the Maxwell-Wagner interaction of TiO2 nanofillers with the polymer
matrix3. The filler, TiO2 nanoparticle, has a negative surface charge that forms intermolecular H bonds
with the CF2 dipole of the polymer chain which results in self-poled β phase formation. We obtained a
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critical concentration for the polymer weight percent after which the piezoelectric properties started to
degrade. The piezoelectric voltage output from the optimised film reached 9.69 V through cyclic finger
tapping motion. We also successfully harvested 2.22 V from the low frequency vibration due to blood
circulation in the radial artery of a female test subject.
References:
1. H. S. Kim, J. H. Kim and J. Kim, International Journal of Precision Engineering and Manufacturing,
2011, 12, 1129–1141.
2. H. C. Bidsorkhi, A. G. D’Aloia, G. de Bellis, A. Proietti, A. Rinaldi, M. Fortunato, P. Ballirano, M. P.
Bracciale, M. L. Santarelli and M. S. Sarto, Materials Today Communications, 2017, 11, 163–173.
3. S. Bhatta, R. Mitra, A. Ramadoss and U. Manju, Nanotechnology, 2022, 33, 335402.

O-10

Tungsten disulfide (WS2) nanosheets incorporated laser-induced graphene
electrodes for hydrogen evolution reaction
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*susanta.roy@snu.edu.in

The demand for clean fuel production is quite high for the sustainable growth of the modern world. So
numerous innovative efforts have been made to produce green energy which can have a minimum
negative influence on the environment. Hydrogen has been considered a future fuel that can play a
major role to meet the requirements of renewable energy sources. Various efforts have been made to
produce hydrogen and enhance the efficiency of production. However, hydrogen production from water
splitting can be considered the greenest and one of the most effective technology. So, qualitative
attention must be given to selecting the ideal electrode material for hydrogen production. Recently
developed 2D layered materials are an excellent alternative for conventional metal-based catalysis for
effective HER. In this work we report WS2 nanosheets reinforced laser-induced graphene electrode as
effective electrocatalysis for HER. As the designed flexible electrode is further characterized by FESEM,
Raman and XRD analysis. All Electrochemical measurements were performed in 0.5M H2SO4 electrolyte.
LIG-WS2 composites showed better HER performance than pristine LIG and WS2. As prepared composite
electrode showed an overpotential and Tafel slope value of 261mV and 133mV per decade respectively.
Moreover, the electrochemical surface area of such electrode was calculated to be 639 mm2 which is
five times higher than the pristine LIG electrode signifying the more exposed electrocatalytic sites. The
design of such electrodes opens a new doorway toward the realization of flexible electrodes for
significant electrocatalytic activity
References:
1. AIP Advances 12, 035119 (2022)
2. ACS Appl. Nano Mater. 2020, 3, 7, 6270–6296
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The photoreduction of carbon dioxide presently has a low photoconversion efficiency and poor product
selectivity. Ultrathin two-dimensional materials, which possess a higher degree of active sites that are
distributed uniform, can serve as a potential photocatalyst for tailoring the crucial parameters i.e. the
interaction of the CO2 on the catalysts surface and the charge transfer kinetics that determine the
carbon dioxide photoconversion efficiency and product selectivity. For this, the nitrogen-deficient C3Nx
has been synthesized under a controlled atmosphere and porosity has also been introduced to it to
form mpg-C3Nx. To further tune the charge transport kinetics and separation, it has been decorated with
MoS2 nanocrystals by a hydrothermal approach with different loading concentrations. It leads to
improvement in the photoinduced electron-hole separating efficiency and provides medium base sites
for CO2 activation. The optimized MoS2 decorated mpg-C3Nx exhibits CO2 conversion to predominantly
in CO with the maximum yield of 65.6μ mol g-1 during 4 h of visible light irradiation. The detailed results
on the structure and optical properties of these heterostructure ultrathin photocatalysts investigated
using XRD, Raman and HRTEM analysis will be discussed in detail. A detailed mechanism based on these
findings and the charge carrier dynamics examined by photoluminescence studies of bare and MoS2
decorated C3Nx photocatalysts will also be presented.
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Photocatalytic reduction of Cr (VI) by ZnO/rGO in aqueous medium under
sunlight irradiation: Effects of initial concentration of Cr (VI), pH, and
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3
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The photocatalytic reduction of Cr (VI) to Cr (III) is considered a direct and promising candidate for the
elimination of Cr (VI) in the aquatic environment [1,2]. Despite that, the rapid recombination of
electron-hole pairs of a catalyst limits photocatalytic activity [3]. In this work, to enhance the efficiency
reduction of Cr (VI), ZnO/rGO synthesized by a facile hydrothermal method was used as a catalyst. The
influence of the following three factors, initial concentration of Cr (VI), pH of the solution, and the
catalyst dosage has been investigated. After optimization, of these three factors, the highest
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photocatalytic reduction of Cr (VI) reached approximately 93% in 80 min of ZnO/rGO under the
optimized conditions, [Cr (VI)] = 10 ppm, pH= 1.5, and catalyst amount = 10 mg. Therefore, ZnO/rGO
shows to be a potential photocatalyst for the reduction of Cr (VI) under sunlight irradiation under
optimized conditions. The detailed results on the structural information, and morphology of the
photocatalysts investigated using X-Ray Diffraction, Transmission Electron Microscopy (Fig.a), and
Raman Spectroscopy (Fig.b); optical properties and band gap determined using UV-Vis Diffuse
Reflectance Spectra will be discussed. A detailed mechanism based on these findings and the time
resolved photoluminescence (Fig.c) investigations on charge carrier dynamics will also be presented.

Fig. (a) TEM image of ZnO/rGO, (b) Raman spectra of ZnO and ZnO/rGO, (c) PL spectra of ZnO and
ZnO/rGO
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Research on carbon based thin films with low light reflectance has received significant attention recently
to develop high absorber coatings that can be used for stray light control
applications. Compound films comprising different low dimensional derivatives of carbon including
carbon nanotubes (CNTs) graphene sheets (GS) carbon nanoscrolls (CNS) have shown tremendous
potential for stray light control space related research [1]. Applications in space domain include coatings
for thermal detectors and baffles, various optical components, sensors, space telescopes and
components in space crafts. Additionally, hand brushing of sharp edges of big turbine blades by CNT
based coatings that shows good ad hesion property without any corrosion issue for long term are few
of the cost effective industrial applications. CNS a one dimensional (1D) helical form of carbon is an
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emerging candidate in materials research owing to their unique structure, superior pro perties and
potential applications [1], [2]. However, both fundamental, as well as, applied research on CNS are still
in their inception. Here, we report fabrication of CNS from single walled carbon nanotubes (SWCNTs)
via synthesis of GS through a simple oxidative route [2] and demonstrate highly stable CNTs, GS and CNS
based thin film coatings on the aluminium (Al) substrate [1] These films exhibit low reflectance of the
order of 2 3% in the visible and near infrared (NIR) spectral bands and are highly stable which sustain
the fundamental space environmental simulation tests (SESTs) with the reflectance values almost
unaltered [1] In this work, we discuss synthesis of the CNS from the HiPCO SWCNTs as well as the
preparation, characterization, stability an d application of the CNT GS and CNS based thin film coatings
[1], [2].
References:
1. S. Saini, S. Reshmi, G. M. Gouda, A. Kumar S., S riram K. V., K. Bhattacharjee Low reflectance of
carbon nanotube and nanoscroll based thin film coatings: a case stu dy, Nanoscale Advances. 3
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walled carbon nanotubes: an oxidative route, Physical Chemistry Chemical Physics. 23 ( 27437
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Au nanoparticles (NPs), a well explored plasmonic material, are placed in a substantial category as an
optically active entity, thanks to its elegant property of confining suitable incident light in the small
volumes around the surface. Concentrating this light is possible because of an enhanced electric field
originating from the oscillation of free electron clouds of metallic nanostructures (NSs) [1]. Importantly,
these emerging trends of plasmonic materials lead to the application in surface-enhanced Raman
spectroscopy (SERS), fluorescence-based sensing, plasmonic-based photovoltaic and photocatalysis,
etc. Besides, the presence of magnetic characteristics arising from Au NPs invites plasmonic properties
to initiate an exciting field of magneto-plasmonic [2]. In that direction, along with tuning the plasmonic
properties by changing the morphology of the plasmonic material, the fabrication of hybrid NSs set a
new trend. Such hybrid NSs may consist of suitable conjunction of metal-metal, metal-semiconductor,
or a metal-molecule. Herein, Au-Ge alloys-based NPs are synthesized via thermal dewetting by varying
the suitable proportion of metal and semiconductor. The variation of surface plasmon resonance SPRbased optical property from the Au-Ge is depicted from UV-Vis absorption spectroscopy and correlated
with the diversity found in the compositional distribution obtained from the energy dispersion (EDS)
(Fig. 1a bottom inset). Plasmonic activity is established from the optimized design alloys by trace
detection (10 -5 M) of R6G using SERS spectroscopy (Fig. 1a) and also supported from Raman mapping
(Fig. 1b). The structural and morphological characterization are achieved using X-ray diffraction, field
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emission secondary electron microscopy (Fig. 1c) and transmission electron microscopy (Fig.1c inset).
The role of hot electron transition between semiconductor-metal to improve the optical property along
with low-dimensionality induced ferromagnetism (Fig. 1d) is critically discussed. Finally, the coexistence
of magnetic and optical properties is projected for biological applications like drug delivery and bioimaging.

Figure 1. (a) Raman spectra obtained from R6G with and without Au-Ge & (b) imaging (c) FESEM and
TEM (inset) and (d) M~H plot from optimized Au-Ge NPs
References:
1. Shirakawa S,Osaki M, Nagai N, Nishimura Dohmae Y, Matsumoto S, Hirata H, ,2017 Catalysis
Today, 281, 429-436.
2. Dmitriyeva A, Mikheev M, Zarubin S, Chouprik A, Vinai G, Polewczyk V, Torelli P, Matveyev Y, C.
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In a world where the global energy paradigm is rapidly transforming from fossil fuels to renewable
sources, supercapacitors take the front seat when it comes to sustainable energy storing devices with
high power density. Two dimensional (2D) materials - due to their favorable properties such as
mechanical stability, transparency and a large surface area to
volume ratio – have been found well-suited for their application in the electrode material of
supercapacitors. Janus materials are a class of asymmetric 2D materials that have been studied for their
applications in batteries, sensors, as well as supercapacitors. However, most of the work in this field has
been limited to 2D Janus Transition Metal Dichalcogenides (TMDs), Janus Transition Metal Oxides
(TMOs), and graphene-based Janus Materials. Our work, instead, focuses on Janus materials based on
a relatively newer member of the 2D family, i.e., MXenes. In particular, we have investigated 2-1 MXenes
(M2XTT’, M = Ti, V, Nb, Mo; X = C, N; T, T’ = O, Cl) converted to Janus MXenes by the addition of chloride
and oxide groups on opposite sides, using first-principles density functional theory-based simulations.
Our study reveals that as compared to the pristine MXenes (M2X, M2XO2, M2XCl2), Janus MXenes
(M2XClO) show better quantum capacitance in most of the cases, making them suitable for their
application in supercapacitors.
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Heusler alloys have attracted researchers across the world not only due to their attractive properties
but also due to their potential applications in several important areas such as spintronics etc. The full
Heusler half metallic alloys have captured much more attention because of their ability to have high
degree of spin polarization, high Curie temperature etc. The compound Co2ZrAl exists in cubic crystal
structure with L21 phase with the atoms Co, Zr and Al occupy the (1/4, 1/4, 1/4), (0, 0, 0) and (1/2, 1/2,
1/2) positions respectively which follows Slater Pauling rule indicating that it is a half metal. The Berry
curvature driven anomalous Hall conductivity and anomalous Nernst conductivity of Co2ZrAl is studied
within the range of ±300meV around Fermi level E F as shown in Figure below.

The Heisenberg magnetic exchange interactions for Co2ZrAl is studied and their Curie temperatures (TC)
within mean field approximation is estimated. The mechan ical and dynamical stabilities of Co2ZrAl is
confirmed through Born stability criteria and phonon dispersion plots.
O-17

Reinforcing the Electrochemical Performance of Hybrid Energy-storage
Device with Magnetic Field Using Magnetic Electrodes
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This work provides an interesting study on the influence of external physical field on electrochemical
performances of the magnetic electrodes. The magnetic electrode materials, Ni/NiO and γ-Fe2O3 were
synthesized by facile sol-gel method. The synthesized samples were confirmed by XRD, SEM, Raman
spectroscopy, VSM, IV-characteristics. After confirmation of their phases, electrodes of these samples
were fabricated for electrochemical studies. The CV studies imply that the Ni/NiO can be used as
positive electrode and γ-Fe2O3 as negative electrode in 1 M KOH electrolyte. Further, electrochemical
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studies were done in the presence of a magnet field (5 mT). In the presence of magnetic field, the
magnetic electrodes displayed higher current in CV which proves enhancement of charge storage. The
magnetic field resulted in hike of charge storage of the Ni/NiO and γ-Fe2O3 electrodes significantly. The
improvement may be ascribed to additional force (Lorentz force) on the electrons which increased the
charge-transfer kinetics. The magnetic field would have resulted in more diffusion of solvated-ions in
the vicinity of electrode/electrolyte interface, leading to reduction of Nernst-diffusion layer. The
magnetic field also affects the electrolyte due to magneto-hydrodynamics effect. All these combined
effects consequently lead to the reduction of charge-transfer resistance, there by facilitating the
electron mobility. The full-cell performance was evaluated using Ni/NiO as positive electrode and γFe2O3 as negative electrode in 1 M KOH. The magnetic field contributed in doubling the electrochemical
performance of the device. The insights of this study will be presented in FIMTA 2022 at IMMT,
Bhubaneswar. This work opens doors for application of other different external forces (light, pressure
etc.) and develops self-powered hybrid solid-state devices. The synthesized materials can also be used
in electrode materials for Li/Na-ion batteries.
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Complete metal-free P-functionalized carbon nanomaterials are synthesized from a single molecular
precursor, phytic acid, for photocatalytic solar H2 production and simultaneous organic transformation
of 4-methyl benzyl alcohol to 4-methyl benzaldehyde by managing the complete redox cycle. Increasing
the carbonization time, P-functionalized amorphous carbon dots convert to the highly defined 2D sheetlike nanostructure with optimum P-functionality exhibits optimum photocatalytic efficiency. Finally, the
highly defined sheet-like structure converts to a more defected aggregated form, resulting in the
depletion of photocatalytic efficiency. The structural and elemental features are further correlated with
the ongoing photophysics by means of steady-state and time-resolved fluorescence spectroscopy.
Transient photocurrent responses and Mott-Schottky plots and detailed computational studies support
the optimization of P-functionalized carbon nanostructure for efficient photocatalysis. Overall, the indepth structure–property correlation and critical optimization of the heteroatom functionalized carbon
nanomaterials will open up new possibilities for further development of metal-free photocatalysts for
solar-energy conversion devices.
Reference:
1. Advanced Optical Materials (2022): 2102641. (DOI: 10.1002/adom.202102641)
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Isolation and Corrosion Inhibition Efficiency of Mahonia nepalensis on
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Controlling corrosion of infrastructural materials is a cause of great concern for planner and engineers.
Well known practice for controlling the corrosion of infrastructural materials is by using plant-based
corrosion inhibitors. These inhibitors work by slowing down the corrosion rate and thus prevent
monetary losses. There has been tremendous work on the plant extract as corrosion inhibitor for mild
steel. However, in most cases crude extract in several hundreds to a thousand ppm has been reported
to be effectively suppressing the corrosion by above 90%. There is limited study on the corrosion
inhibition effect of individual compound. In this study, individual compound has been isolated form
extract of M. nepalensis in small quantity and its effect on the corrosion inhibition of mild steel in acidic
medium has been tested by electrochemical method. The purpose was to understand which molecules
of the crude extract is responsible for maximum inhibition and what is the minimum amount of
molecule required for inhibition above 90%. Potentiodynamic polarization results indicated that M.
nepalensis act as a mixed-type inhibitor and the maximum inhibition efficiency in organic extract was
99.79% and in aqueous extract was 90.92%.
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Photodegradation of Methylene Blue Dye by Hydrothermal prepared V2O5 rGO composite
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Degradation of Methylene Blue (MB) dye in 8 minutes upto 94 % is manifested in the present
manuscript by using a reduced graphene oxide (rGO) – V2O5 composite, synthesized by hydrothermal
method. rGO - V2O5 (1:0.5, 1:1, 1:2, and 1:3) composites were studied for photodegradation of MB dye.
The synthesized compounds were studied for structural, morphological and optical properties through
X – ray diffraction, Raman spectroscopy, SEM / TEM and UV – Visible absorption spectroscopic
techniques. Individually, rGO and V2O5 show less degradation of methylene blue (MB) dye with 51 %
degradation in 135 minutes and 15 % in 22 minutes, respectively. The composite of these materials with
1:1 ratio shows an excellent degradation of MB upto 94 % in 8 min. The degradation efficiency of rGOV2O5 for 1:2, 2:1 and 1:3 compositions are 58 % in 120 min, 46% in 40 minute and 53 % in 65 minutes
respectively. The calculated rate constants of dye degradation for rGO-V2O5 (1:1) is almost two orders
high as compared to other specimens. Scavenger based experiments in combination with band gaps
evaluated were carried out to understand the degradation scheme of the composite, where the
superoxide ion role has been found superior to other elements present in the reaction.
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Figure: Represent effect of various scavengers on
photodegradation of MB using rGO- V2O5 (1:1)
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Magnetic skyrmion is a topologically nontrivial chiral spin texture, whose topological protection helps
it to avoid defects and move at lower cut off current density. These properties of the skyrmions make it
a potential candidate as data bits for high density and low power consuming racetrack memory devices.
Although the magnetic skyrmions are mostly observed experimentally in the noncentrosymmetric
systems [1], recently skyrmion-like spin textures have also been found in centrosymmetric magnets with
uniaxial magnetocrystalline anisotropy [2-4]. The topological number of skyrmions in these systems can
be easily tuned with several external stimulis like, thickness and magnetic fields, etc. Therefore, finding
of new room-temperature skyrmion hosting centrosymmetric materials with smaller size of skyrmion is
one of the most interesting current research topics in spintronics.
Here, we have explored a tunable room temperature hexagonal skyrmion lattice (skyrmion size ~ 100
nm, smaller compared to the existing systems) in a new centrosymmetric kagome ferromagnet Mn4Ga2Sn using Lorentz transmission electron microscopy. The stripe domain magnetic ground state is
transformed into skyrmion lattice with increasing magnetic field applied along the c- axis. The hexagonal
skyrmion lattice at 250 K is shown in Fig. 1(a). Existence of skyrmions with opposite helicities are
observed due to degenerate energy state of both the skyrmions in the centrosymmetric magnets. A
switching mechanism of chiral skyrmion (topological number
1) to non-chiral type II bubble
(topological number 0) is also demonstrated by applying a nonzero in plane magnetic field excitation as
shown in Fig. 1(b). It has also demonstrated that the magnetocrystalline anisotropy acts as a deciding
factor for the energy barrier between skyrmion and type II bubble. The results illustrate an exclusive
control on the topological magnetic domains with varying magnetic field in the sample and makes it
useful for future spintronic application.
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Fig.1. Skyrmion and type two bubble lattice at 250 K. (a) Hexagonal skyrmion lattice,
(b) type II bubble lattice with additional in-plane magnetic field of 0.02 T.
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Strontium Hexaferrite (SrFe12O19) is the M-type hexaferrites with a hexagonal crystal structure [1]. It is
a hard magnetic material with the magnetic properties intrinsically linked to its crystalline structure. It
is used in various applications viz. permanent magnets, microwave devices, disk drivers, etc [2].
Understanding the magnetization dynamics of SrFe12O19 (SFO) and its magnetic domain structures as a
function of size are vital for practical applications for permanent magnet. In present study, the domain
structures of SFO have been investigated systematically by means of a micromagnetic simulation for
various morphologies and dimensions. The simulations are carried on Spherical, Hexagonal and
Cylindrical morphologies of SFO where the diameter and height are varied from 40 to 600 nm with cell
size of 4 nm. It is observed that the transition from single- to multi- domain is different for three
morphologies. For spherical it occurs around 480 nm, hexagonal at 180 nm and cylindrical at 280 nm
which deviate from the theoretical value for spherical diameter around 350 nm as per Stoner Wohlfarth
model and experimental value of above 500 nm [3]. The domain structures appear as a result of the
competition between Demagnetization and Exchange energy, where the Demagnetization energy
depends on the morphology and decides the transition region from single- to multi-domain state. Figure
1 (a) and (b) show the magnetization profile of hexagonal morphology for 120 nm and 260 nm size,
respectively. At 120 nm, the sample is in a single domain state (blue color) whereas at 260 nm the
sample shows multidomain behaviour (2 blue domains and 1 red domain with opposite magnetization).
Figure 1 (c) shows the transition regions of the single domain to the multi-domain will be characterized
by a reduction in demagnetization energy and an increase in exchange energy as obtained from the
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simulation [4]. In the multi-domain state, the domain wall (Bloch wall type) width also varies as a
function of size and morphology, which arises due to the competition of anisotropy and exchange
energies.

