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Message from Shri. Indresh Kumar: 

JAI BHARAT – JAI JAGAT 

I am extremely delighted to join the Inaugural function of 

the International Conference on Electron Microscopy, EMSI-

2023, during 08-10 February 2023. As we all know, electron 

microscopy has revolutionized the various fields such as 

medical science, metallurgy, material science etc. It is quite 

amazing that the modern high end electron microscopes 

have given the scientist to achieve huge magnifying 

capabilities. Today’s machine can see objects smaller then atomic dimensions. These 

microscopes have great impact on making new alloys and material for our nuclear 

programs, it helps life and medical scientist to make new drugs and compounds. These 

machines find application in the area of forensic science, archeology and most of the areas 

of physics, chemistry and life sciences. Many inventions would not have been possible 

without these microscopes. We all witnessed Covid-19 pandemic and how quickly 

scientists synthesized new drugs and vaccines to counter this pandemic. Such state of the 

art discoveries are possible because of these powerful machines. 

While Working with High end machines, we should keep in focus that these should not be 

used for the destruction of mankind as we are witnessing in Ukraine war that these 

advance machines are destroying human beings we should also keep in focus that 

machines should not replace human beings.  I am not an expert of this field but I can see 

the magnificent contribution of these high end equipment. I am told over 400 scientists 

and researchers from all over the world will be deliberating on the latest developments in 

this field. The students should talk freely with the experts to learn more from their 

knowledge. 

It is my privilege to inaugurate the Conference and wish you all, highly productive 

experience. This event will definitely provide a platform with many enriched new ideas and 

would lead to new scientific collaborations. I am sure you will find some time to around 

Delhi for site seeing since Delhi is grate historical city. 

I wish you all great time during the EMSI-2023 event in Delhi.  





fcccft FctQ_ctfcta1c1a 
Wntbersttp of 1JDelbt 

Wo i!h;it9r flilr Prof. Yogesh Singh 
Vice-Chancellor No.DU/VC/2023/192 

31 January 2023 

Vice-Chancellor's Message 

It gives me immense pleasure to learn that an International Conference on 
Electron Microscopy and XLI Annual Meeting of Electron Microscope Society of 
India (EMSI-2023) is being jointly organized by the University of Delhi and EMSI 
as part of the Centenary Celebrations of the University. Electron Microscope has 
enhanced human vision manifold thus enabling to see the microscopic world, 
which otherwise remain invisible to the naked eye. I am aware of some of the 
marvels these powerful machines offer to scientists, engineers and research 
students across the fields of material science, life sciences, metallurgy and host 
of many such fields. Many scientific discoveries, notably in drug developments 
and Nanotechnology would not have seen the light of the day in the absence of 
these microscopes. This International Conference will give an opportunity to 
deliberate upon the use of electron microscopy in new areas. 

I am given to understand that some 400+ delegates are gathering to deliberate 
on some complex issues pertaining to the field of microscopy. This will also give 
a unique opportunity to researchers to discuss with the leading scientists of this 
front-line areas. I am happy to know that an exhibition of high-end microscopes 
and their accessories shall be displayed by the leading manufacturers. 

I extend a warm welcome to the experts and delegates on our campus and wish 
them a very fruitful and exciting stay here. 

Yogesh s·ngh 

~J ')!lb 
FctnoRtmcta, 3TRt Qflm, - 110007, 3IRo 

University of Delhi, North Campus, Delhi-1 10007, India 
~13JI61 Tel. : +9 1-1 1-27667190, 276670 11 I W<RI Fax: + 91-l l -27667049 I ~-Mel E-mail: vc@du.ac.in 
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Message from The Head, Department of Physics & Astrophysics, University of Delhi. 

 

It gives me immense pleasure to welcome the delegates to the 
international conference on electron microscopy. There is hardly any 
scientific field which does not make use of these powerful instruments, be it 
the Life Sciences or Material Science. Indeed, to honour the importance of 
these techniques, the 1986 Nobel Prize in Physics as well as the 2017 
Nobel Prize in Chemistry were awarded to electron microscopists.  

 

It is heartening to note that our Department too can boast of a large 
number of excellent faculty members working in various aspects of Material Science. They, 
along with scores of  

doctoral students, make liberal use of our own collection of such experimental tools. To further 
aid their research, we are also procuring very advanced versions of TEM and AFM. I am sure 
our research students stand to gain immensely from the talks and the one on one interactions 
with the learned experts, national and international, who will assemble for this prestigious 
meeting.  

 

Finally I extend a warm welcome to all delegates and urge them visit our research facilities. 

 

I hope you will enjoy your stay. 

 

Prof. Brajesh Choudhary 

 
 
 
 



 

I am privileged to lead organizing the International Conference on 

Electron Microscopy and XLI Annual Meeting of Electron Microscope 

Society of India (EMSI-2023, during 08-10 February 2023. The evolution 

of science and technology starting from the discovery of electron till 

recent understanding of science through analysis of events at sub-

atomic level, allows electron microscopy as an advanced tool for 

innovation of next generation technologies. Capability of imaging objects interesting to 

materials sciences and life sciences, provides unique tool that could be utilized in scientific, 

engineering, and medical applications.     

Electron microscope society of India is established in 1962, have rich tradition of brining 

exemplary works of Indian scientist working in electron microscopy and allied fields to 

international diaspora of researchers. Every year an international conference is organized with 

Annual General Body Meeting (AGBM), where experts of fields interacting with young minds to 

promote the research and dissemination of knowledge. This year the tradition entrusted with 

University of Delhi to organize the EMSI2023 with XLI Annual General Body Meeting of EMSI.  

It is my great pleasure to announce that over 400 academicians, scientists, engineers, students, 

and corporate delegates will be participating in the EMSI-2023. The blend of knowledge with 

interaction could lead to new ideas in scientific research. I am looking forward for hosting 

fruitful academic event with enlightening speakers and vibrant young researchers in the field 

of electron microscopy and allied fields.  

 

 

 Prof. Ajit K. Mahapatro 

Chairman, EMSI-2023 
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Study of Solids Lacking long Range Translational or Rotational 
symmetry by Transmission Electron Microscopy 

G. K. Dey 
Formerly from Materials Group, Bhabha Atomic Research Centre, Trombay, Mumbai 

400085, India 
 

Abstract 
The order in disordered solids like glasses is not understood the way the order in the 
crystalline or quasi-crystalline materials has been comprehended. These solids should not 
be called disordered as these have short range order (SRO) and medium range order (MRO). 
The different aspects of SRO in these solids has been successfully studied by a variety of 
tools. The MRO involves length scales of the order of 1 to 1.5 nm. It has been difficult to 
probe this length scale and hence the difficulty in understanding the complete structure of 
these solids. MRO does not get extended to long range order as the structure has often open 
spaces or voids necessitated by the lower density of these solids as compared to their 
crystalline counterparts. It has also been difficult to study the distribution of open spaces in 
these solids. The lack of long range translational or rotational symmetry makes the study of 
these solids by conventional diffraction techniques and electron microscopy difficult. 
The category of solids having the so called disordered structure is not limited to glasses but 
is a much larger and often makes the bulk of materials around us. The lack of complete 
understanding of the structure of these solids makes the task of developing these from first 
principal calculations or computational materials science very difficult and is presently 
based on empirical techniques. A complete understanding of the structure of these solids 
will not only alleviate this situation but will also aid the understanding of defects in these 
solids and processes like solidification which involves a supercooled liquid or viscous solid. 
There are recently developed transmission electron microscopy techniques which yield 
information about the SRO, MRO and the open space in the structure of these solids. of 
amorphous or structurally disordered solids. The angstrom beam electron diffraction 
(ABED) gives information about the exact structure of the building clusters that too at a 
local level. This information when combined with that obtained from tools like EXAFs and 
other x-ray based techniques, yields more complete understanding about all aspects of the 
structure of these disordered solids at SRO level. If the electron beam during angstrom beam 
diffraction is made a little larger, it yields diffraction information from two adjoining 
clusters extending the SRO information to medium range level. This reveals the exact 
bonding between two adjacent clusters. More detailed information of medium range order 
emerges from fluctuation electron microscopy (FEM). FEM gives information about the 
extent of medium range order and the size of the medium range ordered domains in 
amorphous solids, an information which is not obtainable so well by any other technique, 
The medium range ordered domains in amorphous solids when come together to build the 
amorphous structure, leave out open spaces which are very difficult to study. The filtered 
high resolution electron microscopy technique (FHREM) closes this gap in information. 
This presentation highlights the use of the three aforementioned recently developed electron 
microscopy based techniques for obtaining a much better and more complete understanding 
of the structure of these solids. 
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Role of Microscopy in understanding Compositionally Complex 
High Entropy Alloys 

 
B.S. Murty 

Indian Institute of Technology Hyderabad 
bsm@iith.ac.in 

 

Abstract 
 

HEAs are a new class of multi-component equiatomic (or near equiatomic) alloys, which 

form simple solid solutions due to their high configurational entropy. The formation of 

nanocrystalline HEAs has made them more interesting due to their fundamental and technological 

importance. It is important to note that all multi-component equiatomic alloys do not lead to the 

formation of single phase solid solution or for that matter mixture of solid solutions. In a number 

of cases, these so called HEAs, have shown the formation of intermetallic phases and in some cases 

phase separation of certain elements with high positive enthalpy of mixing with other elements. In 

the present presentation, the author attempts to use transmission electron microscopy and atom probe 

tomography techniques effectively to understand the elemental distribution/segregation behavior 

among the various compositionally complex HEAs. 
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Electron Microscopy in Life Sciences 
Tetsuo Oikawa 

JEOL 
oikawa@jeolasia.com.sg 

 

Abstract 
 

(Appended in the late-submission session)
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Advanced applications and current trends in materials research with 
TEM 

Alex Bright, Thermo Fisher Scientific 
 
Electron microscopy is routinely used around the world to learn about the microstructure 
and nanostructure of materials and so better understand their properties. This talk will 
focus on some recent trends in electron microscopy (mainly TEM) research of different 
materials. Specifications such as resolution can be helpful but often it matters more whether 
your team can achieve an effective and reliable workflow to generate useful answers and 
insight – how best to prepare your samples and analyze your results can be as important as 
the image or map acquisition. 

 
For metals research, linking the observed microstructure with alloy properties is important, 
and statistically meaningful data is needed. Quantitative measurement of steel and Al alloy 
precipitates using a large area automated STEM-EDS data acquisition and precipitate 
measurement workflow is now available, making your TEM a better tool for generating 
valuable data, not just images. This approach is also powerful for understanding nanoparticle 
shape and composition, which helps to optimize preparation and processing methods for 
advanced catalysts. 

 
Many samples are hard to analyze due to beam- or air-sensitivity. These include zeolites, 
metal organic frameworks (MOFs), and battery materials like lithium metal. Recent 
improvements in STEM detector sensitivity, segmented detectors, advanced electron dose 
control solutions, inert gas transfer holders and use of cryo-holders to reduce beam damage 
are helping to expand the use of TEM to a wider range of challenging samples and materials. 

 
Optimizing the sample preparation process can greatly improve your data quality. Ensuring 
your TEM sample is from the right location, in a suitable orientation and with appropriate 
thickness and the field of view for imaging or analysis is a challenge. Use of focused ion 
beam (FIB) for TEM sample preparation is growing. FIB can now be used to conveniently 
create high quality TEM samples from a wide range of materials, suitable for even the most 
demanding HRSTEM applications. A key benefit is precise control of the sample location – 
TEM analysis of a specific grain boundary or defect is practical and multiple parallel-sided 
samples can typically be fabricated each day, even with <50nm sample thickness. A high 
degree of automation is available to improve ease of use and repeatability. 
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Sample-in-Volume Analysis workflow: A new multi-scale materials 
characterization technique 

Shaun Graham1*, Feng Lin Ng1, Vignesh Viswanathan1, Aloysius Daniel2, 
Nagaarjun Sridhar2 

1Carl Zeiss Pte. Ltd., Singapore, ZEISS Group, 80 Bendemeer Road, #10-01, Singapore 
339949 

2Carl Zeiss India (Bangalore) Pvt. Ltd., ZEISS Group, Plot No. 3, Jigani Link Road, 
Bommasandra Industrial Area, Bangalore 560099, India 

*shaun.graham@zeiss.com 
 

Abstract 
The requirement for materials characterization has evolved significantly over the years as 
samples and technologies become more complex. Imaging at a higher resolution and wider 
length scale is needed for fundamental material science research. In view of this, a multi- 
scale imaging and analysis workflow that range from the macro- to sub-nanometer length 
scale has been developed. The new Sample-in-Volume Analysis workflow has four major 
elements, they are Identify, Access, Prepare and Analyze of sample. X-ray Microscopy 
(XRM) powered by synchrotron-calibre objectives with Resolution at a Distance (RaaDTM) 
capability was deployed to Identify region-of-interest (ROI) within large sample volume 
in micrometer length scale. The identified ROI was Access through massive material 
ablation using a femtosecond (fs) laser integrated onto a Focused Ion Beam Scanning 
Electron Microscopy (FIB-SEM). The quasi-athermal ablation by the fs laser means minimal 
damage will be done to the sample. The proposed workflow ensures correlative means 
between the XRM and FIB-SEM stage to co-ordinate targeted access to the region of interest 
within a bulk volume. Once the deeply buried ROI has been accessed, Prepare the site-
specific samples using the Ion-sculptor embedded on the FIB- SEM for high quality sample 
preparation. The low kV and low-resolution sample preparation in the FIB-SEM means 
higher quality sample surface with minimal amorphization damage can be obtained. Some 
of the samples commonly prepared on the Ion-sculptor include Transmission Electron 
Microscopy (TEM) lamella, Atom Probe Tomography (APT) needles, Double Cantilever or 
micro-analysis samples. The prepared samples can be Analyze during the workflow using 
XRM, FIB-SEM or any other instrument that has samples prepared from this workflow e.g., 
TEM or synchrotron. Case studies in battery research, additive manufacturing, nanoparticle 
and catalysts and life science will be used to provide examples on how this workflow is 
enabling scientific advances in the various research fields
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Inpainting Approaches to Dose Control in High Resolution and In-Situ 

STEM 

Nigel D. Browning1,2, Alex W. Robinson1, Daniel Nicholls1, Jack Wells3, William Pearson3, Amirafshar 
Moshtaghpour1,4, Angus Kirkland4,5, B. Layla Mehdi1 

1 School of Engineering, University of Liverpool, Liverpool, L69 3GH, UK 
2 Sivananthan Laboratories, 590 Territorial Drive, Bolingbrook, IL 60440, USA 

3 Distributed Algorithms Centre for Doctoral Training, University of Liverpool, Liverpool, L69 3GH, UK 
4 Rosalind Franklin Institute, Harwell Science and Innovation Campus, Didcot, OX11 0QS, UK 

5 Department of Materials, University of Oxford, Oxford, OX2 6NN, UK 
 

Abstract 
 

For many experiments using aberration corrected scanning transmission electron microscopy (STEM), the 
resolution and precision of the final result is primarily determined by the tolerance of the sample to the applied 
electron beam dose. Recent results at the University of Liverpool (UoL) have shown that the optimal solution 
for dose control in any form of transmission electron microscopy is to form the image from discrete locations 
of a small electron beam separated by as far as possible in space and time [1-3]. The larger than standard jumps 
between pixel acquisition locations in this methodology creates challenges for image interpretation, but by 
using Inpainting (a form of compressive sensing) to retrieve the missing information between pixel locations, 
a full image of the sample can be retrieved. Here, we will discuss the methodology behind of sub-sampling 
and Inpainting, with particular reference to the speed and efficiency of the reconstruction method and the 
potential for future real-time imaging [4]. 

 

Figure 1: (a) 512 x 512 fully sampled Z-contrast image of Ceria. (b) 6.25% sub-sampled line-hop image 
acquired with the same beam conditions at the same location and (c) reconstruction of the 6.25% sub-sampled 
image. 

 
References 
[1] L. Kovarik, A. Stevens, A. Liyu and N. D. Browning, Applied Physics Letters 109, 164102 (2016) 

[2] A. Stevens, H. Yang, L. Luzzi, L. Kovarik, B. L. Mehdi, A. Liyu, M. E. Gehm and N. D. 
Browning, Applied Physics Letters112, 043104 (2018) 

[3] D. Nicholls, J. Lee, H. Amari, A.J. Stevens, B.L. Mehdi, N.D. Browning, Nanoscale 12, 21248-21254 
(2020) 

[4] This work was primarily supported by EPSRC and the University of Liverpool Albert Crewe 
Centre for Electron Microscopy. 
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Charge Transport in Organic Semiconductors: Combined Atomic Force 
and Electron Microscopic Studies 

 
Subhasis Ghosh 

School of Physical Sciences 
Jawaharlal  Nehru University, New Delhi 

 
 
 
 
 

Abstract 
The semiconducting properties of organic π-conjugated molecular materials have been 

exploited for organic light emitting diode, organic field effect  transistor  and organic solar 

cell.  The performance of all these devices critically depends on the efficiency of charge carrier 

transport in organic thin films.   Generally it is believed  that energetic disorder,  both static 

and dynamic,  arising due to random distribution  of position and orientation of molecules 

decides the charge carrier mobility and thereby,  controls the current between electrodes  in 

two terminal and three terminal devices.    But this is an oversimplified scenario  and fails to 

answer several fundamental questions, such as why the carrier motilities are different in 

different organic semiconductors with  similar amount of disorder. There is an  alternate 

molecular level approach  based on  the two most important parameters accountable for the 

determination of charge carrier mobility,  transfer integral that quantifies the  intermolecular 

electronic coupling that needs to be maximized and reorganization energy that should be small 

for an efficient charge transport.  In view of these apparently  opposite scenarios, it is highly 

desirable to  unravel the  charge carrier transport mechanisms and  their unification in  two 

terminal and three terminal devices.  A systematic investigation of hole transport in two and 

three terminal devices based on  CuPc  and Pentacene  have been carried out. The microscopic 

transport parameters have been obtained for CuPc and pentacene thin films from the  

simulation of electrical transport and compared  with values  directly obtained  by  atomic 

force microscopy, transmission electron microscopy  and X-ray diffraction.  It has been shown 

that the experimental data on charge carrier conduction can be interpreted by a model that 

takes into account the dependence of carrier mobility on transfer integral  and reorganization 

energy. Furthermore, we show that  both band-like and hopping conduction in polycrystalline 

organic thin films by varying the concentration of injected carriers.  
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Aging of the human retina: Photoreceptor loss parallels Müller cell 

vulnerability 

Tapas C Nag 

 
Department of Anatomy, All India Institute of Medical Sciences, New Delhi, India 

tapas_nag@aiims.edu 

Müller cells (MC) are the predominant glial cell type in the retina. They span almost the 
entire thickness of the retina and are intimately associated with the retinal neurons and 
capillaries. They support the various functions of the retinal neurons, and maintain 
homeostasis. It is known that oxidative stress (OS) is intensified with aging. Information on 
how MC respond to OS with agingis important to understand the fate of aging retinal cells. 
This study examined aging changes in MC from 16 donor retina (age: 35-98 years) by 
electron microscopy and immunohistochemistry. Observations showed structural alterations 
in MC with aging, due to enhanced OS (lipid peroxidation). With aging, there were also 
signs of increased nitrative stress in the photoreceptor cells that they invest. Thus, increased 
OS in MC and their surroundings with aging might impair the proper functioning of both 
cellular compartments. With aging, mild gliosis was evident in MC processes (Fig. A). 
There were edematous changes in the surroundings and MC cytoplasm, suggesting that 
gliosis accompanied edema in aged retina. MC responded to OS via increased synthesis of 
smooth endoplasmic reticulum (Fig. B). They could phagocytose degenerated axons and 
dendrites; however, the accumulation of lipids and lipofuscin implicated their reduced 
phagocytic potential with age. Presence of autophagosomes with debris (Fig. C) suggested 
the defective clearance of damaged organelles ultimately led to MC vulnerability. With 
aging, both neurons and glia are in a compromised state, which is a major problem for 
maintaining retinal cell loss in aging. 

 

Fig. MC changes with aging. A: Gliotic MC processes (arrowheads) invest one 
photoreceptor axon (circled). B: Accumulation of SER (arrows) in MC cytoplasm. C: MC 
processes containing lipids (arrows) and autophagosome (arrowhead). Donor ages are 
indicated. 
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Magnetic topological critical materials 
 

Jiunn-Yuan Lin 
 

Institute of Physics, National Yang Ming Chiao Tung University, Hsinchu 

30010,Taiwan 

 
ago@nycu.edu.tw 

 
 
 

Abstract 
 

Topological materials exhibiting symmetry-protected surface states with bulk band 

crossings such as Dirac or Weyl semimetals have various potential novel applications. In 

this paper, we study the interplay of band topology and magnetism in topological materials, 

as well as their phase transitions induced by chemical substitution, applied strain, and 

ultrafast lasers. Our optical pump-probe (OP-OP) measurements also reveal contrast 

ultrafast dynamics between SrCd2As2 and SrCd2Sb2. The results imply that SrCd2As2 and 

SrCd2Sb2 have distinct electronic structures near the band edge. We will carry out OP-OP 

measurements for the whole doping range (x=0.1 to 2.0) in SrCd2Sb2- xAsx to elucidate 

theevolving electronic band structure and observe the desired transition in ultrafast 

spectroscopy around x = 1.0. Also, we plan to perform THz probe for SrCd2Sb2- xAsx 

(x=0.0 to 2.0). We also observe non-zero circular dichroism of THz emissionfrom 

EuCd2Sb2 at room temperature. We also plan to systematically investigate the ultrafast 

dynamics of possible Dirac or Weyl fermions in EuCd2Pn2. The progress in developing a 

versatile femtosecond time-resolved spectroscopy under extreme pressure, magnetic field, 

and temperature will be discussed as well. 

 
 
 

Keywords: Topological materials; Ultrafast spectroscopy; magnetic order 
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Piezoelectric Flexible Nanogenerators for Energy Harvesting 
 

Manoj Kumar Gupta 
 

CSIR-Advanced Materials and Processes Research Institute, Bhopal, M.P -462026, India 

Academy of Scientific and Innovative Research (AcSIR), Ghaziabad- 201002, India 

*Corresponding author Fax: +91 755-2457042; +919977360351 (mobile). 

mkgupta@ampri.res.in, manojampri@gmail.com (Manoj Kumar Gupta) 

Abstract 
 
In recent years, energy-harvesting technologies that can scavenge various kinds of mechanical 

energy from the living environment have attracted increasing attention. Piezoelectric 

nanostructures, which can generate electrical signal when mechanically deformed, are the most 

promising candidates for energy harvesting. Piezoelectric nanogenerators (NGs) have been 

regarded as an important new type of energy-harvesting technology that converts mechanical 

energy into electrical energy and have attracted great attention for realizing self-powered 

electronics. Recently, ZnO nanowires/nanosheet based piezoelectric nanogenerators, hybrid 

composite based lead free zinc stannate (ZnSnO3) and have successfully demonstrated for 

harvesting mechanical energy. In addition, 2D MoS2 nanosheets based flexible nanogenerator is 

also fabricated with high energy conversion efficiency. Further, pyroelectric CNT-graphene PVDF 

hybrid nanogenerator for harvesting mechanical and thermal energy are also discussed. In the talk, 

a details method about synthesis and fabrication of the semiconducting piezoelectric materials 

based device are presented which have many application in energy, piezophotonics, and 

piezophototronics application. 

 
Keywords: Piezoelectric Nanogenerators; Dielectric; TEM; PFM 

 
 
  



 12 

Electron microscopic observations on twinning in the Cantor alloy with 
addition of minor elements 

Krishanu Biswas 
Department of Materials Science and Engineering 

IIT Kanpur, Kanpur -208016 
kbiswas@iitk.ac.in 

 
Abstract 

Achieving high strength with sufficient ductility and fracture toughness over a wide temperature 
range has been the holy trinity for researchers involved in the structural metallic materials. Alloy 
design is central to address this issue as it enables us to invoke different strengthening mechanisms 
and microstructural engineering approaches to achieve this goal.  In the last decade, a new class of 
metallic materials, popularly known as high entropy alloys (HEAs) or multi-component multi-
principal element alloys (MPEAs) have attracted significant attention due to their vast compositional 
space in contrast to conventional alloys and remarkable properties; including excellent elevated-
temperature strength, exceptional fracture toughness at cryogenic temperatures, good thermal 
stability, as well as resistance to wear, corrosion and oxidation, indicating potentially structural and 
functional applications. 
This can be achieved by extensive solid solution strengthening associated with plastic deformation 
via twinning. It has been found the addition of some elements, like Al,Si, Ge to the classical Cantor 
alloy (equiatomic CoCrFeMnNi MPEA) can lead to drastic change in the energy landscape, causing 
extensive twinning for specific concentration of these alloying elements (1-3 at.%Al, 1-2 atom% Si 
and 1-3 at% Ge). In this talk, we shall discuss evolution of deformed microstructure using TEM and 
SEM-EBSD investigation. The unique features of twins in these room temperature deformed samples 
(as opposed to the Cantor alloy which shows twinning at LN2 temperature) including multiple set of 
twinning, interaction of twins with dislocations will be deliberated. In addition, the DFT calculations 
are utilized, indicating that local and global lattice distortion contributes to an increase in the strength 
by strong pinning of dislocations by aluminum atom leading to high strength. The energy landscape 
due to addition of these elements, causing the change in deformation mode will be discussed.   

Keywords:  High Entropy Alloys, Twins, TEM, DFT 
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Device Fabrication using Focused ion beam microscopy 
 

Sudhir Husale 

 
Quantum Nanophotonics Metrology, CSIR National Physical Laboratory, New Delhi 12 

husalesc@nplindia.org 

Abstract 
 

The milling/ pattern writing along with in-situ metal deposition is the mostpowerful and 

versatile capability of the focused ion beam microscope which allows user to modify the 

material surface, create cross sections, carve materials into any shape and transform it into 

a device form. Here we convert nanoflakes, thinfilms of 2D or superconducting materials 

into nanowires, nanoribbons or meanders lines and show very efficient, highly local and 

controlled deposition of metal nanostrips as electrodes on the fabricated or deposited 

nanostructures. Our work on topological insulators (TIs) has demonstrated significant 

progress on the synthesis and fabrication of nanodevices investigating robustness of the 

material by clearly showing the robust nature of 2D transport, quantum oscillations and 

broadband phtotoresponse indicating signatures of good quality devices. Further we show 

the engineered approach of fabricating superconducting one dimensional nanowires of 

tungsten and TIs, demonstrate the robust superconductivity through these devices with large 

upper critical magnetic fields with an inverse dependence of IcRN product and has proposed 

the scalable device fabrication approach. Overall the FIB fabricated nanodevices are 

important to understand transport properties and will be useful as building blocks to realize 

Josephson Junctions chips, quantum current and quantum hall chips etc in near future. RD 

on nanodevices is important because in the near future new technologies will be purely 

based on quantum origin where nanofabrication / research on physics of nanodevices will 

be playing a key role. 

 
Keywords: FIB; topological insulatos; superconductivity; nanodevice,fabrication 
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Rare Earth Ions Doped Phosphor-Polymer Nanocomposite for SolidState 
Lighting 

Jitendra Sharma 

School of Physics, Shri Mata Vaishno Devi University, Katra, UT of J&K, India 

jitendra.sharma@gmail.com 

Abstract 
 
Fluorescent nanoparticles when dispersed in suitable soft matrix (like polymers) could potentially 

give rise to luminescent phosphor-polymer nanocomposites (LPNCs) with excellent optical 

property attributes. For the purpose, inorganic phosphors of certain oxides and nitrides, when 

doped with minute quantity of activator ions (e.g., rare-earths) could easily be obtained via 

combustion (under suitable conditions). LPNCs so obtain are useful as luminescent materials that 

find wide scale applicability. Synthesis and characterization of such LPNCs will be discussed in 

this presentation. Analysis of results from experimental measurements on so obtained thin films 

for structural (XRD, FTIR and TEM), optical (Photoluminescence, UV-Vis) and thermal (DSC) 

property will be presented. 