Figure 1. Magnetization in (a) single domain at 120 nm and (b) multi-domain at 260 nm of hexagonal
morphology and (c) Variation of Exchange and Demagnetization energy density with size of hexagonal
morphology
References:
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With rising population of the world, demand of energy and portable electronics is on its full swing. Selfpowered devices and sensors are like the panacea to full fill this gap. Triboelectric nanogenerator (TENG)
is a promisingly desired technology to fabricate a self-powered devices and sensors, due to its low cost,
wide choice of materials and easy fabrication techniques.1-3 The working principle of the TENG is
primarily based on the coupled effect of contact electrification and electrostatic induction. Surface area,
roughness and charge density of the contacting surfaces plays a key role to determine the overall
performance of TENG. Conventionally, to fabricate a TENG, two materials with two different
triboelectric nature is preferred. Noteworthy to mention that the triboelectric nature of a material is
elucidated by its ability to lose or gain electrons. The materials which are more plausible to lose the
electrons are termed as tribopositive materials while those are more likely to gain electrons known as
tribonegative materials, arranged in a series recognized as triboelectric series. On the other hand, owing
to cost effectiveness, getting a desired shape, vast materials selectivity, robust structure, 3d printing
technology is on its full phase of development. Here, we have fabricated a TENG enable by 3d printed
curved structure, comprises of polyvinylidene-fluoride (PVDF) nanofiber mat with nylon 66 3d printed
structure as tribonegative layer, while 3d printed poly-lactic acid as tribopositive layer. Further, TENG
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demonstrated as a voice recognition sensor that can able to recognize the different words (speech
signals) of human voice. Thus, it is expected that VR-TENG has the potential to use in next generation
technologies such as voice recognition-based security system, human-machine interaction and
humanoid robotics.
References:
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The existing memory technologies are rapidly approaching their physical limits; the search for nonvolatile memories (NVM) is still ongoing [1-3]. Due to its low cost, high scalability, and increased
operation speed, resistive random-access memories have shown tremendous potential for future NVM
technology [1, 2]. It is accepted that defects like oxygen vacancies (OVs) play a major role in
understanding the resistive switching mechanism in transition metal oxide (TMO), however, controlled
defect engineering in TMO is always a challenging task [3]. Herein, we present that depth-selective
defect incorporation by ion-beam implantation technique could be a judicious choice for adjustment of
OVs in Anatase-TiO2. The detailed investigation of the electronic structure of Ni modified Anatase-TiO2
by X-ray absorption study reveals that gentle decrease of O (2p) antibonding states and accordingly a
steady expansion of the O(2p)-Ti(3d/4sp) states. These implicate altered Ti-O interactions, which may
lead to a gradual modification in OV generations. This claim was further established by a depthdependent X-ray photoelectron spectroscopy, which discloses a gradual increment in the Ti2O3
intermediate phase at the near-surface region with increasing Ni dopant concentration. This in turn
enables a gradual evolution of local resistive switching behavior, as supported by conductive atomic
force microscopy. Overall, this work presents a unique pathway for altering the resistive switching
behavior in TMO, advantageous for future NVM technology.

Figure 1. Chemical and structural analysis of of Ni-doped TiO2 samples, marked as F0, F1 and F2 (a) O Kedge XAS spectra (b) Ti 2p XPS spectra
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Lanthanum based maganites have attracted prominent attention due to their distinguished magnetic
and electronic properties. They have been subjected to strong interest primarily due to the discovery
of colossal magnetoresistance effect (CMR) and magnetocaloric effect (MCE) around the ferromagnetic
transition temperature (TC), which is located near room temperature. In the present work, Cobalt doped
Lantahanum Calcium manganite samples with composition La0.67Ca0.33Mn1-XCoXO3 (x=0, 0.03 and 0.05)
were synthesized using chemical coprecipitation method. The prepared samples were calcined at 600oC
and then sintered at 800oC. The structural information and pure phase formation with elemental
composition were confirmed by XRD and FTIR analysis. From the XRD pattern it is observed that there
is no phase change with increase in Co dopant concentration. The phase of the sample is rhombohedral
r3c with a hexagonal axis setting. The FTIR studies reveal the formation of the metal oxide bonds. The
intensity of vibration modes become prominent with the increase of Co concentration. The impedance
analysis shows that the value of dielectric constant is high for undoped samples compared to the doped
samples. This is attributed to the change in the electronic configuration of the Mn and dopant Co on
coexisting in the sample, which, thereby, promotes such a feature.

Figure: XRD pattern of La0.67Ca0.33Mn1-xCoO3 (x= 0, 0.03,0.05) samples and Impedance Analysis of
La0.67Ca0.33MnO3
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Silver nanoparticle decorated g-C3N4/MIL-53(Fe) nanocomposite: A preeminent visible-light-driven photocatalyst towards multimodal
photocatalytic applications
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Designing heterostructure photocatalyst material having high porosity with enhanced specific surface
area and optoelectrical properties is one of the significant approaches towards the decontamination of
hazardous organic contaminants and water-splitting reactions under visible light irradiation. In this
study, silver nanoparticle decorated g-C3N4 (ACN)/MIL-53(Fe) photocatalyst was developed having
improved surface area by a facile solvothermal approach. The as-synthesized pure and composite
materials are characterized by XRD, FT-IR, SEM, TEM, XPS, and PL analysis. It is observed that 15% of
ACN-20 modified MIL-53 (MACN-15) exhibit improved charge separation between photoinduced
electron and hole pairs which eventually shows the highest photocatalytic applications in RhB
degradation, photocatalytic Cr(VI) reduction, and photocatalytic hydrogen evolution from water
splitting. The optimal photocatalyst (MACN-15) shows excellent degradation of RhB and Cr(VI) reduction
efficiency within 60 minutes of visible light irradiation. MACN-15 nanocomposite also exhibits a superior
rate of H2 evolution with a specific conversion efficiency of 14.8%. A possible Z- Scheme mechanism is
also predicted for MACN-15 nanocomposite for this multimodal photocatalytic applications.
KEYWORDS: Metal-organic framework; MIL-53; Ag@g-C3N4; Photocatalysis; Rhodamine B; H2 evolution;
Z-scheme mechanism.
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b

DNA is widely used for construction of bio-nanomaterials. Shape, structure, and surface chemistry of
DNA nanomaterials can be conveniently modified by designing the sequence of their constituent DNA
strands. The high programmability, biocompatibility and diverse functional approaches allow DNA to
self-assemble various 2D, 3D and origami nanostructures. Among all these nanostructures DNA
polyhedral nanostructures are small 3D geometric polyhedrons with wireframe like structure, tunable
size and length. On the basis of stable frames and hollow interior, DNA polyhedral nanostructures are
widely used for biosensing and drug delivery. However, the interaction between self-assembled DNA
nanostructures and cellular proteins are less explored. Herein, we report the biophysical interaction
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between self-assembled DNA polyhedrons with bovine liver catalase (BLC). Catalase is a major
antioxidant enzyme that catalyzes the decomposition of hydrogen peroxide to oxygen and water to
regulate oxidative stress in cellular system. Deficiency of catalase is associated with many pathological
conditions such as obesity, diabetes and age-associated degenerative disorders. Therefore, it prompted
us to determine the biophysical interaction between BLC and DNA polyhedral nanostructures. The
enzymatic activity of BLC remain unaltered in presence of DNA polyhedrons (25 to 250 nM) after 1 hour
of incubation. The unaltered activity of BLC with these structures showed the biocompatibility with no
adverse effects. Other biophysical studies also support the biocompatibility of DNA polyhedrons. Thus,
we envision that DNA polyhedrons can enrich DNA nanotechnology by ingenious design and synthesis
and various interaction study with cellular proteins can be explored to enable their use in cellular
delivery.

Figure 1. Enzymatic assay of BLC with (a) Cube (b) Prism and (c) Square pyramidal polyhedron
structures of bDNA after 1 h incubation period.
References:
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Biomaterials are natural products based on the next-generation therapeutic strategy that has the
potential to exuberantly counter antibiotic-resistant bacteria (ArB). Such ArB arising from both
nosocomial and environmental settings causes imperative public health problems globally and requires
proper antibacterial stewardship. Designing appropriate stewardship using next-generation
therapeutics such as biomaterials overcomes the reduced efficacy of antibiotics and also potentiates
biocompatibility. Polyelectrolytic complex biomaterials have been purposively explored to exhibit a
multifarious mode of action on ArB. In this study, a polyelectrolytic complex biomaterial encapsulated
with antibiotics has been designed to treat antibacterial-resistant Klebsiella pneumonia (Accession no.
ON764806) isolated from the gut microbiota of Gallus gallus. It is proposed that such a complex
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formulation exhibits multi-fold antibacterial activity as compared to antibiotics by targeting multiple
sites on the bacterial cell.

Figure 1: Graphical abstract showing the overall methodology and results

Figure 2: Antibacterial susceptibility test for Figure 3: Bar graph representing the
Klebsiella pneumonia
Zone of Inhibition of antibiotics.
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Impact of order of nucleotides in nucleic acids: (CG)n DNA are sensitive for
Cerium induced B-to-Z transition
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Following the discovery of the molecular structure of right-handed double helical structure of DNA [1],
there was a breakthrough concerning its role in several biological events [2]. Particularly, left-handed Zform of DNA has gained remarkable attention due to its opposite chirality [3]. Recently, rare earth
elements have proven to induce B-to-Z transition in various self-assembled branched DNA structures
[4], however the role of cerium on known model molecules like (CG)n and (GC)n for B-Z transition are
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largely unknown. In this study, we describe the first observation of Cerium induced Z-DNA in (CG)n and
(GC)n repeat sequences. The B-Z transition induced by millimolar concentration of cerium salts in (CG)n
is reversible to native state with application of left-handed DNA. This was also supported by the result
of our findings from the Zetapotential study. which shows the mode of interaction of salt binding to the
repeat sequence for BZ transition in (CG)n and destabilization of B-form in (GC)n. The CD signature was
different with various repeat sequences and their interaction with cerium is unique, thus indicating the
conformational change is sequence sensitive. This newly described reversible topological
transition is of great interest to understand the biological role of Z-DNA.

Figure 1. CD and Zeta-potential studies of (CG)n and (GC)n with CeCl3.
Reference:
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G-quadruplexes (GQ) are higher-order nucleic acid structures formed by guanine-rich sequences
stabilized through Hoogsteen hydrogen bonding to form four-stranded square planer structures [1]. In
addition to the sequence requirements, the coordinated cations play an important role in the formation,
stability and polymorphism of the GQ structure as they contribute to the charge screening and
interaction with the loops and grooves [2] [3]. For the first time in the present study, we reported that
a low concentration i.e., 10 μM of Praseodymium ion (Pr3+) can form G-quadruplex structure in human
telomeric DNA, AGGG(TTAGGG)4 and its variants. Other counter ions like monovalent or divalent cation
known to have a stabilizing effect on G-tetrad require much higher concentrations. Among Light Rare
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Earth Elements, Pr3+ has the most favorable effect on the formation of quadruplex. It appears that the
ionic radius of Pr3+ influences tight fitting of this ion inside the cavity of the tetrad. UV-melting
experiment of all telomeric variants used in this experiment show reversible melting profile at 295 nm
which confirms the formation G-quadruplex structure. G-quadruplex formed in presence of
Praseodymium ion are topologically stable even after 5 months. This work not only provide new insight
to G-quadruplex formation in presence of trivalent lanthanide metal ion but also demonstrated the
effect of Loop sequences and terminal nucleotides on topology and stability of G-Quadruplex in the
presence of Praseodymium ion. The stability of G-quadruplex in the presence of very low concentration
of Pr3+ may have potential biosensing applications in future

Figure 1. The result shows the CD spectra of telomeric variant with (a) NaCl, (b) PrCl3 and (c) ITC
profile of telomeric variant binding to PrCl3
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1. Gellert, M., Lipsett, M.N. and Davies, D.R. 1962 Proc. Natl. Acad. Sci. U.S.A. 48 12
2. Chowdhury, S. and Bansal, M. 2001 J. Phys. Chem. B. 105 31
3. Bhattacharyya, D., Mirihana Arachchilage, G. and Basu, S. 2016 Frontiers in chemistry 4 38
P-08

Disinfection and improvement in germination of paddy seeds by dielectric
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Recent studies indicate that atmospheric pressure plasma (APP) generated by Dielectric Barrier
Discharge (DBD) can efficiently inactivate pathogens such as bacteria, fungi, and viruses. It finds
applications ranging from sterilizing therapeutic medical devices to improving crop yields & grain
preservation. However, the effectiveness of disinfection and how it is estimated varies in each report.
In this work, we report a precise method to bring out the actual treatment effectiveness and correlate
it with the duration of treatment and distance between DBD electrodes. Pure cultures of common soil
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pathogens which contribute to infections and food degradation were initially exposed to DBD plasma
for different durations (5 to 10 minutes), electrode distance (5mm-10 mm) and voltage (10kV-18kV) at
50Hz frequency. After plasma treatment, these samples were then evaluated for stringent microbial
content using a two-step screening technique viz., (i) incubation in broth media followed by (ii) serial
dilution and plating in agar media. Then identified paddy seed variety “Khandagiri” was treated with
DBD Plasma under the optimized conditions. A significant reduction in microbial content was observed
from 1.3×106 CFU/ml to 0.3×106 CFU/ml. Also, we observed that the germination rate of the seeds was
100% and the vigour index was increased by 935.6 as compared to the untreated seeds. Nutrient
content of the seeds was also estimated and it was found that there is no significant change in protein
and soluble sugar in the seeds before and after plasma treatment. This result would be a basis for the
research on improving shelf life of paddy seeds by plasma treatment.
Keywords: Disinfection, DBD plasma, APP plasma, plasma processing, broth turbidity, colony forming
unit, Shelf-life
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Wide band gap semiconductors such as ZnO, having a band gap of 3.37 eV and high thermal excitation
energy of 60meV at room temperature, have proven their immense importance in the field of
optoelectronics such as light-emitting diodes and laser diodes[1]. The abundance of various synthesis
methods to grow ZnO leads to achieve various forms of ZnO, including nanostructures such as nanorods,
nanotubes, nanobelts etc.[2]. Among them nanorods are gaining interest because of their large surface
to volume ratio, good chemical and thermal stability, non-toxicity, high electron mobility etc.[3]. This
leads to the potential applications of ZnO nanorods in UV photodetection, gas sensing, transparent
electronics etc.[4-5]. In the present study, one-dimensional ZnO vertical nanorod arrays with different
aspect ratios were grown on Si wafers via a two-step process which included a 120 nm ZnO seed layer
deposition by pulsed laser ablation technique using KrF (λ=248nm) and subsequent growth of ZnO
nanorods by low temperature aqueous solution method. The method provides the advantage of having
control over the growth of nanorods and their physical properties by the seed layer and growth
parameters. Among the several key parameters that influence the morphology and crystallinity of ZnO
nanorods in low temperature aqueous solution method, such as precursor concentration, growth
duration, growth temperature, pH of the growth medium, we herein chose to analyze the growth
duration dependence on the growth of ZnO nanorods. ZnO nanorods were grown at 115 °C using zinc
nitrate hexahydrate and hexamethylene tetramine as precursors by varying growth duration from 2 to
12 hr. pH of the initial growth medium was maintained at 6.7. X-ray diffraction (XRD) and
Photoluminescence (PL) have been used to analyze the structural and optical properties of as-grown
ZnO nanorods. The morphology of the nanorods grown were analyzed using scanning electron
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microscopy (SEM), which confirmed the hexagonal faceted structure. A comparison of the
photoresponse behavior of nanorods grown at different growth duration will be discussed.
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In wide band-gap materials (ZnO2, SnO2, ZrO2 etc.) ZrO2 finds many applications due to its remarkable
physio-chemical properties. ZrO2 is a potential candidate for photocatalysis applications [1][2]. In this
paper, we report the one-step synthesis of Ni-doped ZrO2 and its structural and optical properties. The
samples are prepared using the solution combustion technique. To check temperature-dependent
structural variation, the prepared samples are thermally treated at 800oC for 2 hrs. The structural
information of the samples is collected from the XRD using the Rietveld refinement technique [3] and
FTIR studies. The high-temperature monoclinic phase increases in concentration with the increase of
dopant content. This indicates that the exothermic reaction of nickel nitrate gives ample amount of heat
energy for the formation of high-temperature ZrO2 phases. Similar behavior is observed in the other
heat-treated samples. A slight reduction in the optical band gap with Ni doping is identified from the
UV-Vis studies. The band gap varies from ~4.012 to ~3.859 eV. Using this information the emission
properties are studied. Intense emission peaks are observed at 300, 363 and 480 nm. This may be
originating from the asymmetric and unusual oxygen coordination and excitation from the ionized
oxygen vacancies from the conduction to the valence band[4].
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Figure 1. Rietveld refined XRD (a), representative Kubelka-Munk plot
(b), Gaussian fitted PL spectrum (c) and CIE chromaticity diagram
(Inset of (c)) of Zr1-xNixO2 (x=0, 3, 5, 7 and 10).
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All-inorganic cesium lead halide (CsPbX3 : X= I, Br, Cl) nanocrystals (NCs) are believed to be a potential
candidate for bioimaging application due to their small size in nanoscale range, emission color
tunability, highly luminescent, and multiphoton absorption property, which can be functionalized with
different types of polymers, lipids, proteins, etc. However, their low structural stability against polar
solvents is remained as a major limitation in bioimaging application. Several novel strategies have been
employed to further improve the NCs stability and emission intensity; such as, doping with different
metal ions, formation of core@shell structures, and/or coating of highly stable oxide materials or
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polymers. In these regards, we synthesized highly luminescent green emitting silica coated Zn-doped
core@shell perovskite NCs via modified ligand assisted reprecipitaion (LARP) synthetic method in
relatively high humid conditions (>50%). We systemically varied the composition of perovskite NCs and
studied their stability and emission properties. Our experimental observations emphasize that the core
of the NCs is made of CsPbBr3-Cs4PbBr6 nanocomposites and a high bandgap octylammonium lead
bromide [(OA)2PbBr4] shell is grown around the core. Interestingly, the Zn-doping controls the ratio of
CsPbBr3 to Cs4PbBr6 perovskites inside the core and also facilitate the growth of (OA)2PbBr4 shell,
enables efficient excitonic radiative recombination inside the core and enhances overall NCs emission
intensity. We achieved a maximum photoluminescence quantum yield (PLQY) upto 88% via optimizing
the Zn-doping concentration inside the NCs. Such NCs exhibited better water stability and retain their
emission properties for several months even in polar solvents. However excess Zn-doping in the NCs
causes formation of interstitial defect states and results in decrease in emission intensity and stability
as well. Finally, we performed biocompatibility of the NCs generated on biological samples for their
potential bioimaging applications. Additionally, we executed hydroponics test in a gardenia leaf with
these NCs that showed excellent biocompatibility.
Table 1. Values as estimated.
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The low molecular weight gelator, disodium L-(3,5-di-tert-butyl-2-hydroxy-benzyl)amino aspartic acid
(Na2HL), has been used to prepare three metal-organic hydrogels (metallogel) with the metal ions Ni2+
(MOG 1), Co2+ (MOG 2), and VO2+ (MOG 3). All the gels are multi-responsive to different external stimuli,
and among them, MOG-1 and MOG-2 show the self-healable property indicating strong metal-ligand
interaction and hydrogen bonding interactions in the gel network. The thixotropic behavior and
viscoelastic nature of the self-healable metallogels are confirmed by time-dependent step-strain
experiments at room temperature. Morphology of the metallogels was characterized through FESEM,
TEM, and AFM, which shows gels have characteristics in nanometres. It was observed that MOG 1 shows
rapid and more efficient selective dye adsorption of cationic dyes, rhodamine B (RhB), and malachite
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green (MG) from mixtures of cationic, anionic dyes, and neutral dyes. MOG 2 also selectively adsorbs
cationic dyes from the mixture of dyes. The gel, MOG 3, selectively degrades fluorescein (FL) dye.

Figure 1. (a) Self-healing experiment of MOG-2 (b) UV-visible spectral changes of the mixture of
RhB & FL in the presence of MOG 1
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A primary reason for climate change is emission of CO2, arising from the combustion of fossil fuels by
human. To achieve post combustion CO2 capture, various carbon capture technologies, such as
absorption, adsorption and membrane separation have been widely investigated. Among them,
membrane-based separation technologies are considered as an alternative to the traditional high
energy-consuming technologies for CO2 separation. Various type of membranes e.g., polymeric
membranes, inorganic membranes and mixed matrix membranes (MMMs) have been widely used for
CO2 separation.
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Here, we have prepared novel asymmetric hollow fiber (HF) membrane with inorganic-organic hybrid
CO2-phillic active layer for flue gas separation. The HF membrane was prepared by phase inversion
procedure via a single-step spinning technique wherein the homogeneous spinning dope solution
(Polysulfone-PSf) was extruded by a spinneret. Asymmetric hollow fiber membrane (PSf) was externally
coated with PDMS containing predetermined amount of Zn(II) based MOF particles by a unique spray
coating method. Laboratory scale modules with effective surface area 27 cm2 were fabricated to
analyze the performance of the membrane. The membrane exhibited high permeance for CO2 ~ 241
GPU and very high CO2/N2 selectivity of 240 at ambient conditions. This HF membrane is further
characterized by SEM-EDX, AFM, XRD, XPS for physical and chemical analysis.
Key Words: Hollow fiber membrane, PDMS coating, metal organic framework, gas separation.
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Biosensors have many components, which includes biorecognition, Interface and sensing platform.
Biorecognition takes place through analyte and bioreceptor, which included DNA, Enzymes, antibodies,
cells, aptamers etc. Interfaces are generally cross linking chemistries, ensuring effective loading of
bioreceptors on sensing platform. Sensing platform has two parts tranduction and electronics, for
signalization and quantification. Each component affects the sensitivity and selectivity of the sensor.
Since graphene has large surface to volume ratio, large number of biomolecules can be attached for the
sensing purpose. For immobilization of biomolecules to the graphene surface, an interface of cross
linkers is utilized. In this work different cross linkers as an interface between graphene and biomolecule
has been explored for sensing of cortisol. Here we have immobilized aptamer to the graphene based
glassy carbon electrodes using different cross linkers. Electrochemical studies were done to assess the
activities of both the cross linkers. Sensitivity is enhanced to many folds with other linkers as compared
to traditional carbodiimide chemistry using EDC/NHS as cross linker.
Keywords: Biosensing, Interface, cortisol, graphene, Stress measuring
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Treatment of wastewater containing dyes by an advanced method is the need of the hour to solve the
challenging environmental water pollution. This demands emerging approaches for reuse of
wastewater and inclusive management of water systems towards sustainability of water and
environmentally beneficial ecosystem. We prepared nanofiltration (NF) hollow fiber membranes of
about 500 g/mole molecular weight cut-off (MWCO) to selectively remove undesired dyes from the
contaminated water. The coated PVA membrane of 120 nm thickness can selectively retain Reactive
Black-5 dye (>99%) but permeated water and salt (>95%) from the dye wastewater. The membrane of
65 nm thickness exhibited the highest flux of 15 L m-2 h-1 bar-1 but incomplete retention of the Reactive
Black-5 implying a trade-off relationship between the membrane selectivity and flux. The membrane
exhibited fouling-resistant property as the membrane flux recovered to almost its initial flux (~97-99%)
with intermittent washing with water and the flux was almost constant over a long period of separation
experiment using dye wastewater feed. The thickness of membrane layer was in the range of 50 – 200
nm. The membranes were characterized by AFM, Contact Angle, SEM, FT-IR, MWCO and UV-Visible
Spectroscopy. Thus, this low-pressure operated hollow-fiber based PVA membrane has potential for
recovery/reuse of valuable dyes/salts as well as water reclamation from the wastewater.
Keywords: Dye recovery, hollow fiber, PVA hydrogel, surface cross-linking, water reclamation,
wastewater

Figure 1. Membrane thickness with dye flux
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porous architected reduced graphene oxide in polybenzoxazine composites
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The proliferation of wearable and portable electronic media increases the demand for developing highly
efficient shielding materials to address the issue of electromagnetic interferences. This paper reports
the development of such shielding materials using silver nanoparticles and porous graphene. The silver
nanoparticles decorated porous architects on reduced graphene oxide nanosheets in polybenzoxazine
thermoset polymers have been fabricated through chemical synthesis. The three-dimensional
interconnected porous structures with metal silver nanoparticles assign good conductivity and
delocalization of charge attributes to the enhancement of electromagnetic interference shielding
efficiency in the composites. Effective combination of silver nanoparticles with 3-D porous architecture
of reduced graphene oxide in polybenzoxazine results in the multi-reflections and current-induced
magnetic dipoles. This enhances the absorption that results in a high electromagnetic interference
shielding efficiency of up to 54 dB for a thickness of 0.65 mm in X-band frequency region.
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2

Ceria-based nanostructures attain prime significance due to its widespread applicability in
microelectronics, fuel cell technologies, gas sensors, solid state electrolytes and oxygen storage devices.
In the present work Zr-doped CeO2 nanoparticles are synthesized using solution combustion method.
The concentration of Zr doped was 3, 5 ,7 and 10% in weight percentage. The structural and optical
properties of the samples are characterized by powder X-ray diffraction, FTIR technique and
photoluminescence spectroscopy The XRD pattern confirmed the cubic fluorite structure of ceria. The
crystal structure, lattice parameter and crystallite size have been analysed from XRD showing systematic
changes with dopant content. The FTIR spectrum clearly indicates the strong presence of cerium oxide
nanoparticles. The broad and intense vibration mode near 500 cm-1 attributes the stretching vibration
of metal oxide (Ce-O) in the sample and indicates the formation of CeO2. The PL spectrum shows
characteristic peaks of CeO2 nanoparticles. The intensity of the emission increases lightly with dopant
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concentration. The maximum emission is observed for 3% Zr doped sample and it reduces in accordance
with the increase of dopant concentration. These changes are understood in view of the presence of
oxygen vacancies and presence in interstitials with the change in the Zr concentration in the samples.

XRD pattern of CeO2

PL spectrum of Ce1-xZrxO2 (x=0.03, 0.05,0.07, 0.10)
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SnO2 nanoparticles in size less than the Bohr exciton radius (2.7 nm) were synthesized without a capping
agent and were characterized by XRD, Raman, Photoluminescence, UV-Visible and Zeta potential
measurements. The deduced crystallite size is around 2.3 nm with the optical band gap of 4.4 eV as
shown in Fig.1a [1]. A high value of Zeta potential of -50 mV of the asprepared SnO2 (inset of Fig.2)
suggests that this quantum dots (QDs) can be exploited for remediation of a cationic dye such as
Methylene blue (MB). The effects of adsorbent dosage, contact time, pH, dye concentration and
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temperature were investigated in detail. It adsorbs > 94 % of MB within a minute while the adsorbent
dosage is only 0.3 mg per ml. There is gradual rise in adsorption from of 10 % to 94 % with increasing
pH from 4 to 8. The decreased adsorption is due to the protonation of hydroxyl group (-OH) on the
surfaces of SnO2 and decreasing availability of sites for the electrostatic attraction between –OH and
the MB dye[2]. Thermodynamic constants like negative value of ΔG° (-8.38 kJ/mol to -7.47 kJ/mol) and
ΔH° (− 22.65 kJ/mol) show the feasibility and exothermic nature of the adsorption process[3]. The
adsorption is well fitted with Freundlich adsorption isotherm model with R2 value of 0.98. The selective
adsorption is established with a mixture of cationic dye, MB and an anionic dye, Methyl Orange (Fig.2c).
Furthermore, the un-adsorbed Methyl Orange dye is then degraded photocatalytically in presence of
SnO2 QDs within 10 min with a rate constant of 0.19 min-1 under irradiation with ultraviolet light. Thus,
both pollutants are remediated from a mixture using benign uncapped SnO2 for the first time.

Figure 1. XRD(a) and Tauc’s plot which accounts the Quantum confinement effect (b) of SnO2 QDs.
Figure 2. Time-dependent UV-Vis absorption spectra of MB and MO mixture in the presence of SnO2
QDs (c)Zeta potential measurement (d)(Inset).
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Two-dimensional (2D) materials have witnessed widespread attention from the scientific academia and
industry for their significant potential in electrochemical and device applications. 2D materials'
applications rely not only on their intrinsic properties but also highly depend on tunability. Thus, it is
essential to fabricate these materials in their stoichiometric state and understand their structureproperty correlation. 2D MoS2 has three polytypic, including 2H, 1T, and 1T'. The trigonal Prismatic
structure of 2H MoS2 makes its Semiconductor, whereas the Octahedral structure of 1T MoS2 Makes it
Metallic.
2H MoS2 is thermodynamically stable and thus easily synthesized in its semiconducting 2H phase. On
the other hand, the growth of its metastable 1T phase is hampered by its higher formation energy2. As
a result, it must exercise control over the polytypic expression of MoS2. In this work, we have
synthesized 2d MoS2 using CVD in different growth conditions. The as-fabricated samples were
scrutinized with a repertoire of materials characterization techniques such as Raman spectroscopy, Xray diffraction (XRD), scanning electron microscopy (SEM) and transmission electron microscopy (TEM).
2D MoS2 can be formed as a 2H, 1T, and mixed-phase of 1T-2H. Using CVD, we can change the polytypic
by changing the growth parameter. The precursor ratio determines the size of the MoS2. We can vary
the size of the MoS2 triangle from 5 μm to 30 μm. Our results reveal that, by tuning growth parameters,
different samples demonstrate unique morphologies, which can be unequivocally tied to their chemical
composition. By changing the temperature of the substrate, we can control the 1T,2H phase of MoS2.
Raman data are consistent with MoS2 composition and the 1T-2H MoS2 heterostructure. The TEM
image shows the 1T, 2H MoS2 area and its boundary.

Fig 1: HRTEM Image of Mixed Phase of 1T-2H MoS2
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Bio functionalized spinel ferrite nanoparticles have been actively researched for cancer treatment and
magnetic hyperthermia. Iron oxide NPs doped with alkaline earth metals can be promising as alternate
materials for cancer treatment. We have synthesized Ba and Sr doped iron oxide nanoparticles of mean
diameter 50 nm by sol gel method. After synthesis the sample was annealed at 900 °C to obtain the
desired phase. The structural and morphological characterizations were carried out using x-ray
diffraction, scanning electron microscopy and transmission electron microscopy techniques. It
confirmed formation of spinel ferrite phase with spherical shape and narrow size distribution. The
stoichiometry was confirmed from EDX measurements. FTIR measurements confirmed that Ba and Sr
occupies the octahedral sites in the crystal. The magnetic characterizations were performed by vibrating
sample magnetometer and confirmed superparamagnetic nature of the particles at room temperature.
Furthermore, the effect of the crystal structure, morphology on intrinsic magnetic properties are
discussed.
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Synthesis of highly stable double-coated Zn-doped cesium lead bromide
nanocrystals for indium ion detection in water
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Cesium lead halide (CsPbX3: X = I, Br, Cl) perovskite nanocrystals (NCs) have proven their potential as a
contender for various optoelectronic applications. They have also been used as fluorescent probes for
the detection of different metal ions. However, perovskite NCs are prone to degradation by water, light,
and heat. Therefore, it is essential to tackle these issues before implementing them in real-world
applications. Recently, doping metal ions in perovskite structures and core/shell nanostructure
formation are some of the strategies that have been implemented to improve NC stability, which is still
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not satisfactory. To further enhance NC stability, we grew a polyvinylpyrrolidone (PVP) polymer shell
around pre-synthesized silica-coated Zn-doped CsPbBr3 NCs, which demonstrated better stability
against water and heat and less effectiveness in the halide exchange process. The optimized polymer
shell around the NCs revealed the highest stability with improved emission intensity. The as-synthesized
NCs were green emitters and showed maximum photoluminescence quantum yield (PLQY) up to 88%.
The water and heat stability of the double-coated Zn-doped CsPbBr3 NCs were increased by about two
times compared with those of the silica-coated NCs. To the best of our knowledge, there are no reports
to date on indium (In) ion detection using perovskite NCs as the fluorescent probe. Here, double-coated
perovskite NCs were tested as a fluorescent probe for In ion detection in water. These observations are
incredibly beneficial for lighting applications and can be used for In-ion detection in natural resources
and industrial wastes.
Table:
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The synthesis of two-dimensional (2D) metal oxide nanostructures (MONs) is gaining more
attention due to their potential application in catalysis, electrochemical, and photovoltaic performances
[1-3]. However, synthesizing 2D MONs is challenging because it requires templates, like polymer and
graphene, which are cumbersome and need post-processing [4, 5]. To overcome these difficulties, we
are reporting a facile technique for the synthesis of 2D mixed MONs using ashless filter paper as a
supporting material.
Nanostructures were synthesized by air combustion of dried Whatman grade-41 ashless filter
paper, which was poured upon a 0.2:0.1 M aqueous solution of Cu(CH3COO)2.H2O and
Mg(CH3COO)2.4H2O. Ash residue was collected for further characterization. As-synthesized sample was
characterized by powder XRD, Field Emission Scanning Electron Microscopy (FESEM) and UV-Vis
spectroscopy.
XRD result shown in Figure 1 exhibits the polycrystalline nature of the CuO and MgO phases [JCPDS
45-0946, JCPDS 48-1548]. FESEM image of the sample in Figure 2 shows the formation of a very thin
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and wrinkled 2D sheet-shaped nanostructure percolated upto a few micrometres. The UV-Vis spectrum
in Figure-3 shows the absorption band in the UV region, indicating the optical band gap in the
synthesized sample. Tauc’s relation was used to calculated the band gap, which was found to be 4.7 eV
[6].
The above characterization results indicate that the combustion synthesis of MONs using the
ashless filter is a facile technique, and the synthesized sample can be potentially useful for
optoelectronic device applications.

Figure 1. XRD pattern of the CuO-MgO nanostructures. Figure 2. FESEM image of the CuO-MgO
nanostructures. Figure 3. UV-Vis spectrum of the CuO-MgO nanostructures and tauc’s plot shown in
the inset of the figure.
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The surface-enhanced Raman spectroscopy (SERS) is a rapid, on-site, non-destructive, fingerprint
detection technique for the sub-ppm level detection of water pollutants and biological molecules.
Generally, SERS detection is based on the proximal electric field enhancement by different
nanostructures of noble metals to increase the sensitivity of Raman scatterings by several orders of
magnitude. The commonly followed inexpensive technique of making SERS substrate is drop-casting of
an aqueous suspension of SERS substrate on Si surface. However, the "coffee ring" effect limits the
detection efficiency and homogeneity of the substrate. Earlier reports depict the sharp edge and the
long-range assembly to generate a strong hotspot for SERS detection [l]. So, the development of long-
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range AuNRs assemble SERS substrate is desirable for analytical research. The AuNRs are prepared (Fig.
l) by a simple modified seed-mediated method [2]. The results show the sharp edge of the AuNRs
synthesized by the modified seed-mediated method generates —5-fold more electrical field
enhancement than the conventional seed method. The SERS substrate is fabricated by control
treatment of Si by a dilute HF solution. The contact angle of the substrate increases to 75 0 from 61.5 0
(inset ofFig.2). These Si surfaces trigger a long-range ring-type assembly of the AuNRs (inset of Fig.2).
Close assembly of Au-NRs generates a high electrical field as found from FDTD calculations which allows
detection of 10 ppt for the first time for rose bengal dye which is used for biological process (Fig.2).
Thus, a combination of a modified methodology for Au NRs synthesis and relatively hydrophobic SERS
substrates provides remarkable Raman signal enhancement.
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Globally, the consumption of edible oil is continuously increasing, however, the production of edible oil
is also important for economy. The major factor behind this, is energy consumption for production of
edible oil making it too costly. Now a days, one of the potential nonaqueous applications of membrane
technology has been identified as vegetable oil processing. Membrane-based processing has been tried
on individual steps of the conventional refining process with varying degrees of success. Membrane
desolventizing of hexane oil miscella has received more attention since the introduction of organicsolvent-nanofiltration (OSN), reviving the prospects of integrated membrane processing. Given this, we
chose the polydimethylsiloxane (PDMS) composite membrane to recover hexane via the (OSN) process
from a crude mixture of soybean oil and hexane.
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In this work, we studied on effect of PDMS coating on PANMA support membrane, and concluded that
the surface coated PDMS membrane on wet PANMA support gives loose polymer network having ~1000
MWCO, and for dry support ~700 MWCO, because the penetration of PDMS coating on dry support
gives more tight and strong structure. The membrane is further characterized by SEM, AFM, ATR-FTIR,
XPS, XRD, GPC, contact angle for physical and chemical analysis. The membranes have a trade-off
between flux and selectivity, with the PD/10%/30s/Dry and PD/10%/60s/Dry membrane having a flux
of 57 ± 2.5 L M-2H-1 and 44 ± 3 L M-2H-1 at 6.89 bar and oil rejection of >93 percent.
Keywords: Vegetable oil, OSN, Solvent recovery, Membrane separation, Nanofiltration
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Epinephrine and Nor-epinephrine are considered as important catecholamine neurotransmitters that
play a key role in the central nervous system of mammals. Abnormal levels of both these
neurotransmitters is an indication of several stress related issues in mammals. Not only that, the surge
or fall in the level of these neurotransmitters can lead to a variety of disorders such as cardiac
pathologies, schizophrenia and Huntington's and Parkinson's diseases. Therefore, monitoring the level
of these neurotransmitters remains vital. Herein, we propose a novel electrochemical sensor based on
2D nanomaterials modified with metal-organic-framework based electrochemical platform for the
rapid, selective and sensitive detection of the neurotransmitters epinephrine and nor-epinephrine. The
proposed electrochemical method of detection is expected to outperform the existing methodologies
such as capillary electrophoresis, flow injection analysis and photo kinetics in terms of costeffectiveness, speed, limit of detection and sensitivity
P-26
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WS2 Quantum dots (QDs) were prepared by sonication assisted liquid exfoliation in the presence of
organic solvents such as Dimethyl formamide (DMF) and Dimethyl sulfoxide (DMSO). The as-prepared
quantum dots were characterized by various spectroscopic techniques such as UV-visible,
Photoluminescence and Raman spectroscopy. Further, the crystallinity was identified by XRD and the
surface morphology by HR-TEM. WS2 QDs were then utilized as a platform for the electrochemical
detection of Xanthine and it exhibited a limit of detection and sensitivity of 0.118 μM (S/N=3) and 7.872
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μAcm−2 μM−1, respectively. Further, the proposed sensor was found to be linear in the 1 to 100 μM
range. Hence, it is evident that the WS2 QDs are excellent electrode material that can be employed for
various sensing and biosensing applications.
Key words: WS2 QDs, liquid exfoliation, xanthine, sensing.
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Titanium oxide (TiO2) is a wide bandgap semiconductor available in two crystalline phases: Rutile (3 eV)
and Anatase (3.2 eV). Rutile phase of TiO2 is the most stable phase and owed to the unique properties
of TiO2 like, high refractive index, non-toxicity. The chemical stability makes it suitable for dye-sensitized
solar cells, sensors, photocatalysis, photovoltaics, super-capacitors, optical coatings, cosmetics, and
cancer therapy applications [1-2]. TiO2 is a well-known photocatalyst and its band gap energy limits its
application in the UV region that lies in a small part (< 5%) of the solar spectrum. Also, the electronhole recombination rate reduces the photocatalytic efficiency. To overcome such issues, we have
synthesized TiO2 microflowers by a low cost hydrothermal method and decorated with Au thin films
which supports as an absorber layer for plasmon enhancement. The flower-like morphology of TiO2 was
observed using FESEM and TEM which helps for better photocatalytic reaction due to its higher surface
area. The rutile phase of TiO2 and fcc phase of Au are confirmed from XRD measurements. The Raman
spectroscopy validates the effect of Au decoration on TiO2. The band gap narrowing and reduced photogenerated carrier recombination are characterized by UV-visible and photoluminescence spectroscopy,
respectively. The photocatalytic degradation of R6G is studied by surface-enhanced Raman
spectroscopy. The phenomenological explanation of the plasmon-enhanced photocatalytic efficiency of
Au decoration on TiO2 nanoflower will be discussed.
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As the global cumulative installation of solar photovoltaic (PV) devices grows every year, a proportionate
number of solar waste modules arises because of their limited lifespan. By 2030, India could generate
approximately 34,600 tons of solar waste with no reliable recycling route. Here, a ‘waste to wealth’
strategy is adopted for reclaiming pure silicon wafers from end-of-life (EoL) photovoltaic modules and
to realize the transformation of silicon into silica nanoparticles (SNP). A thermal process was employed
to remove ethyl vinyl acetate and the back sheet. We found that at a temperature of 450 0C, undamaged
solar cells were recovered from the modules. An eco-friendly process was developed to remove the
impurities from the cell surface and successfully recover silicon wafers with a purity of 99.53%. We
further reported a top-down approach to synthesize silica nanoparticles from recovered silicon wafers.
This transformation of bulk silicon into SiO2 nanoparticles is significant because it provides an
environmentally friendly route to recycle used-up silicon for further applications. The physico-chemical
characterization of recycled silicon wafers and SNPs were investigated by Scanning Electron Microscopy
(SEM), Energy Dispersive Spectroscopy (EDS), X-ray fluorescence spectroscopy (XRF), and X-Ray
Diffraction (XRD). In this study, epoxy-containing SNPs were directly coated on the aluminium surface.
The anti-corrosive behaviour was examined by polarization curve and electrochemical impedance
spectroscopy in 1% HCl and 3% NaCl solution. It was found that silica/epoxy coating showed better
corrosion protecting efficiency than pure epoxy coating.
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Investigating the enhanced Power factor of SnSe nanoflakes in midtemperature range
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An efficient thermoelectric (TE) material can be (1) a sustainable energy resource (2) a booster for
enhancing the utilization of energy produced by other resources. The efficiency of TE material is given
by dimensionless figure of merit, zT, which directly depends on Power factor (PF) i.e., the product of
electrical conductivity, σ, and square of Seebeck coefficient, S, and inversely on electronic and lattice
thermal conductivities. In this work, we theoretically investigate the experimentally obtained enhanced
PF of SnSe nanoflakes samples, sintered at 673 K (sample 1) and 703 K (sample 2), in the midtemperature range 350 K-550 K. The study aims to understand the underlying physics which resulted in
the high value of σ in undoped samples i.e., 1667 S/m for sample 1 & 2180 for sample 2 at 541 K, and
also resulted in simultaneously increasing trend of S and σ over the entire temperature range under
study. The study reveals that the governing conduction mechanism in these samples is hopping
transport taking place between the localized states. The localized states are present due to the existence
of vacancies, traps and defects, and surface states in our porous samples. The disorder-induced
enhancement of PF in polycrystalline SnSe gives a new way to enhance zT.
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Microwave Dielectric studies of modified ZnNb2O6 system
Asapu Vinaya Kumar1*, V. Sivasubramanian2, V. Subramanian1
1