 
Keywords: Photoluminescence, XRD, Polymer, Nanocomposite. 
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Application of Machine Learning Techniques to FESEM image data analysis 
and Micrographs 

1Satanand Mishra*, 2Shivani Pandey, 3Tanmay Sardar and 4Madhuram Mishra 
1Principal Scientist, 2Research Scholar, 3-4Project Associate 
Academy of Scientific and Innovative Research (AcSIR) and 
CSIR-Advanced Materials and Processes Research Institute, 

Bhopal- 462026 Madhya Pradesh, India 

*snmishra07@gmail.com 
 

Abstract 

A field emission scanning electron microscope (FESEM) is a complex scanning electron 
microscope with ultra-high-resolution image scanning, instant printing, and output storage 
capabilities. FESEM, provides topographical and elemental information of particles like its shape 
& size of matrix as well as decodes the uniform and non-uniform distribution at magnifications 
of 10x to 300,000x, with virtually unlimited depth of field. FESEMs have been widely used in 
fields such as materials science, biology, and medical science. However, owing to the balance 
between resolution and field of view (FOV), when locating a target using an FESEM, it is difficult 
to view specific details in an image with a large FOV and high resolution simultaneously. Under 
this technique, morphological study of desired samples, pore structure of the particle with range 
of Micro to Nano scale and their respective sizes can be done. It gives ultra-high-resolution image 
scanning, instant printing, and output storage capability. Its resolution depends on acceleration 
voltage, working distance and probe current. FESEMs techniques have been widely used in e 
various fields such as materials science, bio- medical science as well as study of microscopic 
feature measurement, fracture characterization, microstructure studies; thin coating evaluations, 
surface contamination examination and IC failure analysis. Experimental results show that 
presence of a deep neural network only requires a single image acquired by an FESEM at the 
input. To verify the effect of the model numerically, it evaluate the image quality by using the peak 
signal-to-noise ratio value and structural similarity index value. This improves performance in the 
imaging field, and could optimize an end-to-end image generation. Utilizing the artificial 
intelligence (AI) capability, LIVE-AI filter is incorporated for a higher quality index of live 
images. Deep micro graphical analysis of FESEM structure of the desirable samples using artificial 
neural network (ANN) techniques has been done. Semantic segmentation is the classification of 
pixels into discrete categories. In electron microscopy, applications include the automatic 
identification of local features, such as defects, dopants, material phases, material structures, 
dynamic surface phenomena, and chemical phases in nanoparticles. This paper presents a deep 
neural network to realize super-resolution of an FESEM image 

Keywords: field emission scanning electron microscope (FESEM), super resolution, field of 
view, artificial intelligence (AI), artificial neural network (ANN) 
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Abstract 

Amorphous materials are an omnipresent in our everyday life due to their many virtues 

including cost-efficient, versatile processing and integration and performant operation. 

Consequently, many applications aim to utilize the potential of the amorphous state. One 

of the remaining yet inherent challenges is establishing the structure-property relationship. 

Here, typically diffraction-based techniques are desirable yet challenging with lacking 

long-range order. This talk presents a set of transmission electron microscopy-based 

techniques to locally quantify the structure of a material and compares the results to laser-

irradiation-introduced effects on a model molecular amorphous compound. This unique 

approach allows to clearly identify the spatial distribution of amorphous and crystalline 

regions and to quantify atomic arrangements of amorphous regions of a representative 

model system. The ensemble of well-defined, functionalized adamantane-type cluster 

molecules exhibit exceptionally promising nonlinear optical properties. The nanoscopic 

structure for three model compounds ([(PhSn)4S6], [(NpSn)4S6], [(CpSn)4S6]) 

correlates with their characteristic optical responses. The resulting structure-property 

relationship is a prime example highlighting the vast strengths of atomically resolved 

investigations. 

 
Keywords: amorphous media, transmission-electron microscopy, laser 
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Abstract 
 

Ag-induced layer exchange (AgILE) and crystallization in a stack of amorphous 
Si/Ag/Quartz substrate, annealed at 500°C and 550°C, have been investigated using 
optical microscopy, Scanning Electron Microscopy (SEM), and Scanning Transmission 
electron microscopy (STEM). The size of Ag grains in the underlying Ag film was found 
to vary from ~ 5nm to 500 nm. During AgILE and crystallization at 500°C, the following 
processes could be discerned using in-situ heating in STEM: (i) grain- boundary wetting, 
c-Si Nucleation and AgILE propagation preferentially along regions of small Ag grain 
size, (ii) formation of pushed up Ag in the vicinity of reaction cells, 
(iii) migration and agglomeration of pushed up Ag on large Ag grains which tend to 
inhibit AgILE and promote dendriticity, (iv) defragmentation and dispersion of pushed 
up Ag, (v) nucleation of c-Si in the top layer. The associated dendriticity was largely 
confined to the peripheral regions of the impinging reaction cells and decreases with 
annealing time. On the other hand, dendriticity due to AgILE and crystallization at 550°C 
is stable and extends right from the centre to the periphery of the reaction cells. The role 
of grain size distribution and annealing temperature on the AgILE mechanism is 
investigated. The results are discussed in the light of existing literature and interface 
thermodynamics, and compared with Al-induced layer exchange (AlILE). 

 
Keywords: metal induced crystallization; scanning transmission electron microscopy; 
interface thermodynamics 
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Abstract 
 

Duplex Stainless Steels (DSS), comprising duplex phases of austenite and 

ferrite, are one of the important classes of stainless steels owing to their 

excellent mechanical and corrosion resistant properties. The ferrite phase of 

DSS undergoes a nanoscale phase separation upon thermal aging which 

eventually deteriorates the bulk properties and limits the use of DSS in high 

temperature applications. Study ofthis nanoscale phase separation at highest 

possible spatial resolution will be a key tounderstand the degradation in bulk 

properties and to find the ways to mitigate the same. 
 

In this work, DSS 2205 is thermally aged at 400°C up to 30,000 hours. The 

evolutionof phase separation in ferrite phase with respect to aging duration 

is studied using atom probe tomography (APT). The APT samples were site 

specifically prepared from the ferrite phase of the DSS. At 500 h aging 

condition, spinodally decomposedCr-rich α'-phase was observed. At 20,000 h 

and 30,000 h aging condition, along withCr-rich α'-phase, Ni-Mn-Si rich G- 

phase, Cu-precipitates and Mo-rich phase also observed. The TEM images 

recorded for higher aging conditions also confirmed thepresence of G-phase 

precipitates and Mo-rich phase. This presentation will show the APT and 

TEM results obtained on different aging conditions along with the 

quantification of size, volume fraction and chemical composition of the 

nanoscale phases observed. 
 

Keywords: DSS, Atom Probe Tomography, Transmission Electron Microscopy, 

Phase Separation, G-phase 
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Abstract 

Tungsten heavy alloys (WHAs) are two-phase composites consisting of tungsten grains and a 
low melting point, binder phases such as nickel, iron, copper, and cobalt. These alloys are 
optimal candidates for industrial and military applications, due to their high density, strength, 
and stiffness. They are utilized as kinetic energy penetrators, counterweights, and radiation 
shields. Nickel and Co are usually added to tungsten-heavy alloys to enhance densification by 

liquid-phase sintering, and lower the sintering temperature. Mechanical alloying can be further 

used to introduce nano Y2O3 particles into the matrix of tungsten-heavy alloys. This provides 
a uniform fine oxide dispersion strengthening (ODS) and an extremely fine grain structure, 
resulting in high-temperature strength. The objective of ODS tungsten alloy development is to 
increase the maximum operating temperature. However, the high rate of oxidation of tungsten 
at elevated temperatures creates problem especially for applications in gas-metal environments. 
The addition of oxide-forming alloying elements like silicon (Si), chromium (Cr), and 
aluminum (Al), resulting in the growth of a stable protective oxide scale that prevents oxidation 
at high temperatures is a potential solution to this critical safety issue. 

In the present study, we have introduced 1, 5, 10, 15, and 20 wt.% of Si into W, W-10Ni, and 
W-10Ni-3Co alloys through mechanical alloying followed by conventional sintering in H2 
atmosphere at 1500 ⁰C for 2h. The phase evolution and microstructure development have been 
characterized using XRD, SEM, and TEM, and the hardness and compression strength of the 

alloys are examined using UTM. The addition of Si into tungsten results in the formation 

of WSi2 and W5Si3, compounds after sintering. The percentage of these silicides increase with 
Si addition. Due to the presence of these brittle intermetallic compounds, the hardness of the 
material increases and the compression strength decreases at higher Si percentages. The 
addition of Ni/Co, along with Si lowers the formation of intermetallics and the compression 
strength of the tungsten has been retained in alloys up to 5 wt.% of Si. However, in the case of 
high wt.% of Si alloys, even in the presence of Ni/Co due to the more pronounced effect of 

intermetallics the alloys become more brittle and subjected to early failure under compression 

test. Further 0.3 wt.% of Y2O3 particles are dispersed into W-1Si, W-10Ni-1Si, and W-10Ni-

3Co-1Si alloys and the alloys showed better strength and hardness due to the combined effect 

of Ni, Co, Si, and Y2O3. The oxidation study shows that oxidation resistance is increased 

with increase in silicon % into tungsten due to the formation of SiO2 layers on the surface of 

the tungsten. The presence of Ni/Co in the alloys added more resistance to the alloys by forming 

NiWO4, and CoWO4 oxide layers in addition to SiO2. 

Keywords: powder metallurgy; W-Si alloys; electron microscopy; sintering 
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Abstract 

Low-dimensional nanostructures have attracted a great deal of interest due to their interesting 
physical properties and potential applications in the field of optoelectronics, magnetic and 
thermoelectric devices. Recently, semimetals (Sb and Bi) nanostructure considered elemental 
topological insulators (TIs) because the non-trivial bulk bands support topologically protected 

surface states. Antimony is considered as the “parent” of the first-generation three-dimensional (3D) 

TI Bi1-xSbx, and topological surface states form a single Dirac cone on Sb(111) surface. Scanning 

tunneling microscopy was used to study the nucleation and growth of Sb and Bi nanobelts and 2D 

layers on inert highly oriented pyrolytic graphite and MoS2 (0001) substrates. The 3D islands and 2D 
nanostructures of Sb and Bi nanostructures have (111) rhombohedral crystal structures whereas 1D 
nanorods and nanobelts possess (110) crystal structures. Apart, technologically important III-nitrides 
materials were grown on sapphire (0001) and GaN (0001) substrates and their surface morphology 
was characterized using atomic force microscopy (AFM) and it was found that the surface 
morphology critically depend on whether GaN growth occurs in Ga- or N-rich conditions. In 
addition, their crystalline, structural, and optical properties were studied using high-resolution X-ray 
diffraction, Raman and photoluminescence spectroscopy. We present the thermos-voltage and 
conduction AFM on various organic materials at the nanoscale to determine the Seebeck coefficient 
and energy band gap. We will also discuss the growth of TI thin films and the effect of surface 
morphology on their magneto-transport properties. These results demonstrate that scanning probe 
microscopy is a powerful technique for nanoscale research in various fields of condensed matter 
physics and material science. 

 
Keywords: Scanning probe microscopy, STM, AFM, Laser MBE, Inert substrates 
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Abstract 

 
Metal additive manufacturing has gained considerable interest in last three decades as this new 

route would bring revolution in the industries because of its unmatched advantages such as 

ability to produce intricate components, minimisation of large number of steps during 

production, elimination of tooling requirements, site-specific deposition and repair of parts, etc. 

Since, additive manufacturing of metals closely associates with high energy welding processes, 

powder metallurgy, epitaxial growth and prototyping, an understanding of these inter-twinned 

processes requires a clear understanding of structure through advanced microscopy techniques. 

The knowledge of structure at varying length scales is the fundamental to controlling the process 

and associated mechanical performance. The present work shows the use of microscopy 

techniques for additively manufactured stainless steel 316L and Cu-Ni-Sn. In stainless steel 

316L, the microscopy techniques such as imaging, EBSD and ECCI unfolds the deformation 

mechanism reasons during the fracture toughness of as built and heat-treated samples. It has 

been observed that the propensity of twin formation gets significantly reduced as a result of heat 

treatment and this leads to the lowering of fracture toughness. The beneficiary role of additive 

manufacturing such as increased dislocations and refined grains has been explored in a spinodal 

hardened material Cu-Ni-Sn. TEM and APT confirms that smaller scaled spinodal structure 

formation for additively manufactured route results in higher yield strength. 

 
 
 

Keywords: Additive manufacturing; 316L; Cu-Ni-Sn; EBSD; microstructure 
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Abstract: 

TRPV4 is associated with the development of neuropathic pain, sensory defects, muscular 
dystrophies, neurodegenerative disorders, Charcot Marie Tooth and skeletal dysplasia. In all these cases, 
mitochondrial abnormalities are prominent. Here, we demonstrate that TRPV4, localizes to a subpopulation 
of mitochondria in various cell lines. Improper expression and/or function of TRPV4 induces several 
mitochondrial abnormalities. TRPV4 is also involved in the regulation of mitochondrial numbers, Ca2+-
levels and mitochondrial temperature. Accordingly, several naturally occurring TRPV4 mutations affect 
mitochondrial morphology and distribution. These findings may help in understanding the significance of 
mitochondria in TRPV4-mediated channelopathies possibly classifying them as mitochondrial diseases. 

Mitochondrial fission-fusion events, distribution, and Ca2+-buffering abilities are relevant for 
several diseases, yet are poorly understood events. TRPV4 channels are a group of thermosensitive ion 
channel which regulate cellular and mitochondrial Ca2+-level. The underlying mechanisms of the change in 
mitochondrial dynamics upon modulation of TRPV4 channel is ill explored. Now we demonstrate that 
expression and/or pharmacological modulation of TRPV4 regulates mitochondrial morphologies and Ca2+-
level. TRPV4 interacts with MFN1/MFN2, the mitochondrial regulatory factors. TRPV4 regulates ER-mito 
contact points. We used different cellular conditions where cytosolic or ER Ca2+-levels were 
pharmacologically altered. Analysis of ~55000 mitochondrial particles, ~125000 ER-mito contact points 
from ~900 cells in 10 different cellular conditions suggest that ER-mito contact points are inversely 
regulated with mitochondrial Ca2+-levels where TRPV4 always elevates mitochondrial Ca2+-levels. These 
findings link TRPV4 with MFN2-mediated diseases and suggest that different TRPV4-induced 
channelopathies are likely due to mitochondrial abnormalities 
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III-Nitride based multilayer devices are showing great attention world-wide in various 

high frequency and high power devices for various for defence and civil applications. III- 
Nitride materials (AlN, GaN) exbits wide band gap, high piezoelectricity, thermal conductivity, 
excellent stability, breakdown field, and high electron saturation velocity etc [1]. Therefore, it 
can be used as popular choice for electronic, optoelectronic and sensing applications in 
moderate to harsh environment. III-Nitride based heterostructures have gained great 
consideration in various devices such as High electron mobility transistor (HEMT), 
semiconductor laser and various other applications [1]. 

The integration of III-nitride heterostructure are being done on Si, sapphire and SiC 
substrates by epitaxial growth techniques. Out of existing substrate SiC is widely used due to 
low mismatch, high temperature sustainability, high breakdown field and stability. SiC single 
crystal is grown by physical vapour transport technique with temperature ~23000C. While 
growing the 4H-SiC, due to any ambient discontinuity in the furnace, there is a finite possibility 
to get polytype inclusions (instead of 4H, 6H and 15R) polytypic exist in the ingot crystal [2]. 
Thus, before the integration of III-nitride structures on SiC substrate structural characterization 
is very important. We present, the identification methods to identify the polytype switching in 
PVT-grown SiC crystal using X-ray diffraction (XRD), X-ray topography (XRT), Raman 
spectroscopy in a single SiC wafer. These techniques comprehensively explained the 
identification of 4H-SiC, 6H-SiC and 15R-SiC polytype in SiC wafer [2]. 

We also present AlGaN/GaN HEMT device structures on 4H-SiC substrate grown by 
MOCVD. Device structures are characterized structurally, morphologically, optically and 
electrically [3]. In the HEMT structures buffer engineering in AlGaN/GaN HEMTs have been 
studied by varying the GaN buffer layer steps (single and two step GaN layer buffer). The study 
demonstrates the reduction in the threading dislocation density (TDDs), surface/interface 
roughness and enhancement in 2DEG (two-dimensional electron gas) electron mobility in two-
step GaN buffered AlGaN/GaN structures as compared to single- step GaN buffered sample. 
Two-step grown GaN buffer used AlGaN/GaN HEMT structure confirm the low TDDs ~1.2 
x109/cm2, smooth step flow surface morphology (surface roughness ~0.28 nm, interface 
roughness ~0.5 nm) and better 2DEG electron mobility~2000 cm2/V-sec at room temperature 
[3]. After two step GaN buffer used in   HEMT structure, a thin GaN (~200 nm) buffer is used 
to study the characteristics of AlGaN/GaN HEMTs. The structural and surface morphological 
characteristics of the thin-GaN HEMT structures are studied and compared with conventional-
GaN HEMT structure. 

 
Keywords: III-Nitride, Heterostructures, HEMT, Structural Characterization 
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Abstract 

The microwave absorption properties of the composite powder consisting of magnetic and non 
magnetic material are studied in the present research work. The microwave detection towards 
broad frequency range via radar network has made prospective progress both in civilian and 
military applications. Thus, the microwave absorption (MA)   materials   at   a   wide frequency 
range are strongly in demand. On the basis of the microwave loss mechanism, microwave 
absorbing materials can be classified into two categories, namely dielectric loss and magnetic loss 
materials. The former is based on the conductivity and polarization, which originates from the 
defects, interfaces and functional groups. The latter is derived from domain- wall resonance, eddy 
current loss, natural resonance, and exchange resonance. The microwave absorbing materials 
(MAMs) are being used to dissipate electromagnetic wave by converting the propagating EM 
waves into thermal energy. MAM are used to minimize the electromagnetic interference (EMI), a 
specific type of environmental pollution which is caused by the extensive use of electromagnetic 
(EM) waves in wireless communications. Recently, the research is pursuing to the development of 
various EM wave absorbers has been given much attention. Single material cannot meet the 
demand of as large absorption peak, wide working frequency range and thin absorption layer. To 
meet the requirement for practical applications, ideal MAMs should simultaneously have a thin 
thickness, broadabsorption bandwidth, strong absorption intensity, and light in weight. In present 
work, various composite comprising of magnetic and non magnetic powder derived from 
industrial waste have been developed and explored for microwave absorption application in X-
band frequency range. 
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Abstract 

 
The field of self-organized patterning and structuring on the solid surfaces using energetic ion 

beam sputtering has gained considerable attention from the researchers world-wide. Due to 

complex interplay between sputter-induced roughening and various surface relaxation 

mechanisms, a wide range of surface topographies are generated over the materials surface. 

The main advantage of the ion beam sputtering technique is the possibility to produce large- 

area nanostructured surfaces in a one-step process and the easy control of different process 

parameters like ion energy, incidence angle and time of irradiation etc. 

The high current 200 kV Ion Accelerator, with the voltage in the range of 30-200 kV has been 

successfully operational at Ion Beam Centre, KU, Kurukshetra, India and is consistently being 

used for conducting experiments using a wide variety of ion and target combination for research 

in diverse disciplines like materials science, atomic physics etc. Here, the controlled surface 

patterning and growth of self-organized structures on the large area of polymeric, 

semiconductor and ceramic surfaces by low energy ion beam sputtering has been presented. 

Further, temporal investigations and hence underlying mechanism for the growth of these 

evolved structures have been discussed. We believe that our investigations of controlled surface 

patterning and structuring of these materials will lead to new discussions in this vivid field of 

ion beams. 

Keywords: 200 kV Ion Accelerator, Oblique ion beam irradiation, Polymers, Ceramics 
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Abstract 

 
’ 

An 617 ODS Alloy was prepared by ball milling water atomised powders of Alloy 
617 and 0.6 wt % of nanocrystalline bcc-Y2O3 followed by consolidation in SPS. 
The material is a well-known solid solution and   strengthened    Ni    base super alloy. 
The alloy system does not undergo any phase transformation upto its melting point 
and has impressive high temperature strength and oxidation resistance upto about 980 
°C. However, the Ni3(Al,Ti) type γ’ precipitates dissolve in the matrix from about 700 
°Cand then the strength is mostly derived from the carbides which too start coarsening 
from about 900 °C resulting in the deterioration of strength. In order to retain the 
strength of the Alloy 617 upto 1050 °C while maintaining its oxidation resistance 
properties, Alloy 617 ODS alloys have been developed by powder metallurgical route. 
During the high temperature processing of the material, yttria reacts with the matrix 
elements to form different kinds of dispersoids/ precipitates. Ultrahigh-resolution Cs-
aberration-corrected STEM based techniques have been used in this investigation. 
These nano-oxides, possess a variety of HAADF contrasts, that is, bright, dark, and bi-
phases. The STEM-iDPC imaging technique was employed to investigate the oxygen 
atoms along with otherelements in the dispersoids and its interface with the matrix. 
The most intriguing aspect of the study is the discovery of a few atoms thick Al2O3 
interlayer (shell) around a monoclinic Y–Al–O core in the Ni-matrix. On the other 
hand, when the dispersoid is a hexagonal type Y–Al–O complex, the interface energy 
is already low; maintaining a semi-coherent interface and it was devoid of a shell. 
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Abstract 

The M-H loops are referred to as the key characteristic tool that determines how external 
perturbations like electrical or magnetic fields influence the magnetic character of a 
material. The parameters such coercivity, saturation magnetization etc, derived from these 
M-H loops present bulk averages of the magnetic properties ofall particles in a sample. 
However, to seek information beyond the scope of hysteresis loop measurements suchas 
interaction or coercivity distribution, another technique becomes necessary. A more 
sophisticated approach for investigating the deep insight of the magnetic material is the 
First Order Reversal Curves (FORC). The FirstOrder Reversal Curves (FORC) method is 
a novel approach for characterizing the magnetic materials. FORC method provides a way 
for evaluating the coercivity distribution, interaction fields between magnetic particles, 
irreversible magnetization components and for differentiating between magnetic mixtures 
in composite materials, which contain more than one magnetic phase. The FORC method 
will be presented and discussed. FORC diagrams of some magnetic systems such as spinel 
ferrites and some iron oxide systems will also be presented. 

 
Keywords: Coercivity distribution, Magnetic domains, First Order Reversal Curves 

 
Graphical Abstract: 

 

Figure1: First order reversal curves of Ga doped Hematite Figure 2: FORC diagram of Ga doped hematite 
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Abstract 

Owing to the superior properties of the wide band gap, high carrier mobility, high thermal 
conductivity and high stability, 4H silicon carbide (4H-SiC) holds great promise for 
applicationsin various fields. Silicon carbide single crystal wafers are being used as a 
substrate for GaN based semiconductor devices for strategic applications such as GaN 
based MMICs. These wafers have commercial applications in high power electronics, 
high efficiency invertors and convertors. There is also a huge requirement of GaN/SiC 
based devices for 5G communication technology and power devices for Electric Vehicles 
(EV). 

The most popular and industry viable method to grow SiC single crystal is 
physical vapor transport (PVT) because of its high maturity, sensitive temperature 
tunability and low cost of the solid raw materials. The Physical Vapor Transport (PVT) 
technique for SiC single crystal growth is usually performed at temperature > 2000oC; 
this process involves many physical phenomena such as electromagnetic induction, mass 
and heat transfer, chemical reactions and so on. 

100 mm diameter SiC single crystal were grown using optimized parameters 
such as temperature, coil position, pressure, source to seed distance and growth crucible 
design. Experimental observations such as boule shape, thickness, graphitization degree, 
porosity, mass flow in the source powder confirms the predictions of numerical simulation 
study performed by VR software. 

The existence of a high density of dislocations is one of the most severe 
bottlenecks for advancing the performance and reliability of SiC based high power and 
high frequency devices. The morphologies of dislocations etch pits of 4H-SiC substrate 
etched by molten KOH was observed with the help of a Nomarski microscope, SEM 
and Laser Scanning Confocal Microscope. Based on experimental observation and etch 
mechanism, the identification of different dislocations was proposed. The details 
regarding characterization and discrimination of dislocations in 4H-SiC shall be presented 
during the talk. 

 
Keywords: PVT; Single crystal; silicon carbide; defects, etching 
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Abstract 
 
The ferromagnetic shape memory alloy (Ni50Mn35In15) and Pb0.96La0.04Zr0.52Ti0.48O3 

based bilayer (Ni-Mn-In/PLZT (260 nm/300 nm)), trilayer (Ni-Mn-In/PLZT/Ni-Mn-In (130 

nm/300 nm/130 nm)) and four-layer (Ni-Mn-In/PLZT/Ni-Mn-In/PLZT (130 nm/150 nm/130 

nm/150 nm)) multiferroic heterostructures with equal thickness ratios have been fabricated over 

Si substrates via DC/RF magnetron sputtering technique. The in-plane and out-of-plane 

magnetic hysteresis curves show the anisotropic nature of the ferromagnetic layer. The 

anisotropic magnetoelectric coupling characteristics have been investigated for all the 

fabricated devices by recording the induced magnetoelectric coupling voltages under both 

parallel and perpendicular applied magnetic fields to the plane of the device. Compared to all 

fabricated heterostructures, the trilayer structure exhibits the highest magnetoelectric coupling 

coefficients with 1.56 V/(cm Oe)-1 and 2.01 V/(cm Oe)-1 in longitudinal and transverse 

configurations, respectively. This anisotropic nature of magnetoelectric coupling can be used 

to measure the applied magnetic field direction. The rarely reported anisotropic AC magnetic 

field sensing parameters of the fabricated devices like Pearson’s r, sensitivity, and inaccuracy 

have been calculated. The trilayer device exhibits excellent AC magnetic field sensing 

parameters with inaccuracy, sensitivity, and linearity of 1.856% full-scale output (FSO), 0.63 

mV cm−1 and 0.9993 in longitudinal configuration while 1.755% FSO, 1.18 mV Oe−1, and 

0.9993 in the transverse configuration, respectively. Such nanoscale ferromagnetic shape 

memory alloys based symmetric multilayered multiferroic heterostructures pave the way for 

the design and development of futuristic MEMS magnetoelectric magnetic field sensor to detect 

the magnetic field and its spatial orientation. 
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Abstract 
 
 
In the recent years the nanotube based devices have found various applications in many areas 

particularly in electronics and their study is important from both basic and applied point of 

view. Here the recent advances in modelling and simulation of nanoscale electronic devices 

and their applications are presented which includes 1) carbon nanotube based two probe devices 

2) carbon nanotube based transistors 3) carbon nanotube based logic gates 3) carbon nanotube 

based noble gas sensors 4) spin and light controlled carbon nanotube based logic gates 5) carbon 

nanotube based photodetectors and photoresistors 6) pentagraphene nanotube based noble gas 

sensors 7) Silicene based devices. Furthermore, the study presents the transport properties of 

various devices and their futuristic applications. 

Keywords: carbon nanotube; pentagraphene nanotube; silicene; modeling; transport 

properties; applications 
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Abstract 

Bismuth (Bi) based layered materials are at the forefront of present-day condensed matter 

physics and materials science research due to their important electronic properties. One 

such material in three dimension (3D), is Bi2Se3 which was known as thermoelectric 

material for ages and is now identified as an archetype 3D Topological insulator (TI). We 

have carried out an in-depth and quantitative investigation of the un- doped Bi2Se3 (0001) 

surface and compared its structure and electronic properties after the same surface was 

exposed in situ to carbon, and hydrogen. Atomic hydrogen exposer on the surface of 

Bi2Se3 (0001) leads to the formation of a Bi-bilayer on the surface of 3D TI. Such a Bi-

bilayer is known to be a 2D TI. The surface and interface atomic structures are 

investigated using x-ray scattering techniques. The electronic properties are investigated 

using photoemission spectroscopy. The experimental results which are complemented by 

ab-initio calculations will be discussed. The interaction of the 2D Bi bilayer with the 

underneath 3D Bi2Se3 is a major issue in preparing 2D Bi bilayers in this exotic in situ 

process. Very recently we could able to successfully grow periodic Bi-bilayers using a 

comparatively easy and ambient technique known as Langmuir-Blodgett (LB) technique. 

In these LB films, Bi-bilayers are separated from each other by a distance of hydrocarbon 

chain of length ~ 2.5 nm, thereby reducing the chance of electronic interaction of a single 

Bi-bilayer with other Bi-bilayers. X-ray reflectivity is used to characterize the periodic 

multi Bi-layers in the LBfilms. 

Keywords: Layered materials; Bismuth Selenide; topological insulators, periodic Bi- 

bilayers;Langmuir Blodgett film 
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Abstract 
 
 

The strong interaction of individual quantum emitters with resonant cavities is of fundamental 
interest for understanding light–matter interactions. Plasmonic cavities (PCs) hold the promise 
of attaining thestrong coupling (SC) regime even under ambient conditions due to their deep 
subdiffraction volumes. We previously showed that we can observe SC in the limit of a single 
quantum emitter positioned within a plasmonic cavity. Scattering spectra, measured by dark-
field spectroscopy and registered fromindividual PCs containing one to a few colloidal 
quantum dots (QDs) showed vacuum Rabi splitting, indicating that the SC regime was 
approached in these systems. 

To verify and generalize our findings, we turned to Electron Energy Loss (EEL) spectroscopy 
which enables us to probe SC not only to the bright modes of plasmonic structures but also to 
dark, subradiantmodes. This may be of significant interest for quantum optical studies, 
particularly since they are expected to have longer lifetimes. 