Microwave Laboratory, Department of Physics, Indian Institute of Technology Madras, Chennai 600036, India
2
Materials Science Centre, Indira Gandhi Centre for Atomic Research, Kalpakkam 603102, India
*vinaykumar020595@gmail.com

Coulombite Zinc niobate (ZnNb2O6) is a promising candidate for the dielectric resonator application due
to its low sintering temperature. Further improvement in the properties can be achieved by homo or
heterovalent substitution. In this poster, we report a significant change in the microwave dielectric
properties of ZnNb2O6 by heterovalent substitution of Ti+4 and W+6 in Nb-site forming a solid solution
Zn(Nb1-2xTixWx)2O6 (0 ≤ x ≤ 0.03). The single phase formation of the compounds is confirmed by XRD.
With substitution, a non-linear variation of lattice parameter with x is observed. Microwave dielectric
property study indicates that the compound with x = 0.015 has the highest Q×f of 92,514 GHz with a τf
of -53.5 ppm/℃. The dielectric constant (εr ~ 21) does not show significant variation with the
composition. For x > 0.02, there is a drastic reduction in Q×f which has been correlated with the
microstructures and τf of these compositions.
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Advancement in the R&D of all-solid-state electrolytes used in Li-ion
batteries
Ayushmaan Tripathi, Sushma Chakraborty*
Department of Chemical Engineering, Institute of Chemical Technology ICT-IOC
Bhubaneswar, Odisha – 751013
*s.chakraborty@iocb.ictmumbai.edu.in

Lithium-ion batteries have advanced rapidly in recent decades. For high-energy lithium battery
applications, solid-state electrolytes are a promising substitute for highly combustible liquid
electrolytes. All-solid-state batteries are one of the most potential post-lithium-ion technologies for
increasing the specific energy density, safety, and efficiency of secondary lithium batteries. Due to these
reasons, solid-state lithium batteries are gaining popularity in research and industry. For many years,
the two principal classes of solid electrolytes have been lithium-ion conductive polymers and lithiumion conductive ceramics. However, each of these has its own set of pros and downsides. A solid
composite electrolyte that combines the benefits of inorganic ceramic electrolytes with that of solid
polymer electrolytes can be considered as the most suitable alternative in order to overcome the
limitations associated with the conventional materials. Such composite electrolytes can provide good
ionic conductivity, high mechanical strength, and interfacial contact with electrodes, significantly
improving the electrochemical properties of all-solid-state batteries over cells based solely on a polymer
or ceramic electrolyte. Composite electrolytes are amongst the most intriguing solid electrolytes for the
commercialization of solid-state battery development. They are preferred because of their mechanical
qualities, electrochemical stability against electrode materials, and intrinsic safety features. Li-ion solidstate batteries also have substantially higher energy density, particularly volumetric energy density,
which makes it more efficient as compared to the conventional batteries. One of the potential
applications of such solid-state electrolytes is in EVs (electric vehicles). The safety concerns associated
with EVs have mostly been overcome and its dependability substantially improved with the
development of such batteries. Hence, the research and implementation of Li-ion solid-state batteries
must be an essential and promising strategic path in the near future.
Keywords: Lithium-ion batteries; all-solid-state electrolyte, composites
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Effect of thermal annealing on structural, morphological, linear and
nonlinear optical properties of quaternary As20Ag10Te10Se60 thin films
S. Das1*, R. Naik1
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Thermal annealing is an important technique for improving thin-film properties by changing the crystal
structures and phases of the material. As a consequence, there is a significant change in the linear and
non-linear optical properties of the material. Among all chalcogen elements, selenium-based materials
have the best glass-forming ability, which used in the reversible transformation and other suitable
applications such as photocells, memory devices, and nonlinear optical applications. However, As-Se
glasses are a promising V-VI system that exhibits extensive photodarkening when exposed to
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electromagnetic radiation of their bandgap energy [1]. To improve the functionality of this binary
system, various additives such as Ag, Ge, Ga, Te, In, and others are doped into it. Silver is an excellent
candidate for electronic applications due to its high electrical conductivity, while Te contributes to high
non-linearity [2].
The study focuses on the optical, structural, and morphological changes that occur in novel
As20Ag10Te10Se60 quaternary thin films of 800 nm thickness after thermal annealing at various
temperatures. The structural analysis was performed using X-ray diffraction, which revealed the
annealing-induced amorphous to crystalline phase transformation. The optical spectra were obtained
using a UV-Vis spectrometer, and the transmittance data shows a red shift towards lower photon energy
ranges illustrates in fig. (1). With higher annealing, the optical bandgap of the material has a reduced
pattern which is due to increase in the density of defects states [3]. The estimated bandgap are listed
in table 1. Furthermore, the material's refractive index is calculated using the Swanepoel method and
exhibits improved temperature behaviour. Aside from the linear part, the nonlinear part of the material
has excellent behaviour. The nonlinear susceptibilities and nonlinear refractive index of the material
enhanced with annealing temperature and values are tabulated in table 1. The studied material's
nonlinearity allows it to be used in nonlinear devices such as waveguides and optical sensors.

Figure 1. EgOpt and transmittance
(inset) plot of the studied thin films
References:
1. Antoine K, Jain H, Li J, Drabold D A, Vlcek M and Miller A C 2004 J. Non-Cryst. Solids 349 162167
2. Fabian M, Svab E, Pamukchieva V, Szekeres A, Petrik P, Vogel S and Ruett U 2012 J. Non-Cryst.
Solids 358 860-868
3. Abdel-Rahim F M, Hafiz M M, Alsorory H J. Alloys Comp. 2013 570 76–80
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Proton irradiation induced modifications in structural, morphological, and
optical properties of Sb40Se20S40 thin films
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Proton irradiation in thin films considerably tailors structural and other phenomena in a controlled
manner. Ion beams of energies up to a few hundreds of keV are considered low energy, resulting in the
formation of defects and disorders in the system. Low energy ion beams basically interact with the
target at the atomic level. As a result of nuclear and electronic collisions while interacting with the target
material, the ions lose all of their energy and get implanted into the target material, resulting in the
alteration of various characteristics [1]. In the current work, we investigated how thermally evaporated
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Sb40Se20S40 thin films were affected by 30 keV proton irradiation. Because of the photoconductive
characteristics of Sb2Se3 and Sb2S3 semiconductors that crystallise in orthorhombic structure, Sb-Se-S
based films were extensively researched. These semiconductors might be used in solar selective
coating, optical, thermoelectrical cooling, switching, and optoelectronic devices [2].
However, no considerable research has been conducted on the effect of proton ion irradiation on the
Sb-Se-S system and the resulting changes in many characteristics. In this context, we studied the effects
of proton irradiation on structural, morphological, and optical features at various ion fluences, namely
5x1015 ions/cm2, 1x1016 ions/cm2, and 5x1016 ions/cm2. Even after proton irradiation, X-ray diffraction
indicates the retention of amorphous character in the material. The RMS surface roughness for varied
fluences was found to be reduced from 21.04 nm (as-prepared) to 12.36 nm (5x1016 ions/cm2),
indicating that projectile ions had sufficient energy to effect surface modification and corresponding
changes in various variables. The UV-Visible spectroscopic analysis revealed that increasing ion dosages
increased transmittance and optical bandgap (EgOpt) observed in Fig. 1. The rise in the band gap is
caused by a decrease in the density of defect states (represented by Urbach energy, Eu), which is
responsible for the increase in transparency [3]. As a result, the refractive index of proton-irradiated
films falls as the ion fluence increases. Nonlinear optical variables such as 3rd order nonlinear
susceptibility (χ(3)) and nonlinear refractive index (n2) were impacted by changes in linear optical
parameters.

Fig 1. Transmittance and EgOpt (inset)
variation in the studied films
References:
1. Aparimita A, Naik R, Sahoo S, Sripan C and Ganesan R, 2020 Appl. Phys. A 126 203
2. El-Sayad E A 2008 J. Non-Cryst. Solids 354 3806-3811
3. Pandey S and Chauhan R 2021 Opt. Mater. 111 110686
P-34

Tuning of Spin Reorientation to Room Temperature in Cr Doped SmFeO3
Manu Mohan*, Arnab Pal, Subhajit Pal and P Murugavel
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*meetmanumohan@gmail.com

Numerous applications along with fascinating physics make rare earth orthoferrites and orthochromites
as one of the important class of materials to the scientific community due to their interesting properties
like spin reorientation, magnetocaloric effect, negative thermal expansion etc. Among the rare earth
orthoferrites, SmFeO3 (SFO) exhibits very high antiferromagnetic ordering temperature (TN = 664 K) and
spin reorientation behaviour well above room temperature (TSR = 431 K). On the other hand, much
lower value of TN (194 K) and TSR (34 K) was observed for rare earth orthochromatic SmCrO3 (SCO).
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Appropriate substitution of Cr in SFO will bring down the TSR closed to room temperature which makes
this material a promising candidate for room temperature spintronics application.
In the present work, we have synthesized SmFe1-xCrxO3 (0 ≤ x ≤ 1) by solid state reaction method and
studied their structural, dielectric and magnetic properties systematically. Rietveld refinement analysis
of the X-ray diffraction patterns shows that SmFe1-xCrxO3 (0 ≤ x ≤ 1) belongs to orthorhombic structure
with Pbnm space group. The lattice parameters and unit cell volume gradually decrease with increase
in Cr doping as rFe > rCr, where r is the ionic radius. We observed two peaks behavior in the temperature
variation dielectric permittivity (ε՛(T)) curve for all the samples. Temperature dependent magnetic
moment (M vs T) studies confirm the antiferromagnetic behavior of SmFe1-xCrxO3 (0 ≤ x ≤ 1) with
decreasing of antiferromagnetic ordering temperature TN with increase of Cr doping. The observed
magnetic properties along with the effect of Cr doping on the tuning of TSR will be reported in this
conference.
P-35

Amphoteric Membrane Loaded with Noble Metal Free Hollow Spherical
NiCoP@rGO Bi-Functional Electro-Catalyst for Alkaline Water
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Bi-functional electro-catalyst loaded on both surfaces of the amphoteric ion exchange membrane
(AIEM) was conceptualised to increase efficiency for overall water splitting and simultaneous hydrogen
evolution reaction (HER) and oxygen evolution reaction (OER) processes in alkaline media. Here, we
present grafted sulphonic acid and quaternary amine functional groups on a partly fluorinated polymer
(Poly (vinylidene fluoride-co-hexafluoropropylene)) basis. In order to prepare the membrane electrode
assembly, prepared AIEM was used as a substrate for the loading of electro-catalyst (hollow spherical
NiCoP@rGO). NiCoP@rGO electro-morphology-dependent catalyst's bi-functional performance was
evaluated for overall water splitting (HER&OER).The prepared electro-catalyst exhibited low potential
(0.297 V for HER, and 1.57 V for OER) at 10.00 mA/cm2 current density, corresponding 129mV/dec, and
110mV/dec, Tafel slope, respectively. Thus, prepared MEA exhibited showed better overall water
splitting performance in comparison to other commercialized membrane substrates and reported
electro-catalyst in the literature, at 30°C under 400 mA/cm2 in alkaline medium (1.0 M KOH). Stable
fluorinated polymer-based AIEM, and hollow spherical NiCoP@rGO electro-catalyst, provide a
significant improvement in water electrolysis and simultaneous H2&O2 production via HER&OER
processes.
Reference:
1. McHugh, P. J.; Das, A. K.; Wallace, A. G.; Kulshrestha, V.; Shahi, V. K.; Symes, M. D. An
Investigation of a (Vinylbenzyl) Trimethylammonium and N-Vinylimidazole-Substituted Poly
(Vinylidene Fluoride-Co-Hexafluoropropylene) Copolymer as an Anion-Exchange Membrane in
a Lignin-Oxidising Electrolyser. Membranes.2021, 11 (6), 425-440.
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Nickel oxide is considered a model among the p-type metal oxides due to its excellent electrical and
optical properties as well as chemical stability. It is used widely in many applications such as solar cells,
electrochromic devices, gas sensing, etc. In particular, the field of gas sensing benefitted from the ptype metal oxides due to their less temperature-dependent conduction at high temperatures as
compared to n-type metal oxides. NiO thin films have been deposited by RF magnetron sputtering by
using Ni and NiO targets. The effect of RF power, as well as sputtering gas, has been investigated on the
properties of NiO thin films. In the first study, NiO thin films were deposited by RF power on Si (100)
substrate and Glass substrate, using Ni target in magnetron configuration. A sputtering power of 50W
was used in a mixture of oxygen and argon gases. The influence of the O2/Ar gases ratio (5%-20%) on
the optical properties of the deposited NiO film was investigated. The optical band gap value was found
to increase from 3.84 eV to 3.87 eV with the increase in O2 flow rate and there was no considerable
change in band gap value after 15% O2 flow. Another study includes nanocrystalline NiO thin film
deposition using NiO target by varying RF power in the range 100W-200W. The structural properties
measurement was performed using Grazing incidence X-ray diffraction. It showed the formation of cubic
NiO with one sharp peak corresponding to the (200) plane. It was observed that with the increase of
sputtering power, the intensity of (200) diffraction peak becomes stronger, which indicates better
crystallinity. Scanning electron microscope (SEM) and Energy Dispersive X-ray spectroscopy revealed the
formation of small grains and uniform distribution of Nickel and oxygen phases. Further, to improve the
gas sensing behavior of the pure NiO thin films, a very thin Pd layer (⁓5 nm) has been deposited by DC
sputtering. The present study reveals that the sputtering process parameters have a significant impact
on the quality of films that in turn influence the gas sensing properties of the film for various gases.
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Due to fast rising of environmental pollution by several hazardous gases Gas sensors have extreme
importance to healthy human life. In this study, a highly sensitive for Co gas, Pd/SnO2 nanocrystalline
thin film on alumina substrate, based Gas sensor has been developed by employing DC reactive
magnetron sputtering. The sensing performance was achieved better than earlier synthesized pristine
SnO2 sensor. The uniform crystalline nature was confirmed by XRD, while uniform surface morphology
was confirmed through FESEM. The band gap of the film was calculated ~ 3.59 eV of SnO2 thin film by
using UV-visspectrophotometer, and the defect states and decay constants were measured using PL and
TRPL spectra. The average decay time was much shorter for Pd/SnO2 (~ 2.27 s) than SnO2 (~7.66 s) thin
films. The CO gas sensing performance of this fabricated gas sensors have been recorded at different
operating temperature (100-300oC) and for different gas concentrations (2-91 ppm with high purity
calibrated gas. An enhanced CO gas sensing performance (highest sensitivity, S = 90.51 % and fast
response/recovery time 15 s / 34 s) for 91 ppm concentration for CO at 200oC operating temperature
was achieved in synthesized Pd/SnO2 sensor compared to pristine-SnO2 thin film (highest sensitivity, S
= 81.67 % and response/recovery time 60 s / 98 s). Further, Pd/SnO2 thin film sensor exhibits an
excellent sensing performance (S = 65.47 %) even at relatively low operating temperature of 100oC. The
efficient sensing performance of Pd/SnO2 thin film sensor can be understood based on the defect states,
electron sensitization and spill over effect of Pd catalyst.
References:
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Sensing Performances, and Mechanism, Adv. Mater. Sci. Eng. 2015 (2015) 1-14.
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Nowadays, the energy and environmental issues are prime concerns to the world scientific community
due to the rapid consumption of fossil fuels. Hydrogen is considering as one of the alternative energy
carrier due to its high energy density and no pollution effect. Electrocatalytic water splitting is
considered a promising approach to obtaining H2 energy, the practical application of which relies on
developing electrocatalysts. Layered 2D materials act as vital class of electrocatalyst for the hydrogen
evolution reaction (HER) due to their large specific surface area, excellent electricalconductivity, and
facile fabrication. Herein a one-step hydrothermal reaction is developed to synthesize a Ni-doped ReS2
nanostructure. The as synthesized materials are characterized by different techniques such as SEM,
HRTEM, XRD, XPS, etc. From SEM and HRTEM images (Fig. 1a&b) it is observed that the materials are
spherical composed of many thin layers. XPS spectra shows the presence of individual elements, and
the chemical environment of the surface is established

Fig. 1: (a) SEM image, (b) TEM image, (c) HER activity and (d) Tafel slopes of the catalysts.
The catalytic HER activity of all the samples has been analyzed via linear sweep voltammetry at scan
rate of 5mVs-1 in 1M KOH (Fig 1c), and the results are summarized in the Table 1. The material with 5
wt. % Ni doping exhibited highest HER activity. This activity is supported by the intrinsic property of the
catalyst (double layer capacitance, Fig. 1d). This work provides a highly effective and stable
electrocatalyst for HER applications and opens up a promising and straightforward strategy to develop
catalysts for other applications too.
Table 1. Over potential and their Tafel slope values of all the catalysts.
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Piezoelectric or dielectric components and other electromechanical devices are frequently using leadbased ferroelectric materials such lead zirconate titanate (PZT). However, the significant levels of
dangerous lead present in these materials have greatly increased attempts to find new lead-free
alternatives [1]. Lead-free Bismuth sodium titanate ceramic with 50/50 composition was synthesized in
single perovskite phase by microwave synthesis route. Effect of time modification on phase,
microstructure, dielectric, electric field induced polarization, energy-storage properties were
investigated and discussed in detail. Dielectric study of BNT has been carried out over the temperature
range of RT to 500 0C at 1kHz-1MHz frequency. BNT is a high dielectric constant system. High recoverable
energy storage density with energy storage efficiency above 80% were obtained in BNT ceramics, which
makes it suitable for energy-storage applications.[2]

Table-1 Variation of PE parameter @45kV/cm
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Nitrogen dioxide is one of the most toxic gases whose major sources of emission are motor vehicles,
industries, gas stoves, thermal power plants, and many more. It affects the respiratory and
cardiovascular system of humans and also affects our ecosystem, and thereby, its detection at lower
levels (below 10 ppm) is very important. Portable, efficient, stable, and affordable sensor devices are
required for the detection of these toxic gases. Metal oxide-based gas sensors are very promising for
gas sensing applications because of their high sensitivity, high stability, easy fabrication, and low cost.
Herein, we report a room temperature-operable indium oxide-based chemiresistive gas sensor, which
detects low ppm of NO2 gas concentrations. Indium oxide (In2O3) is a transparent conducting material
with n-type semiconductivity and a band gap equal to 3.6 eV. Thin films of In2O3 having a thickness in
the range of 50 – 250 nm are prepared on alumina and sapphire substrates by the thermal oxidation of
In metal films deposited by thermal evaporation technique. The oxidation of In films was carried out in
a horizontal furnace at different oxidation temperatures in the range of 500 - 600°C in ambient air. The
grazing incidence x-ray diffraction studies confirmed the formation of In2O3 thin films, which exhibit a
cubic structure. The preferred orientation was aligned along the (222) orientation. SEM analysis showed
that the thin films possess uniform grain distribution and the surface is porous. The film resistance was
found to increase with the increase in annealing temperature. The gas-sensing performance of In2O3
films prepared at various oxidation temperatures has demonstrated a better response toward low ppm
NO2 gas at room temperature with good stability. The response and recovery times were determined
using a resistant–time graph. It is found that the sensing response for 5 ppm NO2 is about 83 % with a
response time of 10 s at room temperature. The present study reveals that NO2 gas sensing response is
influenced due to thickness variation and oxidation temperature.
References:
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The electrochemical water splitting through hydrogen evolution reaction (HER) is a promising technique
for generation of clean hydrogen as an alternative energy to the fossil fuel1. In recent times, various
kind of cobalt-based materials have been synthesized for hydrogen evolution reaction due to their good
catalytic activity, robust structure and stability2. New microporous organic-inorganic hybrid cobalt
phosphonate material (CoGLy) has been developed by hydrothermal reaction pathway without using
any structure directing agent. The material has been characterized through the important tools such as
powder X-ray diffraction, Nitrogen sorption, Fourier-transform infrared spectroscopy, High-resolution
transmission electron microscopy, Field emission scanning electron microscope, X-ray photoelectron
spectroscopy technique. Notably, the material possesses a high specific surface area with proper
microporous channel which are the key parameters to achieve excellent electrocatalytic activity towards
HER. The as-synthesized CoGLy catalyst displays the high catalytic efficiency with the overpotential of
125 mV to reach the current density of 10 mA cm-2 and the Tafel slope of 72 mV dec-1. Also, the CoGLy
catalyst shows outstanding stability in chronoamperometry measurement up to 25h time without
significant change in current density3.

Figure 1: Excellent HER activity of CoGLy in alkaline medium.
References:
1) A.Eftekhari, Int. J. Hydrogen Energy 42 (2017) 11053-11077.
2) P. Bhanja, B. Mohanty, S. Chongdar, A. Bhaumik, B. K. Jena, S. Basu, ACS Appl. Energy Mater. 4
(2021) 12827−12835.
3) R. I. Mohanty, L. Pradhan, S. Chongdar, S. Basu, P. Bhanja, B. K. Jena, Catalysis Today, 2022,
https://doi.org/10.1016/j.cattod.2022.06.004

82

Frontiers in Materials for Technology Applications

CSIR-Institute of Minerals and Materials Technology, Bhubaneswar

FIMTA 2022

P-42

Laser MBE growth and electron emission properties of vertically selfaligned GaN nanorods on metal substrate
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In the last few decades, there has been a remarkable progress and advancement in the field of group
III-Nitride semiconductors due to their unique properties like direct, wide and tunable bandgap, low
electron affinity, high thermal stability, higher breakdown field and inherent polarization properties.
Low dimensional structures such as nanowalls, nanorods or nanowires of group III-Nitride
semiconductors exhibit improved physical, electrical and optical properties as compared to their bulk.
Conventional growth methods like MOCVD and MBE employ high growth temperature, which limits the
choice of substrates most to sapphire, Si and SiC. But, in laser MBE technique, growth temperature can
be lowered as the kinetic energy is directly supplied to precursors in the form of laser energy. The direct
growth of vertically self-aligned, single crystalline GaN nanostructure array is achieved on metal
substrate using LMBE technique by the laser ablation of GaN solid target under r.f. nitrogen plasma. The
nanorods (NRs) grow uniformly over a large area with high areal density. The role of growth
temperature, laser repetition rate and substrate pre-nitridation condition on the formation and
properties of GaN nanorods have been studied. The grown GaN nanorod array exhibits single
crystallinity and excellent and optical emission properties with a narrow near band edge emission at 3.4
eV as characterized, respectively, by transmission electron microscopy and room temperature
photoluminescence. The dense (1~2 × 1010 cm-2) GaN NRs were grown at growth temperature of 700
ºC and laser frequency of 20Hz, with length and diameter of ~300 nm and ~70 to 90nm respectively.
The aligned one-dimensional GaN assemble with good aspect ratio has a profound enhancement on
field induced electron emission. We have employed the grown align GaN nanorod ensemble structure
for field emission properties. Excellent field emission characteristics were observed with a turn on field
of 2.73 V/μm. These excellent characteristics are ascribed to the geometrical configuration of nanorods,
their good crystalline quality and the low electron affinity of GaN. The growth mechanism, properties
and applications of GaN nanorod assembly will be discussed in detail.

References:
1. S. Nakamura, M. Senoh, N. Iwasa, and S. Nagahama, 1995, Appl. Phys. Lett., 67, 1868.
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Effect of Ni-doping and Sulfur defect on ReS2 nanostructures towards highefficiency oxygen evolution reaction.
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The global energy demands expeditiously surge day to day. To resolve the above-aforementioned
problem shifting towards new sustainable energy technology is necessary. A green way to hydrogen
generation, an alternative energy source by electrochemical water splitting, is a promising pathway for
energy conversion. Electrocatalysis for the oxygen evolution reaction (OER) plays a key role, and
numerous new electrocatalysts have been developed to improve the efficiency of gas evolution.
Creating a cost-effective and highly efficient electrocatalyst to drive sluggish oxygen evolution reaction
(OER) at the anode side is one of the most critical issues for efficient water splitting. [1,2] A one-step
hydrothermal reaction is developed to synthesize a Ni-doped ReS2 nanostructure with Sulphur defects.
Based on XRD, HRTEM, XPS and EPR characterization analysis deduced the physiochemical properties
of the material. The material exhibited excellent OER activity with a current density of 10 mA cm−2 at an
overpotential of 270 mV, a low Tafel slope of 31 mV dec−1, and good long-term durability of 10 h in 1
M KOH. It shows high faradaic efficiency of 96%, benefiting from the rapid charge transfer caused by
the concerted effect of Ni-in and S-out on the ReS2 nanostructure.

Fig.:1(a) Scheme showing the concerted effect of Ni-in and S-out on ReS2 nanostructures towards
the OER. 1(b) The OER LSV polarization plots of the materials at 5 mVs-1 in 1M KOH.
Table 1. Overpotential and Tafel slope of the catalysts.
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Novel microporous Nickel phosphonate derived heteroatom doped porous
nickel oxide and phosphide: Efficient electrocatalysts for oxygen evolution
reaction
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The development of a highly efficient non-noble metal-based electrocatalyst is very challenging for
oxygen evolution reactions (OER). The construction of heteroatom doped transition metal-based
phosphonate derivatives such as metal oxides and phosphides are a potential candidate for
electrocatalytic OER. Herewith, newly designed microporous organic-inorganic hybrid nickel
phosphonate (NiGLy) has been synthesized using N, N-Bis (phosphonomethyl)glycine, and nickel nitrate
hexahydrate under simple hydrothermal reaction conditions. The heteroatom doped derivatives, i.e.,
N, P-codoped nickel oxide (NiO500, NiO700), and N, O-codoped nickel phosphide (NiP500, NiP700),
have been obtained by direct pyrolysis of NiGLy at different temperatures under aerobic and inert
atmospheres, respectively. Due to the high specific surface area and the presence of micropores, these
materials have been explored in the electrocatalytic oxygen evolution reaction. Notably, among other
as synthesized electrocatalysts, N, P-codoped nickel oxide (NiO500) exhibits the outstanding
electrocatalytic OER activity where the overpotential is found to be 284 mV and Tafel slope is 50.0 mV
dec−1 in 1.0 M KOH solutions. Also, the as-synthesized NiO500 catalyst shows excellent stability up to 50
h time1.

Figure 1. TOC containing LSV plots of NiO500, NiP500, NiO700,
NiP700, NiGLy, IrO2 and CP .
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Process Temperature Dependent H2 Gas Sensing Response of Sputtergrown
Tungsten Oxide Thin Films
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High-quality tungsten oxide (WO3) thin films have been fabricated on n-type Si-100 substrate at
different processing temperature (RT-500°C) for hydrogen (H2) sensing applications via sputtering. The
structural, morphological and sensing properties of WO3 thin film electrodes have been investigated.
This work presents the process temperature dependent H2 sensing characteristics of Pd@WO3/Si
electrodes. The large surface area with Pd decoration is the key factor for the high sensitivity of the H2
gas at room temperature. The sensitivity of fabricated electrode is examined at different concentrations
from 10 ppm to 100 ppm of H2 gas. The highest response of the Pd@WO3/Si sensor was ~ 76% in the
presence of 100 ppm of H2. This high sensitivity towards H2 gas can be attributed to the high surfacevolume ratio of WO3 grains between the Pd contacts in proposed configuration. The proposed sensor
shows excellent selectivity toward H2 in comparison of other gasses such as H2S, NO2, and CO at a fixed
gas concentration of 100 ppm in synthetic air.
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Performance of Ni-Co-Cu Sulphide Systems as Efficient Electrodes for
Hybrid Energy Storage Devices
Subhashree Mohapatra1, Himadri Tanaya Das2, Bankim Chandra Tripathy3,
Nigamananda Das1,2*
1

Department of Chemistry, Utkal University, Vanivihar, Bhubaneswar, 751004, Odisha, India
2
Centre of Advanced materials and Applications, Utkal University, Vanivihar,
Bhubaneswar, 751004, Odisha, India
3
Department of Hydro and Electro Metallurgy, CSIR-Institute of Minerals and Materials Technology,
Bhubaneswar, Odisha, 751013, India
dasn.chem@utkaluniversity.ac.in: himadridas@utkaluniversity.ac.in

The modern technologies and industrialisation have grabbed eyeball attention in the current scenario
for improving the living standard of the human beings. Extreme reliability on the non-renewable sources
to meet the energy need causes environmental pollution and energy crisis in the near future. To
overcome this catastrophe, there has been a significant focus on progressive development of
electrochemical energy storage and conversion systems to resolve the intermittency nature of
renewable energy sources. Among several energy storage devices, supercapacitors based storage
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technologies have received significant attention owing to their ultra-high power density, fast
charge/discharge rate, superb cycling stability, and environmental friendliness [1]. In recent years,
mixed transition metal (TM) chalcogenides have gained considerable attention from researchers across
the globe due to their high theoretical specific power, limited volume shifts, higher electrical
conductivity, high surface area, abundant redox active sites, unique crystal structure and rich
physiochemical properties which make them promising electrode materials for the electrochemical
energy storage systems and conversion [2,3]. It is expected that the synergistic interaction of the
individual metal ions will help in enhancing the capacitive performance of the energy storage device
compared to the monometallic chalcogenides. In view of this, the present work focuses on evaluation
of potential of ternary chalcogenides as electrode material of energy devices.
A facile two-step approach has been made to synthesize a series of samples by hydrothermal method,
followed by physical and electrochemical characterisations. The electrochemical performance on Ni-CoCu-S systems was investigated and implemented as battery electrodes in hybrid energy storage devices.
The device prototypes were tested for the supercapacitor applications to power electronics. The detail
outcome of the study will be presented at FIMTA 2022.
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2018 Chem. Mater. 30, 1055−1068.
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Mercury ions (Hg2+), as one of the most toxic pollutants, has long been a matter of concern due to the
serious hazards it poses to human health and the environment. Given this, the development of a rapid
and sensitive approach for monitoring Hg2+ ions to the lowest possible detection level is the need of the
hour. Conventional optical and electrochemical methods, while successful, possess intrinsic pitfalls of
sophisticated sample preparation, time-consuming operation, high cost, and so on1. Surface-enhanced
Raman spectroscopy (SERS) has evolved as a powerful analytical technique for the ultrasensitive
identification of specific analytes in a wide variety of matrices2,3. Generally, plasmonic metals (such as
Au, Ag, and Cu) are the commonly used substrate to achieve high-performance SERS due to their
tunable and large electromagnetic field4. However, the high cost and low stability of these metals limit
their practical applications. Semiconductor materials are also regarded as promising SERS substrates
due to their low cost, excellent stability and biocompatibility. However, the Raman enhancement factor
and the limit of detection of these substrates are too low compared with those of plasmonic metals5.
In this work, we have developed a plasmonic metal/semiconductor based SERS sensor, enabling the
detection of Hg(II) ions through the synergetic effect of electromagnetic and chemical enhancement in
presence of crystal violet as the SERS probe. We have synthesized SnS2 quantum dots (QDs) through
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facile one-pot hydrothermal synthesis and decorated its surface with Au nano-colloids. The limit of
detection (LoD) of the substrate is shown to be in ppb level (~ 10 ppb). Further, we have demonstrated
remarkable selectivity of the substrate in presence of other divalent metal ions such as Cd, Pb, Fe, Zn,
Ni, Ca, Cu, at 1 ppm concentration. We have hypothesized a “ turn-off ” based SERS mechanism in which
interaction between Au and Hg(II) plays a pivotal role. Additionally, visible-light dirven photoreduction
of Hg(II) to non toxic Hg(0) has been performed with a catalytic load of 0.5 mg/ml. Our findings shows
a great potential in the field of SERS as well as photocatalysis and pave the path to develop ample
substrates for the green-technology based treatment of environmental pollution.
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5314−5335.
3) Lee, K. L.; Hung, C. Y.; T. Y.; Yang, S. Y.; Wei, P. K. Adv. Mater. Interfaces 2018, 5, No. 1801064.
4) Park, S.; Lee, J.; Ko, H., ACS Appl. Mater. Interfaces. 2017, 9, 44088-44095.
5) Song, G.; Gong, W.; Cong, S., Angew. Chem., Int. Ed. 2021, 60, 5505−5511.
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The influence of magnetron configurations on the structural, wettable and optical properties of ZnO
thin films deposited by sputtering process at room temperature was studied. The samples were
characterized under X-ray diffraction, atomic force microscopy, contact angle measurement, UV-visible
spectrometer. XPS spectra have been measured to study the oxidation states, chemical composition,
and electronic nature of both samples Significant effect on these properties were observed under UBM
deposition. XRD results show the preferred (002) orientation of ZnO in both BM and UBM. AFM results
indicate that the films deposited under UBM sputtering have better density with granular grains in
comparison to that under BM sputtering. The value of band gap (Eg) has found higher value in UBM
than the value of the film deposited under BM sputtering. In addition to that, surface hydrophobicity
has been increased from 121.2°(BM) to 125.5°(UBM). The unbalanced magnetron configuration in the
sputtering process significantly enhanced the structural, optical and surface properties of ZnO thin films
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even at room temperature and low plasma power without any post annealing treatments, which is
highly desired for the device fabrication.
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Zinc doped nickel oxide (Zn:NiO) films have been employed as color changing as well as energy storage
electrodes in electrochromic devices (ECDs) and asymmetric supercapacitors (ASCs). A non-aqueous gel
polymeric electrolyte of ZnCl2/ -butyrolactone/poly(vinyl butyral)(PVB)/ferrocene (Fc), is used in these
cells where Fc improves both charge transfer and transport. Zn:NiO micro-stars are characterized by an
electrical conductivity, almost 10 times greater than that of undoped NiO micro-flowers, which
increases both the optical contrast and specific capacitance (SC) of the devices. Furthermore, the high
ionic conductivity of the electrolyte (33 mS cm-1) also contributes to the observed good performances
of the Zn:NiO//WO3 ECD and the Zn:NiO//activated carbon ASC. The ASC exhibits a SC of 418 F g -1 (at
1.25 A g-1), which is comparable to expensive rare oxides. This ASC also displays a battery like energy
density of 148 Wh kg-1 (at 1 kW kg-1) and a cycle life of 104 cycles with 95% SC retention. The
Zn:NiO//WO3 ECD shows a high contrast reversible transition between colourless and black-brown
states. The maximum integrated transmission modulation ( T400-900nm) is 60.2% and it also shows
color-bleach times of the order of a few seconds, indicating that Zn-doping is an efficient and
inexpensive approach to develop high performance ECDs or ASCs.
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Nano formulated Resveratrol inhibits metastasis and angiogenesis by
reducing inflammatory cytokines in oral cancer cells by targeting tumor
associated macrophages
Rajalaxmi Pradhan*
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Tumor associated macrophages (TAMs) in the tumor microenvironment (TME) secrete multiple
cytokines, which regulate cancer cells growth and invasiveness. We systematically studied the role of
cytokines in the induction of cancer stem like cells (CSCs) in oral cancer cells niche and evaluated the
mechanism of Resveratrol nanoparticle (Res–Nano) mediated-reduction of CSCs properties in cells. A
highly M1-like macrophages-enriched conditioned medium (CM) was generated by treating fixed doses
of PMA and LPS in THP-1 cells alone as well as co-cultured of H-357 plus THP-1 cells. These M1-like
macrophages increased the production of cytokines (e.g. TNF-α, IL6, IL-β, etc.). A CSCs populated
environment was created after addition of cytokine-enriched-CM of co-culture of H-357 and THP-1 cells
to cancer cells and cytokine enriched CM of THP-1 cells to patient derived primary oral cancer cells,
respectively. After incubation with CM, enhancement of stemness, angiogenic and metastatic
properties of both H-357 and primary oral cancer cells were noted. Res-NP decreased the cytokines
level in CSCs-enriched cells and reduced the invasion, proliferation and growth of CSCs. Representative
metastatic (CD133, ALDH1, CXCR4, etc.) and angiogenic markers (MMPs, iNOS, VEGF-A, etc.) were
decreased after Res-NP treatment in CSCs enriched oral cancer cells niche. It also disrupted
angiogenesis, depleted nitric oxide production in fertilized chick embryos and reduced the expression
of metastatic and angiogenic markers in xenograft mice model system. Thus, this study concluded that
CSCs-mediated stemness is a cytokine dependent phenomena and treatment of Res-NP inhibit this
process in in vitro, in vivo and ex vivo systems.
Keywords: Oral cancer, Cancer stem cells (CSCs), Cytokines, Macrophages, Resveratrol-nanoparticle,
Angiogenesis
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Magnetic skyrmions are topologically stable spin swirling particle like entities which are appealing for
next generation spintronic devices [1]. The expected low critical current density for the motion of
skyrmions makes them potential candidates for future energy efficient electronic devices [1, 2]. Several
heavy metal/ferromagnetic (HM/FM) systems have been explored in the past decade to achieve faster
skyrmion velocity at low current densities [3, 4]. In this context, we have studied Pt/CoFeB/MgO
heterostructures in which skyrmions have been stabilized at room temperature (RT). It has been
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observed that the shape of the skyrmions are perturbed even by the small stray field arising from low
moment magnetic tips while performing the magnetic force microscopy (MFM), indicating presence of
low pinning landscape in the samples. This hypothesis is indeed confirmed by the low threshold current
density to drive the skyrmions in our sample. We have prepared a nanotracks with Ti/Au contact pads
using EBL. The skyrmion velocity as a function of applied current density is measured by calculating the
average displacement of all the skyrmions present in the track. Fig. 1(a) and (b) show the skyrmion
displacements marked by different colours before and after the application of one current pulse.
Beyond a threshold current density of ∼ 0.8 × 1011 A/m2, the skyrmions start moving in the track (see
Fig. 1(c)). The threshold current density is lower than the previous report.