Spectroscopic studies of the QD-PC systems manifested several surprising features, indicating 
discrepancies between scattering and photoluminescence spectra. These observations point to 
the involvement of a dark excitonic state of the QD and to complex relaxation pathways and 
interesting dynamics. 

Currently we are working on increasing the QD-PC coupling deeper into the SC regime. This 
can be acheived either by optimizing the materials properties of the plasmonic system or by 
forming hybrid plasmonic-photonic modes. This will pave the way to exciting applications 
including the generation of single-photon sources and studies of cavity-induced coherent 
interactions between emitters. 

 
Keywords: light-matter interaction, plasmonics, electron energy loss spectroscopy (EELS), 
strong coupling 
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Abstract 
 

AlGaN/GaN HEMT device technology is developed on 3-inch semi-insulating SiC 
substrate to achieve enhanced RF performance up to X-band for MMIC applications with reliable 
and reproducible performance. MOCVD grown AlGaN/GaN HEMT structures with 2DEG density 
~ 1013 cm-2 and electron mobility ~ 2000 cm2V-1s-1 are used for device fabrication. The device 
fabrication process sequence involved successful development and integration of unit processes 
like Ohmic/Schottky contacts, SiN device passivation, multi-finger field plates, ICP-RIE etching, 
low parasitic air-bridge metal cross over and SiC through substrate via-hole interconnections. The 
main process technology breakthroughs include the control over breakdown voltage and knee 
walkout through incorporation of TCAD designed multi-finger field plate structures. The fabricated 
HEMTs with 250nm gate length exhibited significant improvement in breakdown voltage of device 
as a result of reduced peak electric field between gate and drain. The device off-state breakdown 
voltage is enhanced beyond 100V and significantly improving RF output power density ~ 5W/mm 
@ 28V with device cut-off frequency ~ 34GHz. 

 
The talk will mainly cover the unit process integration aspects including integrity of device 

geometrical parameters and their in-line process characterization. The importance of patterning 
accuracy of source-drain spacing, gate length and field plates will be discussed in detail to achieve 
the desired device RF performance with very good uniformity and reproducibility over a full 3-
inch SiC wafer. 

 
 
 

Keywords: HEMT, GaN, MOCVD, field plate, passivation 



 34 

Electrochemistry: A powerful tool for the battle against antimicrobial 

resistance 

Tinku Basu 

 
Amity Centre for Nanomedicine, Amity University, Noida, Uttar Pradesh-201301 

 
tbasu@amity.edu, basu002@gmail.com 

 
 
 

Abstract 
 

Electrochemistry an age-old concept, has emerged as an advanced tool in physical 
chemistry from synthesis to day-to-day biosensing applications. Because of their high 
sensitivity, specificity, and ability for rapid analysis, electrochemical biosensors have 
been employed for sensing. The WHO have identified antimicrobial resistance (AMR) 
as one of the most serious threats to global health in the twenty-first century. This increase 
in AMR is due to broad-spectrum antibiotics being administered to the patients 
improperly while they wait for antibiogram results before the physician can initiate 
antibiotic susceptibility-guided treatment. The delay in obtaining antibiogram results arise 
as gold standard antibiotic susceptibility testing (AST) are inherently time- consuming; 
to reduce the time and with an aim to provide enhanced susceptibility- guided therapy, 
various rapid AST are emerging. Amongst them electrochemical sensing owing to its 
rapid and accurate detection of low concentration of analyte with high sensitivity are an 
interesting candidate. From the plethora of opportunities available, our group has 
developed and working on rapid electrochemical AST(EAST) against gram-positive and 
gram-negative bacteria, we were able to determine the antibiotic susceptibilities within 
15min of assay for Bacillus subtilis and Escherichia coli, the method developed was 
validated by colony counting method, field emission scanning electron microscopy, and 
atomic force microscopy image analysis. It has significant advantage over existing 
techniques that consumes hours to days. Furthermore, we explored new method using 
bacteria-friendly L-lysine-functionalized cerium oxide nanoparticle coated ITO as a 
working electrode to observe enhanced electron transfer rates during EAST with an aim 
for miniaturization and future applications. We are sailors in sea of electrochemistry and 
on a voyage for exploring its novel opportunities. 

 
Keywords: antimicrobial resistance; AST; electrochemistry 
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Abstract 

Discovery of graphene is the milestone in the area of 2D material, after that researchers are keen 

to explore the other 2D materials such as transition metal dichalcogenides (MoS2, WS2, MoSe2), 

phosphorene, etc. 2D materials has superior properties compare to bulk counter-part e.g. absence 

of dangling bond, indirect to direct bandgap transition, weak inter layer bonding. Due to the weak 

inter layer bonding these materials can be easily cleaved into the atomically thin nanosheets like 

structure. Several methods have been studied for the synthesis of atomically thin materials such as 

mechanical exfoliation, CVD method, hydrothermal method, and many more. But most of the 

techniques have limitation like cost-efficient, high energy requirement and toxicity. Therefore, our 

group is working on the liquid phase exfoliation method because of its easy steps, cost 

effectiveness. Bulk MoS2, TiSe2, HfS2 and black phosphorus have been exfoliated in various 

solvent and transfer to the open-channel FET devices by using Langmuir- Blodgett method or via 

drop-cast method. 2D channeled based FET devices shows the moderate mobility and good current 

on/off ratio. Also, The MoS2 nanosheets shows the good UV photo- diode response. This shows 

that the 2D materials are the promising materials for the futuristic opto-electronic applications. 

Keywords: 2D materials, optical and structural properties, electronic and opto-electronic 
application. 
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The paradigm shift in materials design and development has led to the discovery of various 
classes of high entropy alloys (HEAs) like low-density HEAs (LDHEAs), refractory HEAs 
(RHEAs), high entropy steels and 3d transition elements containing HEAs [1]. The present work 
discusses the synthesis and characterization of a few equiatomic LDHEAs and non- equiatomic 
HEAs. The MgAlSiCrFe, MgAlSiCrFeNi and MgAlSiCrFeCuZn equiatomic LDHEAs were 
prepared by powder metallurgical routes followed by spark plasma sintering [2–4]. The non-
equiatomic FeCrNiAlCo and AlSiCrMnFeNiCu LDHEAs were prepared by vacuum induction 
melting (VIM). 

The structure, microstructure, thermal stability and mechanical properties of these 
LDHEAs were ascertained through X-ray diffraction (XRD) and transmission electron 
microscopy (TEM), scanning electron microscopy (SEM), differential scanning calorimetry 
(DSC) and instrumented indentation techniques. The equiatomic LDHEAs were found to have 
BCC major phase along with minor phases corresponding to retained Si. These LDHEAs were 
found to have good mechanical properties (~8-9 GPa). However, in the case of the non- 
equiatomic AlSiCrMnFeNiCu and FeCrNiAlCo LDHEAs were found to have a B2-type major 
phase along with the Cr5Si3-type minor phase, and BCC and B2-type phase respectively. These 
LDHEAs have good microhardness of ~7.5 GPa without presence of indentation cracks. 
Further, efforts were made to understand the phase evolution with the help of thermodynamic 
parameter’s and CALPHAD modelling using ThermoCalc software. 

 
Keywords: Low-density HEAs; Phase evolution; Thermal stability; Mechanical Properties. 
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Abstract 

We examined the cellular infectivity and ultrastructural changes due to severe acute 

respiratory syndrome coronavirus 2 (SARS- CoV-2) infection in the various cells of 

bronchoalveolar fluid (BALF) from intubated patients of different age groups (≥60 years 

and <60 years) and with common comorbidities such as diabetes, liver and kidney 

diseases, and malignancies. BALF of 79 patients (38 cases >60 and 41 cases <60 years) 

were studied by light microscopy, immunofluorescence, scanning, and transmission 

electron microscopy to evaluate the ultrastructural changes in the ciliated epithelium, type 

II pneumocytes, macrophages, neutrophils, eosinophils, lymphocytes, and enucleated 

granulocytes. This study demonstrated relatively a greater infection and better 

preservation of subcellular structures in these cells from BALF of younger patients (<60 

years compared with the older patients (≥60 years). The different cells of BALF from the 

patients without comorbidities showed higher viral load compared with the patients with 

comorbidities. Diabetic patients showed maximum ultrastructural damage in BALF cells 

in the comorbid group. This study highlights the comparative effect of SARS-CoV-2 

infection on the different airway and inflammatory cells of BALF at the subcellular levels 

among older and younger patients and in patients with comorbid conditions. 

 
Keywords: severe acute respiratory syndrome coronavirus 2 (SARS- CoV-2); 
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Abstract 

III- V semiconductors form the backbone of most of the opto-electronic and 

electronic devices such as High Electron Mobility Transistors (HEMTs), Lasers and 

Detectors etc. Molecular Beam Epitaxy (MBE) is one of the most important techniques 

in semiconducting industry for epitaxial growth of III-V materials with precise control of 

composition, doping and thickness with atomic level resolution. 

This talk will focus on the MBE growth and characterization of III-V 

semiconductors for various device applications. One of the key materials is type II 

Strained Layer Superlattice (T2SL) structures, which are predicted to be most preferred 

for next generation IR detectors due to several advantages over the current available IR 

materials. These are artificially engineered materials consisting of hundreds of alternate 

thin layers (few nms thick) of InAs and GaInSb/GaSb with perfect interfaces and a unique 

type-II band alignment, which allows the band gap to be controlled entirely by the 

thickness of the constituent layers. Several challenges of growth of these structures and 

the different characterization methods to analyze the material characteristics will be 

presented. 

Some of the other topics, which will be covered is MBE growth of lattice 

mismatched GaSb buffer layers on GaAs substrates using a novel interfacial misfit array 

(IMF) method, self-assembled Stranski-Krastanov (S-K) GaSb and InAs QDs for novel 

optoelectronic devices, catalyst free InAs nanowires on Si substrates, low temperature 

(LT) GaAs and quantum cascade laser (QCL) structures for Terahertz applications. 

 
Keywords: III-V semiconductors, Molecular Beam epitaxy, T2SL 
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Abstract 
In the past few decades, two-dimensional (2D) nanomaterials have made significant 

strides, among which the transition metal dichalcogenides (TMDs) have attracted much 

attention from the scientific community due to their peculiar properties and strictly defined 

dimensions. TMDs are MX2 type materials, where M epitomizes transition metal atoms such as 

Mo, W, V, etc. while X represents chalcogen atoms such as S, Se, Te, etc., have proven to be 

viable for future electronics and optoelectronics. Despite the fact that intensive electrical, 

mechanical and magnetic studies of TMDs are being conducted, there is a conspicuous lack of 

direct atom-by-atom visualization, which limits the insight into these highly exciting material 

systems. In this quest, I will describe our studies on the AP-CVD growth of a few TMDs crystals 

e.g., MoS2, WS2, and their atomic resolution imaging. 
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Abstract 

Deep learning in artificial intelligence devices have potential to make new discoveries using 
high-dimensional data, which requires brain like computing to execute complicated tasks that 
are difficult for traditional computers. A memristor stores data by internal reconfiguration of 
charged particles and store variable value of resistance subject to external input. To mimic 
biological synapse, memristor's top and bottom electrodes serves as pre- and post-synaptic 
neurons, respectively. The pre-neural and post-neural are connected through a unique synaptic 
weight which makes it capable of addressing information like a human brain. 

 
We have worked on memristors with PEDOT and 
Nb2O5 thin films as the functional layer and have 
demonstrated the synaptic properties like short 
term plasticity (STP), long term plasticity (LTP), 
and spike rate-dependent plasticity (SRDP). Spike 
time dependent plasticity (STDP), which is the 
most important Hebbian learning rule for learning 
and memory showed up to 75% change in synaptic 
weight under wide range of input signals. Our 
device could unambiguously can identify and 
classify four common neural firing patterns 
namely, tonic, bursting, adapting and irregular. The 
memristor based reservoir computing system is 
utilized for the real time neural data analysis as 
well. 
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Abstract 

 

Polymerization of actin filament networks generate forces that are harnessed by cells for 

number of cellular processes such as cellular motility, morphogenesis, endocytosis, and 

DNA repair processes. This is a highly regulated process, and the nucleation of new actin 

filament is one of the crucial steps, as it allows cells to precisely control when and where 

filament formation can be initiated. One of the ubiquitous actin-nucleator is the Arp2/3 

complex, which contains the actin related proteins (Arp) 1 and 2 as the two predominant 

subunits. Actin nucleationby Arp2/3 complex is tightly controlled by nucleation promoting 

factors (NPFs)that either initiate nucleation of linear actin filaments or branched filaments. 

Dysregulation of Arp2/3-mediated actin filament nucleation are underlying cause of number 

of cancers and developmental disorders. Though decades of structural,biochemical and 

biophysical experiments have shed some light into the process of actin nucleation by Arp2/3 

complex, however, until recently it was still unclear how the Arp2/3 complex is activated by 

NPFs, and upon activation how they initiate the process of actin polymerization? This was 

primarily due to lack of any structure of the activated Arp2/3 complex. To fill this knowledge 

gap, we determined high-resolution structures of activated Arp2/3 complex by cryo- Electron 

Microscopy (cryo-EM). From these we not only get a glimpse of the active conformation of 

this crucial actin nucleator, but also obtain insights into specific conformational changes that 

the nucleator undergoes during activation. 
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Abstract 
 
Development of future valley-based electronics or valleytronics requires a high degree 

of valley polarization (VP) in large area monolayer (1L)-MoS2. Though it is possible to 

synthesize 1L- MoS2 films with large area coverage through chemical vapor deposition 

(CVD) technique, optical, electrical, and VP property of as-grown films are found to be 

very poor. Since large area coverage of the monolayer film has to be ensured for any 

practical application of the material, it is imperative to understand the reason for 

moderation of valley polarization and the luminescence characteristics in CVD grown 1L-

MoS2.We investigate the role of physisorbed air molecules and strain on the 

luminescence and the VP characteristics of large area CVD grown monolayer MoS2.The 

study shows that the removal of adsorbates from sulfur vacancy (VS) sites not only 

suppresses the broad sub-bandgap luminescence feature that typically dominates low 

temperature photoluminescence (PL) spectra of these films but also significantly 

enhances VP. Post-growth transfer of the 1L-MoS2 film from sapphire to a SiO2/Si 

substrate by a polystyrene assisted process is found to be highly effective in improving the 

polarization characteristic of K-valleys through relaxation of the biaxial tensile strain and 

the removal of physisorbed air molecules from the VS- sites. The process is also found to 

provide long lasting protection for MoS2 films from air. These findings, thus, create much 

needed opportunity to use CVD grown large area 1L-MoS2 for realization of valleytronics 

of the future. 
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Abstract 
 

Here, we visualize the switchable friction and wear behavior of ferroelectrics using 
a nanoscale scanning probe. The down domains have lower friction coefficient than 
up domains, of which asymmetry is enabled by flexoelectrically coupled 
polarization in the up and down domains under a sufficiently high contact force. 
Using this switchable tribology and multi-pass patterning with a domain- based 
dynamic smart mask, we demonstrate three-dimensional nanostructuring exploiting 
the asymmetric wear rates of up and down domains, which can, furthermore, be 
scaled up to technologically relevant (mm-cm) size. 

 
Keywords: switchable tribology, flexoelectric, ferroelectric, atomic force 
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Abstract 

 

We have identified newer phases in the nanoparticles of Au-Cu alloys. These are 

in addition to those that are seen in Au-Cu equilibrium phase diagram. Having 

identified them and understood their crystal structures, we wanted to see if they are 

formed at thin film deposited Au and Cu in a sequential manner on a substrate. The 

two types of thin film specimens Au/Cu were examined with the help of various 

modes of transmission electron microscope. The cross-sections of the thin film 

specimens were employed for this purpose. Diffraction patterns of the various 

phases found in thin films as well as around interface were matched with the help 

of computed diffraction patterns. The high resolution images were interpreted with 

the help of simulation. We believe that such a characterization of Au-Cu alloy 

nanoparticles and thin films are important for assessing their electron transport 

characteristics as metallic inter-connects. 

 
Keywords: cross-section microscopy; interconnects; transmission electron 

microscopy 
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Abstract 

The development of latent fingerprints (LFPs) detected at the site of crime is considered as an 

imperative physical evidence in forensic investigations. Herein, we demonstrate a rapid and cost- 

effective approach using non-hazardous Dy and Sm codoped HfO2 nanophosphors to utilize for 

LFPs imaging. Dy and Sm codoped HfO2 powders of monoclinic phase with crystallite size ranging 

from ~10-25 nm are synthesized using sol-gel technique [1,2]. Selected area electron diffraction 

pattern and lattice spacing calculated from HRTEM micrograph while confirm monoclinic phase, 

Le-Bail profile refinement of XRD patterns demonstrate an exponential increase in lattice volume 

with incorporation of various concentration of Dy and Sm in HfO2 lattice. Exciting Dy and Sm 

codoped HfO2 with 393 nm, photoluminescence spectra show emissions in blue, yellow and near 

red regions emerging primarily due to energy transfer from Dy3+ to Sm3+ ions through multipolar 

interaction suggested by time resolved decay spectra. Combining excitation and emission spectra, 

we propose a schematic energy band diagram. Owing to excellent emissions, Dy and Sm codoped 

HfO2 are explored for LFPs imaging with good selectivity and resolution over multivariate 

surfaces. The third-level details like enclosure and termination-bifurcation etc are extracted due to 

nanosized nature of particles [3]. 

Keywords: Nanomaterials, Finger print imaging, Rare earth doped Nanophosphors, Phase 
transition, Luminescent properties 
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Abstract 

 

Scanning transmission electron microscopy (STEM), especially when 

aberration-correction is used, can be applied to investigate all kind of functional 

materials at an atomic level, also especially across interfaces. When compared to 

image simulations, the information on the sample structure and composition can 

be quantitative. Combining STEM with a fast, pixelated detector allows for the 

acquisition of a full diffraction pattern at each scan point. From this, four-

dimensional STEM (4D-STEM) datasets are available, which can be used to 

generate different data, e.g. annular dark field (ADF) as well as (annular) bright 

field ((A)BF) images, angular resolved STEM (ARSTEM) or differential phase 

contrast (DPC) data as well as also quantify the shift of the center of mass 

(COM) of the diffraction pattern. The latter can be correlated to electric or 

magnetic fields in the specimen. 

 
With the example of several III/V heterointerfaces, III/V structures on Silicon as 

well as various battery-related materials we will demonstrate interface atomic as 

well as electronic structure using 4D-STEM. 

 
Keywords: 4D-STEM, composition, electric fields 
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Abstract 
 

Zinc oxide (ZnO) is a wide band gap semiconductor (Eg = 3.37) that is 

chemically and physically stable under ambient and harsh conditions. It 

offers interesting electrical, optical, catalytical, magnetic, and sensing both 

chemical and biological characteristics. These characteristics can further be 

engineered by parameters such as geometrical reduction, i.e., from bulk to 

nano, functionalization with suitable materials either by doping or 

heterostructuring. Geometrical engineering can be realized using different 

growth parameters. The geometrical reduction-driven ZnO nanostructures 

exhibit improved catalytic activities, making them suitable for various 

applications such as photodetectors, solar cells, chemical sensors, nuclear 

sensors, and even electrochemical water splitting. The present talk will 

discuss the impact of nanostructuring of ZnO on hydrogen sensing on 

pristine and functionalized ZnO nanorods. The discussion will focus on 

strategies for enhancing selectivity, low limit of detection, cross- 

selectivity/interference, and recovery time, together the impact of humidity 

for practical applications. Further, the talk will also cover ZnO-based 

Internet of things (IoT) enabled platforms for hydrogen sensors. 

 
Keywords: Oxide semiconductor; ZnO; IoT; Hydrogen; Sensor. 
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Abstract 

The research on the development of new biomaterials that stimulate bone tissue 
regeneration is receiving great interest by the biomedical scientific community. Bioactive 
glasses (BGs) with mesostructure in biomedical applications are becoming increasingly 
important, which show adequate response with the bone healing process, cell tissue 
interaction (tissue engineering), and material cell interaction. These materials are found to 
be an excellent candidate to be used as third generation of bioceramics that stimulate 
osteoblast proliferation and differentiation and, hence, accelerate healing processes. The 
development of a new generation of biomaterial includes the sol-gel process to obtain glass 
foams is well established method for CaO-SiO2-P2O5 compositions, but not yet recognized 
for Bioglassâ containing sodium oxide. In this study, we report, for the first time, the 
synthesis of mesoporous 45S5 bioactive glass with superior textural characteristics and its 
in-vitro dissolution and biominerlization behaviour. Wormhole-like bioactive 
mesostructured 45S5 glass has been synthesized by acid assisted sol-gel method followed 
by evaporation induced self-assembly process. The virgin mesoporous 45S5 bioactive glass 
has been characterized by various analytical methods before and after soaking in simulated 
body fluid (SBF). In vitro studies on the mesostructured 45S5 glass sample reveal that the 
rapid formation of carbonated hydroxyapatite (HCA) with nano sized crystals. The 
mesostructured glass showed excellent cell proliferation response without toxicity up to 
concentration of 50 μg/mL. Furthermore, we show the 45S5 glass with superior textural 
parameters brings its complete usefulness within the family of bioactive materials as they 
have accelerated formation kinetics of apatite phase as compared to other bioactive glass 
compositions. 
 
Keywords: Bioactive glass, Mesoporous materials, Biodegradation, Biominerlization 
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Abstract 

 

The primary role of a microscope is to magnify objects so that details too small to 

see with the naked eye can be observed. High Resolution analytical microscopic 

techniques are extremely powerful tools for analyzing materials at the molecular 

and atomic levels. Analyzing their structure, morphology, interfacial interactions, 

and so on using microscopic techniques helps to understand their applicability in a 

specific field of science and technology. In Nanobiomaterials, high-resolution 

microscopy has great potential for understanding the structure of biomaterials, 

analyzing nano-bio interactions, and establishing the structure-property relationship. 

This lecture underlined the significance of electron microscopy in the discovery of 

benign bio-inspired crosslinkers for biopolymeric nanofibers, as well as their 

subsequent application in the design and development of durable wound dressing 

materials and tissue engineering scaffolds. 

 
Keywords: Microscopy, Bio-inspired, Crosslinking, Wound Dressing, Tissue 

Engineering 
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Abstract 

Considering the time (10-15 years), resource investment ($2-3 billion), and high attrition 

rates for the discovery and development of a drug, re-positioning or repurposing of 

existing drugs has become an attractive strategy to circumvent these problems. 

Repurposing is a strategy for identifying new uses for approved or investigational drugs 

that are beyond the scope of the original medical indication. Since most of the preclinical 

testing, safety assessment and formulation development is already completed, the risk of 

failure is significantly lower along with reduced cost and time. 

Our research interests involve evaluating synthetic and natural products for anti-cancer 

and anti-leishmanial activity and investigating the mechanism of action of promising anti- 

proliferative agents. In the context of drug repurposing, we aim at targeting essential 

metabolic pathways of the Leishmania parasite, which are absent in the host and the 

autophagy pathway, the role of which is not well understood in cancer. 

Some interesting results from our recent research exploiting the repurposing strategy 

will be discussed in both of these disease areas. 
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Abstract 

Ultra-high temperature ceramic composites (Cf/SiC and ZrB2-SiC) composites are 
interesting owing to their potential applications in hot end components of aero-engines, 
rocket nozzles, as well as leading edges and nose-cones of hypersonic vehicles. The 
chemical vapor infiltrated Cf/SiC composites possess multi-layered interphase of 
pyrolytic carbon (PyC) and SiC, the presence of which has been confirmed by SEM 
imaging with EDS analyses and TEM study of FIB-processed samples. The PyC 
containing interphase facilitates debonding and pull-out of C-fibres during tensile failure, 
because of which the crack-path becomes tortuous, leading to increase in energy of 
fracture and non-catastrophic failure. Study of fracture surfaces obtained from high 
temperature (1000 and 1250oC) tension tests has revealed C-fibre oxidation with 
formation of SiO2 at the Cf/SiC interfaces, and higher C-fibre pull-out with increasing 
temperature. TEM studies on the ZrB2-20 vol% SiC-(10 or 14 vol%) LaB6 composites 
subjected to creep at 1300-1400oC have revealed evidence of grain-boundary sliding with 
interface cracking or dislocation-based mechanisms, depending on presence or absence 
of grain-boundary glassy phase, respectively. Oxide scales formed during creep are found 
thicker than those grown isothermally. Study of multilayered oxide-scales formed 
isothermally without load and during creep using SEM-EDS analysis, as well as by 
imaging, diffraction and EDS on TEM and STEM of FIB-processed samples has 
facilitated identification of the constituent phases with revelation of their growth 
mechanisms. The insight obtained about the mechanisms of deformation, damage and 
oxidation by advanced microscopy tools is valuable for improving the design of these 
composites, and will be discussed. 

 
Keywords: Ultra-high temperature ceramic composites, interfaces, oxide scale, 

scanning electron microscopy, transmission electron microscopy 
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Abstract 

 

The rising demand for clean energy, though the increasing penetration of renewables into 

the energy mix, still will require nuclear power as an energy dense base driver. Toward this, 

India has adopted and has demonstrated expertise in various aspects of the closed, three 

stage fuel programme with re-processing as its centre piece. Management of high level 

nuclear wastes play a key role in the success of Nuclear Energy Program. With the recent 

progresses in waste management technologies, India is now able to adopt clean and green 

sustainable methodologies where a fraction of the wastes are being used for various societal 

applications and therefore loading within the geological repository is likely to go down. The 

remaining portion of the wastes are immobilized either in matrices which are either 

amorphous or crystalline or both depending on the chemistry and radiochemistry of the 

wastes. Detailed of the current practices will be presented. 
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Abstract 

Hair-like surface organelles called pili have been studied extensively in pathogens; 

however, the structural knowledge about pili in probiotics is relatively limited. A gut- 

adapted Lacticaseibacillus rhamnosus GG (LGG) is a well-documented and widely used 

probiotic strain because of its various beneficial effects, including the inhibition of 

pathogens. LGG utilizes sortase-mediated SpaCBA pili on its cell surface to facilitate 

attachment to the gut for colonization and various beneficial effects. Structurally, 

SpaCBA pili are heteropolymers of three different building blocks or pilin-protein 

subunits (SpaA, SpaB, and SpaC), each with its specific location and function in the pilus: 

backbone SpaA for length, basal SpaB for anchoring, and tip SpaC for adhesion. Crystal 

structures of individual pilins have been determined in the lab, and a structural model for 

SpaCBA pilus architecture has been proposed. The LGG SpaCBA pilus is ~1.6 MDa and 

500 nm in size and length, respectively. We initially used Immunogold electron 

microscopy (IEM), Atomic force microscopy (AFM), and Super-resolved structured 

illumination microscopy (SR-SIM) to visualize the pili in L. rhamnosus GG. Results from 

the imaging experiments indicated that the SpaC is located at the pilus tip while SpaA is 

present along the pilus backbone. In order to see the whole SpaCBA pili at a high 

resolution and validate the proposed pilus model architecture, we have recently purified 

pili from L. rhamnosus GG cells for visualizing them through single-particle Cryo- 

electron microscopy (CryoEM). The preliminary results from the study will be presented 

and discussed. 

 
Keywords: pili; Lactobacillus rhamnosus GG; probiotics; sortase; CryoEM. 
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Abstract: 
3D printing is useful in various 
industries due to its design flexibility. 
Metal-based 3D printing requires 
powerful lasers and expensive 
machinery that produce one material 
in an inert environment. 
Electrochemical addictive 
manufacturing (redox 3D printing) 
uses controlled electrochemical 
deposition of metal ions from 
electrolyte solutions to create metal 
nanostructures. This work develops 
an electrochemical metal 3D printer 
with meniscus confinement and faster deposition speeds. A stable meniscus bridges the nozzle and 
conductive substrate to accurately direct metal deposition through elemental metal reduction 
(Mz++ Me-→M0) on the substrate. We examined metal 3D printing deposition potential (1.0 to 
5.0 V) for gold, silver, and copper metals. Metal nanoparticles of 60 nm (Au), 50 nm (Ag), and 65 
nm (Cu) are optimized at 3.0 V. Electrochemical 3D printing allows fine additive control over a 
metallic nanostructure, allowing programmed 3D metallic structure creation. This method may be 
used for more complicated materials and synthetic processes for metals, non-metals, ceramics, and 
polymers. 