Figure 1. (a) and (b) represents the position of skyrmions before and after applied
pulsed current respectively. (c) Av. velocity as a function of current density.
References:
1) Fert et al.,Nat. Rev. Mater. 2 (2017), 17130.
2) F. Jonietz, et al., Science 330 (2010), 1648.
3) A. Fert,et al., Nat. Nanotechnol. 8 (2013), 152.
4) S. Woo,et al., Nat. Mater. 15 (2016), 501.
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Synthetic antiferromagnets (SAF) are basically two ferromagnetic (FM) layers separated by a
nonmagnetic spacer layer where both the FM layers are coupled antiferromagnetically. With metallic
spacer, the coupling is dominated by Ruderman-KitteI-Kasuya-Yosida (RKKY) interaction [1, 2]. Here, we
have studied magnetization reversal by varying the number of bilayer stacks [Pt/Co] as well as
thicknesses of Ir space layer tIr on rigid Si (100) and flexible polyimide substrates. The sample with tIr =
1.0 nm shows a FM coupling, whereas sample with tIr = 1.5 nm shows an antiferromagnetic (AFM)
coupling between the FM layers. The hysteresis loop measured by SQUID-VSM for two of our samples
with tIr = 1.5nm have been shown in fig1. At tIr = 2.0 nm, a bow-tie shaped hysteresis loop is observed
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indicating a canting of magnetization at the reversal. Higher anisotropy energy compared to the
interlayer exchange coupling (IEC) energy is an indication of the smaller relative angle between the
magnetization of lower and upper FM layers. We have also demonstrated the strain-induced
modification of IEC as well as magnetization reversal phenomena. The IEC shows a slight decrease upon
application of compressive strain and increase upon application of tensile strain, which indicates the
potential of SAFs in flexible spintronics [3].

Figure 1: Hysteresis loop measured by SOUID-VSM for samples (a) S-2-1.5-1 and (b) S-1-1.5-1 where
the magnetic field was applied perpendicular to the film plane. S-2-1.5-1 is the sample with two layers
of [Pt/Co] below and one layer of [Pt/Co] above the Ir spacer layer and S-1-1.5-1 is the sample with
one layers of [Pt/Co] below and one layer of [Pt/Co] above the Ir spacer layer. In both the the sample
shown above, the Ir layer thickness is 1.5nm.
References:
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2) P. Bruno et al., “Oscillatory coupling between ferromagnetic layers separated by a nonmagnetic
metal spacer”, Phys. Rev. Lett. 67(12), 1602 (1991)
3) S. Mohanty et al., “Magnetization Reversal and Domain Structures in Perpendicular Synthetic
Antiferromagnets Prepared on Rigid and Flexible Substrates”, JOM, 74, 6, (2022).
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LSMO (20 nm)/Pt (tPt = 0, 4, 10 nm) bilayer samples have been prepared on SrTiO3 (001) substrate using
an oxygen plasma assisted molecular beam epitaxy system. ISHE measurements are performed using
home modified coplanar wave-guide (CPW) based ferromagnetic resonance (FMR) spectroscopy [1] and
microwave absorption spectra has been measured using Vector Network Analyzer (VNA). Here we have
shown the relation between FMR absorption intensity to inverse spin Hall effect voltage as shown in
Fig1. We have performed angle dependent spin pumping measurement for La0.67Sr0.33MnO3/Pt bilayer
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system at different frequencies. It has been observed that spin Hall angle has a clear dependency on
frequency [2]. We have shown that at higher frequency spin Hall angle is higher than that of at lower
frequencies. The maximum value of spin pumping voltage at 14 GHz is 98 μV and its corresponding spin
Hall angle is calculated to 0.06. Further simultaneous observation of anti-damping and high spin
pumping voltage makes this bilayer very interesting for efficient energy devices.

Fig.1. microwave absorption (Pabs) and Vsym vs f plot.
References:
1) B. B. Singh, S. K. Jena, M. Samanta, Phys. Status Solidi Rapid Res. Lett. 13, 1800492 (2019)
2) P. Gupta et al., Nanoscale, 13, 2714, (2021).
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DNA being the hereditary biomolecule, since the revelation of its structure, this bio-macromolecule has
gained undivided attention for the discovery of bio-materials that bind and alter how DNA essentially
functions, studying the interplay of which is very much essential for the discovery of potential anticancer drugs. Ir(F2ppy)2 N hydroxypiconilamide is one such bio-material drug whose mode and
efficiency of interaction with DNA was scrutinized and this report is the portrayal of the data
accumulated in the process. It is an organometallic complex with bidentate cyclometallated ligand. UVvisible spectroscopy was done to confirm the interaction. With increasing concentration of drug,
hyperchromic shift was observed. Steady state fluorescence spectroscopy exhibited hypochromic shift
with increasing concentration of DNA. A binding constant of 1.4x104 was calculated from Stern-Volmer
plot, a value somewhat in-between that of classic DNA intercalators and groove-binders. Competitive
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displacement assay was carried out, displacement of intercalating agent EtBr by the drug confirms an
intercalative mode of interaction which was further validated by KI quenching experiment. A significant
decrease in KSV was observed in DNA bound state of the drug (03.35) than free Drug (10.53). Increasing
salt concentration experiment was executed to verify the presence of electrostatic binding mode,
confirming a mixed mode of binding for the Drug with DNA. Raman spectroscopy data analysis revealed
a number of Raman shifts was observed by the Drug-DNA interaction. Superoxide generation
experiment was performed to investigate DNA damage by photo activated ROS generation properties.
The cytotoxicity of Ir(III) complex against cancer cell lines MDA-MB 231, T98G and normal HEK 293t cells
were investigated using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazoliumbromide (MTT)
method and the results showed a promising anti-cancer property by the complex.
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In this present study, common river sand supported carbonaceous material was prepared for the
removal of pollutants in wastewater system. River sand was collected and sieved to three different sizes
to prepare the composite material. A sugar solution at specific weight percentage was taken along with
river sand to prepare carbon coated sand-sugar composite (SSC). SSC was prepared by a two-step
process where the said mixture was preheated in a hot air oven at 200 ℃. Under stirring/blending and
carbonized in a muffle furnace at 750 °C at a heating rate of 10 °C./min under inert atmosphere for 3
hours. The obtained material was activated using sulfuric acid.
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The prepared composites were characterized for FT-IR, XRD, RAMAN, and FESEM-EDX analysis. To
investigate the adsorptive capacity of the prepared material, it was tested for BPA and Cr (VI) removal.
The percentage of removal was improved by executing the adsorption mechanism following the
Advanced Oxidation Process (AOP). A batch study of various process parameters such as contact time,
temperature, concentration & pH of solution and adsorbent mass has been optimized. The optimized
conditions for BPA and Cr (VI) removal are: Contact time 60 min; Temperature 30ºC; adsorbent dosage
1g per 25mL and Concentration of 10 & 5ppm. The prepared composite materials effectively removed
BPA and Cr (VI) up to 70% and 90% respectively. Hence the proposed SSC could be an alternative
material for the removal of both organic and inorganic pollutants in the wastewater system.
Keywords: Adsorption; AOPs; sand-carbon composite; pyrolysis.
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The ferroelectric materials recently attracted lot of scientific attention because of its applicability in
photovoltaic devices. The spontaneous polarization present in the ferroelectric materials effectively
separates the electron-hole pair and an anomalous photovoltage much greater than the bandgap
voltage can be produced. The wide bandgap (3-4 eV) of the ferroelectric material, which allows the use
of only 8-20% of the solar spectrum limits its photo-response. In this context, a low bandgap
ferroelectric material with large polarization would constitute an ideal material for photovoltaic
application. In this work, we have synthesized Pb-free solid solution of (1-x)BaTiO3-xBi(Ni2/3Nb1/3)O3
system with x = 0 to 0.06 by conventional solid state synthesis route. The incorporation of Bi3+ having
6s2 lone pairs at the Ba-site helps to maintain the polarization, and Ni2+ doping at Ti-site facilitates the
formation of mid-gap states in BaTiO3. In this work, we report our results on this compound where the
effective doping resulted in tuning the bandgap from 3.1 eV to 2.08 eV. Interestingly, along with the
bandgap reduction, the solid solution sample has also shown an initial enhancement in polarization for
dilute doping. In particular, the x =0.02 composition possesses low bandgap and large polarization
simultaneously, which is better condition for the photovoltaic properties.
P-57

Impact of external electric field on the physical properties of ferroelectric
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The study of the effect on external stimuli such as electric field and their enhanced physical properties
on ferroelectric oxide systems are a very important topic of research.1,2 In this study, the effect of poling
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on the physical characteristics of lead-free ferroelectric Ba0.875(Bi0.5Li0.5)0.125TiO3 (BBLT) oxide is
investigated. The structural properties of the BBLT sample indicate the 23% increase in orthorhombic
phase fraction in the poled sample in comparison to the unpoled. This is correlated with the lattice
deformation that occurred under the electric field condition, which is also revealed from the Rayleigh
analysis. The Raman spectroscopy study on the poled and unpoled BBLT sample illustrates the
suppressing of the Bi-O bond length (A2g) under an electric field. The polarization hysteresis loop
exhibited an asymmetry with an internal bias electric field of 80 V/mm due to the field-induced
orientational defect. The dielectric studies suggest that the decrease in dielectric dispersion for poled
BBLT originated from the increase in long-range interaction. Importantly, the poling induced a large
internal bias field of the sample facilitated the observed large photovoltaic response with an opencircuit voltage of 12 V, which could open up an additional application in the fields such as photovoltaic
and photodetectors3,4.
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Phys. Rev. B 88, 224103 (2013).
3) Pal S, Muthukrishnan S, Sadhukhan B, Sarath N V, Murali D, and Murugavel P J. Appl. Phys. 129
084106 (2021).
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quantum dots for fluorescence sensing of mercury ions in aqueous media
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Graphitic carbon nitride (gCN) quantum dots, in recent years, have captivated immense interest in the
field of sensing due to their unique optical and electronic properties. Here, we present a facile synthesis
of silver nanoparticles embedded sulfur doped gCN quantum dots (Ag-S-gCN QDs) from thiourea,
trisodium citrate, and silver nitrate by a low-temperature thermal treatment. The synthesized Ag-S-gCN
QDs, with an average size of 3.7 nm, emitted strong blue fluorescence with a high relative quantum
yield of 36.5 %. They exhibited significant stability against photobleaching and high ionic strength. The
aforementioned quantum dots, under optimal conditions, were employed for fast, sensitive, and
selective sensing of Hg2+ ions in distilled water as well as real water samples. A static quenching
mechanism was established from the average lifetime calculation via a time-resolved decay experiment.
The presence of silver nanoparticles resulted in a redox reaction with Hg2+ ions via electron transfer
from metallic Ag to Hg2+ ions. Moreover, the proposed sensor was anticipated to open up a new avenue
for convenient, sensitive, and selective sensing of potentially hazardous Hg2+ ions with substantial
results.
Keywords: Graphitic carbon nitride, silver nanoparticles, Nanosensor, Hg2+ ions, Static quenching.
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Curcumin, Eugenol and Nimbolide as potential ayurvedic anticancer drugsA combined molecular docking and DFT analysis
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Artificial anti-cancer drugs often cause unwanted side effects causing irreversible long term tissue
damages in the human body. Ayurveda is an alternate form of medicinal system that has its historical
roots in India and is even well documented in ancient Vedas and Upanishads1,2. Ayurvedic traditional
medicines are aimed at healing solutions and establishing coordination effects between human body
constituents and function to nature. Therefore, these herbal medicines have inherently less side effects
on the body than allopathic synthetic drugs2. In the Indian tradition, Turmeric (Haldi), Basil (Tulsi) and
Neem herbal plants have been known for their therapeutic role and disease prevention and health
benefits. The active ingredients present in these herbal plants are Curcumin (present in Turmeric),
Eugenol (derived from Basil) and Nimbolide (derived from Neem). Literature study reports of an active
and considerable interest among the medical and drug design community of these natural drug
molecules due to their potential applications as anti-cancer and anti-inflammatory therapies3–5. In the
present study, we have identified and selected the best performing drugs among various analogues
from the above mentioned herbs for cancer treatment using molecular docking computational analysis.
The target proteins selected for this study were Tumor necrosis factor (TNF) and cyclooxygenase (COX)
that play an important role in human body cancer progress. First the drug likeness of the molecules are
predicted from Absorption, Diffusion, Metabolism and Excretion (abbreviated as ADME) profile to
understand their pharmacokinetic processes. Next the selected drugs were tested for their binding
energy analysis onto the cancer causing target proteins using Autodock Vina docking software. The best
performing drugs were carefully identified by analysing the docking structure and their cancer
deregulation mechanisms. In the second part of the work, boron nitride nanotubes having different
chirality, size, length and metal doping were investigated as potential drug delivery material in the
human body. Density Functional Theory (DFT) calculations were performed to characterize the
adsorption energy of Curcumin, Eugenol and Nimbolide drugs with the boron nanotubes. In conclusion,
a thorough multidisciplinary work of drug discovery process and drug delivery have been performed
using the molecular modelling tools. This study will guide and motivate researchers working in the field
of material science, biology and healthcare to carry out research on natural medicinal drugs for their
efficacy in cancer treatment.
Keywords: natural drugs; anticancer therapy; drug design and delivery; molecular docking; density
functional theory

97

Frontiers in Materials for Technology Applications

CSIR-Institute of Minerals and Materials Technology, Bhubaneswar

FIMTA 2022

Fig. 1(a) Nimbolide shown in purple is interacting with active site (Tyrosine residue 119)
TNF alpha is shown in cyan and its active site is shown in green colour; (b) DFT study of
BNNT interacting with eugenol drug
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Fermi level induced band edge alignment and band bending in
Ag3PO4/Cu2O p-n heterojunction for proficient photocatalytic applications
Souman Pahi, Bikash Mahapatra, Abhijit Behera, Satish Kumar Singh, and Raj Kishore
Patel*
Department of Chemistry, National Institute of Technology, Rourkela, India.
*souman27@gmail.com

Fabrication of binary p-n heterojunction and the band alignment at the interface of the individual
semiconductor photocatalyst has been extensively studied to verify superior charge separation and
migration capability in photocatalytic applications. Here, a simple wet chemical fabrication strategy was
introduced for the development of the binary p-n Ag3PO4/Cu2O heterostructures. The tunable band
structure of individual semiconductors with the work function (ϕ), witnessed a band banding at the
space charge region. The bending at the interface induces a carrier concentration gradient and
manifests a rectifying current transport diode. The fabricated p-n heterostructures and carrier migration
between n- type Ag3PO4 and p- type Cu2O were verified by different morphological and physicochemical
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methods. The band banding at the interface, leading to a narrow depletion region, favors the tunneling
of electron-hole pairs through a Z-scheme carrier transport mechanism. The electron-hole pair
movement has further been confirmed by considering the band edge position after contact,
photocatalytic scavengers, and the radical trapping experiment. The Ag3PO4/Cu2O p-n heterojunction
photocatalyst manifested a 737.4 μmolg-1h-1 of H2 generation and 91% endosulfan degradation
efficiency, these are 12 and 9 times higher than that of pure Ag3PO4. The p-n heterojunction
photocatalyst displayed a higher current density with electron-hole migration efficiency, synergistically
enhancing the catalytic activity through the interfacial space charge junction.
Keywords: Semiconductor, Photocatalysis, p-n heterojunction, Band bending, Endosulfan
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Binary 2D/2D g-C3N4 /CuCoOS photocatalyst towards the effective
degradation of antibiotic Norfloxacine degradation under visible light
Pragnyashree Aparajita and Garudadhwaj Hota*
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The removal of organic pollutants, antibiotics and other industrial effluents from the natural water
resources has been a prime target of researchers nowadays. Among various antibiotics,
fluoroquinolones has been considered as a persistent chemical in the water bodies. Herein, we have
successfully fabricated a 2D/2D g-C3N4/CuCoOS Nano hybrid heterostructure using thermal
polycondensation approach which aims at degrading the fluoroquinolone norfloxacine (NOR) in the
presence of visible light. The formation of the nanocomposite has been proved through various
characterization techniques like X-ray diffraction (XRD), Fourier Transform Infrared spectroscopy (FT-IR),
Scanning electron microscopy (SEM), Transmission electron microscopy (TEM), UV-Vis diffused
reflectance spectroscopy (UV-Vis DRS), electron diffraction X-ray technique (EDX), Photoluminescence
(PL) techniques. As compared to their parent molecules, the hetero nanocatalyst g-C3N4/CuCoOS-13.5
shows considerable enhancement in its photocatalytic behaviour in comparison to the other
synthesised nanocomposites. The mechanism of action involves the alignment of band levels leading to
successful separation of charge carriers. The promoted visible light photoadsorption behaviour paves
the opportunity for various applications as the future scope through slight modifications. The detailed
characterization techniques as well as the work of action of the nanocomposite shall be presented at
the conference.
Keywords: g-C3N4/CuCoOS, nanocatalyst, photodegradation, NOR
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Green synthesis of novel air-stable p-type dopants under ball-milling via
radical chemistry and their electrochemical studies.
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*as310715@gmail.com

Doping have been increasingly used in the field of organic semiconductor to increase the conductivity
and reduce the charge injection barriers. Recently, the use of molecular reductants and oxidants in nand p-type doping, respectively, is emerging as a promising approach in the field of organic electronics,
such organic light-emitting diodes (OLEDs), organic field-effect transistors (OFETs), and organic
photovoltaics (OPVs) [1]. Among various p-type dopants, F4-TCNQ is the most widely used p-type
dopant, and strong enough (EA = 5.2 eV) to oxidize a range of hole transport materials [1]. However, its
volatile nature, instability vs diffusion and poor solubility are undesirable features. Recently, Dimethyl
Sulfoxide adducts are being used p-type dopants both in solution and vapor phase processing [2]. Our
study involves the synthesis of disulfide and sulfonyl-based organic dimeric compounds where the
electron transfer takes place via a chemical reaction. These dimeric products breaks S−S and form a
sulfide anion upon accepting an electron which are quite inert and do not react further with the
semiconducting material. The sulfur-based dimeric compounds (such as 2,2'-disulfanediyldianiline, 1,2bis(perfluorophenyl)disulfane, etc.) are synthesized via a green synthesis using ball-milling over
aluminium oxide (grinding auxiliary) without any catalysis and organic solvent [3]. These organic dimers
are characteized by NMR and their redox potentials are measured by cyclic voltammetry.
Keywords: Organic Semiconductor, Flexible Electronic Devices, Radical Chemistry, Air-stable, p-dopants,
Redox Potential.
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Organic Hydrides: Synthesis and their Application as an n-type dopant.
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Over the past few years, alkali metals have been widely used for n-type doping. However their
pyrophoric, highly reactive, and volatile nature preclude easy handling [1]. Further, due to the small size
of alkali cations can lead to diffusion within a doped device. Thus larger molecular dopants are more
desirable, in terms of less reactivity, restricting dopant ion diffusion, and in minimizing electrostatic
interactions between dopant ions and charge carriers. Recently, organic hydride reduced species (DH)
of highly stable organic cations (D+), are being used in n-doping [2]. They are air stable and can be used
for both solution and vacuum processable doping of organic semiconductors. Though a wide variety of
organic hydrides have been studied for many chemical and biochemical transformations, only two such
molecules, notably leuco-crystal violet [3] and 1,3-dimethyl-2-phenyl-2,3-dihydro-1H-benzoimidazole
(DMBI-H) [4], have been tested for n-doping of organic semiconductors. This work focuses on the
synthesis of a variety organic hydride based n-type dopants and measurement of their electrochemistry.