Keywords: Electrochemical 3D printing; Metal nanoparticles; Electrodeposition; Nanostructures. 
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Figure: (a) Schematic of electrochemical 3D printing 
process. (b) Metal ion redox reactions for 
nanostructures fabrication using 3D printing (layer-by- 
layer manner). 
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Abstract  

We performed First-principle calculations to study the effect of pressure on structural, 
electronic,  optical and thermodynamic properties of tungsten diselenide (WSe2) by using Perdew-
Burke Ernzerh of generalized gradient approximation (PBE-GGA). We carried out the calculation 
of  lattice parameter, energy band gap, optical parameters and thermodynamic quantities of WSe2 

under the pressure varying from 0 GPa to 50 GPa. The structural properties such as 
equilibrium  lattice parameter, bulk modulus and its pressure derivative have been obtained 
using  optimization method. The calculated lattice parameters are qualitatively matched with 
the  experimental evidence. We have not noticed any structural or phase type transformation 
under  the volumetric pressure. It was found that lattice parameters, bond lengths and energy band 
gap  decrease with increase in pressure.   We                                                                     
found that WSe2 is an indirect band gap   
material with the variation in energy   
bandgap from (1.23 eV at ~ 0 GPa) to   
(1.08 eV at ~ 50 GPa) under applied   
pressure. We observed that the optical   
anisotropy among the various optical   
properties viz. absorption coefficient,   
refractive index, extinction coefficient   
etc. along xx and zz directions. We have   
also investigated the effect of   
temperature and pressure on various   
thermodynamic properties such as unit   
cell volume (V), Bulk modulus (B), Debye temperature ("!),	Gruneisen parameter (γ),	specific  heat 
(&")	 and thermal expansion coefficient (α). We have observed the variation of  thermodynamic 
properties under wide temperature range (0-1000K) and pressure range (0-50  GPa) using quasi-
harmonic Debye model. We found a reduction in the thermal expansion and  the specific heat capacity 
at constant volume and an increase in the Debye temperature under  high pressures at constant 
temperature. Debye temperature was calculated as 337.35 K at room  temperature and zero pressure. 
The present work provides the useful information about the  performance of material under high 
pressure that could be useful to improve the performance of  the material.  
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Abstract 

Use of graphene in material science is limited by the non-availability of standards and poor quality 

of the commercial graphene. In India various researcher produce the graphene in small quantities 

and publish research articles. In order to transform the raw potential of graphene to real world 

applications require much reliable source of graphene in large quantities with reliable quality. Over 

several years, in CSIR-AMPRI, we have developed the RTP-CVD process for producing graphene 

and manufacturing of graphene through chemical, thermal exfoliation routes. We have  also 

developed the new methods based on electrochemical  exfoliation for synthesis of graphene and 

derivatives of graphene nanomaterials by waste dry batteries rods for biosensor applications. 

Currently our group working on a facile synthesis route of graphene oxide and nanocomposite 

have been described along with the fabrication of immunosensors for the development of an 

antibodies-based electrochemical sensor for biomarker detection in breast cancer real samples. 

Antibodies-based platforms have the advantage of identifying their targets with high affinity and 

specificity and can be easily immobilized on the surface of nanostructured 2D material (graphene 

& nanocomposites) through non-covalent or covalent bonding without any conformational 

changes. The synthesized graphene oxide - gold (GO-Au) nanocomposite has remarkable 

properties for sensing applications because of the large surface area, high conductivity, and 

availability of functional groups for effective biomolecules binding. The system can also be 

extrapolated to a microfluidic portable device with the ability to multiplex biomarkers detection 

and can be extended to infectious, cancer and other types of biomarkers in the future. 

 
 
Keywords: Pont-of-Care, Biomarkers, Electrochemical Immunosensor, Graphene etc. 
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Abstract 

 

The micro-electro-mechanical system (MEMS) based ‘intelligent’ sensors and devices consist 

of wide variety of complex miniaturized structures. Among these, comb-structures are widely 

being employed in different sensing and actuating purposes. Researchers have demonstrated 

MEMS micro mirrors, gyroscopes; accelerometers; resonators, energy harvester, etc. by utilizing 

comb-structures. Metallic comb structures are also used for in-plane measurement of electrical 

properties of thin films deposited on insulating base. 

 
The silicon comb structure with vertical sidewalls can be fabricated by both wet and dry etching 

processes. The anisotropic etching of Si (110) substrates in aqueous alkaline solution yields 

rhombus (having angles 70.52° and 109.48°) shaped vertical comb walls dictated by presence of 

four {111} planes normal to the substrate surface. However, high aspect ratio vertical comb like 

structure is not possible in wet chemical etching of Si (110) substrate. 

 
The deep reactive ion etching (DRIE) of Si based on the Bosch Process is capable of generating 

high aspect ratio vertical-wall structure of any complicated shape without bothering about the 

crystallographic orientation. The DRIE process is generally done in single full-size silicon wafer 

(100-150 mm dia). But many MEMS device processing requires stacking of multiple wafers prior 

to the DRIE process. Since the DRIE process involves etching and deposition cycles of energetic 

ions, proper heat dissipation and substrate cooling is very essential for maintaining vertical side-

walls in the etched structure especially in comb-structures. 

 
Keywords: MEMS, comb-structure, micromachining 
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Abstract 

The electrochemical routes to energy storage and electrochemical/photocatalytic routes energy 
conversion processes have attracted a great deal of research attention in recent years to find 
sustainable and highly efficient alternative energy as a substitute for exhaustible fossil fuels. 
As a contribution to this field, we have developed a few highly efficient functional 
nanostructured materials to convert energy electrochemically and photochemically.[1-7] 
Herein, a ‘one-pot’ colloidal approach has been used to develop rod-shaped one-dimensional 
non-noble metal FeCoP electrocatalyst which exhibits an excellent OER activity with an 
exceptionally high current density of 950 mA cm-2 and a TOF value of 7.43 s-1, and a low Tafel 

slope value of 54 mV dec-1.[6] The FeCoP electrocatalyst affords an oxygen evolution reaction 

(OER) ultralow overpotential 230 and 260 mV at a current density of 50 and 100 mA cm-2, 
respectively in 1.0 M KOH, and durability up to 60 h at 50 mA cm-2. Moreover, we developed 
trimetallic polyhedral alloy nanoparticles and they possess mainly octahedral and 
cuboctahedral particles with exposed highly active {100} and less active {111} facets. This 
alloy electrocatalyst offered high current density of 1000 and 550 mA cm-2 in acidic and basic 
mediums, respectively.[7] An insight into the superior and stable electrocatalytic HER/OER 
performance by our electrocatalysts is obtained by extensive X-ray photoelectron, X-ray 
diffraction, Raman and infra-red spectroscopy, and cyclic voltammetry analyses for a 
mechanistic study (adsorption of reactive species). 
Keywords: FeCoP, FeCoPd, water splitting, electrocatalysis, nanoparticles 
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Abstract 
 

The energy crisis is one of the foremost challenges to be tackled by mankind and harvesting 

energy from renewable sources is one of the superlative solutions since it is environmental 

friendly. In this direction, a lot of potential solutions are already industrialized such as 

hydroelectricity, photovoltaics, wind energy farms, etc., but one major drawback with them is 

that these are either region dependent or weather dependent which significantly impact their 

universal applications. On the other hand, oceans always have moving current and waves in 

nature, hence capturing this energy is another solution. There are many theoretical and 

experimental reports available on the direct production of electricity by liquid motion on 

carbon-based materials through electrokinetic principles. Since the generation of potential 

occurs via only the top surface of material, thus monolayer or low-dimensional materials are 

the preferred choice for fabrication of practical triboelectric nanogenerators. The present work 

focusses on the fabrication of novel triboelectric nanogenerators based on MoS2 layers and 

Gallium Nitride (GaN) thin film for energy harvesting from moving NaCl droplet. The direct 

growth of large-area MoS2 and GaN on Si3N4/Si, sapphire, and SiO2/Si substrates is achieved 

using the PLD and Laser MBE techniques, and a substrate-dependent comparative study is 

carried out for enhanced device performance. Also, the effect of varying NaCl concentration 

from 0.1 M to 1.0 M has been analysed on MoS2 layers and GaN thin films. DFT calculations 

have also been performed to identify the favourable adsorption of ions (Na+ or Cl-) towards 

MoS2 surface. Effect of number of MoS2 layers on the nanogenerator performance has also 

been studied and obtained results are corroborated using equivalent circuit diagrams. 

Fabricated MoS2 and GaN based triboelectric nanogenerator showed generation of Voc =7.3 

V and 18 V and Isc = 11 nA and 0.9 μA upon motion of NaCl droplet on its surface inclined at 

60° from the plane respectively. Later, the effect of ultraviolet (UV) light of wavelength 325 

nm on the GaN based TENG has also been studied to enhance the induced output voltage to 40 

V and current to 10 μA. These results could be used for energy harvesting in the form of 

mechanical energy and photon energy by coupling the photovoltaic and triboelectric effects. 
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Abstract 

A global demand of energy is increasing day by day and the sources of energy are still 

majorly dependent upon the fossil fuels which leads to global warming and are decaying. 

This makes it necessary to find alternate energy sources or save energy from where there is 

energy loss. Thermoelectric effect is one of the most important methods where the 

temperature difference can be directly converted into electrical energy which is an efficient 

method to harvest energy from the waste heat from industrial waste, heavy automotive 

vehicles etc. Thermoelectric materials have gained a great attention as a clean energy source 

to harvest energy from the waste heat to an electrical energy. Amongst all thermoelectric 

materials, bulk Bi2Te3 is well-known to exhibit promising thermoelectric properties at room 

temperature, but is toxic and expensive. On the contrary, In2Se3 possesses a low thermal 

conductivity and high electrical conductivity simultaneously and thus offers a good 

thermoelectric properties at room temperature. However, the thermoelectric properties of 

In2Se3 thin films are not been explored. Thin films offer a low thermal conductivity due to 

the presence of strong phonon scattering offering their application in the nanostructured 

devices. In the present work, the effect of post annealing on the thermoelectric properties of 

In2Se3 thin films are studied and compared with the performance of Bi2Te3 thin films, grown 

using thermal evaporation. The In2Se3 thin films annealed at 300 °C show a high Seebeck 

coefficient calculated using an indigenously developed system. The thermal conductivity was 

calculated using 3ω-method which is found to be 0.75 Wm-1K-1 with a power factor and 

figure of merit of 12.04 µWm-1K-2 and 

4.9 × 10-3, respectively which are found to be comparable with Bi2Te3, calculated at room 

temperature. These results indicate use of thermoelectric material thin films as an integrated 

power source for microelectronic device applications. 
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Abstract 

Air pollution may be defined as any atmospheric condition in which certain substances are present 

in such concentrations that may produce undesirable effects on human beings and ecosystem. 

Nitrogen oxide (NO2) is an important pollutant amongst other pollutants like SO2, CO, CO2 etc. 

Constantly increasing level of NO2 gas is harmful to living beings as it is irritating to the upper 

respiratory tract and lungs even at low concentrations. Immediately Dangerous to Life or Health 

Concentrations (IDLHs) of NO2 gas has been declared to be 20 ppm by Occupational Safety and 

Health Administration, USA. Thus, precise detection of trace level of NO2 has become need of 

an hour. It is necessary to develop small size, highly sensitive and cost effective NO2 gas sensors 

to detect low concentration of gas at lower operating temperature. Tin oxide (SnO2) is the most 

preferred material for gas sensor application because it is sensitive to many gases and some 

degree of selectivity can be conferred by the use of appropriate additives. Efforts have been to 

study the effect of different modifiers (p-type or n-type metal oxide) incorporated with n-type 

SnO2 thin film in enhancing the sensing response with reduction in operating temperature. To 

improve the response parameters of the sensor, different modifiers (WO3, TeO2, Al2O3, NiO, 

CuO, In2O3, ZnO, TiO2, Ag2O and PdO) in the form of microclusters have been deposited over 

SnO2 surface. Origin of heterojunctions formed at the interface of different metal-oxide (p-type 

or n-type) modifiers and n-type SnO2 thin film surface and its implication in enhancing the 

sensing response has been studied. Furthermore, efforts are also made to develop room 

temperature operated NO2 gas sensor by using hybrid nano-composite of multi-walled carbon 

nano-tubes (MWCNTs) and SnO2 nanoparticles (NPs) with varied concentration of MWCNTs. 

The sensor made using 5 mg of MWCNTs yielded a maximum response of about 1.07 x 103 at 

room temperature with fast response time (4 min) and recovery time (8 min) towards trace level 

(100 ppb) NO2 gas. Also, to prepare handheld gas sensor based on SnO2 film for on-field detection 

of NO2 gas, effort has been made towards the miniaturization and packaging of complete sensor 

device. 
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Abstract 

The hydride and dichalcogen ligands were fabricated air and moisture stable coinage metal 
nanoclusters like Cu20, Cu28, Cu30, Cu32, Cu36 etc.	Structurally precise Cu-hydride nanoclusters, 
such as Cu32 offer unique selectivity for electrocatalytic CO2 reduction into HCOOH at low 
overpotentials. A ligand exchange process yields an intrinsically chiral inorganic Cu-H core of 
C3 symmetry from the achiral symmetry. These dithiophosphonates ligands offer the possibility 
to generate superatom nanoclusters such as [Ag21{S2P(OiPr)2}12](PF6), [Ag20{S2P(OiPr)2}12] 
etc. instead of silver hydrides. The eight capping atoms were rearranged after replacing of 
dithiophosphates with dithiophosphoante type of ligands. Silver clusters stabilized with 
ferrocenyl dithiophosphonates show a μ1-coordinate S site as the reaction center for H2 evolution 
from water splitting. A catalytic role of a centralized S2- atom in thiolate stabilised quantum dots 
versus superatom NCs probed by a decarboxylative cascade chemical transformation reaction. 
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 Abstract  
 

Corrosion properties of electrodeposited metallic coatings can be significantly modified by 

altering the deposition parameters, changing the foreign additives' volume fraction, and 

alloying to alter phase constitution. The question that needs to be addressed is: what is the 

"optimum" with respect to the amount of alloying element or deposition condition or the 

additive amount for achieving the best result? Author's extensive studies have shown that 

the "optimum," as referred above, is closely related to the evolution of coating microstructure 

(phase constitution and their spatial location) and micro-texture (grain orientation, grain 

boundary constitution, and strain) with changes in the solute content, deposition condition 

and foreign particle fraction. Low energy texture, which yields a lower corrosion rate, is 

typically characterized by attributes such as low stress, a higher fraction of low energy grain 

boundaries, and orientation of grains such that the low energy planes are exposed to the 

corrosive media. With regards to corrosion protection, microstructural in-homogeneity is 

detrimental due to the possibility of galvanic coupling between phases. Engineering the 

phase fraction and their spatial location within the microstructure by altering the deposition 

conditions (while keeping the composition unaltered) is also essential for enhancing coating 

lifetime. This talk will specifically focus on understanding the evolution of morphology, 

microstructure, texture, and corrosion behavior of electrodeposited metallic coating 

containing carbonaceous additives like graphene and carbon Nanotubes. Some exciting 

correlations between microstructure and corrosion behavior of these composite metallic 

coatings will be discussed. 
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Abstract 

 
Electron Microscopy remains a powerful essential tool in the clinical diagnostic field, 
especially for Kidney Diseases, Muscle disorders, Neuropathology disorders, Ciliary 
dysfunction, and Viral infection. Or any condition that may help from the analysis of the 
ultrastructure of a biopsy, Tumors, or CNS, which include unusual or atypical variants of 
Ependymoma and Schwannoma. 

Electron Microscope diagnoses with certainty a significant percentage (90% of the cases) of 
Glomerulopathies based on the light microscopy and immunofluorescence findings alone. 
Electron Microscopy becomes essential for diagnosing hereditary nephropathies: optimum 
diagnosis of glomerulopathies. Electron Microscopy has an affirmative role in the clinical 
diagnosis of kidney disease. 

The high magnification of the Electron Microscope enables observations not possible by Light 
Microscopy. Electron Microscopy is an essential component of diagnostic renal pathology. 
Ultrastructural findings under light microscopy which show a usual look, for example - 
minimal change, thin membrane disease, and fibrillary glomerulonephritis; Electron 
Microscope can provide information or elucidate a diagnosis, as in immune complex 
glomerulonephritis, renal amyloidosis, dense deposit disease, and diabetes. 

Electron Microscopy is also helpful in diagnosing peripheral nerve sheath and gastrointestinal 
autonomic nerve tumors and evaluating congenital inherited and metabolic diseases such as 
ceroid lipofuscinoses, CADASIL syndrome, myopathies, and some cases of mitochondrial 
encephalopathies. 

In other situations, such as an atypical tumor or metabolic condition for which clinical and 
histological findings show no clue, Electron Microscopy will give the direction to narrow 
the range of diagnostic possibilities. 
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Abstract 

Heterostructure-based devices have shown great potential in the optoelectronic field. In addition, 
a self-biased UV photodetector (PDs) that can operate in harsh environmental conditions is 
important for next-generation optoelectronic devices, and further research is essentially required 
to provide a more sustainable future. Commercially available photodetectors require a lot of energy 
because they need high external bias and limit room temperature operations. Gallium Nitride 
(GaN) based ultraviolet photodetectors are the most important due to their versatility and ability 
to serve in an extreme environment. Besides, they have played a crucial role in developing PDs 
because of their relatively low-stress nature strain caused by electrical and optical defects. Here, 
we have fabricated hybrid nitride structures with unique GaN structures (UV active) and integrated 
them with visible and NIR active materials to develop hybrid broadband optical detectors. The 
fabricated photodetectors display extremely high photo responsivity in self-powered mode of 
operation. The consistent transient photoresponse exhibits thermal stability at the higher 
temperature. The device demonstrates very high detectivity, ultra high external quantum 
efficiency, fast switching speed, and a very low signal detection capability. The study also 
provides a new perspective on energy-efficient optoelectrical device fabrication. 
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Abstract 

Natural catastrophes such as landslides and snow avalanches, which include rapid mass movement 

of a bulk structure down an unstable slope, inflict substantial damage to infrastructures, monetary 

losses, and human settlements etc. In the context of minimization of all these risks and losses, 

constant monitoring and evaluation of their structural integrity becomes a goal of major 

importance. This article discusses an application of indigenously developed acoustic emission 

(AE) sensors and AE data acquisition and analysis (DAQ) system for monitoring these geohazards. 

AE technology has been established as an innovative and dynamic tool for evaluating the structural 

health of a variety of constructions. AE sensors are a critical component of AE technology. AE 

sensors are used to capture the released elastic waves during material deformations and convert 

them into corresponding electrical counterparts known as AE signals. We use smart 1-3 

piezocomposites material for AE sensor fabrication. Reduced acoustic impedance, increased 

coupling coefficient, increased bandwidth, and decreased mechanical quality factor are just a few 

of the significant advantages that 1-3 piezocomposites provide over ordinary PZT. AE sensor also 

includes a backing layer and an electrical pre-amplifier circuit. AE sensor is placed in touch with a 

properly placed waveguide. Various AE signal parameters are extracted with the aid of an AE data 

acquisition and analysis system. The collection and intensive post-analysis of AE data prior to and 

during geohazard events is a viable strategy for developing an early warning system. 
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Abstract 

 

In this talk, the main focus would be to get an insight into electrochemical devices 

for the detection and/or recognition of various biomolecules including DNA, 

proteins and peptides. In a conventional electrochemical device, an electrical 

signal/current is measured and is considered a tool of detection which is used to 

detect biomolecules through different reaction processes. In most cases, only 

electronic current is taken into account. In a groundbreaking discovery at the 

Weizmann Institute of Science, it has been found that electrons, transmitted through 

helical (chiral) protein, DNA and peptides, yield spin-polarized electrons (up to 

64% for DNA) due to the lack of inversion symmetry associated with the 

chiral(DNA) molecules. ‘Chirality’ in molecular systems represents structural 

asymmetry in which one enantiomer has “right-handed” symmetry and the other 

“left-handed”. The interaction of circularly polarized light, magnetic field or spin- 

polarized electrons with this chiral potential varies for the specific enantiomer and 

gives exciting results. I will present the discovery and development of the chiral- 

induced spin selectivity effect of self-assembled monolayers made from molecules 

having a helical structure, like protein (bacteriorhodopsin), dsDNA and 

oligopeptides of different molecular lengths adsorbed on Au, Ni and Al thin films. 

Our results indicate that helical structure promotes electron transmission and 

efficient spin filtering at room temperature. Interestingly, this effect could be used 

to detect DNA damage. 

 
Keywords: ciss effect; chirality; DNA, sensor, electrochemical 
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Abstract 
 

The electron microscope is a powerful instrument capable of providing atomic 

resolution imaging, diffraction and spectroscopy from the same localised region in 

a thin specimen. Combined with the ability to carry out in-situ experiments of 

various kinds, the instrument is transformed into a laboratory in itself, capable of 

addressing a wide variety of interesting and important problems. I will discuss some 

examples of applications of the microscope from our recent studies. I will present 

some general principles of morphology evolution during wet chemical synthesis. In 

particular, the formation of anisotropic structures of high symmetry materials and 

the associated symmetry breaking mechanisms will be discussed. Specific examples 

include the growth of ultrathin single crystalline Au and alloy nanowires. I will 

highlight the unique relaxation that takes place in ultrathin nanowires. The 

elemental distribution in alloy nanowires and how it can be controlled will also be 

presented. I will present some results on the use of EELS and HAADF/ABF for 

studying oxidation states and surface termination in highly reduced strontium 

titanate nanocubes. I will discuss about the role of heterogeneous nucleation for 

controlled synthesis of nanoscale hybrids for a variety of applications. The overall 

emphasis will be on illustrating general principles that we have been able to extract 

based on our research primarily using different electron microscopy techniques over 

the past few years and also some thoughts on future directions. 
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Microscopes have played a very crucial role in the development of Crystal Science. Starting from 

the study of different mechanisms of crystal growth like Spiral growth, 2-D layer growth or 

Dendritic growth, etc., the miscoscopic tools have been used to study defects, including etch pits, 

and various other surface features of the crystals. In this way, apart from showing the attractive 

morphology of the crystals, microscopic techniques are used to control and enhance thequality of 

crystals as well. 

In the present talk, our results of microscopic studies on various organic, semi-organic and lead 

based / lead free perovskite single crystals will be presented. The presentation will include the 

micrographs from simple optical microscopes to SEM, FESEM, AFM, TEM and HRTEM. It will 

be discussed that how the observed surface features are correlated with the structural properties, 

like phase purity and polytypism, and other materials properties like ferroelectriccity, 

piezoelectricity, dielectric loss, stability against adverse chemical atmosphere, hardness, etc. The 

explanation for the over 400% increase in the piezoelectricity of ZnO nanostructures will also be 

highlighted. It will be discussed that how these microscopic studies play extremely important role 

in designing their applications in energy harvesting or communication devices. 

Keywords: Single crystals, Surface Growth Features, Piezoelectricity 
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Abstract 

 

Advanced and sustainable energy storage technologies with tailorable 
electrochemically active materials are the present research dominancy towards an 
urgent global need for electric vehicles and portable electronics. Therefore, 
developing new advanced storage devices like hybrid supercapacitors with their 
improved electrochemical performance is highly attractive for powering the next- 
generation electronics in the coming era of battery technology. Supercapattery is an 
innovative hybrid electrochemical energy storage (EES) device that combines the 
merit of a rechargeable battery and supercapacitor characteristics into one device. 
At the same time, scientists are trying to pursue cost-effective design methods 
without compromising device efficiency. The most significant factor for energy-
efficient applications demands a prominent inclusion of novel nano- architectured 
electrode materials. Constructing multifunctional hierarchical nanocomposites is a 
promising strategy for enhancing the structural stability and electrochemical 
reaction kinetics of electrode materials. Moreover, hybridizing with high-energy 
battery materials can successfully solve the existing limitation of the available 
supercapacitors without sacrificing their cycling performances. The progress of 
supercapacitor technology with special emphasis on the tuning of nature, 
composition, electronic, and structural designing of electrode materials and 
electrolytes, cell fabrication along with other related parameters may assist in 
enhancing the overall electrochemical device performance. In this lecture, I shall 
present how the control over hetero-architecture morphologies of metal oxides can 
benefit from improving the performance of battery-supercapacitor hybrid. I shall 
present our recent work on the synthesis of metal and metal oxide hetero- 
architectures. The nanostructures uniformly distributed on conducting substrates 
were characterized by field-emission scanning electron microscopy (FE-SEM), 
energy dispersive spectroscopy (EDS), x-ray photoelectron spectroscopy (XPS), 
and x-ray diffractometry (XRD), electrochemical analysis, etc. 

 
Keywords: battery-supercapacitor; hetero-architectures; energy storage materials 
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Abstract 

Technologies for transmissive diffractive [1] as well as reflective [2] terahertz optics have 
been developed in before. Silicon and diamond diffractive optical elements for focusing 
terahertz laser beam as well for formation of terahertz laser beam with pre- given mode 
composition and polarization state have been fabricated and eхperimentally investigated 
[1]. The experiments were carried out at a wavelength of 130-150 μm using the 
Novosibirsk Free Electron Laser [1]. Developed technologies [1] are based on lithographic 
etching and laser ablation. 

This talk is devoted to perspectives of subwavelength lithographical structuring 
[3] for fabrication of high-efficient focusing terahertz elements. Results of realized 
subwavelength structures microscopic investigation are presented. 
The experiments were carried out at the Novosibirsk Free Electron Laser Facility, which 
is part of “the Siberian Synchrotron and Terahertz Radiation Center”. This work was 
supported by the Russian Science Foundation grant 19-72-20202. 

 
Keywords: diffractive optical element, terahertz range, free electron laser, diffractive 
microrelief 
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Abstract 
Understanding Magnetoelectrics and Superlattices domain dynamics and its cross- 

coupling among various artificially engineered domains and ferroelectric, ferromagnetic and 
ferroelastic order parameters are essential to support the 5 nm node COMS technologies. The 
transport properties of the artificially engineered quantum materials for volatile and nonvolatile 
memory devices follow the quantum tunneling phenomenon below 7 nm node technology. Hence 
it is essential for scientific communities to discover novel multifunctional materials and to 
understand the physics of domains and domain wall dynamics and their interface with 
microelectronics. We know that there are few single-phase magnetoelectric materials that exist in 
nature at room temperature due to the exclusion of cross-coupling between dipole and spin order 
parameters, so to develop a new class of high figure of merit magnetoelectric coupling coefficients 
in materials, scientists have been working to designed artificially engineered novel class of ultra-
thin magnetoelectric and superlattices. I will be talking about novel room- temperature 
multiferroics and superlattices, which show strong ME coupling at room temperature at the nano-
scale. The piezo-force microscopy (PFM) images of micro- and nano- scale magnetoelectric 
domains illustrate that magnetic domains switch under applications of the external electric field 
and ferroelectric domains under magnetic field, which is an essential requirement for the 
fabrication of multi-level nonvolatile memory elements. I will also discuss about mechanical write 
of ferroelectric domains under the application of external pressure, which might be useful for 
mechanical writing and electrical reading of ferroelectric domains. 
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Abstract 

Irradiation of materials by high energy (MeV) ions causes intense electronic excitations 

through inelastic transfer of energy that significantly modifies physicochemical properties. We 

report the effect of 100 MeV Ag ion irradiation and resultant localized (_few nm) thermal spike 

on vertically oriented TiO2 nanorods (100 nm width) towards tailoring their structural and 

electronic properties. Rapid quenching of the thermal spike induced molten state within 

0.5 picosecond results in a distortion in the crystalline structure that increases with increasing 

fluences (ions per cm2). Microstructural investigations reveal ion track formation along with 

a corrugated surface of the nanorods. The thermal spike simulation validates the experimental 

observation of the ion track dimension (10 nm diameter) and melting of the nanorods. The 

optical absorption study shows direct bandgap values of 3.11 eV (pristine) and 3.23 eV (5 x 

1012 ions per cm2) and an indirect bandgap value of 3.10 eV for the highest fluence (5 x 1013 

ions per cm2). First principles electronic structure calculations corroborate the direct-to- indirect 

transition that is attributed to the structural distortion at the highest fluence. This work presents 

a unique technique to selectively tune the properties of nanorods for versatile applications. 
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Abstract 
 

In recent years lot of new materials have come up for perceiving presence of toxic gases and 
volatile vapors. In sensor technology, metal oxides like tin oxide (SnO2) is still the leader due 
to its exceptionally good sensitivity, selectivity, and stability. However conventional inorganic 
sensors exhibit an inherent drawback due to their high operating temperatures (150–400 ◦C) 
they require a complex assembly. This causes degradation of material and vulnerability of 
heating elements. For sensing devices, conducting polymers have emerged as another better 
alternative to inorganic sensors. They display a sensitive and rapid response to a variety of 
chemicals. The chemical or electrochemical doping/dedoping can readily control their 
oxidation level. To incorporate the properties of conducting polymers and the inorganic metal 
oxide, we have synthesized polypyrrole-tinoxide nanowires for developing ammonia sensors. 
These composites comprise of polypyrrole nanotubes enveloped around tin oxide nanoparticles 
as observed through scanning electron microscopy (SEM). We recorded at room temperature 
the gas sensing response of nanowires of pure polypyrrole (PPy) and polypyrrole-tinoxide 
nanocomposites (PPy-SnO2) towards ammonia (1) by measuring changes in the surface 
resistance of the samples in ammonia with respect to air. No response was observed in the SnO2 

particles upto 250 ◦C at 100 ppm of ammonia. The sensitivity of pure PPy nanowires is about 
18%. However, it is interesting to note that the sensitivity of the composite sample (∼26%) is 
greater than the pure PPy sample at room temperature. Also, the sensitivity increases with an 
increase in ppm level of ammonia. To probe this behaviour we have used the Kelvin probe 
force microscopy (KPFM) system for imaging the potential changes on the surface of the 
sample. Ammonia gas was introduced in a specially designed cell. We observed the local 
variations of work function differences between an SPM tip and the sample surface. The local 
surface potential of the sample was compared in the presence of gas and in the absence of gas. 
With the help of our KPFM investigations, it was proposed that the faster and greater response 
of sample PPy-SnO2 towards ammonia can be attributed to the presence of a large number of 
charge compensating sites/diode interfaces which are absent in pure PPy samples. The 
depletion width of these junctions changes drastically in the presence of ammonia. Hence, the 
sensing response is better in the composite samples as compared to pure PPy sensor which is 
purely resistive in nature. 
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Abstract 
 
Structural analysis of materials produced via traditional or modern methods such as 3D printed 
or additive manufactured metals and alloys, is computationally and resource expensive. 
Performing various stress-strain and other physical tests also increases the convergence time and 
number of iterations in the designing and validation process. Application of network analysis in 
this area can produce optimal solutions and shorter convergence time required to achieve these 
solutions. One such method is to capture a high quality SEM/TEM image of the sample, extracting 
the image data, transforming it into a graph and performing network analysis on it. The present 
study has been done on SSL316 and its derivatives mixed with 0.1% and 0.2% graphene to gauge 
the effectiveness of this approach. Generalized guidelines for performing network analysis to study 
physical properties are developed. The results were in agreement with the physical studies 
performed on the SSL316 and gave positive correlation between the microstructure and physical 
properties of the additive manufactured metal. This study proves that application of network 
analysis can produce quantifiable results which can reduce the time required during the 
optimization process and provide new insights into the material properties. 
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Abstract 
 

Nano-structured magnetic materials with varied microstructure are extensively 

studied because of their utility in technology for writing heads in magnetic memory 

devices, MEMS etc. Magnetization on one hand helps in the bulk characterization 

of their magnetic properties and the anisotropy studies by estimating the magnetic 

anisotropy in thin films. The choice of the relevant alloys for the applications 

depends both on the anisotropy and the magnetization strength. The quality of films 

in terms of the impurities and interface, especially in the case of multilayers are 

another aspect which requires a detailed microscopic investigation rather than the 

bulk hysteresis. A study of the domain dynamics arising due to the impurities and 

interfaces that act as pinning centres are investigated using microscopic techniques. 

The electron microscopy helps in understanding the morphology of the films while 

Atomic Force Microscopy (AFM) and MOKE microscopy images are helpful in 

understanding the domain dynamics. Micromagnetic simulations along with the 

realistically representation of the film microstructure obtained from Electron 

microscopic techniques are helpful and desirable to exactly replicate the system for 

modelling the surface magnetic domain structures. The effect of pinning and the 

magnetization switching on magnetic alloy thin films will be discussed using films 

of FeCo, FeNi, FePt and their multilayers as model system. 

 
Keywords: domain dynamics, MOKE, pinning 
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Abstract 

Two-dimensional (2D) transitional metal dichalcogenides (TMD) are being actively 
researched because of many unique properties such as an indirect to direct bandgap 
transition, ultra-high specific surface area, large excitonic signals, strong spin- orbit 
coupling, and valley polarization when their dimensions are reduced to atomic layer 
thicknesses. In this presentation, we focus on two such TMDs, namely MoSe2 and MoS2 

The tunability of the bandgap, electronic and thermoelectric properties expands the scope 
of their applications for solar- spectrum based devices and other optoelectronic devices. 

Atomically thin MoSe2 is grown by Chemical Vapor Deposition from the precursor MoO3 

and Se powders. The selenization mechanism is correlated with the morphology and 
microstructure determined from electron microscopy. The light emission behaviour shows 
a clear tunability on going from the bulk down to the monolayer limit. Micro- Raman 
spectroscopy is used a range of material parameters. 

 
MoS2 nanosheets are synthesized by a liquid phase exfoliation process. The improvement 
in the lateral sizes of the synthesized flakes as determined from electron microscopy and 
an enhancement in the light emission is achieved by suitable modifications in the 
exfoliation process. 

Keywords: word1; transitional metal dichalcogenides, monolayer, light emission 
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Abstract 
 

We claim to have explored and discovered a new bio-safe and bio-compatible route for the 

synthesis of metal oxide/hydroxide nanomaterials using water as solvent as well as source of 

oxygen. The use of water as a reagent is particularly attractive because it is safe, inexpensive, 

environmentally benign and bestowed with many virtues especially under supercritical conditions. 

The straightforward route is based on simple reaction of water and metal powder at relatively low 

temperature and can be versatile if carried in microwave workstations.   Since water is regarded as 

a benign solvent and non toxic, the product (nanostructures) could be used safely for biomedical 

and other applications including food. The structural and surface morphology has been ascertained 

by the versatile equipments. In addition, the method is simple, environmentally benign, involves 

green chemistry, which can make it suitable for scale large production. The prospects of the process 

are bright and promising. There are number of applications including energy and environment 

which shall be discussed during the talk. The nanomaterials will have far reaching impact and the 

next revolution in science and technology will depend on science interdependence. This 

technology would directly benefit a common man when it comes to commercial use and has 

already established a beachhead in the economy. 
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Abstract 

 

Viroporins are virus-encoded membrane-active proteins that assist in various stages of the 

viral life cycle including replication, assembly and egress. Although the importance of 

these components in virus-host interaction is well established, the molecular basis of their 

function is not clearly known. We are attempting to understand the biological 

functionality of viroporins using a combination of high resolution light microscopy and 

cryoelectron microscopy. The viroporin 6K from, and its transframe variant TF, encoded 

by Chikungunya virus (CHIKV), are known to be crucial for ensuring correct viral 

assembly and budding. 6K is a cation-specific ion channel forming protein, that appears 

to form heterogeneous assemblies and re-localizes to the plasma membrane from the ER 

in presence of CHIKV glycoprotein E2. CHIKV particles demonstrate a marked deviation 

from wild type morphology when 6K activity is compromised by usage of generic channel 

blockers such as amantadine. TF localizes distinctly from 6K in host cells and appears to 

interact with the pro-apoptotic tight junction protein Scribble, which results in 

sequestration of Scribble in specific membrane regions and consequent facilitation of 

CHIKV propagation. The interaction of TF with Scribble occurs through a PDZ domain 

binding motif at the unique C-terminus of TF. Together, the involvement of 6K and TF 

appear to be essential for correct CHIKV particle assembly and virus spread. We hope 

that structural insights into these components can be exploited towards the development 

of virus-specific therapeutics. 
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Abstract 
 
Gallium oxide (Ga2O3) has attracted considerable research interest in recent years. It has found 
applications in various fields such as catalysis, gas sensors, optoelectronic, and high-voltage 
electronic devices. Ga2O3 exists in five different polymorphs - monoclinic (β), rhombohedral (a), 
defective spinel (c), cubic (d), and orthorhombic (e) structures. Among them the β-polymorph of 
Ga2O3 is the stable form under normal conditions. The lattice parameters of β -Ga2O3 are; a=12.2Å, 
b-3.04 Å, c-5.8Å, a=g=900, b=1040. It has a wide band gap (Eg ~ 4.8 eV) and very high breakdown 
electric field (Ebr~ 8MVcm−1), compared to the traditional Si (Eg ~ 1.1 eV) and 4H-SiC (Eg ~3.3 
eV) and hence it shows the outstanding potential for power electronics applications such as 
Schottky Barrier Diode (SBD) and Metal-Oxide-Semiconductor Field-Effect Transistor 
(MOSFET). 

The unit cell of the stable phase, β-Ga2O3, contains two crystallographically different Ga 
atoms, one with tetrahedral and the other with octahedral coordination geometry. The unit cell is 
composed of two types of Gallium ions (GaI and GaII) and three types of Oxygen ions (OI, OII, 
and OIII). This leads to the anisotropy of physical properties. 

In this paper, the characterization of defects in β-Ga2O3 single crystal was performed by 
TEM and AFM techniques. The single crystal was grown using Optical Float Zone (OFZ) 
Technique. A test sample for TEM study was prepared by grinding the sample using abrasive paper 
followed by ion milling. A cleaved surface of β-Ga2O3 was taken for AFM characterization. 
High resolution (HR)-AFM imaging revealed the presence of defects and anisotropy was reflected. 
Due to the presence of small contamination/impurity in the grown crystal, a weak magnetism was 
observed. Magnetic force microscopy (MFM) showed the presence of domains varying in size 
from190-300 nm. To understand anisotropy in β-Ga2O3 crystal structure, modeling of HR-AFM 
imaging was also attempted by using ‘Crystalmaker’ software. 

 
Key words: β-Ga2O3, monoclinic, defect, HR-AFM, TEM 
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Abstract 

 
 
Aqueous iodine based electrochemical energy storage is considered a potential candidate to 

improve sustainability and performance of current battery and supercapacitor technology. It 

harnesses the redox activity of iodide, iodine, and polyiodide species in the confined geometry 

of nanoporous carbon electrodes. However, current descriptions of the electrochemical reaction 

mechanism to interconvert these species are elusive. Here we show that electrochemical 

oxidation of iodide in nanoporous carbons forms persistent solid iodine deposits. Confinement 

slowsdown dissolution into triiodide and pentaiodide, responsible for otherwise significant 

self-discharge via shuttling. The main tools for these insights are in situ small and wide-angle 

X- ray scattering (in situ SAXS/WAXS). In situ experiment confirms the reversible formation of 

triiodide and pentaiodide. In situ SAXS/WAXS indicates remarkable amounts of solid iodine 

deposited in the carbon nanopores. Combined with stochastic modeling, in situ SAXS allows 

quantifying the solid iodine volume fraction and visualizing the iodine structure on 3D lattice 

models at the sub-nanometer scale. Basedon the derived mechanism, we demonstrate strategies 

for improved iodine pore filling capacity and prevention of self-discharge, applicable to hybrid 

supercapacitors and batteries. 
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Abstract 
 
Understanding the mechanical response and properties of materials at multiple lengths, time scales, 
and test conditions are becoming very important to optimize the performance and develop materials 
with unique properties. The materials science community has been coming out with new materials 
with outstanding properties for applications at normal and extreme conditions. For the underlying 
research effort, recent instrumentation for structure-property correlation has played a critical role. 
In recent two decades, depth sensing nanoindentation emerged as not only a tool to measure the 
hardness and modulus of materials but other important properties such as viscoelasticity, creep 
resistance, fracture resistance etc.. at depthsas shallow as a few nanometers and temperatures as 
high as 1000oC. The measurement techniques that were believed not possible a decade ago are 
becoming possible now with muchsuperior resolutions and accuracies. Besides indentation, 
today’s nano- and micromechanical methods include compression, tension bending, fracture, 
fatigue and creep tests. This talk will demonstrate this capability of structure- property correlation 
from results on the nanomechanical testing of various engineering materials using Bruker-Hysitron 
Nanomechanical Test Instruments. The results will be reported and the physical insight regarding 
the deformation mechanisms will be discussed. The main focus will be on the instrumentation 
techniques to improve the research efforts and develop a fundamental understanding of the 
deformation mechanisms of materials. 
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Abstract 
 
 
Ion milling is a sample preparation method for electron microscopy samples. It is material 
independent, fast and easy to use method for reaching the highest level of sample preparation. 
It removes surface level contaminations and artifacts of the preceding mechanical sample 
preparation steps. Utilizing its power, material scientists have a useful tool to observe bulk 
properties of their samples, whether that may be metallic, ceramic, polymeric in nature or the 
combination of the above. It can be used to achieve the perfect EBSD map, prepare a cross- 
sectional image of a multilayer or conduct failure analysis on electronics. Ion milling is 
preferred for its precision and ease of use, both in SEM and TEM applications. 

The Ion milling systems are specialized for electron microscopy sample preparation. The 
research on ion milling is based in the heart of Europe, Hungary, which in recent years has been 
targeted by automotive and battery industries for large scale projects. The research products’ 
goal is to expand application to a wide range of materials and provide user-friendly workflows 
and services for both industry and academia. 
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Abstract 

 
Materials that have undergone extreme deformation, especially at low temperatures or 
high strain rates, often contain very high local dislocation densities. The high gradients of 
crystal lattice distortion that result from the increased dislocation densities can cause 
difficulties for effective characterisation using electron backscatter diffraction (EBSD); 
this is due to the EBSD pattern source volume containing a range of crystal orientations, 
resulting in very poor quality, distorted diffraction patterns that in turn will give low 
indexing rates. Decreasing the electron energy can reduce the size of the pattern source 
volume, thus improving the pattern quality and indexing rate, but usually at the expense 
of analysis speed. Even at low energies, very highly deformed (or nanocrystalline) 
materials may still be impossible to characterise effectively using conventional EBSD. 

 
Here we present an alternative solution, in which new pattern matching techniques are 
used to extract high quality information from EBSD analyses of highly deformed 
structures. Several methods are possible, including “brute force” indexing (such as the 
dictionary indexing approach), but here we focus on hybrid EBSD pattern matching 
methods, in which the initial results from conventional indexing methods are used as a 
starting point for dynamical pattern simulations and their subsequent correlation to 
experimental patterns. This process can be very fast and the final datasets have much 
higher indexing rates and a much-improved angular precision. We will demonstrate the 
effectiveness of such methods, as implemented in AZtecCrystal MapSweeper, using 
examples from failed Al alloys, highly deformed, nanostructured steels and cold- 
deformed Ti alloys. 

 
Keywords: EBSD; pattern matching; deformation; steel; a
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Abstract 
 
 

This talk focuses on the structural characterization of metallic layesr on various 

semiconductors, like Si, Ge and SiC. The surface and Interfaces play a very important role in 

determining the device quality. The interracial structure determines whether a metallic layer 

on a semiconductor would be a ohmic contact or schottky contact. We discuss these aspects 

on the Au, Ag and Ni depositions on Si, Ge and SiC. 
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The ability to perform a variety of 3D materials characterization applications is critical for 
obtaining complete understanding of material structure and composition. For some materials 
scientists, seeing not only what is at the surface but also what is below the surface is key for; 

 
• determining root cause of failure or visualizing the distribution of certain elements within 

amatrix; 
• analyzing the size and distribution of pores in a specimen; 
• or accessing high contrast, three dimensional visual data that is critical for evaluating grain 

boundaries and structural properties. 
 
The Thermo Scientific™ Scios™ 2 DualBeam™ was built with these research challenges in mind, 
and provides rapid access to subsurface defects, or information about material structure and 
composition within a volume, so that scientists can better predict a material’s ultimate 
performance. 
 

In this talk, a common 3D characterization routine, we present a FIB cross section through a defect 
in metal. This gives us an indication of its origin, but not the full information of its 3D structure. 
The Auto, Slice & View™ software package from Thermo Fisher Scientific enables thecollection 
of images to generate a data cube from the sample. The data sets can then be aligned, segmented and 
visualized using Thermo Scientific™ Avizo® software. 

 

This data set then is used to not only visualize the 3D nature of the defect, but also determine 
whether pores form a network in the sample, and to determine the size and distribution of 
inclusions in metal. We present the flexibility of 3D characterization packages EDS3 and EBS3 
from Thermo Fisher Scientific that allows automated data collection in volumes. 

 
 

 

Figure 1. 3D 
reconstruction ofdefect in 
metal sample using 
Avizo® for Materials 
Science software 

Figure 2. 3D reconstruction of W- 
Mo- Cu sample using a 
combination of BSE (green-blue) 
and EDS (orange) data, which has 
been produced with a Thermo 
Scientific DualBeam™ System, 
Auto Slice and View 4 and Avizo 
for Materials Science software. 

Figure 3. 3D EBSD 
reconstruction of Zircalloy 
sample(250 × 250 × 220 μm3) 
produced with a Thermo 
Scientific DualBeam, Auto 
Slice and View 4and Avizo 
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Some materials are highly beam sensitive, making it challenging to acquire good microstructure 
images (especially at high magnification) before damage mechanisms such as heating, shrinkage, 
bond breaking or knock-on effects change the features we want to examine. All materials suffer 
beam damage to some degree during TEM imaging with high energy electrons, so care is neededto 
find good strategies for optimizing the acquired data. Elemental maps, typically acquired with 
EDS, require much higher electron dose than TEM or STEM images and thus EDS mapping of 
beam-sensitive materials (including many polymers, catalysts, MOFs and carbon nanotubes) is a 
particular challenge. But in many cases not even clear imaging at the high magnification and 
resolution levels accessible on modern TEM systems is practical, due to beam damage effects. 

 
Several strategies exist for reducing beam damage and thus improving data quality and reliability: 

1) Reduce the total dose used to the minimum level required to achieve sufficient image 
contrast – a simple way to control, set and measure the dose is essential for this. 

2) Increase detector sensitivity – significantly improved STEM detectors have become available 
in recent years, and direct detector TEM cameras also reduce the required dose. 

3) New scanning strategies or detector configurations to improve image contrast or S/N ratio or 
reduce damage (iDPC STEM with segmented STEM detector, very short scan dwell time) 

4) Use a wide-gap lens or phase plate to increase TEM image contrast. 

5) Optimize accelerating voltage for the best balance between image contrast and sample 
damage, or to achieve a higher EDS count rate 

6) Cool the sample with liquid nitrogen to reduce the damage caused by a given electron dose. 

7) Use software to post-process acquired data to reduce noise or enhance contrast 

Real examples from a selection of these will be discussed. 
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Abstract 

 
Scanning electron microscopy (SEM) is a valuable imaging approach for the capture of high- 
resolution images in the nanoscale. Electron microscopy (EM) has progressively evolved and can 
now provide three-dimensional (3D) visualization and quantitative insights from a wide variety of 
specimens. Advances in 3D microscopy reflect the trend in cell biology towards exploring 
specimens in a more representative volumetric environment. Expanding subcellular insights from 
cells grown in monolayers to examining multicellular and tissue constructs in 3D is the basis for 
the significant increase in the use of volume EM. 

 
There are a wide variety of volume EM techniques available, including focused ion beam SEM 
(FIB- SEM), serial block face imaging, and array tomography. Whichever EM technique is 
selected, variables in sample preparation, including fixing, staining, embedding and mounting,   
may   introduce negative impacts on the sample quality and the resulting imaging data. To avoid 
wasting time and effort in capturing data that is ultimately unusable, the ideal solution is to identify 
problems with specimen quality and select only optimal specimens. This is where X-ray 
microscopy is the invaluable partner for volume EM since it provides a way to rapidly and non-
destructively screen specimens in 3D, with high contrast, to identify any imperfections in the 
sample. In addition, the X-ray overview maps are also invaluable for directing the necessary 
sample trimming and targeting the precise location for the volume EM acquisition. 

 
This presentation will focus on emerging methods and technologies for volume EM in life science 
as well as the correlative multimodal imaging solution that includes the X-ray microscope. 
Application examples from a wide range of scientific disciplines will be used to provide better 
understanding of how these techniques are contributing to cutting edge science and together 
improve the overall efficiency and qualityof the resulting datasets. 

 
 

Keywords: scanning electron microscope, three-dimensional, volume imaging, x-ray 
microscope 
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Abstract 
The gradual rise in energy consumption, limited stock of fossil fuels, and the traditional 

source of energy generation, coupled with environmental damage and deterioration, has laid the base 

for the exploration of alternate sources for sustainable energy conversions and storage. So, it is 

highly desirable to discover next-generation renewable energy devices cleanly to replace a traditional 

one. Electrochemical energy conversion technologies are ideal pathways to develop efficient and 

clean energy devices. Electrocatalytic water splitting can produce oxygen and hydrogen through the 

oxygen-evolution reaction (OER) and the hydrogen-evolution reaction (HER). The OER has been 

recognized as an important half-reaction for developing alternative energy technologies, such as 

electrolyzers, metal-air batteries, regenerative fuel cells, etc. Poor catalytic performance and lower 

durability of OER catalyst is the leading cause of low efficiency and hinders commercialization 

progress. Similarly, for HER, efficient electrocatalysts are immensely required. So the overall water 

splitting is somewhat hampered by large overpotential for the HER and OER on most electrocatalyst 

material. Precious electrocatalyst metals Pt or noble metal oxide IrO2, RuO2, and IrRuOx have been 

regarded as the most efficient electrocatalyst for HER and OER due to their superior catalytic 

activity. However, large-scale implementation of these precious catalysts is hindered because of 

their scarcity, high cost, and poor stability. Therefore, low-cost alternative electrocatalysts with high 

activity and durability must be developed to realize clean-energy devices. 
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Abstract 
 

Topological insulators have been in the public eye for quite a while now, especially after the 

declaration of the Nobel Prize in 2016 and the Delft paper from 2012. We have grown Bi2Se2 

microcrystals and crystalline thin films on multiple substrates using a six-zone horizontal CVD 

and characterized them using Raman, XRD, and SEM micrographs. Signatures of Weak Anti 

Localization were visible in the RT measurements of our crystal samples, which were patterned 

using Electron beam lithography and contacted with Au/Cr pads, and in RH, RT for crystalline 

thin films. Josephson junction devices have been made with sputtered Bi2Se2/Ni/Nb trilayer 

samples. A Focused ion beam cut was placed from the side to cut through the Nb, Ni layers and 

to make a planar junction with a length of 80nm. Subsequent transport measurements were made, 

and we observed junction proximitization through an additional dip in the RT curve and 

nonlinearity in the IV curve. This study can pave a path for the fundamental properties of 

topological insulators for understanding a step toward Majorana physics. 

 
Keywords: focused ion beams; electron beam lithography; proximity effect, CVD 
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Abstract 
 

Polymers are known for their Lion.s share in the market today for huge applications in 
almost every sector of application. Some of the well-known ecofriendly polymers 
which does not put adverse effect on to the environment on disposal are biodegradable 
polymers like polylactic acid (PLA), polycaprolactone (PCL), etc. and the magic 
polymer – polydimethylsiloxane (PDMS). 

PDMS is a typical elastomeric polymer known for its versatile properties, such as, low-
cost, easy handling, non-toxicity, biocompatible, optical clarity, etc. PDMS has been 
mostly used in microfluidic devices for lab-on-a-chip biomedical applications but its 
inherent hydrophobicity is a challenge that causes non-specific binding of biomolecules 
by physical adsorption. Several types surface modifications based on UV, plasma 
oxidation treatment and wet chemical methods have been explored to tackle the innate 
hydrophobicity in PDMS. Biodegradable, natural and environment friendly polymers 
like PCL and PLA are non-toxic for use or disposal. Thus, disposal of these eco-friendly 
polymers is that they do not lead to accumulation as a secondary pollutant in the 
environment. 

This talk focuses on the enormous field of improvement brough about by amalgamation 
of Nanotechnology with these eco-friendly polymers, thus enabling formation highly 
versatile polymeric nanocomposites, nanofibers, nanoscaffolds, etc. Specifically, 
herein use of PDMS nanocomposites in solar encapsulants and Industrial effluent 
treatment will be discussed. Also, emphasis on use of PCL and PLA as nanoscaffolds 
for sensing and healthcare applications will be discussed. 

 

 
Fig 1: Nanostructured PDMS 
as solar encapsulant 

Fig 2: PDMS-natural wax 
nanocomposite sorbent for 
oil-water separation 

Fig 3: Nanoscaffolds of 
PL

 
 

Keywords: PDMS/PLA/PCL, solar encapsulant, water remediation, nanoscaffold 
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Abstract 

 
Supercapacitors are energy storage devices to store electrical energy at the interfaces of electrolyte 
and electrodes e.g., various forms of carbons, conducting polymers, electro-active oxides, etc. 
These devices offer high power density (~5 kW kg-1) and long cycle life (105-106). The carbon 
supercapacitors are devices where porous carbon electrodes with large surface area are used. These 
carbon supercapacitors demonstrate a major limitation of lower specific energy (<10 Wh kg-1). 
Various approaches are adopted to enhance the energy of supercapacitors, which include the use of 
modified electrolytes, suitable composite/hybrid electrodes and hybrid configuration of the devices. 

In recent development, flexible and solid-state gel polymer   electrolytes   (GPEs)   are 
replacing the liquid electrolytes on a wider scale in supercapacitors of present generation. An 
approach has recently been adopted to enhance the nergy density, in which small amount of redox 
additives (e.g. KI, hydroquinone HQ, etc.) are added in liquid or polymer-based electrolytes. This 

introduces additional redox-activity at the electrode-electrolyte interfaces, responsible for 
additional pseudo-capacitive contribution to the overall capacitance, hence, substantial 
improvement in energy density of devices. 

In this presentation, the basic aspects of supercapacitors would be presented along with few 
approaches to enhance energy of devices along with few recent case studies carried out in our 
laboratory. Few case studies would be presented on redox-active carbon supercapacitors/EDLCs 
based on activated carbon electrodes derived from waste-biomasses and redox-active gel polymer 
electrolytes. 
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Abstract 

Transformative innovations in the science and technology of personalized medicine, energy storage, and clean growth 
start from achieving atomic and molecular understanding, and then control, of the fundamental (bio)-chemical 
interactions that determine each process. To generate the required level of understanding and control, the UK is currently 
investing in the design of a new national facility centered on the unique measurement capabilities offered by relativistic 
ultrafast electron diffraction and imaging (RUEDI). Should RUEDI be successful in its goals, it will permit the direct 
observation of atomic/electronic motions directing the very chemistry we must control for the advances listed above. The 
working design of RUEDI is based around a 4MeV RF source with a pulse duration of 10fs, coupled to both a diffraction 
and an imaging beam line. Multiple ultrabright electron sources will be developed/evaluated in concert to achieve 
~femtosecond time resolution out to long time scales to fully capture all the atomic details related to form and function 
from surface chemistry, structure-function relationships in biology, to exotic forms of matter. The expectation is that the 
system will have a large enough number of electrons/pulse for single-shot imaging in addition to stroboscopic pump-
probe methods. The diffraction capability will be similar to MeV systems used extensively around the world, but in 
RUEDI we will focus on fast precision rotation/translation ambient/cryo-stages in a UHV chamber. The imaging 
capability will be unique and involve the design and implementation of what will essentially be a 2MeV TEM. The 
imaging capabilities should permit sub-nm spatial resolution to be coupled with sub-ps temporal resolution for samples 
that can be up to ~1cm thick. Using in-situ stage designs for gases/liquids/heating/cryo, high temperature/pressure can 
be coupled with a wide range of optical excitations to probe many transient and non- equilibrium dynamic states in 
materials.The methods and processes that are developed from the five novel RUEDI research themes – materials in 
extremes, the chemistry of change, internal/external fields, advanced energy technologies, and in-vivo biosciences will 
contribute to both local and national government policy/strategy for transportation, energy self-sufficiency and patient 
care. The facility will also help train scientists who can utilize the knowledge and methods to support existing businesses 
and form new start-ups that will lead to an overall expansion of the UK economy. As part of the development of the 
facility, RUEDI will involve artificial intelligence to help develop a digital twin for the instrument and to locate, assign 
and support users for the facility. In this presentation, we will discuss the main science goals of the new facility and the 
advances in electron diffraction, imaging, a 
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Abstract 
The demand for better performing functional materials in the form of bulk and thin films of ceramics, 

polymers and their composites is ever-growing. In this regard, on one hand, various synthetic routes 

are being widely used while on the other, the variations in synthesis conditions such as temperature, 

nature and level of dopant have been investigated. These materials find applications as ferroelectrics, 

sensors and energy materials to name a few. In order to achieve the optimum properties of materials, 

the correlation of doping induced structural and morphological changes with the functional properties 

play an important role [1-3].   In this work, case studies of the doping induced tuning of structural 

and morphological properties with the ferroelectric and gas sensing properties of some perovskites 

and semi-conducting oxides will be presented. 