Keywords: Organic hydride, Dopant, Organic semiconductor, air-stable hydride, reduction potential.
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To obtain pure holocellulose, cellulosic wastes were chemically pretreated. Depending on the
derivatizing agents used, the dissolution and functionalization of various holocelluloses obtained in 1butyl-3-methylimidazolium chloride [BIMIM]Cl ionic liquid using different derivatizing agents such as
cellulose acetate, cellulose phthalates, and cellulose ether. Cold acetone and dichloromethane were
used to regenerate the dissolved product in ionic liquids, and the resulting ionic liquids were reused.
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The degree of substitution (DS) of the products obtained ranged from 1.00 to 2.77 at 100°C. FTIR
analysis revealed important absorption bands which include: (C=O at ~1750 cm-1, SP3 –CO at ~1250cm1
, SP2 –CO at 1100cm-1, for esters of cellulose acetate and phthalate, Aromatic –CH stretching at 1577cm1
for cellulose phthalate and –CO-CH2CH3 at 1720cm-1 with the absence of SP2 bending frequency at
1250cm-1 which confirms the successful synthesis of ethyl cellulose).
XRD showed values at (2θ= ~14.5°, 17.0°, 22.7° and 34.5°) for all samples. Comparison of SEM images
of the cellulose and derivatives showed little or no destruction of the fibre strands while EDS revealed
C and O as (Elemental composition of all samples. Thermogravimetric analysis (TGA/DTA) showed the
derivatives possessed higher thermal stability that the starting materials thus, producing materials with
better application. All these revealed a successful extraction and purification of cellulose from wastes
as well as the synthesis of cellulose derivatives. The derivatives obtained showed good potential as
pharmaceutical excipients.
KEYWORDS: Cellulosic Agricultural Wastes, Cellulose, Ionic Liquid, Cellulose Derivatives, Degree of
substitution, Spectroscopic Characterization, Pharmaceutical Excipient
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Calcite (CaCO3) is a carbonate material that often coexists with other valuable minerals in natural ore
deposits, such as fluorite, apatite, scheelite, etc., forming a series of calcium-containing minerals.
Calcite is used as a construction material, construction aggregate, abrasive, pharmaceutical, agricultural
soil treatment, pigment, and more. High-grade calcite ore has more uses than almost any other mineral.
However, Calcite ores generally contain unfavourable gangue minerals, in particular, silicates, and metal
sulphide, which can be separated by gravity and flotation. Also, calcite minerals are present as gangue
minerals in the phosphate ore and need to separate in a reverse flotation process. Bio-mass residue and
its synthesized derivatives are used as flotation collector reagents for the flotation of calcite minerals.
The flotation results of calcite minerals are compared with the commercially available collector (oleic
acid). The studies are conducted in a Hallimond flotation tube to find new surfactants for calcite
flotation. It is possible to achieve 97% and 88% grade calcite using oleic acid and derived biomass
residue, respectively, at neutral pH. The flotation mechanism of the collector to calcite was further
investigated through zeta potential, Fourier transforms infrared spectroscopy (FTIR). Additionally,
Density Functional Theory (DFT) based quantum calculations were performed in order to characterize
the interactions of surfactants oleic acid and bio-mass residue extract with calcite surfaces. The
adsorption energy, optimized geometric configurations and bonding mechanism were obtained for the
reagent-mineral system.
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Figure 1. Effect of different flotation reagents on the flotation of calcite mineral
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Energy demand is growing rapidly with economic and population growth, which needs to be fulfilled.
Among all kind of energies, solar energy is inexhaustible and easily available for use. In order to convert
the solar energy to electrical energy, efficient materials must be developed and some device should be
fabricated. The required properties of a material for its suitable applications in photovoltaics are, the
material should be a better solar light absorber, it must have higher power conversion efficiency and
less toxicity, etc. The discovery of lead halide based hybrid perovskite, with greater power conversion
efficiency and good solar light absorber than that of traditional silicon solar cell materials, revolutionize
the search for alternative photovoltaic material. The greater power conversion efficiency of these
materials is due to their exceptional optoelectronic properties like; suitable band gap, high absorption
coefficient, and low exciton binding energy. However, these lead-based perovskites suffer roadblock
towards the commercialization of these materials because of the highly toxic nature of lead and
instability of these compounds. Search for lead-free perovskite led to the discovery of Bi and Sb-based
perovskites, which are very good alternative lead-free halide perovskites. These compounds do not
form normal AMX3 (A=Alkali metal; M=Pb; X=Halides) type perovskite with corner shared MX6
Polyhedra, rather have A3M2X9 (A=Alkali metal; M=Bi, Sb; X= Halide) composition with defect halide
perovskite structure. In these type of materials direct Band gap materials are suitable candidates for

103

Frontiers in Materials for Technology Applications

CSIR-Institute of Minerals and Materials Technology, Bhubaneswar

FIMTA 2022

better photovoltaic materials compared to indirect band gap materials. Herein we have synthesized
Cs3Sb2Cl9, and Br substituted Cs3Sb2Cl9 using solution method. The detail structural, optical, electronic
properties of these Br substituted Cs3Sb2Cl9 compounds as well as a suitable explanation from both
experimental and theoretical study for the band gap transition from indirect to direct with Br
substitution in Cs3Sb2Cl9 will be presented.
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Hydrogen (H2) has been considered as a worth choice for the fuel generating resource to produce clean
energy for globally accepted practice because of their zero emission to get pollution free green
environment by slowing down the rapid consumption of hydrocarbons from industrial setups as well as
from transportations1. Despite of effectual usefulness, safety is one of the major issue for this gas
because of its flammable and explosive nature in open atmosphere. Therefore, monitoring of level of
concentration has become an essential factor to avoid any unpredictable accidents in natural
atmosphere during the consumptions, productions and storage of the gas. In addition, the detection of
minimal concentration of H2 with fast and more accuracy in sensitivity has become the top most priority
for developing any sensor devices. The design of morphology-based spinel structures have appeared as
an effective approach for improving the performance of the sensor in hydrogen gas sensing to facilitate
hydrogen economy2,3. Towards this context, we report a detailed shape selective analysis of four
different morphological spinel structures supported on reduced graphene oxide as an efficient
hydrogen sensor. The structural confirmation of the synthesized materials were determined by highly
advanced characterization techniques like Fourier transform infrared spectroscopy (FTIR), Raman
spectroscopy, Powder X-ray diffraction (PXRD), UV-visible spectroscopy (UV-Vis), X-ray photoelectron
spectroscopy (XPS), Transmission electron microscopy (TEM), Scanning electron microscopy (SEM),
photoluminescence study and N2 adsorption-desorption analysis. Our study revealed that the response
of manganese-cobalt oxides are strongly depended on the morphology of the system (flower, rod, flakes
and sphere) which can be explained by combined effects of surface area and the defects generated on
the surface on the oxides. The n-type responses of all native oxides and the composite modified with
reduced graphene oxide indicated the formation of n-n heterojunction at their interface. The bare
flower-like manganese-cobaltite structure showed higher responses (6.8%) due to their highest surface
defects as well as larger surface area along with lower response (17 s) and recovery time. Such improved
sensing behavior of the composite with highest percentage of response (12.77%) and lowest response
as well as recovery time at room temperature can be attributed to the higher electrical conductivity of
rGO along with fast charge carrier mobility. In Overall, this novel gas sensor demonstrated superior
sensitivity, higher stability and better selectivity against various gaseous mixtures.
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A Redox Accessible Cu-BTC Metal Organic Framework-based
Nanocomposite for Selective and Sensitive Electrochemical Sensing of
Triclosan in Real Sample
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a
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The extensive use of triclosan in personal care, household cleaning products and medical devices poses
a risk to the living beings and ecological systems due to its substantial release into surface water and
ground water resources and harmful long-term effects on aquatic creatures [1, 2]. Therefore, it has
become crucial to find triclosan in various personal care everyday products and drinking water in order
to preserve both the environment and living things. In this respect, a simple, quick, and inexpensive
nonenzymatic sensor using a modified glassy carbon electrode (GCE) decorated with rGO/Cu-MOF/NiCo
ternary nanocomposite has been developed for the first time as a sensitive and selective
electrochemical sensor for the detection of triclosan.The intended nanocomposite was synthesized
using a simple and one-step hydrothermal synthetic process. Later, to explore the effective synthesis of
the intended nanocomposite, the nanocomposite was comprehensively characterized using a variety of
advanced analytical methods, including FTIR, XRD, Raman, TGA, BET, SEM, and TEM with EDS mapping,
and XPS. First, the XRD investigation shows that the NiCo bimetallic alloy nanostructure was successfully
formed. In addition to NiCo alloy nanoparticles the formation of Cu-MOF and their rGO based
nanocomposite was confirmed using XRD. Later, the high-resolution transmission electron microscope
(HRTEM) analysis evidenced formation of uniform NiCo bimetallic alloy nanoparticles and its
distribution in pore of MOF and surface of rGO/Cu-MOF nanostructure. Further, the electrochemical
activity and sensing performance was examined by cyclic voltammetry, electrochemical impedance
spectroscopy and differential pulse voltammetry. Then, by adjusting various sensing parameters such
as material loading (rGO/Cu-MOF/NiCo), pH, temperature, and incubation duration, the optimal sensing
conditions were found. Under ideal sensor circumstances, the designed nanomaterial is capable of
detecting a broad range of triclosan concentrations (1µM–0.01nM). Later on, the reusability, stability
and interference study of the sensor were also studied.The synergistic bindingbetween these three
nanostructures (rGO, Cu-MOF, and NiCo bimetallic alloy nanoparticles) with large surface area,
increased active sites, and good adsorption capacity results in rapid electron transmission during the
sensing application in the nanocomposite, which is the cause of the synthesized nanomaterial's
increased sensitivity.
References:
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Variation of structural and magnetic properties of mixed-valent manganites
through A-site cationic ordering
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Effect of A-site cationic ordering on structural, transport and magnetic properties of mixed-valent
perovskite manganite NdBaMn2O6 has been studied. Temperature (T) dependent x-ray diffraction data
reveals that different types of phase transitions seen in this compound explicitly depend on the degree
of ordering of the A-site cations Nd3+ and Ba2+. For example, the ordered compound undergoes multiple
structural phase transitions with decreasing T, whereas the disordered compound retains the high-T
crystal structure. Resistivity measurements show that although both the compounds are insulating, the
mechanism of charge transport is different for the two compounds. Similarly, the magnetic properties
and colossal magnetoresistance also depend on the degree of ordering. Cationic disorder suppresses
the long-range antiferromagnetic order and enhances ferromagnetic correlations at lower temperature;
which (ferromagnetic correlation) is accompanied with larger value of saturation magnetic moment
while ferromagnetic TC too shifts to higher temperature with increasing disorder. Disordered system
also exhibits a larger value of magnetoresistance at low temperature compared to the ordered
counterpart.

Fig.1: Structural, magnetic and magnetoresistance
properties of A-site order disorder NdBaMn2O6
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Layered Copper Selenide as an ultrasensitive and selective non-enzymatic
Glucose Sensor
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Copper-based layer two-dimensional materials have drawn tremendous attention in catalytically
sensing applications. Here, a mere attempt has been made to synthesize copper selenide (CuSe) by a
facile wet chemical approach. The phase and crystallinity of the layered materials have been analyzed
using the X-Ray diffraction technique. Field emission scanning electron microscopy- based surface
morphology observation depicts layer structures in assembled flower form and the sequential change
in the growth morphologies with alteration in precursor concentration. The linear variation of
amperometric current with glucose concentration (0- 6.0 mM) is evidenced by the catalytic oxidation
of the as-synthesized materials as electrodes. Superior sensitivity of 28.1 μA mM-1 cm-2 has been
estimated for the sample with a precursor concentration of 0.2 Mole. Moreover, the high sensitivity of
the as-fabricated electrode shows that both the material synthesis and the sensor fabrication method
have been promising for scalable processes based on clinical device design.
References:
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Non-enzymatic glucose sensing with CuxO-ZnO composite
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Composite nanostructures of CuxO-ZnO has been grown via the single-step co-electrodeposition (CED)
technique. Though ZnO nanostructures grown alone by electrodepostion technique do not exhibit any
glucose sensing, the CED-grown CuxO-ZnO nanostructures show non-enzymatic glucose sensing and
amperometric behavior with a good sensitivity of 441.2 μAmM−1 cm−2, linear range of 0.02–1 mM and
low detection limit of 0.13 μM (S/N = 3) along with a fast response time (less than 3 s). In addition, this
sensor displays excellent anti-interference ability towards uric acid (UA), ascorbic acid (AA) and
dopamine (DA) co-existing with glucose. These results indicate that the electrodeposited CuxO-ZnO
nanostructures electrode is promising candidate for glucose detection in human blood serum.
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Sunlight-mediated photocatalytic activity of ZrO2/g-C3N4 nanocomposite for
removal of Rhodamine B
Sudip Chand, Aparna Mondal*
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The photoactivity of graphitic carbon nitride (g–C3N4) has historically been primarily constrained by
rapid charge recombination rate and limited visible light sensitivity. It has been demonstrated that gC3N4 performs better as a photocatalyst when combined with semiconductors to generate composites.
In this study, a composites photocatalyst was developed using g-C3N4 that was produced in the
laboratory and zirconium oxide (ZrO2) that was produced using hydrothermal synthesis. RhB breakdown
in the presence of sunshine was used to examine the photocatalytic efficiency of prepared samples. In
comparison to pure g-C3N4 and ZrO2, the degrading performance of the ZrO2/g-C3N4 nanocomposites is
better. To identify the cause of the increased photocatalytic performance in ZrO2/g-C3N4 composites, all
materials are analyzed. Characterization results revealed that ZrO2 particles were equally distributed
across the layer of g-C3N4. The ZrO2/g-C3N4 composites successfully reduce electron-hole coupling and
reduce charge transfer resistance when compared to both pure g-C3N4 and ZrO2. Additionally, it
influences the bandgap and increases the absorbance of visible light. The study also found that the most
active species in the catalytic process were O2- and h+.
Keywords: Graphitic carbon nitride, Zirconium oxide, nanocomposites, Photocatalyst, Sunlight.
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Suppression of halide migration and improved stability in double-coated
cesium lead halide perovskite nanocrystals for application in downconversion white-light-emitting diodes
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In the past few years' cesium lead halide (CsPbX3: X= I, Br, Cl) perovskite nanocrystals (NCs) have shown
tremendous progress in the field of white and color-tuning lighting technologies for their favorable color
tunability, superior emission intensity, narrow emission spectra, and better color purity. However, the
perovskite NCs degrade very easily in presence of water and are prone to the ion migration process. It's
also very challenging to synthesize stable red-emitting perovskite NCs which is a major component for
generating white light-emitting diodes (WLEDs). Here we report the synthesis of highly luminescent
green-emitting Zn-doped CsPbX3 NCs via the ligand-assisted reprecipitation (LARP) synthesis method at
high humid conditions (RH > 60%). The red-emitting Zn-doped CsPbBrxI3-x NCs were synthesized from
pre-synthesized Zn-doped CsPbBr3 NCs via the halide exchange process. We also grew polymer shells
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around the silica-coated NCs to further improve the stability. These double shelling around the NCs
facilitates improved structural stability and demonstrates higher resistance to the halide exchange
process among different NCs. Finally, we fabricated WLEDs by mixing double-coated green and red NCs
and deposited them on a blue LED chip. The optimized WLED device exhibited a luminous efficiency of
28.08 Lm/W, a color gamut of 106.67%, and CIE chromaticity coordinates of (0.334, 0.326). Our research
work provides very insightful ideas for synthesizing stable color-tunable NCs and also the fabrication of
single-layer WLEDs, which will boost the development of high-performance lighting technologies.
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The effect of substitution of Hf on the structural, dielectric, ferroelectric, piezoelectric, and optical
behavior of BT has been studied in this work. Hf lies below Zr in the same group of the periodic table,
so better performance is expected from Hf substituted BT. XRD analysis revealed the formation of the
tetragonal phase for BT, orthorhombic phase for BHT-3 and BHT-5, and rhombohedral phase for BHT-8.
The Raman spectroscopy confirmed the presence of two types of octahedra i.e., [TiO6] and [HfO6] in
Hf doped BT. The average grain size increased linearly for Hf substituted BT except for BHT-5. The
dielectric constant was maximum for BHT-3. The TT-C (tetragonal-cubic) temperature decreased
whereas the TO-T (orthorhombictetragonal) temperature increased with an increase in Hf content in
BT. The maximum value of remanent polarization and piezoelectric charge coefficient has been found
for BHT-5. The absorbance vs. wavelength plot showed the signature of the d-d transition present in all
the compositions. The direct band gap increased with increasing Hf content in BT but is lower than
previously reported values. Hf substitution stabilizes the phase transition near room temperature and
increases the d33 value more than pure BT.
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Table 1. Variation of dielectric, PE parameters, and optical bandgap with Hf substitution in BT
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Selective visual detection of histamine and ascorbic acid through the rapid
gel-sol transition of luminescent alginate hydrogel
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A fluorescent hydrogel has been synthesized by crosslinking sodium alginate with Ni2+ in the presence
of PEIderived carbon dots. Such a hydrogel shows a quick selective visual response towards histamine
through rapid gel-to-sol transition followed by the release of CD into the sol solution. The amount of
histamine can be quantified by measuring the fluorescence intensity of sol solution at an excitation
wavelength3 360 nm. The detection limit sensor in the turn-on intensity mode goes up to 0.63 nM.
Utilizing the detoxification reaction of histamine by ascorbic acid, the present sensing platform has been
explored to detect ascorbic acid. Due to low-cost and easy synthesis, such hydrogel-based fluorescent
chemosensors are potentially suitable for monitoring histamine in serum and fish samples.
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α-Fe2O3 nanoparticles decorated NrGO/g-C3N4 heterostructure
photocatalyst towards environmental applications
Shubhalaxmi Choudhury, Ugrabadi Sahoo, Samarjit Pattnayak, Sandip Padhiari,
Manamohan Tripathy, and Garudadhwaj Hota*
Department of Chemistry, National Institute of Technology, Rourkela 769008, Odisha, India
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As wastewater contaminants, carcinogenic heavy metals and aromatic organic compounds remain,
posing a serious threat to the ecological equilibrium. The photocatalytic process is a new technique that
can help tackle these pollution problems. The present study demonstrates the fabrication the synthesis
NrGO/g-C3N4/α-Fe2O3 (NGCF) nanocomposite for Cr(VI) photoreduction and 2,4-Dinitrophenol
photodegradation. Apart from that, the photocatalytic hydrogen evolution activity of the produced
nanocomposites was examined under visible light irradiation. The physicochemical activity (XRD,
Raman, UV-Vis DRS, PL, FESEM, HRTEM, and FTIR) of the synthesized NGCF was assessed, demonstrating
the formation of ternary heterojunction nanocomposites. Among all the nanocomposites NrGO/gC3N4/-Fe2O3-10 nanocomposite shows the best photocatalytic activity. As a result, the fabricated NGCF
nanocomposite could be a useful photocatalyst for eliminating both organic and inorganic contaminants
from water. Raman and XPS measurements validated the nitrogen doping in reduced graphene oxide.
The trapping experiment was repeated in order to determine the primary reactive species involved in
the photocatalytic reaction as well as the reaction's plausible mechanism. The detailed study of the
characterization and photocatalytic application of these synthesized photocatalyst will be present in the
conference.
Keywords: NrGO/g-C3N4/α-Fe2O3, photocatalyst, Cr(VI) reduction, 2,4- DNP degradation, H2 evolution.
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Synthesis, Structural and Optical Properties of Lead-Free 0D Halide
Perovskites
Suman Saptaparna Das and Dr. Saroj Lochan Samal*
Deparment of Chemistry, NIT Rourkela, Odisha, 769008, India
*samalsaroj@nitrkl.ac.in

In the current era, search for materials with high power conversion efficiency to convert solar to
electrical energy is of utmost importance to address the ever-increasing energy demand. In this context,
metal halide perovskites are an active area of research because of the excellent optoelectronic
properties of these compounds. Cheaper components, easy to fabricate the device and high-power
conversion efficiency of lead-based halide perovskites make these compounds very promising as
efficient solar absorber. However, the toxicity of lead in these materials inhibit these for large scale
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applications. Hence search for lead free halide perovskite with high power conversion efficiency has
attracted attention of various scientist across the world. Among the lead-free halide perovskites,
antimony and bismuth-based halide perovskites are one of the classes of compounds that show
promising photovoltaic properties and hence can be explored for solar cell applications. Further, by
lowering the dimensionality of these halide perovskites, the stability and efficiency of perovskite solar
cell has been increased. To explore 0D lead free halide perovskites, we have synthesized several new
hybrid 0D halide perovskite by using sulphur based organic cation. The structure of 0D halide perovskite
is confirmed by the single crystal study. [(CH3)3S]2BiBr5 DMSO crystallize in triclinic P1̅ space group and
contains isolated BiBr5(DMSO) unit as building blocks. The compounds are characterized by using
different spectroscopic technique
P-78

Synthesis and characterisation of Al-base in-situ metal matrix nano
composites by stir casting.
Banshidhara Mallik1*
NIAMT, Ranchi
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Nanocomposites can be considered solid structures with nanometer scale dimensional repeat distances
between the different phases that constitute the structure.Metal nanomaterials have received
considerable attention recently due to the nature and behaviour of the nano materials which is different
from that of the bulk material.[Ajayan 2003].Metal nanocomposites find wide application in various
fields due to their different properties.Metal matrix nanocomposites are a new category of materials in
which the reinforcements in the range nanometer size are being used.Aluminium metal composites are
fabricated using traditional ex-situ approach in which externally prepared reinforcements added into
the matrix material often accompany porosity,larger grain size,clustering of particles,poor
bonding,improper wetting and undesirable interfacial product.To overcome these drawbacks a method
has been developed in which reinforcements are established in the matrix by one or more chemical
reactions which is termed as in-situ method. [Maleki,2015]
In the present paper,pure aluminium and Al 20 vol%(Al2O3+Fe-aluminide) in-situ nano composites were
synthesized using stircasting and their mechanical,tribological properties were evaluated using different
instruments.