 
[1] Kumar, S., Thakur, O. P., & Luthra, V. (2018). Modulating the Effect of Yttrium Doping on the 

Structural and Dielectric Properties of Barium Titanate. Physica Status Solidi (A), 215(7), 

1700710. https://doi.org/10.1002/pssa.201700710 

 
[2] Pugh, D. C., Luthra, V., Singh, A., & Parkin, I. P. (2015). Enhanced gas sensing performance of 

indium doped zinc oxide nanopowders. RSC Advances, 5(104), 85767–85774. 

https://doi.org/10.1039/c5ra11613a 

 
[3] Jain, R., Luthra, V., & Gokhale, S. (2016). Dysprosium doping induced shape and magnetic 

anisotropy of Fe3−Dy O4 (x=0.01–0.1) nanoparticles. Journal of Magnetism and Magnetic 

Materials, 414, 111–115. https://doi.org/10.1016/j.jmmm.2016.04.069 
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Abstract: 
 
In the last 40 years the discovery and advent of carbon nanostructures such as fullerenes, nanotubes 
and graphene have pushed further the fundamental science of carbon and have opened new 
opportunities of nanotechnology applications. These achievements have nurtured the interest for 
searching novel carbon nanosystems, such as carbyne, the ultimate 1D linear carbon structure with sp-
hybridization and 2D carbon materials beyond graphene such as graphdiynes featuring sp-sp2 

hybridization [1].  
Here we discuss Carbon-atom wires as a possible realization of both linear 1D systems like 

Carbyne and 2D sp-sp2 hybrids like graphdiynes. These systems are interesting for fundamental open 
questions in physics, chemistry, and have a largely unexplored potential for material science and 
engineering [2]. Indeed, their properties can be tuned by controlling the wire length and the terminating 
functional group or the arrangement in a 2D network. The study of isolated carbon-atom wires as well 
as sp-sp2 structures provides insight on the structure and vibrational and electronic properties of these 
systems. [3,4,5]. 
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Abstract 

The presence of Al in Fe-Mn-C based multi-component steels induces ordered precipitate 

formation and depending on the thermomechanical processing, the size of the precipitates can be varied 

from micrometer down to nanometer. Further alloying of such steels with Ni promotes the formation 

of Ni-Al type B2 precipitates possibly localized within the BCC matrix depending on the Mn content. 

This work therefore attempts to analyze correlatively the crystal structure of the nano-scale precipitates 

formed in a duplex (i.e. FCC matrix and embedded BCC phase) steel along with their precise local 

chemical composition in a high statistical manner.  

To achieve the above, correlative SEM based microscopic techniques such as TKD and STEM 

is utilized while the precise local chemical composition at near atomic-resolution is obtained from the 

investigated volume using APT. This correlative methodology applied to as hot rolled and annealed 

conditions, provides deeper insights into the role of starting microstructures on the precipitation kinetics 

and hence to the final mechanical properties of the steel.  

 

Keywords: Correlative Microscopy, Precipitation, Transmission Kikuchi Diffraction 
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Abstract 

Electron Microscopy (EM) has versatile interdisciplinary applications. EM serves as an excellent tool 
for investigating morphological features and cellular ultrastructure in biology and also for extensive 
characterization of nanomaterials for use in interdisciplinary streams of physical sciences, chemical 
sciences, engineering sciences, environmental sciences and biomedical sciences. Electron microscopy 
has been pivotal in helping to identify the causative agents of infectious diseases. Traditionally, 
transmission electron microscopy (TEM) has been the “gold standard” for imaging ultrastructures of 
various biological samples whereas scanning electron microscopy (SEM) is useful to reveal surface 
morphological features. Considering this background, understanding the morphological changes that 
occur during microbial drug resistance provides the key to basic and applied microbiological studies. 
We, therefore attempted to distinguish between drug resistant and sensitive cells of pathogenic 
bacteria, Mycobacterium tuberculosis and pathogenic yeast, Candida albicans based on cell envelope 
architecture visible in TEM micrographs. This was to elucidate the relationship between factors 
involved in drug resistance and alterations in cellular ultrastructure occurring during acquisition of 
drug resistance. We also conducted intensive studies on various nanomaterials such as nanosilver-
based drug combinations, ZnO quantum dots (QDs) and Carbon-based quantum dots to further 
address the challenges of multi-drug resistance (MDR) and microbial therapeutics wherein Electron 
Microscopy, Confocal Microscopy and Atomic Force Microscopy (AFM) were used for nanomaterial 
characterization, for assessing the morphological changes in microbial cells after nanomaterial 
treatment and for understanding the mode of action of nanomaterials, their cellular targets and 
nanotoxicity. Such studies pave the way for development of therapeutic interventions to combat drug 
resistance and counter infectious diseases. 
 
Keywords: Electron Microscopy, Nanomaterial, Mycobacterium tuberculosis, Candida albicans, 
Multidrug resistance, Microbial Therapeutics, Infectious Diseases. 
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ABSTRACT  

 
EBSD data collection is often one of the most time consuming analyses that is performed on an analytical 

SEM. This limits the number of samples that can be analysed during a typical session and users are often forced 

to use the EBSD system during evening and (unattended) over-night sessions. To improve this, the emphasis 

in EBSD development over the years has strongly been on improving data acquisition speeds. This has resulted 

in the latest CMOS camera systems that allow data collection at speeds up to 6700 pps which can collect 1 

million point datasets in 2,5 minutes. This not only allows users to collect their microstructural data during 

shorter sessions on the microscope, but these speeds also open up new possibilities to efficiently capture 

snapshots of the microstructure during dynamic heating or tensile experiments. 

An important requirement for reaching such speeds is the information that is present in the EBSD patterns. 

Good quality patterns are required to allow the indexing algorithm to detect the bands and identify the 

orientation. When that is not possible, for example when analysing severely deformed materials, alternative 

indexing methods have been developed based on dynamic pattern simulations. These dictionary indexing 

methods depend on cross-correlation of the entire experimental pattern with a library of pre-calculated 

reference patterns. This is extremely sensitive for successfully analysing noisy patterns, but it is also slow, 

especially when the reference library is very large to allow good orientation precision. A new spherical 

indexing method that eliminates the need to pre-calculate a reference library has been developed. Spherical 

indexing uses the processing power of a GPU to directly match the experimental patterns against the master 

pattern of the dynamic simulation that contains all possible orientations. Regardless of the quality of the 

original EBSD patterns, indexing speeds of 7000 pps can be reached during post-processing. In combination 

with the NPAR pattern improvement method, successful EBSD mappings can now be performed on the most 

challenging materials. 
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Abstract 
 

The scanning electron microscope (SEM) is a very valuable tool with potential for usage at 

all scientific levels. SEMs have a wide range of industrial, commercial, and research applications. 

In the present study, SEM was used to determine the food quality/safety of certain food grains 

and milk of different animals. Samples were collected as per the standard procedure and the 

scanning was done at 15KV under high vacuum (10-7Torr). Utilizing an electron microscope, it 

can examine how processing foods through heating, baking, and preservation affects their 

composition, stability, and ability to retain nutrients. The detection of food 

adulteration/contamination with fungus infestation is another application of the scanning electron 

microscope. Carbohydrates were observed as rounded structures in rice while damaged rice 

showed Aspergillus spp. spores and mycelium. Ultrastructural features of sheep milk were more 

or less similar to goat milk. Human milk appears to be more comprehensive in its nutrient 

composition pattern when compared to sheep, goat and ass.Ass milk is being used as an 

indigenous home therapeutic agent for neonates. The cow milk has characteristic” phospholipids” 

and proteins, therefore, it is popularly known for its medicinal significance probably owing to its 

higher suitability for its alkaline reaction normally recommended for children to have easy 

digestion. Development of scanning electron microscopy (SEM) techniques has opened up a new 

horizon in the area of ultrastructure studies including external morphology/alterations 

 
Keywords: Microscope, SEM, Cereals, Pulses, Milk, Diagnosis. 

References: 

1. FAO. (2012). The FAO Stastical Year book, Food and Agricultural Organization of United 

Nations, Rome Italy. 

2. Singotamu L, Madhusudhana Chary P. (2004). “Scanning Electron Microscope and Energy 
Dispersive X-ray (EDAX-ray) Analysis of Millets” Published in Scanning the J. of Scanning 
Microscopies. 26(2) pp 97-99. 



 101 

Defects Induced Modifications in Resistive Switching Devices 

Characteristics of Y0.95Ca0.05MnO3 Manganite 

Keval Gadani1, Davit Dhruv2, A. D. Joshi3, D. D. Pandya4, R. K. Trivedi5,    

K.  Asokan6, P. S. Solanki2, N. A. Shah2, a) 
1Department of Physics, Center of Education, Indian Institute of Teacher Education(IITE) 

Gandhinagar–362016, Gujarat, India 
2Department of Physics, Saurashtra University, Rajkot–360005, Gujarat, India 

3Department of Nanoscience and Advanced Materials, Saurashtra University, Rajkot– 
360005, Gujarat, India 

4Human Resource Development Centre, Saurashtra University, Rajkot–360005, Gujarat, 
India 

5H & H. B. Kotak Science college, Saurashtra University, Rajkot–360005, Gujarat, 
India     

6Department of Physics & Centre for Interdisciplinary Research, University ofPetroleum 
and Energy Studies (UPES), Dehradun – 248 007, India 

E-mail for the corresponding author: snikesh@yahoo.com 
 

Abstract 
 

In this communication, defects induced modifications in structural, microstructural, 

resistive switching (RS) characteristics and related responsible charge conduction 

mechanisms in pulsed laser deposition (PLD) grown Y0.95Ca0.05MnO3 (YCMO) 

manganite thin films on single crystalline SNTO substrates are reported. YCMO films were 

irradiated by 100 MeV O+7 swift heavy ions (SHI) with different ion fluence. In order to 

study the structural properties, θ–2θ X–ray diffraction (XRD) measurement was performed 

at room temperature. To study the surface morphology of the pristine and irradiated films, 

atomic force microscopy (AFM) measurement was performed. To investigate the device 

capabilities of the films, the RS characterization has been done and elucidated using various 

mechanisms and models to explain the charge transport across the interfaces of the pristine 

and irradiated samples. All the YCMO/SNTO films show the endurance behavior, where up 

to 50th cycles of reproducible hysteretic I–V with almost stable states i.e. low resistance 

state (LRS) and high resistance state (HRS) have been observed. Observed endurance and 

retention behaviors of all pristine and irradiated films suggest an effective reproducibility, 

dynamic stability and reliability for their practical applications. 
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Abstract 

 
The global energy crisis has led to the growing demand on development of supercapacitors 

as promising candidates for energy storage devices. Recently, a lot of attention has been 

given on development of 2-dimensional (2D) transition metal dichalcogenides (TMDCs) 

based electrode material for supercapacitor applications. Therefore, in this work 2D TMDC 

material of MoSe2 nanostructures having flower-like and tubelike shapes, as confirmed by 

TEM analyses, have been synthesized by hydrothermal technique. The effect of time 

duration of hydrothermal treatment on structural evolution of MoSe2 is also analysed by 

using TEM and XRD techniques. Thereafter, the piezoelectric properties of the synthesized 

samples have been verified and piezoelectric nanogenerator (PENG) has been developed. It 

is observed that the flower- like shaped MoSe2 based PENG shows the highest open-circuit 

voltage of 2.12V. The flower-like MoSe2 has shown good piezocatalytic properties for dye 

degradation under the low-frequency ultrasonic irradiation and ∼86 (85) % RhB (MB) dye 

degradation has been achieved only in 1 min. The electrochemical 

supercapacitorperformances of flower- like shaped MoSe2 based electrode in different 

electrolytes have also been studied by measuring cyclic voltammetry measurement and the 

highest specific capacitance of 386 Fg-1 in the KCl electrolyte is obtained. The high specific 

capacitance and good rate capability indicating towards promising application of MoSe2 

nanosheets as electrode material for fabrication of electrochemical supercapacitor in future. 
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Abstract 

Medium-Mn steels (3-12 wt.% Mn) have been proven to be a strong candidate for the 3rd 

generation advanced high-strength steels for automotive application, as it enables weight 

reduction of vehicles and consequently CO2 emissions. To further enhance the strength-to- 

weightratio in medium-Mn steel the addition of Aluminium has been investigated recently. 

In the present work, Al added medium-Mn steel with composition Fe-8Mn-4Al-0.27C- 

0.65Si wt.% has been studied. The intercritical rolled/ cold rolled steel were intercritically 

annealed at different temperatures followed by the investigation of microstructure, 

mechanical property and deformation behaviour. 
 

The phase constituents and their morphology in the intercritical rolled/ cold rolled and 

intercritically annealed samples varied with rolling method and intercritical annealing 

temperature and generally comprised of δ-ferrite (<10%), retained austenite (28-66%) and 

remaining α-ferrite/tempered martensite. Intercritical rolling and annealing led to ultra- fine- 

grained mixed lath-equiaxed type microstructure, while cold rolling and annealing led to 

mostly equiaxed type microstructure. The steels, after optimized intercritical annealing 

treatment, exhibited an outstanding strength-ductility combination in the range of 58-60 

GPa%. Multiple strain hardening mechanisms comprising transformation-induced plasticity 

(TRIP) and twinning- induced plasticity (TWIP) effects occurred, resulting in progressive 

work hardening during the entire deformation range. Lath and equiaxed austenite grains, 

having similar compositions but varying sizes, exhibited different degrees of mechanical 

stability. In the cold rolled and annealed steel, the deformation-induced martensite formed 

in the following sequence: strained austenite led to the formation of deformation-twins from 

ferrite-austenite interfaces, subsequently leading to twin bundles formation; these twin 

bundles acted as potential sites for the α′-martensite nucleation. 
 

Keywords: medium-Mn steel, third-generation AHSS, intercritical annealing, retained 

austenite 
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Abstract 

 
In the modern age, tremendous uses of electrical and electronic-based devices ensured the 
emission of a large number of electromagnetic waves which is hazardous and sometimes 
effected the ecological system along with the harmful impact on human health. Textile is one 
of the most promising materials in our daily life. Now in the 21st century, the uses of textile’s 
are not only in the clothing industry; it having a high demand in different applications, 
including microwave absorber, health monitoring, along with the military/defence areas. 
There are large numbers of fillers including highly conducting carbon, black, graphene oxide, 
silver nanoparticles, CNTs, CNFs which triggered the thermal conductivity, electrical 
property, and making fabrics to prevent the unwanted growth of bacterial cell in medical field 
at a single time. Fibers or fabrics can be prepared via different coating strategies (like dip-
coating, knife-over-roll, CVD, evaporation driven self assembly, EDSA etc.) and various filler 
deposition. Similarly, these smart fibers guarantee a complete user acceptance in e-health 
solution, safe radar and telecommunication, along with high mechanical properties. Still there 
is a challenge for the high cost metal based system regarding material sensors, electronics 
information due to the corrosive tendencies, and different for flexing which partially 
minimized using the polymer based fibers. Recently developed micro-fibers adorned with 
CNTs/Epoxy bead design will be the single most important futuristic fibers that can work with 
high mechanical architectures as well as developing micro-electronics to bulk composite 
applications. 
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Abstract 
 
Rapid advancement of transparent flexible electronics has great potential for next- 
generation energy devices for self-powered nanosystems and nanosensors. Here, we present 
the transparent and flexible piezoelectric lead free zinc silicate (Zn2SiO4) nanorods-
graphene based nanogenerators for harvesting mechanical energies for the first time. A 
simple and cost effective hydrothermal method was used to synthesize the piezoelectric 
ZnSiO4 nanorods with non- centrosymmetricity property. Tetragonal crystal system and 
dimension of nanorods were investigated using X-ray diffraction spectroscopy and high 
resolution electron microscopies, respectively. Raman spectra exhibited all characteristic 
signature peaks of the Zn2SiO4 nanorods. Piezoelectric properties of grown Zn2SiO4 
nanorods was confirmed and a piezoelectric charge coefficient (d33) of about 117 pm/V 
was obtained through piezoelectric force microscopy study. A high performance 
piezoelectric hybrid composite nanogenerator was successfully fabricated using 
polydimethylsiloxane (PDMS) polymer, Zn2SiO4 nanorods and CVD grown monolayer 
graphene sheet. The average piezoelectric output voltage and current density of 
5.5 V and 0.50 μA/cm2 were obtained under very small pressure of 0.15 kgf applied through 
computer controlled dynamic shaker without applying any external electric poling. The 
average energy conversion efficiency of the flexible piezoelectric Zn2SiO4: PDMS-based 
device was found to be ≈ 29.48 %. The mechanism of high piezoelectric output performance 
from Zn2SiO4 nanorods device was discussed and co-related with dielectric, piezoelectric 
and proper adhesion of graphene sheet with polymer composites. 

 
Keywords: Zn2SiO4 nanorods; Piezoelectricity; Nanogenerator; Hydrothermalmethod; 
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Abstract 
 
Alkaline earth pyrophosphate phosphors are chosen as host material because of their chemical, 
flexible, mechanical, and physical properties. The rare earth ion doped pyrophosphates phosphors 

have various advantages such as less power consuming, eco-friendliness, chemical stability, and high 

efficiency. A series of Dy3+ (0.25-2.5 mol. %) doped Mg2P2O7 phosphors were synthesized via 
solution combustion method. The phase and crystal purity of phosphor were identified by X-ray 

diffraction (XRD). XRD profiles reveal that the phosphor has monoclinic phase with space group 

B21/c. The lattice parameters was monitored from monoclinic phase and found to be a = 13.15Å, b 
= 8.297 Å and c = 9.039 Å. Fourier transformation infrared spectroscopy (FTIR) spectrum examined 
the pyrophosphate group present in the phosphor in the range of 1300 
– 400 cm-1. Field emission scanning electron microscope (FESEM) was used to investigate the 
surface morphology of the phosphor. FESEM image shows that all the particles on the surface they 
aggregate to each other resulting in the formation of sub-micron particles. X-ray photoelectron 
spectroscopy (XPS) was used to examinethe oxidation states and elemental composition present in 
the phosphor. Optical properties of phosphor were characterized using Photoluminescence (PL) and 
UV-Vis spectroscopy. The PL emission spectrum was recorded at excitation wavelength 348 nm (n-
UV). Three emission bands were observed in visible region at 482 (blue), 574 (Yellow), and 663 
(red) nm. The optimized concentration of Dy3+ ion occurs at 1.5 mole % and further, increases in 
concentration of Dy3+ ions causes concentration quenching. The concentration quenching occurs due 
to dipole-dipole interaction mechanism between dopant ions. Diffuse reflectance spectrum (DRS) 
shows various absorption bands due to 4f-4f transitions of Dy3+ ions. The band gap of phosphors was 
calculated using Kubelka Munk function, which was obtained to be 5.4 eV. 
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Abstract 
 
 

Hexavalent chromium is releases from various industries like tanneries and electroplating 
industries and classified as human carcinogen. Zinc oxide nano-bioconjugate, ZnO-Chitosan 
Nano-bioconjugate by fungal hyphae were synthesized. The comparative study was done for 
efficient removal of Cr (VI) from an aqueous solution. All of the adsorption related variables like 
adsorbent dosage, adsorption time, initial concentration and pH were examined. Among all the 
synthesized materials the maximum uptake of chromium (VI) was observed in ZnO- Chitosan 
nano-bioconjugate. The process parameter of batch adsorption studies reveals the best result in 
20 ppm concentration dosage of 0.5 gm/l, pH 5 at 60 minutes. The characterization of nanoparticle 
and nanocomposite was done by X-ray Diffraction (XRD), Scanning Electron Microscopy 
(SEM), and Fourier Transform Infrared (FTIR) techniques. Langmuir isotherm models were best 
fitted to the experimental data due to the highest R² value and adsorption capacity was 210 mg/g. 
The adsorption efficiency is above then 95 %. Fungal bioconjugate with ZnO-Chitosan have 
the higher efficiency for chromium removal from aqueous solution due to fungal charges and 
electrostatic attraction that may be useful forsustainable treatment of chromium contaminated 
waste water. 
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Abstract 

 
The detailed nanoscale dynamics at various surfaces and interfaces, for example, diffusions, 

are crucial for fundamental understanding and device applications. In-situ (S)TEM is 

becoming a popular technique to exhibit live performance, functional mechanisms, 

diffusions and reactions for complicated and nanoscale materials under various conditions, 

such as annealing, biasing, e-beam irradiation and strain. In this work, we study the real-

time interfacial diffusions in the Au/GaAs system using Insitu-TEM. This lecture will 

briefly discuss various in-situ results of different materials from thin films to nanomaterials 

and the challenges in preparing electron-transparent samples for such in-situ experiments. 
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Abstract 
 
A new alloying strategy that involves the combinationof multiple principal elements in high 

concentrations to create new materials called high entropyalloys (HEAs) have been in mania[1,2]. 

This muticompositional synergy of the HEAs leads four core effects due to which it exhibited 

excellent mechanical, electrochemical and other functional properties.Magnetic materials are 

essential components for energy applications (such as motors, generators, transformers, actuators, 

etc.) and improvement in magnetic materials will have significant impacton their performance. The 

available soft magnetic materials have some short comings in regards to the mechanical property and 

electrical resistivity. For a soft magnetic material, it is essential that the material possessed high 

saturation magnetization (Ms), low coercivity (Hc), high electrical resistivity (to suppress eddy 

current loss) and better mechanical properties (for high performance). Recently, some FeCoNi-based 

HEAs have shown appealing soft magnetic characteristics (high Ms and low Hc) with high electrical 

resistivity and excellent mechanical behavior.We have developed several magnetic HEAs in last five 

yaers [3].The present talk will be focused on the systematic development of soft magnetic HEAs and 

their future prospects. 
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Abstract 
 

P91 steel is considered as a favoured material for structural components of Generation IV 

nuclear power plants and fusion reactors. The extensive usage of P91 steel in certain reactor 

components requires its precision fabrication by wire electrical discharge machining 

(WEDM). In WEDM localized heating takes place resulting in melting of the surface. On 

cooling a recast layer is formed on the surface (white layer). The layer is non- uniform with 

many in homogeneities like cracks, pores, etc. These surfaces serve as potential sites for 

localized corrosion and the microstructural changes of surface affect the oxidation 

resistance of steel. Steam oxidation of P91 steel samples under three different surface 

conditionssuch as 600 grit polished (As received), WEDM cut, and WEDM cut and 2500grit 

polished were carried out in an autoclave at 400˚C and 10 MPa pressure for different time 

durations. Gravimetric analysis carried out on samples showed WEDM cut oxidized 

samples had maximum weight gain. Characterization of oxide film by Micro Raman 

Spectroscopy, revealed various oxides like Fe2O3, Fe3O4, Cr2O3 and iron- chromium spinels 

present on surface. SEM images show that the oxide particles are angular in shape and are 

less in number in a random manner on 3-day oxidized samples vis a vis 15 day oxidized 

samples. The EDM cut surface of P91steel is not favourable to be used in high temperature 

steam environment in its native state as it results in increased oxidation taking place at the 

in homogeneities (cracks and pores) present on the EDM cut surface. 

 
Keywords: P91 steel; high temperature oxidation; optical microscopy; SEM, Microraman 
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Abstract 

Ultrafine Cr-rich α/-phase separation in high-Cr Fe-Cr alloys (like ferritic-martensitic steel, 

oxide dispersion strengthened steel etc.) at intermediate temperature limits their application 

potential. Al addition is known to slow down the kinetics of α/-phase separation, hence 

improves their applicability. However, the mechanism of slowing down of kinetics is still 

unclear. In this background, the current work studies the effect of Al addition to binary Fe-

20 at.% Cr alloys using complementary techniques of atom probe tomography (APT) and 

positron annihilation spectroscopy (PAS). For the current investigation, two ternary Fe-20 

at.% Cr-(5, 8) at.% Al alloys are thermally aged at 773 K for the time durations of 1-1000 

h. APT provides the aging induced evolution of chemical composition, size, number density 

and volume fraction of the α/ precipitates. Al additions has been seen to partially destabilize 

the α/ phase, generally resulting in precipitates with lower Cr contents when compared with 

the binary Fe-Cr systems. Al isalso seen to delay the precipitation process significantly. 

Concurrently, PAS investigations highlighted the role of point defects in the phase 

separation process. PASis the only technique capable of detecting atomic order defects in 

concentration as low as a few ppm. PAS results indicated that excess non-equilibrium 

vacancies are stabilized due to the presence of solute atoms (here, Al and Cr) by forming 

vacancy- solute complexes. PAS study reveals the role of Al in retarding the formation of 

vacancy-Cr complex that acts as nucleation sites for Cr-clusters (precursor to α/-phase). 

 
Keywords: α/-phase separation, Fe-Cr-Al alloy, APT, PAS 
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Abstract 
 
Direct imaging of atomic arrangement for low atomic number element is always challenging owing 

to their low scattering cross sections. In the last decade, probe-corrected atomic resolution High- 

angle Annular Dark Field (HAADF) in Scanning Transmission Electron Microscope has emerged as 

the most powerful technique to analyze the local atomic structure and interfaces of materials. 

Although, STEM-HAADF cannot detect the light atoms due to their low scattering cross sections, 

more recently, with the development of differential phase contrast technique in STEM (iDPC and 

dDPC), it is possible to detect the light atoms in the vicinity of heavier atomic columns. 

In the present work, 5wt% Boron added Mod. 9Cr1Mo ferritic steel has been prepared through 

vacuum arc melting of B and Mod. STEM-XEDS analysis confirms the formation of (Fe,Cr)2B 

phases in the vicinity of Fe2B borides. Aberration-corrected atomic resolution STEM-HAADF 

characterization along [100] zone axis of the (Fe,Cr)2B structure shows the projections of the Fe 

atoms separated by 78 pm. iDPC micrograph along the same direction shows the distribution ofB 

atomic columns along with the Fe atom columns. Identification of Cr substitution from regular Fe 

lattice sites has been attempted through measuring the strain distribution along (Fe,Cr)2B phases 

using Geometrical Phase Analysis. Tensile strain enhancement along a few typical domains in the 

high-resolution HAADF micrograph confirms the presence of higher concentration of Cr along these 

columns. Detailed EELS analysis from those regions, along with the polarization measurement from 

iDPC micrograph, will be presented in the paper. 

Keywords: Light atom imaging; iDPC; Geometrical phase analysis; HAADF image simulation 
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Abstract 

Nowadays, metrology is the concurrent of the science of measurement and playing an important role 

in scientific research and industry. The measurements are to be traceable to SI units through unbroken 

chain of measurements and here the role (National Metrology Institute) NMI becomes important. The 

measurements at nano-micro dimension are carried out using SEM, AFM, optical profiler, scanning 

probe microscopes etc. Among various nanoscale measurement techniques, SEM is an important 

characterization tool to study surface morphology, porosity, grain size and shape, grain growth, second 

phase particles, compositional contrast and fractured surface analysis. The uniformity and 

homogeneity in size and shape across the specimen is crucial for devices and product fabrication. 

Further in measurements, accuracy and precision of these micro and nano structures is important for 

the quality purpose of device or products. The high end sophisticated instruments used for 

characterization and measurement of various nanomaterials for structure-property analysis has 

important role in nanotechnology and need to be calibrated with certified reference materials. 

                   In the present work, we are demonstrating the calibration of magnification scale in SEM 

using certified reference standard. The source and estimation of uncertainty in size measurement of 

the structure has been also discussed in details. The uncertainty measurement related to size 

measurement has been also carried out.      

  

Keywords: SEM, Measurement uncertainty, Reference standard 
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Abstract 
 

Elevated hardness observed in Tungsten Carbide (WC) pellets synthesized by spark plasma 

sintering is majorly due to the covalent bonding and the stacking faults present in it. However the 

nature and origin of these stacking faults are still under investigation. In the present study, an 

attempt has been made to understand the atomic level characteristics of planar defects in WC 

using high resolution phase contrast microscopy. The structure of WC is simple hexagonal with 

P-6m2 having AAA stacking along <0001> direction. Other two major directions <2-1-10> and 

<10-10> have ABAB stacking. Out of these threemajor crystallographic planes latter have the 

highest atomic density compare to other directions. The analysis of the streaking in electron 

diffraction patterns and phase contrast images show the fault is also in the same plane, {10-10} 

of WC. The atomic column contrast indicates that the stacking faults are present sequentially in 

{10-10} planes with a distance ranging from 1 nm to 10 nm. It isinterpreted as the ratio of c/a < 

1 favours a slip on the prismatic plane where the bonding of cations is stronger. 