Fig.1. Stir Casting

112

Frontiers in Materials for Technology Applications

CSIR-Institute of Minerals and Materials Technology, Bhubaneswar

FIMTA 2022

Refernces:
1. Ajayan P.M.,L.S Schadlar,P.V. Braun,Nanocomposite Science and Technology,WILEY-VCH,(2003)
2. Maleki A.,Niroumand B.,Meratian M.,Effect of processing temperature on in-situ reinforcement
formation in Al(Zn)/Al2O3(ZnO)nanocomposite,Mettalurgical and Meterials Engg.21(2015)283291.
P-79

Photocatalytic effect of doped nanostructured diamond for dye degradation
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Textile industries produce a large volume of colored dye effluents which are toxic and nonbiodegradable [1]. The removal of colored dye from wastewater coming from different industries is a
current issue of discussion and regulation all over the world. Diamond is known as the hardest material
with excellent properties including high thermal conductivity at ambient temperature. The introduction
of dopants such as boron and nitrogen, which act as either p-type or n-type, respectively [2,3]. The
doped diamond can act as a photocatalyst for the purpose of water treatment.

In this study, one-dimensional doped nanocrystalline diamond nanowires (DNDNWs) were synthesized
using microwave plasma enhanced chemical vapor deposition system. These DNDNWs contain sp2graphitic phases at the grain boundaries encasing each diamond nanowire, affecting the electrically
conducting behavior of DNDNWs. Photocatalytic activities of these conducting DNDNWs were
investigated by degradation of methylene blue with different concentrations as models for the organic
pollutants. The concentration of the methylene blue degraded was analyzed using UV-vis
spectrophotometer. As a result, DNDNWs showed better photocatalytic activities with 15 ppm of
methylene blue degraded by 86% over the period of 120 minutes, and the photocatalysis mechanism is
discussed. The excellent photocatalytic properties of these DNDNWs pave way for the fabrication of
future photocatalytic devices.
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Electrodeposition of Poly-Pyrrole onto Mild Steel using Potassium
Hydrogen Phthalate as an electrolyte and its corrosion resistant behavior
Sanjay Singh and Amar Prasad Yadav
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Conducting polymers have demonstrated as promising coating material for the prevention of corrosion
of active metals. Because of its ease of synthesis, eco-friendly, good stability, and satisfactory
biocompatible behavior, polypyrrole has one of the most alluring possibilities for corrosion protection
within the class of conducting polymer materials. Polypyrrole can be obtained by electro-polymerization
of pyrrole in acidic medium on the mild steel. However, the electrolyte that is used for electrodeposition has a significant impact on the formation and stability of polymer coating on active metal
surfaces. The structure and characteristics of polypyrrole are found to be influenced by electropolymerization parameters such as solvent, electrodeposition rate or current, pH, temperature, and
pyrrole concentration. This work successfully electrodeposited a very adherent polypyrrole coating onto
mild steel using potassium hydrogen phthalate as the electrolyte. The effect of pyrrole concentration
and electrolyte concentration was studied using anodic polarization. The formed polypyrrole at
optimized concentration was characterized by using different techniques such as SEM, EDX, XRD and
UV-Vis Techniques. Effect of potential on polymerization of pyrrole was also studied. By using the
potentiodynamic polarization technique and electrochemical impedance spectroscopy (EIS), the
corrosion protection effectiveness of the coating was examined in mixed solvent media in which a
corrosion efficiency of above 95% was obtained.
References:
1. Su, W. and Iroh, J.O.(2000) Synth. Met.,114: 225– 234.
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In the present scenario, growing population and fast industrialization has led to increase various
environmental related issues in the world. Organic dyes in food, textile, leather industries and
hazardous, toxic gas released from different industries are some of the major environmental
contaminants [1,2]. Recently, metal oxide semiconductor based nanomaterials have attracted a great
attention due to their versatile properties. Herein we report the synthesis, LPG gas sensing, and
photocatalytic activity of TiO2 thin films prepared by RF sputtering technique. X-ray diffraction, Raman
spectroscopy, field emission scanning electron microscopy, UV-visible spectroscopy, Fourier
transformed infrared spectroscopy were used to characterize the structural, optical properties, and
elemental composition of TiO2 thin films. The structural studies reveal that the TiO2 thin films grown

114

Frontiers in Materials for Technology Applications

CSIR-Institute of Minerals and Materials Technology, Bhubaneswar

FIMTA 2022

using low concentration of O2 possess anatase phase and the films grown using high O2 concentration
possess rutile phase. The crystallite size of the TiO2 thin films ranged from 7.7 nm to 8.9 nm. FESEM
analysis confirmed the presence of quasi-spherical nanoparticles. From UV–vis spectroscopy, the
bandgap energy was determined as 3.48 eV–3.25 eV. LPG sensitivity of rutile TiO2 thin films can reach
up to 7.3% for the concentration of 100 ppm at an operating temperature 250C̊. The response and
recovery time of the thin films are 8.1 s and 70 s, respectively. Photocatalytic activity results of anatase
TiO2 thin films demonstrated methylene dye degradation (∼95%) in 290 min under UV light irradiation.
Based on the overall analysis, the tailoring of structurally dependent-TiO2 thin films can significantly
improve the gas sensing and photocatalytic properties of TiO2 thin films and thus can be potential for
practical applications in future nanotechnology.
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Design and development of novel materials with superb combination of electrical and mechanical
properties have drawn considerable interest in materials community in past decades for potential
applications in automobile, aerospace, defence, nuclear and space sectors. Historically, Cu is utilized as
a material of choice in electrical conductors since it offers excellent electrical conductivity, ductility,
malleability, thermal conductivity and corrosion resistance. Literature reports show that Cu alloys are
also highly attractive alternative for optimized combination of electrical and mechanical properties
since the latter can be tailored by addition of alloying elements [1-3]. In this study, we have optimized
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the process parameters to obtain Cu-Cr and Cu-Cr2AlC metal matrix composites (MMC) by mechanical
alloying, followed by conventional sintering in vacuum and hydrogen atmosphere without application
of external pressure. In order to improve the sintered density, the samples were subjected to repressing,
which was followed by re-sintering in controlled atmosphere. Through this study, we report an
optimized processing window for obtaining >97% dense Cu-Cr and Cu-Cr2AlC MMCs by powder
metallurgy route. The as-sintered composites were characterized for microstructure, mechanical and
electrical properties.

Figure. 1 The density of as-pressed (green), sintered, re-pressed and re-sintered Cu-Cr and
Cu-Cr2AlC samples, which clearly depicts the effect of alloying addition on densification.
Keywords: Cu-Cr; Cu-Cr2AlC; conventional sintering; density; microstructure; properties
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The influence of presence of azo dye methyl red (MR) on micellization behavior of cationic surfactant
dodecyltrimethyl ammonium bromide (DTAB) has been investigated by conductivity measurements
through series of mixed methanol system (0.1, 0.2, 0.3 and 0.4 volume fractions of methanol) at three
different temperatures (298.15 -318.15 K) The suppressed critical micelle concentration have been
determined due to the architectural flexibility of methyl red in the system. Different thermodynamic
properties both in the absence and presence of methyl red have been studied through variable
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0
parameters. Such parameters are standard Gibbs free energy of micellization (𝛥𝐺𝑚
), the standard
0
0
enthalpy of micellization (𝛥𝐻𝑚 ), the standard entropy of micellization (𝛥𝑆𝑚 ), and the standard free
0
energy of transfer (𝛥𝐺𝑡𝑟𝑎𝑛𝑠
). The determined parameters have shown the significant effect due to
formation of molecular complex in mixed system.
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Unwavering progress in ultra-low-power electronics and wireless sensor networks (WSNs) has driven
the idea of exploring the possibilities of harnessing ambient energy from within the vicinity of the
sensor device and converting it into usable electrical energy [1, 2]. Due to their relatively simple
structure, miniaturization viability, and high energy density, ferroelectric and piezoelectric materials
have unequivocally been at the research forefront.

In this abstract, we report our findings on ZnTa2O6 (ZTO) system, which was predicted to be a novel leadfree and high-temperature piezoelectric candidate. We have carried out a holistic investigation into its
structural, morphological, thermal, vibrational, and surface charge properties. Single-phase
polycrystalline samples having orthorhombic P b c n symmetry with tri-α-PbO2 structure was formed,
possessing a mean crystallite size of ~40 nm. Closely packed ellipsoidal and polygonal grains were
observed, and uniform crystal growth was achieved in the microscopy measurements. ZTO was highly
Raman active, which evinced high gerade symmetry of singly-degenerate phonons and complemented
with the presence of far-IR modes. The crystallization of ZTO was observed at ~691 °C with a melting
enthalpy, ΔHm = ~301.7 J/g. DLS measurements revealed a highly positive surface charge with
electrophoretic mobility of 2.91 μm.cm/Vs, and a conductivity of 0.104 mS/cm for ZTO [1]. Ferroelectric
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studies were also performed, divulging a remnant polarization of 0.52 μC/cm2, and a coercive field of
7.68 kV/cm at 20 kV applied voltage. Force-driven dielectric measurements exhibited a saturation
capacitance of 4.9 pF at 0.45 N. Piezoelectric studies showed a peak voltage of ~1.92 V using repetitive
finger tapping. The synergy of all these properties of ZTO makes it a potential piezoelectric material with
high-temperature stability evoking applications in energy harvesting, electronics, and
microelectromechanical (MEMs) systems [3].
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Perylenediimides are one of the important class of rylene diimides and possess various characteristics
like high charge carrier mobility, reversible electrochemical reduction potentials and tendency of
forming self-assembled structures.1 Various substitution reactions at the imide and core positions for
perylenediimides have been reported for the tuning of their optical and charge transport properties for
their use in organic solar cell application.2 Considering the facile processability of these, herein we
report perylenediimide (PDI) derivatives PDI-EDA and PDI-PPD with symmetric aliphatic and aromatic
substituent at imide position for application as electron transport layer in organic solar cell. The
products show strong absorption in the region from 300-500 nm. Further absorption and
photoluminiscence spectroscopy was performed to study the J or H type aggregation behaviour of the
molecules. Effective tuning of HOMO-LUMO energy levels was achieved by derivatization and also the
aliphatic substituent based molecule formed J-type aggregate while, aromatic substituent based
molecule guided H-type aggregation. As a consequence high electron mobility is obtained in PDI-PPD in
a range of 10-3 cm2 V-1 s-1 due to H-type aggregation providing easy pathway for electrons transport.
Since, both the molecules were showing appreciable electron mobility so further these were tested as
electron transport layer (ETL) in organic solar cell and it was found that PDI-EDA showing J-type
aggregation showed better performance as ETL. Overall, this work provides an overview of how the
presence of aliphatic and aromatic end group can change the aggregation type in PDI derivatives
affecting their optical as well as electron transport properties which impact their performance as ETL in
organic photovoltaics.
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Mixed surfactants are the surfactant with mixing more than two surfactants each other. shows the
distinctive properties, like higher surface activities, lower critical micelle concentration (CMC) and lower
critical aggregation concentration (CAC). which are critical for industrial applications. In this study,
interaction of mixed surfactant sodium dodecyl sulphate (SDS) and cetylpyriridinium chloride (CPC) with
methyl orange dye was studied in a mixed solvent media of methanol-water The interaction of mixed
surfactants with methyl orange in the mixed solvent was studied by measuring ionic conductivities of
the solutions at varying concentrations and temperatures. The specific conductivity of the mixed system
increased sharply with increase in concentration at a particular temperature. Increase in conductance
with increase in temperature of the mixed surfactant with methyl orange solution followed the order
298K< 308K< 318K. The specific conductivity decreased with increase in percentage of methanol in
mixed solvent media. The critical micelle concentration (CMC). increased with increase in temperature
of the mixed surfactants due to increased mobility of the ions.
Keywords: sodium dodecyl sulphate (SDS), cetylpyriridinium chloride (CPC), methyl orange ionization,
specific conductivities, critical micelle concentration (CMC), mixed surfactants
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MWCNTs are very unique one-dimensional materials with intriguing physical, chemical, and mechanical
properties. They have very high charge carrier mobilities, a large aspect ratio, super hydrophilic
properties, high thermal conduction, high strength, etc[1]. MWCNTs are a great choice of nanoscale
additives and can improve mechanical properties as well as electrical and thermal conductivity in the
products you add them [2]. In this work, we successfully fabricated Cu2Se/CNTs nanocomposite with
purity and homogeneity with CNTs dispersed along the nano-grained Cu2Se boundaries and studied the
thermoelectric performance

We report the thermoelectric properties of different weight percentages of carbon nanotubes (CNT)
dispersed (0.5, 1,1.5, and 2 % Wt.) in the Cu2Se matrix. The sample with a 1% CNT distribution in the
Cu2Se matrix significantly enhanced the electrical conductivity and retained the Seebeck coefficient
thereby improving the power factor compared to bare Cu2Se at 450ºC. In this system CNT's act as a lowenergy filter at a potential barrier and good passage for high-energy electrons which may cause
enhanced electrical conductivity. An optimum quantity of CNT addition to Cu2Se enhanced the power
factor at 450ºC for 1% CNT dispersed Cu2Se matrix, respectively, which is 110% higher in comparison to
Cu2Se bare. Finally, CNT's dispersed Cu2Se nanocomposite exhibited a good thermoelectric power factor
of 1100μ W/mK2 at 450ºC at 1% composition when compared to 500 μ W/mK2 of the bare sample.
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Zinc is the fourth highest consumed metal on the planet [1]. Although a major percentage of the metal
is consumed for making Galvanised steel, the metal finds a lot of applications in the area of biomedical
science [2] and electronic devices [3]. Extraction of minerals and metals from the Earth’s crust involves
the transportation of tonnes of ore from mines to beneficiation plants and further to processing plants.
Slurry transportation has emerged as a preferred mode because of the lesser cost of transportation as
compared to roadways and no environmental pollution as compared to both railroad and roadways.
After purification and refining of Zinc Sulphide ore, a huge quantity of solid residue is obtained, known
as Jarosite [4]. This needs to be safely disposed of. This paper discusses some aspects of the disposal of
this residue through slurry transportation.

Figure 1 represents the variation of Specific Energy Consumption (SEC) i.e. energy consumed (in kWhr)
to pump 1 ton of slurry through a distance of 1 km, at different solids concentrations. SEC increases
with solid loading regardless of flow velocity in the pipeline.
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A non-labeled electrochemical (ECL) immunosensor is proposed for the detection of thyroxine
hormone. It was developed by cross-linking anti-T4 antibody on the CdS quantum dots (CdS QDs) which
was encapsulated within metal organic framework material (MOF-5) to form the anti-T4/CdS@MOF-5
composite to modify screen printed carbon electrode (anti-T4/CdS@MOF-5/SPCE). The electrochemical
characterization and thyroxine sensing was done by cyclic voltammetry (CV) and differential pulse
voltammetry (DPV) techniques. The immunosensor possessed a dynamic linear range (10–104 pM) with
a detection limit (LOD) of 6.91 pg/mL. The sensitivity of the anti-T4/CdS@MOF-5/SPCE immunosensor
was 28.31 pg/mL. with an excellent analytical recovery (≥ 90%) in the bovine serum samples. The
integration of CdS quantum dots onto MOF may be responsible for the enhancement of the transducer
activity of the electrode by promoting the electron transport. The proposed immunosensor exhibits
good selectivity, sensitivity, repeatability, and stability, therefore, may be considered as a promising
platform for the rapid and direct analysis of thyroxine in serum samples.
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Band gap and electronic states’ engineering of ZnO thin films have been the focus of recent research
considering their potentials usage as transparent conducting electrodes in photovoltaics [1]. In the
present work, ZnO nanocrystals were synthesized by the conventional sol–gel method [2] and their thin
films were prepared on the glass substrates by spin coating. ZnO nanocrystals are preferably oriented
along the (002) plane, which has the highest defect density. Higher defect densities are expected to
contribute to higher conductivity [3]. Influence of annealing processes at various atmospheres and
temperatures on the structural, electrical and optical properties of ZnO thin-films were investigated by
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performing a series of characterizations. Films which were dried at 450°C in and then post heated at
550°C for 60 mins in a mixture of H2 and N2 gas atmospheres showed the highest conductivity (resistivity
of 3.1 × 101 Ω cm for 600 nm film). These films also have excellent transparency in the visible region
(~96% at 563 nm) and excellent absorption in the UV region. To best of our knowledge these films have
the highest conductivity and transparency among ZnO systems synthesized by sol–gel process and
fabricated by spin coating. Also, thin films fabricated with ZnO nanocrystals synthesized in the present
case (with preferential (002) orientation) have shown better conductivity and transparency compared
to those having preferred (101) orientation [4].

Figure 1. Transparency of ZnO nanocrystals synthesized by
non-aqueous sol-gel method.
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MXene are 2D transition metal of nitrides, carbides, and carbonitrides, with a general formula of
Mn+1XnTx (n=1 to 4), where M, X, and T represent early d-block transition metals, N and/ or C atoms,
and the surface terminating groups (O, OH, Cl, and/or F), respectively. The early transition metals group
3-6 form stable MXene than other transition metals. Herein, the synthesis of the atomically dispersed
o decorated Mo2C MXene has been synthesized. The cobalt atoms build strong interactions with
Mo2CTx by forming metal-oxygen/carbon bonds, forming the CoMo2CTx ensemble. Theoretical
calculation manifests that the isolated Co atoms coordinated with Mo2CTx can effectively facilitate
catalytic conversion. The photocatalytic activity of these synthesized MXene based catalyst for solar
hydrogen generation have been investigated. Upon decoration with Co, the hydrogen generation
increases. The detailed results on the optimization of photocatalytic hydrogen generation, the structural
characterization using XRD, SEM and Raman will be presented detail.
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