 
Keywords: phase contrast imaging, stacking fault, WC 
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Abstract 

In this study, the effect of irradiation temperature during helium ion irradiation experiments 

on microstructural evolution of Indian RPV steel is reported. Experiments were performed 

to realize irradiation damage of 0.05, 0.2 and 3 dpa uniformly spread over nearly ~300 nm 

wide region at a depth of 500 nm from the irradiated surface. The observed 

microstructural and hardness changes due to irradiation has been rationalized in terms of 

defects produced in course of irradiation. TEM images of irradiated sample showed an 

intense irradiation damage zone of ~ 300 nm width where the formation of irradiation 

induced point defect clusters and dislocation loops could be seen. Positron annihilation 

spectroscopy study confirmed the presence of predominantly a combinationof di- and tri-

vacancy type of defects in unirradiated sample. The defect density in unirradiated sample 

was estimated using PAS and XRD. Irradiated samples were characterized using GIXRD, 

PAS, TEM and nanoindentation. X-ray diffraction line profile analysis of irradiated samples 

showed strong strain effect caused due to irradiation induced dislocations. Nature of 

dislocation in unirradiated sample was found to be screw type which upon irradiation, 

irrespective of irradiation temperature, changedto mixed type of dislocations by favouring 

the formation of edge dislocations. Observations from S- parameter and domain size 

measurements were found to be complementary. This study clearly revealed the increased 

migration of defects at higher irradiation temperature. Nanohardness measurements were 

carried out taking into account the indentation size effect (ISE). With increase in 

temperature, hardness measurement was found to follow the similar trend as of dislocation 

density evaluated from XRD measurements. 

 
Keywords: Ion Irradiation, Positron annihilation spectroscopy, XRDLPA,nanoindentation 
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Abstract 
 
Strontium bismuth niobate, SrBi2Nb2O9 (SBN), is a bismuth layered perovskite oxide 

compound which has potential ferroelectric properties. SBN has several advantages of low 

operating voltages and high Curie temperature. SrBi2Nb2O9 has potentialapplications in 

non-volatile random access memory cells. In this work we performed the structural, 

morphological, compositional and electrical properties dependency with the substitution 

of Er in the SBN compound with the concentration range corresponding tox = 0-1 in the 

formula of Sr0.8Bi2.2-xErxNb2O9. Scientific sintering approach is used for the synthesis 

of the compounds starting from raw material. X-ray diffraction (XRD) study shows that 

crystal structure of SBN is retained but with slight changes in the lattice parameter. First 

time, Rutherford backscattering spectroscopy (RBS) study in this compound is used to 

check the composition fraction. Atomic force microscopy (AFM) shows the variation of 

surface features with doping concentration. Further, the electrical properties such as 

dielectric constant and dielectric loss are investigated with temperature and found that the 

synthesized Sr0.8Bi2.2-xErxNb2O9 could be utilized for potential applications in electronic 

devices. 
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Abstract 
 

Correlative experimental techniques using electron microscopy (EM) and atom probe 

tomography (APT) from the same region of interest on the sample led to determine both the 

structural and three-dimensional compositional information at atomic scale. These 

techniques are advantageous when the microstructure is inhomogeneous and/or when 

targeting rare features that can influence overall material properties. Complementary use 

of both EM and APT enabled to overcome theirassociated individual drawbacks that are 

related to their mass and spatial resolution respectively. EM techniques such as orientation 

mapping, electron diffraction and imaging, high resolution Z-contrast imaging in scanning 

transmission EMs can provide local crystallographic/structural information while APT 

provide high mass resolution with high element sensitivity in the range of 10 part-per- 

million. 

 
In this talk, I will introduce the experimental methods and protocols for sample preparation 

for successfully performing EM/APT correlative studies. This will be followed by 

examples with their application to different alloy systems. 

 
Keywords: electron microscopy, atom probe tomography, ECCI,microstructure 
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Abstract 

 
The fact that emergence of antibiotic resistant strain and delayed results of established 
diagnostic techniques at the point of care is a substantial barrier to effective antibiotic 
management of infection. Due to the delays in sample collection, bacterial culture, and 
antibiotic susceptibility reporting, antibiotics have been used indiscriminately, which has 
facilitated the growth of infections that are resistant to certain antibiotics. Advent of 
nanotechnology at the interface of material chemistry have facilitated us with the tools to 
synthesize novel anti-microbial agents. Herein, we report the green synthesis of silver and its 
graphene oxide-based nanocomposite with excellent antibacterial properties. The reduced 
graphene oxide silver nanomaterial was successfully synthesized using the Lactobacillus 
species biomass in a environmentally friendly, simple, and scalable manner. The graphene 
oxide and silver were reduced to rGO-Ag nanocomposite by employing Lactobacillus species 
biomass which act as a reducing agent. The nano-composite were characterized using 
transmission electron microscopy, XRD, Raman spectroscopy, Fourier transform infrared 
spectroscopy, scanning electron microscopy, and UV-Vis spectroscopy which efficaciously 
confirm the synthesis of nanocomposite. Apart from reducing potential, Lactobacillus biomass 
also plays an important role as stabilizing agent; here the reduced graphene oxide- silver 
nanocomposite showed a good stability in water. The synthesized material was further 
characterized by cyclic voltammetry, differential pulse voltammetry and electrochemical 
impedance spectroscopy-based techniques which suggest their feasible electrochemical 
properties. The antimicrobial susceptibility assay showed that the composite possess excellent 
antimicrobial activity comparable to standard drug. The green synthesis reported in this work 
led to the production of water-dispersible, cost-effective, high purity reduced graphene oxide 
silver nanocomposite having good electrochemical and antimicrobial properties. 

 
Keywords: Reduced Graphene-oxide silver nanocomposite, Green Synthesis, 
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Abstract 
 

In the present study, we synthesized a graphene oxide-induced geopolymeric paste for 

geopolymer concrete development. Whereas, graphene oxide has been synthesized using the 

Hummer method in the bulk quantity, which has been used for the synthesis of graphene oxide-

induced geopolymer paste. This geopolymeric paste and graphene oxide have been 

characterized using different characterized techniques such as SEM, TEM AFM, Raman, FTIR, 

XRD, etc. whereas, synthesized graphene-induced geopolymeric paste possessed a 20% higher 

compressive strength comparatively simple geopolymer paste. This graphene- induced 

geopolymeric paste also has been characterized using abrasion testing (IS 1237). Where, 

abrasion testing is also performed, and value increases with the amount of the graphene oxide 

mixed with geopolymer, which may useful in road applications for comfort riding. 

 
Keywords: Graphene Oxide, Geopolymer paste, Compressive Strength, 
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Abstract 
 

The formation of micro-voids in the polymer composites is observed in the various preparation 

techniques due to the presence of air bubbles, which hinders their desired properties. This work 

reports the effect of nanoparticles and preparation techniques on the morphology and the tensile 

strength of the polylactic acid (PLA) nanocomposites. PLA was selected for the investigation in the 

current work because of its wide applications in the biomedical and packaging industries. The PLA 

nanocomposite samples were prepared by adding calcium phosphate (CaP) and magnesium 

phosphate (MgP) nanoparticles with different concentrations. Authors suggested a new composite 

preparation technique for minimizing the micro-void formation inside the PLA nanocomposites. The 

new nanocomposite preparation techniques involved ultrasonic vibration assisted melt mixing and 

vacuum casting. The PLA nanocomposite samples were also prepared by compression moulding and 

solvent casting techniques. The obtained results were compared to check the impact of fillers 

concentration and processing techniques on the properties of the prepared nanocomposite sample. 

The scanning electron microscope (SEM) was used to investigate the morphological behavior of 

prepared PLA nanocomposites. The result reveals that several micro-voids were present on the 

surface of the PLA nanocomposites prepared by compression moulding technique only. The 

formation of micro-voids was successfully eliminated by preparing the PLA nanocomposite sample 

by ultrasonic-assisted melt mixing & vacuum casting, and solvent casting techniques. The maximum 

tensile strength PLA nanocomposites was found 65.67 MPa for PLA/CaP whereas 57.42 MPa for 

PLA/MgP nanocomposites. 

 
Keywords: Polylactic acid, nanocomposites, ultrasonic mixing, scanning electronmicroscopy, 
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Abstract 

 
Biomedical implants have become a routine treatment these days which serve to recover the 

functional difficulties in humans for a better quality of life. Biomedical implants have wider 

applications in rebuilding and healing damaged areas of human body i.e., hip/knee replacement, 

maxillofacial reconstruction, dental/orthopaedic implants etc. However, due to the cyto-toxic nature 

and higher young modulus of elasticity, commercial medical grade Titanium based biomedical 

implants (i.e., Ti-6Al-4V) are often failed due to poor soft tissue integration. Gallium Nitride (GaN) 

being a biocompatible, aqueous and chemical stable material has potential in the field of 

optoelectronics, photonics, chemical and biological sensors. GaN offers enormous opportunities to 

modulate the fundamental material properties and surface chemistry to promote adhesion of targeted 

biomolecules for its efficient utilization in biomedical implants. In this report, we have derived a new 

three step process for the functionalization of GaN surfaces to promote the attachment/growth of 

human periodontal ligament fibroblast cells and reduce soft tissue integration related failures in 

dental implants. We have modified the morphology and surface chemistry of GaN thin films using 

sodium hydroxide (NaOH) and 3-aminopropyltriethoxy silane (APTES) followed by its 

bioconjugation with type 1-human collagen (T1HC). Further, changes inchemical states, 

morphology, wettability, pH, and aqueous stability of surface functionalized filmshave been 

investigated. Finally, the cell culture studies analysing cell proliferation and adhesion/survivability 

studies at different time intervals have been performed using MTT Assay and SEM evaluation. The 

studies divulge that chemically functionalized T1HC bio-conjugated GaN surfaces display excellent 

cell culture properties with a cell viability of ~ 95%. It demonstrates that GaN films can be useful 

in various procedures where integrating soft tissues with biomedical implant is highly desirable. 
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Abstract 
 
The present study was conducted on the developing Ileum of 36 goat embryos/foeti irrespective of 

breed and sex. Abdominal cavity of each foetus was opened by giving ventro-abdominal incision and 

the developing ileum was exposed by careful dissection. The tissues were fixed in 10% neutral 

buffered formalin and in cold acetone. The fixed tissues were processed through routine paraffin 

embedding technique. Thin paraffin sections (5μ) were cut and stained with Haematoxylin and Eosin 

for routine fibrocellular architecture, Masson’s Trichrome stain for collagen fibres, Gorden and 

sweet’s stain for reticular fibers and Verhoeff’s stain for elastic fibres. Different histochemical 

techniques were applied for detection and localization of neutral mucopolysaccharides, acid 

mucopolysaccharides, bound lipids, alkaline phosphataseenzymes, acid phosphatase enzymes and 

for DNA. The ileum showed mucosal previllous ridges at 50th day of gestation which got 

differentiated into villi on 58th day of gestation. The epithelium was poorly differentiated stratified 

to pseudostratifiedcolumnar type in group-I (0-50 days of gestation), stratified columnar to simple 

columnar in group II (51-100 days of gestation) and simple columnar in group III (101- 150 days of 

gestation). The intestinal glands were developed at 66 days of gestation. Allhistochemical reactions 

viz; PAS, AMPs, Sudan black-B, Alkaline phosphatase, Acid phosphatase and Feulgen’s reaction 

were mild in group-I, mild to moderate in group-II and moderate to intense in group-III. 
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Abstract 
 

In a nuclear reactor, during fission, various types of fission products are generated in a nuclear fuel. 

15% of the fission product atoms are fission gases (FG), namely Xe and Kr. These gases pose a 

number of problems during reactor operation. These rare gases have low solubility in the fuel; hence 

precipitate in the form of bubbles in the fuel. The bubbles may coalesce and interlink to form channels 

and finally lead to FG release. If the bubbles remain in the fuel matrix, they may lead to swelling in 

fuel, which, in turn may lead to pellet clad mechanical interaction (PCMI). Alternatively, release of 

the gases to the pin free volume deteriorates the fuel thermal performance, which further increases 

the gas release. It is of interest to fuel designers, operators of nuclear power plants and those involved 

in fuel performance modelling to understand the processes that determine the retention or release of 

fission gases. Characterisation of fission gas bubbles in low burnup as well as extended burn up 

pressurised heavy water reactor (PHWR) fuels has been carried out. Fuel grains extracted from 

irradiated fuel pellets have been examined under the scanning electron microscope (SEM). This paper 

presents the results of electron microscopy studies carried out on irradiated PHWR fuel for assessing 

the extent of fission gas bubble development on grain faces asa function of fuel burnup. 
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Abstract 
 

The photovoltaic (PV) cells especially thin-film solar cells are garnering attention for their 

unstoppable growth as a sustainable energy source as well as for their innovations and 

indispensability. The efficiency of these cells has plateaued in recent years, necessitating the 

development of novel, practical, and inexpensive alternative energy sources. CdTe PV cells in 

superstrate design have achieved an efficiency of more than 22 %. Although CdTe material lacks the 

band gap for the top layer, it can still be used as an effective absorber top layer in tandem-based solar 

device structures by forming the two new, promising materials Cd1-xZnxTe(CZT) and Cd1- xMnxTe 

(CMT). Consequently, CZT and CMT based PV cells have been explored and an attempt has been 

made to provide an alternative to standard CdTe material. After exploring the physical properties of 

CZT and CMT thin films, CZT and CMT based PV cells were fabricated having device designs of 

ITO/CdS/CZT/Au and ITO/CdS/CMT/Au, using vacuum evaporation. Both devices showed a power 

conversion efficiency of 6.67% and 6.11%, respectively. The depletion layer width and dopant 

densities were also determined by capacitance-voltage measurements along with a detailed 

understanding of deep trap states with the help of Mott-Schottky plots. The quantum efficiencies were 

measured to identify the specific losses that are causing the measured short circuit current density 

to deviate from its ideal value. The current study reveals that further research is needed to improve 

the performance of CZT and CMT based PV cells, which may be candidates for use as an economical 

alternative energy source. 
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Abstract 
 
Silicon carbide (SiC) is a fascinating wide-band gap semiconductor for high-temperature, high-

power and high-frequency applications. In this work, morphological evolution and 

microstructure of the thermally annealed and argon sputtered SiC thin films has been 

investigated by tapping mode atomic force microscopy (AFM). 280 nm thin SiC films on 

Si(111) substrate were firstly sputtered with 80 keV argon ions at various fluences and then 

thermally annealed at 8500C. The effect of the annealing on argon sputtered films was evaluated 

by various surface topography and texture parameters, such as Fast Fourier Transforms, surface 

roughness, skewness, kurtosis. One dimensional cross section scans of surface profiles are 

determined and morphological features are investigated. Roughness evolution plot shows 

exponential growth with argon ion fluence. FFT reveals an increase in ordering and 

homogeneity of morphological features with increase in argon ion fluence. Surface scaling 

analysis via power spectral density (PSD) demonstrates that surface morphology of the samples 

relies on surface confined viscous flow process. 

Keywords: Silicon Carbide, Atomic Force Microscopy, Thermal annealing, Argon beam 

sputtering 
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Abstract 

To study lysosomes with an ultralong term, herein, noble-metal Au and Ag nanoclusters 
(MNCs) modified with biocompatible protein bovine serum albumin (BSA) called 
BSA−NCs were applied to image lysosomes under structured illumination microscopy 
(SIM). Compared with commercial lysosomal dyes, BSA−NCs exhibited remarkable anti- 
interference in pH fluctuation, excellent antiphotobleaching for ultralong-term lysosomal 
tracking, and impressive near-infrared fluorescence. The lysosomal events (i.e., fission, 
fusion, and kissand- run events) were observed with the BSA−NCs under SIM, as was the 
interplay between lysosomes and mitochondria leading to mitophagy. With their molecular-
like properties and near-infrared fluorescence, BSA−Au NCs proved able to enter the 
internal cells of organoids and, for the first time, were applied totrack subcellular lysosomal 
dynamics. The results not only demonstrate that MNCs are excellent tools for imaging 
organelles in living cells and organoids with super-resolutiontechnology but also highlight 
new fields for using MNCs in 

 
Keywords: super resolution imaging, brain organoid, metal nanoclusters,structured 
illumination microscopy, stochastic optical reconstruction microscopy 
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Abstract 
The demands of renewable sources of energy are increasing day by day due to shortage of fossil 

fuels. The environmental threat is another issue to select the alternate clean source of energy. 

Supercapacitors are one of the important devices that possess applications in energy storage. 

Nanomaterials, such as array of nanowires have shown a great potential to be used for energy 

storage devices due to their high aspect ratio and uniform morphology. Nanowires based 

supercapacitors are the most promising storage devices due to their fast charge–discharge rate, 

long cycle life, high power and energy density. In general, there are several methods to synthesize 

nanowires. However, template assisted electrodeposition method is the most economical one that 

allows effectively controlling the dimensions and aspect ratio of nanowires. A considerable 

amount of interest has been developed recently to synthesize transition metals oxides based 

nanowires as they possess high specific capacity. The electrochemical synthesis, characterization 

and applications of nanowires for energy storage have advanced greatly in the past few decades. 

This helped in understanding the relationship between the morphology and performance of the 

nanowires. Herein, some recent developments in the electrochemical synthesis of nanowires for 

electrochemical energy storage using polycarbonate membrane as templates grafted onto metal 

have been discussed. The main focus is on the effects of surface morphologies, materials and their 

electrochemical performance.  

Keywords: Energy storage, electrochemical technique, nanowires, supercapacitors.  
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Abstract  

Thermal and optical properties of rare-earth (Eu3+) doped terminally Acetyl Polyethylene Glycol 
(Eu@AcPEG) polymeric materials. The attention is drawn toward Eu@AcPEG a derived polymer 
in terms of their unique luminescence, photostability and non-toxicity. Eu@AcPEG polymeric 
material was prepared by conventional solution casting technique. The acetyl polyethylene glycol 
(AcPEG) synthesized from polyethylene glycol (PEG) was confirmed by 1H-NMR, 13C-NMR and 
IR spectral techniques. Eu3+ ion has been doped in the matrix of AcPEG to improve the 
luminescence properties. Then the doped polymer (Eu@AcPEG) was characterized by SEM, TG-
DTA, UV-Visible (UV-Vis) and Photo-luminescent (PL) spectroscopy. The derived polymer 
AcPEG exhibits strong emission in the UV-A (345 nm). The polymer fluorescence intensity 
decreased as the Eu3+ concentration increases due to the complex formation. In addition, 
Eu@AcPEG sample exhibits violet and red emission attributed to the Eu2+ (4f6 51–4f7) and Eu3+ 

(5Do–7FJ) dopant spices respectively. Present work offers a novel face of AcPEG with great 
potential in a variety of emerging applications, in particular, as photonic devices area. 

 
Acetyled PEG (AcPEG), a derived polymer from PEG was developed through a simple acetylation 
process. Terminal group (OH) modification was confirmed by 1H NMR spectra of AcPEG 
characteristic peak for six methyl protons was observed at δ 2.07 ppm and in 13C-NMR spectra 
peaks for methyl and carbonyl groups were appeared at 21.0 and 171.1 ppm respectively. The 
optical absorption band of the PEG and AcPEG sample becomes wide on Eu metal incorporation. 
AcPEG sample exhibits strong emission in UV region. Eu@AcPEG sample shows an additional 
violet emission peak with UV emission.   
 
Keywords: Polyethylene glycol, Acetyl polyethylene glycol, Fluorescent emission, Cluster 

formation. 
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Ordered porous Pt-zeolite materials are widely used in several ton-scale catalytic processes. Pt coking 
is  followed by oxidative regeneration and reduction under H2, which is repeated several times.[1] 

Understanding  the Pt species present in the nanoporous zeolite matrix during this reduction and 
oxidative regeneration cycle is  limited. I will present mechanistic insights into active Pt species in the 
zeolite nanopore matrix systematically  investigated using HAADF-STEM (Figure 1A, 1B) and 
electron tomography using Pt-ZSM-5 (0.54 nm × 0.56  nm) as the model system. This is the first 
detailed microscopic investigation to understand the nature and location  of active Pt species in 
microporous ordered zeolites and will help develop next-generation efficient processes  with lower 
energy and CO2 footprint.  

Reactive Oxygen Species (ROS) induced photodegradation is one of the main bottlenecks 
for  commercializing low-cost organic/Perovskite-based thin film solar cells. Beyond photovoltaics, 
ROS is also  responsible for the photodegradation of paints/coatings and polymers exposed to 
sunlight.[3] I have invented a  series of Cerium (III) carbonate (CeC) based additives for the degradation 
of ROS (Figure 1C).[4] However, the  mechanism of Ce(III) based ROS degradation, the role of Ce(III) 
oxidation state and active species on the  catalytic surface was unknown. To elucidate the fundamental 
working mechanism of this new material system,  I coupled HAADF-STEM and EELS ((Figure 1C, 
1D) with the photocatalytic tests for ROS degradation in the  lab. I will be presenting a unique example 
of a bifunctional catalytic mechanism on solid-state surface.[5,6]  

Figure 1: (A, B) Pt-ZSM-5 active catalyst showing coking ↔ oxidative regeneration cycles with active Pt 
nanocrystals in zeolite  matrix during H2 reduction and atomically dispersed Pt2+ during the oxidative regeneration 
cycles. (C) HAADF-STEM image of  CeC-TiO2. (D) Cerium-Electron Energy Loss Spectrum (EELS) of the 
highlighted CeC cluster square region in (A).  

References:  
[1] L. Liu, A. Corma, Chem Rev 2018, 118, 4981–5079. [2] Ram Kumar, K. Yalcin, P. Ercius, K. Bustillo, J. 
Ciston, B.C.  Gates, C.X. Kronawitter, R.C. Runnebaum, A. Katz, K. Bustillo, J. Ciston, A. Katz, Manuscript 
draft 2023. [3] B. A. van  Driel, P. J. Kooyman, K. J. van den Berg, A. Schmidt-Ott, J. Dik, Microchemical 
Journal 2016, 126, 162–171. [4] Ram  Kumar, A. Katz, CE(III)-Alkaline Earth Metal Carbonates 
Formulations, 2021, 052103-528P01US. [5] Ram Kumar, V.  Venardi, Y. Helal, A. Katz, Manuscript 
submitted 2023. [6] R. Breslow, A. Graff, J Am Chem Soc 2002, 115, 10988– 10989. 

1  



 130 

Advancement in Focused Ion Beam Technique 

Sarmistha Dhan a, b *, Murugan Ab & Peeyush Chandrac 

a Central Manufacturing Technology Institute, Bangalore,560022, India 

b Indian Institute of Technology, Tirupati,517619, India 

c National Aerospace Laboratory, Bangalore, 560017, India 

* sarmistha@cmti.res.in, sarmistha.dhan@gmail.com 
 

Abstract 
 

The state-of-the-art technology Focused ion beam, FIB, is one of the significant techniques 
for research advancements in nanotechnology. It is widely used for high precision micron 
and sub- micron application. FIB Machining is one of the advanced micro and nano 
machining process for fabricating micro and nano components. Apart from 
micromachining, it is also used for site- specific analysis, imaging, milling, deposition, and 
manipulation. The FIB process uses highly energetic focused ions which are heavier than 
electrons and the typical mass of ions are 2000 to 2250 times the mass of an electron [1]. 
These heavier ions gain further momentum during acceleration in the instrument and remove 
material by controlled ion bombardment on any surfaces. FIB technique is one of the 
unconventional masks less direct writing technique for fabrication micro and nano 
dimensional features on surfaces with high precision [2]. It is also used for site-specific 
sample preparation and analysis, ion microscopes, free form 3D deposition, nano 
connectors, TEM lamella fabrication, APT sample preparation, MEMS components, 
micromanipulation, photomask edit & repair, micro-nano channels & arrays fabrication, etc. 
Advancements in the instrumentation and ion sources, now FIB is capable of machining 
components of minimum feature size of < 14 nm with an image resolution better than 2.5 
nm [3][4]. This ultra-precision machining process can be applied to the manufacturing of 
micro and nano electronic, NEMS devices, chip failure analysis. This paper gives a detailed 
state of the art review of FIB machining, working principle, instrumentation, various process 
parameters, applications and advancements. 

 
Keywords: Focused Ion Beams; Electron Microscopy; Dual-Beam Platforms; Mask-less 
Nano fabrication; Top-down and bottom-up approaches 
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Abstract 
 
Silicone elastomer nanocomposite samples have been prepared using different concentrations (1- 
7 wt%) of magnetic iron oxide (Fe3O4) nanoparticle through mechanical mixing and hot press 

moulding. The surface morphology of prepared silicone elastomer nanocomposite has been studied 

using scanning electron microscope (SEM) which reveals the smooth dispersion of Fe3O4 
nanoparticles inside matrix, and at higher concentration (>5 wt%) agglomerates are formed. With 
increasing Fe3O4 concentration, the mechanical properties of silicone elastomer nanocomposite 

exhibit an increase in tensile strength, modulus, and decrease in elongation at break, which can be 
attributed to the nanoparticle's good distribution and reinforcing activity. At higher concentration 

(5 wt%) the rate of increase of mechanical properties is nominal due to agglomeration of 

nanoparticles. Additionally, the influence of Fe3O4 nanoparticle concentration on the rheological 
parameters of silicone elastomer nanocomposites such as loss modulus, storage modulus, and 
complex viscosity as a function of temperature and at different frequency (1, 10, and 100 Hz) have 
also been investigated. The effect of iron oxide nanoparticle concentration on rheological 
properties shows the increase in loss modulus, storage modulus, and complex viscosity due to 

increase in volume fraction of nanofiller and reinforcement. With increasing Fe3O4 concentration, 

the loss factor of silicone elastomer nanocomposites reduces, which can be ascribed to improved 
rubber-nanoparticle interactions. The inclusion of Fe3O4 nanoparticles up to 5 wt% gave improved 

rheological characteristics, beyond which the growth is decreased. As a result, a percolation 

threshold of 5 wt% Fe3O4 nanoparticles in silicone elastomer may be considered. 

Keywords: Silicon elastomer, iron oxide, nanocomposites, morphology; mechanical; rheological; 
modulus. 
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Abstract 
 
SEMs are indispensable imaging and micro-analysis tools for material investigation and mechanical 

failure mode analysis. SEMs have also been employed as an integral part of nuclear fuel-cycle and nuclear 

waste management studies and have proved to be instrumental in operational and safety aspects of nuclear 

industry. SEMs with hot- cell adaptations are key assetsfor such studies in nuclear industry. The present 

work summarizes the initial efforts that have gone into indigenous design of SE detector for SEM 

adaptation for operation in hot-cell to investigate specimen with beta-gamma radioactivity of the order of 

1-2 Gy/hr. The design principle involves minimization of cross-section for high energy radioactivity 

through suitable choice of low-Z scintillator material and geometry, optimization of solid-angle subtended 

by specimen at scintillator, electrostatic field distribution of the detector for efficient steering of SEs 

towards scintillator positioned away from line-of-sight, and minimization of shielding material usage for 

a compact design of the detector. The work describes the computational electromagnetic and radiation-

matter interaction simulations that have gone into the design process, along with the process of result 

aggregations and inferences. Results obtained from electron collection and radiation dose deposition 

simulations indicate detector SNR of about 62 dB. 
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Abstract 

 
High temperature forging of as-cast aluminium alloys are generally not practised as the solute segregation in the 
interdendritic region are detrimental to the mechanical strength. Generally, homogenization heat treatment is 
preceded before the introduction of plastic strain for chemical homogeneity in the material. In the current study, 
ultrasonically mixed as-cast Al-7.3Zn-2.2Mg-1.6Cu alloy is single step plastically worked in the thermomechanical 
range of 250-450°C, 0.001-1 s-1 and till 0.69 true strain to obtain a wrought microstructure for direct 

industrial application. The experimental flow stress was utilized to plot a 3- dimensional workability map, 

which indicated the varying power dissipation efficiency (PDE) with strain, figure 1. After 50% 

compression, the workability map indicated the best working domain of 348- 366°C,0.001 s-1 (PDE≥50%), 

0.272-0.015 s-1 at 450°C (PDE≥40%), 364-420°C, 1-0.08 s- 
1 (PDE≥40%), 450°C,0.001 s-1 (PDE≥35%). The microstructural analysis in the higherPDE regions indicated 
the occurrence of dynamic softening at lower deformation rate andincreasing temperature. The EBSD and GOS 

map indicated a highest HAGB fraction and corresponding strain free fraction (73%) in the regions around 

450°C,0.001 s- 1, figure 2. However, the most of the working condition indicated incomplete dynamic softening 
i.e. dominance of dislocation tangles and subgrains after hot deformation, figure 3 (a). Whereas, the specimens at 
450°C-0.001 s-1 indicated the presence of defined grain boundary with uniformly distributed precipitated within 
the grains, figure 3 (b). So, the optimum forging condition to obtain a wrought microstructure from a dendritic 
microstructure is considered as 450°C-0.001s-1. 
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Abstract 
 

Chemical mapping of nanoscale features in bulk samples is known to be very challenging since it involves 

simultaneous high spatial resolution imaging and spectroscopic analysis. The typical alternative is 

chemical mapping on electron transparent samples in STEM. 

 
This work presents the strength of EDS (or EDX) in SEM for chemical mapping of sub-10 nm features 

for bulk and electron transparent specimen. Common challenges for achieving high spatial resolution 

chemical mapping of nanoscale features with EDS in SEM are discussed. Commercially available 

FinFET-CPU devices, AlGaN LED devices and Nickel-based single crystal super alloy samples are 

investigated. EDS mapping at different acceleration voltages from 3 kV to 25 kV were acquired at high 

magnifications. Challenging element combinations and overlapping elements were deconvoluted. 

 
This work show that EDS in SEM is a valuable tool for high end microscopy and can be a useful alternative 

to the complex expensive TEM/STEM technology. 

 
Keywords: EDS, EDX, high spatial resolution, low kV, STEM 
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Abstract 
 
The Fe-rich soft-magnetic nanocrystalline alloys derives its ultra-soft magnetism through 

uniform, nano-sized (D<20-25 nm) a-Fe nanocrystals dispersed in amorphous matrix. The 

realization of fine nanocrystalline microstructure is a technical challenge for marginal glass 

forming Fe-rich alloys and ultra-rapid annealing treatment (100-1000 K/s) were adopted to 

obtain nanostructure. In this study, the occurrence of grain refinement behaviour in Fe83B13- 

xPxSi2Nb1Cu1 (x = 0, 2, 4, 6, 8 at%) alloys through P compositional modulation has been 

explained. The monotonous substitution of P effects grain refinement through increase in 

nucleation density (Nd) by an order from 1022 to 1023 counts/m3 and reduction of a-Fe 

nanocrystal size from 34 nm to 14 nm. The refinement mechanism with P addition were 

attributed to simultaneous, dense a-Fe nucleation and inhibition of nanocrystal coarsening. The 

underlying refinement mechanism were explained through non-isothermal kinetics, XRD, 

DSC and HR-TEM studies. The selective solute rejection of alloying elements (B, P, Nb) by 

a-Fe nanocrystals forms a core-shell type stable intergranular region, inhibiting further 

coarsening and coalescence of nanocrystals. In support, we have theoretically 

explained the intergranular phase stability of amorphous region through thermodynamic Phss 

and topological based Cluster-plus glue atom model. Also, the microstructure and magnetic 

property evolution of the alloys were correlated within the framework of Random Anisotropy 

Model (RAM) and discussed. 

Keywords: Fe-amorphous alloy; nanocrystal; grain refinement; soft magnetic; thermodynamic 

modelling 
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Abstract 
 

Polyamide-6 (PA-6) Nanofibres Polyacrylonitrile (PAN) Nanofibres 

  
12 wt% 20 wt% 6 wt% 10 wt% 

 
 

Polar polymer nanofibres obtained from Polyamide-6 (PA-6) and Polyacrylonitrile (PAN) are 

characterized by their sub-micron diameter, small pore size, high surface area to volume ratio and light 

weight, finds applications in tissue engineering, drug delivery, filtration, interleaves in FRPC, etc. The 

polymer concentration in solvents decides the morphology and size of the nanofibres. Herein, we have 

electrospun nanofibres of two different concentrations (12 and 20 wt% of PA-6) and (6 and 10 wt% of 

PAN) using needleless electrospinning technique. The influence of polymer concentration on the size, 

microstructure, phase transitions and viscoelastic propertiesof these nanofibres are studiedusing SEM, 

XRD, DSC and DMTA respectively. The SEM images revealed that with an increase in polymer 

concentration, the nanofibre diameter exhibits a mere increase for PA-6 (172 to 205 nm) whereas it doubles 

for PAN (218 to 470 nm). The enhanced intensity X-ray diffraction peaks for nanofibres with high 

concentration resulted to increased crystallinity owing to slow solvent evaporation rate in them. The DSC 

results illustrate a clear melting endotherm in PA-6 nanofibres and an exotherm associated with 

intermolecular cyclization for PAN nanofibres. Although a prominent Tg could not be identified by DSC, 

an unequivocal Tg was found by DMTA measurements which infers high Tg for nanofibres of smaller 

diameter as compared to their larger counterpart. This is attributed to nanoconfinement effect and 

intermolecular interactions between the chains due to their close proximity. It is opined that the obtained 

nanofibre morphology due to change in concentration and the associated Tg of these nanofibres would be 

of immense help in applications like nanofilters and nanofibre interleaved FRPCs. 

 
Keywords: Needleless electrospinning technique; Scanning electron microscope; X-ray diffraction; 

Dynamic mechanical thermal analysis; Glass transition temperature. 
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The UK’s technology roadmap aims to recycle glass to save 322 kWh energy and 246 kg of CO2 
emissions per ton of manufactured glass [1]. While, glass is fully recyclable, it requires significant 
processing energy to remelt and process glass waste. Consequently, only about 65% of glass waste 
in the UK is recycled and the remaining 35% of waste glass is processed from scratch. This 35% 
waste glass include broken household packaging glass, finely broken mixed glass, metallic impurities 
contaminated glass, etc. Through this paper, we allude to the possibility of recycling this 35% waste 
glass using a novel processing route of thermal spray manufacturing. Thermal spraying is a scalable 
surface engineering technique used to deposit coatings [4, 5]. In practice, glass coated metal 
substrates are heated together at about 800–900 °C in the furnace, which deteriorates the mechanical 
properties of underlying metal alloys. This problem can be avoided by individual processing of 
materials. This study investigated the use of thermal spraying to recycle glass waste using a single 
shot, low carbon footprint manufacturing process. The paper will highlight the feasibility study 
results by revealing splat morphology of the crack-free highly tolerant glass surface coatings. The 
coatings were characterized using SEM/TEM and nanoindentation to probe microstructure and 
associated mechanical properties. 
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Abstract 
 
 

The oxygen-depleted environment in the marine ecosystem has been increasing daily, 
which will have profound consequences such as reduced diversity, the decline in fisheries, 
the redistribution of communities, and altered biogeochemical cycles. A highlight on 
using benthic foraminifera (marine protists) as a proxy for paleo oxygenation conditions 
has been addressed. Pores in benthic foraminifera play an essential role in facilitating the 
gas exchange between the organism and the environment. Understanding the pore 
geometry and patterns in benthic foraminifera can help us to establish the relation with 
the redox conditions, such as bottom water oxygen, and interpret the past oxygen 
condition of an aquatic ecosystem. Scanning electron microscopy is traditionally used for 
ultrastructural studies but cannot estimate three- dimensional measurements. In the 
foraminiferal research, the use of AFM is at its very nascent stage. The incorporation of 
such analytical techniques significantly increases the quantification of pore characters 
and data resolution. Advancement towards a closer perspective, on the foraminiferal 
aspect, leads to a better understanding of ecological trends and patterns. 
Consequently, the pore characters can be used to determine the concentration of the 
oxygen level in the past aquatic environment to better inform us about future trends in 
deoxygenation patterns related to climate change. 

 
Keywords: foraminifera; pores; atomic force microscopy, scanning electron 
microscopy, Chilika Lake 
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Abstract 

 

In current scenario, the development of polymer composite in the form of flexible films are 

used in wide range of applications in various area of soft matter engineering. Polymer 

composite consists of polymer as a matrix and filler as a particulate/reinforcement has been 

found application in science and technology for flexible electronics devices fabrication. The 

work shown here, graphene oxide (GO) is used as filler and Polyvinylidene fluoride (PVDF) 

is used as matrix material. By incorporating of GO in PVDF matrix, the electrical properties 

and thermal stability of the resultant materials are improved dramatically. GO is synthesized 

by the modified Hummers method, and PVDF/GO flexible composite films with varying wt 

% of GO are fabricated by liquid phase polymer processing.XRD of GO is done and 

observed peaks at 2θ= 10.21O, 20.32O represent the pure phase GO formation. TGA analysis 

represents the increase in thermal stability of resultant composites. Electrical properties are 

measured by two probe method, the dielectric constant increases with the GO concentration 

due to the higher interfacial polarization. Hence the developed composites based on 

PVDF/GO is applicable to fabricate the flexible dielectric materials for soft matter 

engineering. 

 
Keywords: Flexible electronics; Soft matter engineering; Dielectric constant 
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Abstract 

The sol-gel process was used to make lead hexaferrite, PbFe12O19, with Bi3+ as a Substituent. 

X-ray powder diffractometer (XRD), scanning electron microscopy (SEM), vibrating sample 

microscopy, Fourier transform infrared spectroscopy (FT-IR), and Impedance spectroscopy 

was used to test the impact of added Bi3+ ions on the structure, morphology, magnetic, and 

cation distributions of lead hexaferrite. The development of a single-phase magneto-plumbites 

structure and the replacement of Bi3+ ions in the lead ferrite lattice were verified by XRD 

powder patterns. Surface morphology by SEM revealed particles of incredibly fine texture. 

The material's coercivity improved as the Bi3+ ion was substituted, according to an analysis of 

its magnetic properties. However, there was a substantial improvement in magnetization as a 

result of this. The substance's dielectric constant, electric conductivity, and loss tangent were 

calculated for frequencies of 20 Hz to 10 MHz, indicating that it is appropriate for wide 

applications. 

 
Keywords: Hexaferrite, XRD, SEM, VSM, Conductivity, etc. 



 141 

Microstructure and Microtexture evolution of SS410 steel wire mesh 
during exposure to liquid sodium at 923K 

 
Pradyumna      Kumar     Parida*1,     Vijay   Singh   Sikarwar2,   R.   Mythili1, 

M.G. Hemanath2, S. Kishore2, Arup Dasgupta1 and V. Vinod2 
 

1Physical Metallurgy Division, 2Experimental Thermal Hydraulics DivisionIndira Gandhi 
Centre for Atomic Research, Kalpakkam – 603102, India 

* pradyumna@igcar.gov.in 
 

Abstract 
 

Purity of liquid sodium is critical to the life span of structural components of sodium-cooled 
fast reactors (SFR), as it influences their mechanical and corrosion properties. Among other 
impurities, carbon and oxygen contents are of major concern, which need to be maintained < 
30 and 10 ppm, respectively. Carbon impurity in sodium is classified as particulate (inactive) 
and dissolved (active) forms. Particulate form of carbon can be removed by physical filtering 
followed by cold trapping method. Removal of active carbon from molten sodium is generally 
carried out by hot trapping. Martensitic SS410 grade steel is considered for carbon hot trapping. 
However, the microstructure and microtexture of the steel prior to exposure plays a major role 
in hot trapping of carbon, which in turn dictates it’s trapping efficiency. These properties after 
exposure are also very important to assess the compatibility of the steel to sodium. 
In this study, the steel was exposed to high temperature static sodium to assess its hot trapping 
efficiency and study the microstructural changes. Cross sectional analysis of the wires after 
sodium exposure at 923K revealed changes in microstructure along the circumference of the 
wires, which is shown in figure 1. The initial ferrite grain size of the steel was found to be 
between 4-6 µm, however after sodium exposure, some significant changes around the 
circumference to a thickness of about 20-25 µm were observed and the steel exhibited bimodal 
size distribution with coarser (12-25µm) and finer (4-8µm) grains. Majority of the coarser 
grains were observed near the centre of the wire. The steel after hot trapping possessed <110>|| 
ND (Normal Direction) type of fiber texture in contrast to <100> || ND texture in case of 
unexposed steel. Micro-chemical analysis revealed redistribution of elements like Fe, Cr, O and      
Na,      though      no       carburisation       of       the       steel       was       observed. The 
mechanism of texture evolution in this steel and its structure-property correlation will be 
presented in the paper. 

 

 
Figure 1: Inverse pole figure map representing the crystal orientation map of the SS 410 
steel (a) prior to sodium exposure and (b) after sodium exposure at 923K for 300h. 

Keywords: Microstructure, microtexture, sodium, martensite, hot-trapping 
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Abstract 
 

Three aspects of deformed microstructures were identified and thoroughly investigated using 

extensive correlative microscopy. To begin with, direct ex-situ observations related the slip 

band formation with deformed microstructures in a low solute alloy (commercial AA1050) and 

high solute alloy (AA2219). Slip band formation, most notably, its spacing and height, was 

shown to be dependent on the deformation temperature and solute content. Following this, 

the second aspect was to investigate the role of Magnesium (Mg) solute and deformation 

temperature on the orientation-dependent substructure evolution in an Aluminium (Al) alloy. 

Our study reveals that orientation dependence was governed primarily by the solute 

(magnesium) content and deformation temperature; this eventually regulates the evolution of 

dislocation substructure in the material. At last, Particle Deformed Zone (PDZ: deformed 

aluminium matrix surrounding a coarse second phase particle) was shown to control both 

compressive strength and ductility in an as-cast AA7075. Direct observations in vicinity of the 

second phase particle, revealed a correlation between the particle deformed zone, the 

composition gradient and the inherent working temperature. It was observed that the local 

misorientation in the PDZ decreased, remarkably, with the introduction of composition gradient 

and higher working temperature. These inputs were subsequently applied to improve the as-

cast compressive ductility; without sacrificing the particle content. 

 
Keywords: Deformation, Microstructure, Slip Band, Particle deformed zone, 

OrientationSensitivity. 
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Abstract 

 

The only aim of this research work was to introspect the effect of substituted rare earth 

Sm+3on structural, morphological and magnetic and electric-dielectric properties of Ni-Mg 

spinel nanoferrites. The Sm+3 ions substituted Ni-Mg spinel nanoferrites with generic 

formula Ni0.5Mg0.5SmxFe2-xO4 was synthesized using sol-gel auto combustion method. 

The as-prepared samples exhibited mono-phase crystalline cubic structure revealed by XRD 

analysis. The TEM analyzed crucial change in grain size of as-prepared with well- defined 

cubic morphology and fine size distribution. Vibrating sample magnetometer (VSM) of 

magnetic field range -15 KG to 15 KG was used to analyze the magnetic behavior of 

nanoferrites. The extremely low value saturation magnetization, coercivity and retentivity 

indicate the soft nature of nanoferrites and existence of superparamagnetic behavior. The 

precision impedance analyzer was used to study electric and dielectric properties of 

synthesized nanoferrites. The study of dc electrical resistivity unveils the hopping 

mechanism of the ions within the Ni-Mg spinel crystal structure. The obtained values of 

dielectric constant is assigned to cationic distribution at different sites within the spinel 

crystal structure. The unique synthesis methods with the substitution of samarium 

appreciably improve structural and magneto-electric properties of Ni-Mg nanoferritesand 

hence as-prepared samples may have useful applications in the field of technology and 

industry. 

 
Keywords: Sol-gel, nanoferrites, structural, magnetic, dielectric, etc. 
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Abstract 
 

Rechargeable Li-ion batteries (LIBs) will be central for future green energy demands. However, 
their performance and reliability have to be further improved. In this context, the current and 
future promising Ni-rich cathode materials are comprehensively investigated for better 
efficiency. As a matter of concern, during storage in air under ambient conditions, the high 
surface reactivity of Ni- rich layer oxide leads to the failure of battery system that is not well 
understood. This is because most characterization techniques are either indirect or limited by 
their spatial resolution or detection sensitivity. 

In this presentation, I will discuss about our recent work on studying the chemical and structural 
evolution of surface species of the LiNi0.8Mn0.1Co0.1O2 (NMC811) cathode under air 
exposure. By adopting a cryogenic APT specimen preparation technique for the electron-beam 
sensitive Li compounds, we carefully confirm Li-ion extraction from the particles driven the 
formation of LiOH that reacts with CO2 in air to form Li2CO3 and creates a local Li and 

Ni concentration gradient along the surface (see Fig. 1). APT of the species formed inside the 
cracks also suggest the predominant formation of Li2CO3 phase. These insights will help to 

design improved protocols for cathode synthesis and cell assembly, as well as critical 
knowledge for cathode degradation. 

 
Figure 1. (a) The APT specimen 

preparation of surface-sensitive 

material with PVD coating and 

cryogenic milling. No electron beam 

imaging was done before the physical 

vapor deposition (PVD)-Cr coating 

and one-month ambient storage. (b) 

3D atom map of Cr-coated oxidized 

NMC surface. Inset i and ii display 

extracted local mass spectra of 

interest regions in Figure 3b. In the 

extracted mass spectrum of the impurity layer, it indeed shows the peak of Li-C molecular ions that 

we can conclude the presence of Li2CO3. (c) 1D compositional profile of elements across the oxidized 

NMC (cylindrical region of interest of 5x50 nm
3
). Co, Mn and O elements are not plotted. 
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Abstract 
 

High resolution is one of the important parameters which decides the quality of scanning 

electron microscope (SEM) which plays a vital role in nanoscience & nanotechnology. The 

current resolution reference materials (RM) contains millions of gold nanoislands or tin spheres 

on carbon substrate separated by a nanogap and are used to get the practically attainable 

resolution of the SEM instrument, but all of these RMs are non-traceable. Hence the 

practically obtained resolution remains doubtful unless and until compared with a traceable 

RM. Here we report the development of a new SEM resolution test specimen with pre-localized 

markers to identify traceable critical dimension of a nanogap on a user friendly chip. First, ultra 

thin films (thickness < 5 nm) and thin film (~ 10 nm) of gold were deposited on pre-pattered 

marker SiO2/Si chip to form the gold nanoparticles (Au NPs) by thermal annealing technique. 

The high resolution SEM images shows the formation of gold quantum dots (Au QD’s) and 

nano-islands (Au NI’s). The statistical average particle size and nanogap (spacing between two 

particles) distribution is investigated. FESEM images show densely packed Au NP’s exhibiting 

spherical geometry which is explained using dewetting mechanism assisted by Ostwald 

ripening and coalescence resulting formation of Au QD’s and Au NI’s, respectively. It is also 

proposed that these marker based resolution test specimen can be used for inter or intra 

comparison resolution studies. 

 
Keywords: Gold nanoislands and quantum dots, SEM, resolution, reference material 
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Abstract 
 
Metal matrix composites produced by additive manufacturing have advanced significantly in terms 

of specific characteristics, structure, and performance. The mechanical properties and 

microstructure can be tailored to provide desired characteristics by adjusting basic operating 

factors including scanning and laser conditions. Grain size and dendritic cell size will alter as a 

result of changing the energy density that eventually influence the mechanical properties. 

Alteration in energy density influence the growth of crystals along certain direction. Austenitic 

stainless steel 316L is a low carbon grade of steel that has good resistance against corrosion but 

has low structural strength. In order to strengthen the material, graphene nano flakes have been 

used as a reinforcement. Graphene has remarkable physical and mechanical properties owing to 

its distinctive 2D structure. The uniqueness in microstructure and mechanical characteristics can 

be attributed to the interaction between graphene steel interface and process variables like energy 

density. Raman spectroscopy and transmission electron microscopy have been used to confirm the 

dispersion of graphene into the steel matrix. In this study, the synergistic effects of energy density 

modulation and graphene addition as reinforcement are addressed with respect to densification, 

microstructure, and mechanical characteristics of graphene reinforced stainless steel composites. 

Using transmission electron microscopy the strengthening due to graphene has been examined. 

Introduction of graphene nano platelets and oxide nano-inclusions encourage the pinning of 

dislocations around cellular subgrains. Mechanical characteristics are satisfactorily improved by 

homogenous dispersion of graphene into the stainless steel matrix. 

Keywords: Graphene, austenitic stainless steel, composites, selective laser melting, electron 

microscopy, mechanical properties. 
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Abstract 
 

In the recent world, the globalization emergent new industrial and technological advancement which 
has increased the demand of energy. To fulfil this demand, we need to generate more energy by 
renewable energy sources and require to find the effective ways to store that energy. Supercapacitors 
are considered as one of the promising energy storage devices due to their high energy density, long 
cycle life, and fast charging-discharging. In this regard, transition metal nitrides (TMNs) based 
nanostructured thin films are considered as promising electrode materials for fabrication of more 
efficient supercapacitor devices due to their high electrical conductivity. In the present work, TMNs 
based nanostructured thin films are grown by using reactive DC-magnetron sputtering over different 
substrates. The electrochemical performance is measured in a two-electrode system through 
symmetric and asymmetric device structure having electrolyte and a separator between them. 
Different electrolytes such as aqueous, water-in-salt, and ionic liquid incorporated polymer gel 
electrolyte are utilized in the present study. The TMNs based nanostructured devices show high 
capacitive performance and long cyclability with wide potential window of more than 3.5 V. Here, 
constructing the asymmetric and composite devices might be an effective strategy to benefit both 
high specific capacitance and wide potential window. These nanostructured composites are utilized 
to fabricate a planar interdigitated microchip supercapacitor by using single step sputtering with the 
composite material acting as both efficient electrode and current collector for practical application in 
electronic devices. These results open new perspectives for integration of micro supercapacitors into 
miniaturized electronic devices. 

Keywords: transition metal nitrides (TMNs); DC-magnetron sputtering; specific capacitance; 
electrochemical potential window. 
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Abstract 
 

MXenes are rapidly emerging two-dimensional (2D) materials with thickness, composition, 
and functionalization-dependent outstanding properties having applications in diverse fields. 

To disclose the nano-spintronic applications of 2D-double transition metal (DTM) carbide and  

nitride-based  pristine  and  surface-functionalized  MXenes  (M ́2M ́ ́X2Tx,  M ́  and  M ́ ́  = Cr, 
Mo, W; X = C/N; T = –F/–OH/=O), a systematic investigation has been performed on their 
structural stability, magnetic properties and electronic structure using spin-polarized first-
principles calculations. 36 stable functionalized MXenes were screened from 144 explored 
DTM based MXenes. The explored materials exhibit striking properties, having a wide range 
of magnetic ground states, from non-magnetic to ferromagnetic, and then to antiferromagnetic, 
accompanied by metallic to half-metallic or gapless half-metallic properties, depending on the 
transition metal(s) and terminating group. Mo and W-based MXenes are found to be 

nonmagnetic and metallic, whereas Cr–Mo and Cr–W-based MXenes are magnetic with 

varying metallic behavior. W2CrN2O2 and Mo2CrN2O2 systems are found to be 
ferromagnetic half-metallic 2D materials with a direct band gap of 1.35 eV and 0.77 eV 
respectively, in the minority spin channel. A comprehensive study on DTM MXenes, which 
show intrinsic half-metallic properties along with robust ferromagnetism, opens up a class of 
promising new 2D materials with tunable magnetic and electronic properties for potential 
device applications in nano-spintronics and electronics. 
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Abstract 
 
During operation hot section components of GTE, e.g. turbine blades and vanes are exposed to 
severe working conditions, generally involving cyclic loading and plastic deformation, which 
results from start-up and shut down operations of GTE and blockage of some of the active 
cooling channels of integrated cooling circuits. Such complicated loading patterns at high 
temperature induces both time dependent (i.e. creep) and time independent (i.e. fatigue) plastic 
deformation in the blade/vane material. Life estimation of these components solely based on 
either creep or isothermal LCF data are highly idealistic and erroneous. Therefore, it is essential 
to estimate the life based on the synergistic effects of both creep and fatigue [1–2]. 

 
The loading pattern on turbine blades and vanes consists essentially of a load applied at take- 
off, kept at a constant value during the cruise and removed on landing. To simulate this loading 
pattern more closely in the laboratory, strain is held at a constant value at the maximum tensile 
strain for a given period of time. These tests are often called as creep- fatigue (CF) interaction 
tests and are known to be more representative of real operating conditions [3]. Creep and 
isothermal LCF behavior of the alloy CM 247 DS LC has been considerably explored [1-3], 
however, CF interaction behavior of this alloy is scarce and least explored. In the present work 
it is attempted to understand the CF interaction behaviour of alloy CM 247 DS LC in the 
temperature range of 750-850oC by conducting CF tests employing constant strain amplitudes 
in the range 0.6-1.0% with hold durations of 1 and 5 min and carrying out extensive SEM and 
TEM examinations. 
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Abstract 

This work aims to achieve superior mechanical properties in in-situ aluminium 

foam-filled stainless steel 316L tubes by promoting good metallurgical bonding between 

the foam and the tube. Towards this end, the stainless steel tubes (inner surface) were 

electroplated with copper before in-situ foam filling. Detailed microstructural studies 

were conducted at the foam/tube interface using different analytical tools such as XRD, 

SEM and EDX. In-situ foam-filled tube specimens were subjected to uniaxial 

compression and three-point bend testing. The axial compression and bending 

performance of the in-situ foam-filled tubes were compared with ex-situ foam-filled tubes 

and in-situ foam-filled tubes produced without copper coating. The deformed samples 

were sectioned and analysed through electron microscopy to understand the deformation 

modes. The results show that copper coating is very effective in promoting good bonding 

between the foam and the tube during in-situ foaming, leading to considerable 

improvement in the mechanical performance of the foam-filled tubes. The deformation 

mechanisms in foam-filled tubes are discussed in detail. 

 
Keywords: In-situ foam filling, foam-filled tubes, metallurgical bonding, 
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Abstract 
 

Molecular hydrogen (H2) with the highest gravimetric energy density among all 

chemical fuels, is a prime candidate which has been in focus as an alternative to 

traditional fossil fuels owing to its clean, environment-friendly, and zero-emission 

of carbonaceous species. The photochemical reduction of water into hydrogen is a 

promising and proficient method using sunlight. We report the visible light driven 

hydrogen production using Borophene based low-dimensional nanostructures as 

catalysts with water being the proton source and no aid of sacrificial agents during 

reaction. We have synthesized and functionalized the Boron nanostructures using 

customized chemical vapor deposition and investigated its structural, optical, and 

electronic properties. The Boron nanostructures were further optimized for 

enhanced photocatalytic enhancement. The high activity of these catalysts is 

observed, generating more than 10 mM/gm/hr H2 production for over continuous 

illumination of 12 hours. 

 
Keywords: Borophene, Boron nanostructures, Hydrogen Evolution Reaction, 
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Abstract 

Aero-engine components made up of Ti-6Al-4V alloys, such as compressor disks 

and blades, are continuously exposed to creep. Compared to conventional uniaxial creep 

testing, which is both material and time consuming, the Impression creep testing 

technique is an innovative tool to study the creep deformation behaviour because it 

requires a relatively short time and a small volume of materials. Impression creep 

behaviour of Ti-6Al-4V alloy consistingof 20 volume fraction of primary alpha phase in 

a bimodal microstructure were studied at 673, 773 and 873K with an impression stress 

range of 333 to 555 MPa. The steady-state impression velocities were found to decrease 

with increasing punching stresses at all test temperatures. The steady state impression 

velocities were found to decrease from 673 to 773 K, and after that, the same was 

increased from 773 to 873 K at all punching stresses, resulting from dynamic strain ageing 

(DSA) during creep. The creep mechanism parameter (i.e., stress exponent and activation 

energy) were calculated using impression creep data. The calculated stress exponent (n) 

is found to be in the range of 3 - 3.29. It is concluded that the rate controlling mechanism 

is viscous glide. XRD analysis revealed that a metastable FCC phase (along with HCP & 

BCC phase) is also presented in Ti-6Al-4V after creep and confirmed by TEM analysis. 

TEM has been used to analyse the dislocations, and the creep mechanisms were elucidated 

in the light of standard creep physical models. Different physical models, i.e., Wreetman, 

Takeuchi- Argon, & Fridel, were developed to describe the viscous glide behaviour, and 

the Fridel model was found to fit satisfactorily. 

 
Keywords: Compressor blade; Ti-6Al-4V alloy; Viscous glide creep; FCC Phase; TEM 
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Abstract 
 

Bulk nanostructured carbide-free bainitic steels have shown considerable promisein many 
engineering applications owing to their high tensile strength combined with high toughness. 
In contrast to conventional bainitic microstructure (upper or lower), these steels eliminate 
the formation of detrimental carbides which bring down the toughness. In carbide-free nano-
bainitic steel, finer bainitic ferrite plates(< 100 nm) increases the strength and retained 
austenite adds to the work hardening capability. Conventional nano-bainitic steels contain 
carbon to the extent of 1 wt.%. This renders the steel prone to cracking in the weldments 
due to the formation of brittle martensite phase in the fusion and heat affected zones. In 
viewof above, a carbide-free nano-bainitic steel with low carbon (~ 0.25 wt.%) is designed. 
In the current work, dilatometry is extensively used to estimate Ae3, bainite and martensite 
start temperatures of the steel by subjecting the austenite todifferent cooling rates. Detailed 
characterization of the dilatometric specimens is carried out using SEM, TEM and 3D-APT 
to identify and correlate the evolution of different micro- constituents with cooling rates. 
The microstructures did not reveal extensive formation carbides in the microstructure. 
Rietveld analysis on the X-ray diffractogram is carried out to estimate volume fractions and 
lattice parameters of the product phases. Also, the compositions and volume fractions of 
product phases estimated using different dilatometric models developed in this work are in 
close agreement with the obtained results. 

 
Keywords:      Carbide       free       bainite;       Dilatometry;       Electron       microscopy 
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Abstract 
 

Substructure defect characterisation is usually thought to be the domain of Transmission 

Electron Microscopy (TEM) of thin specimens. However, with the advent of new generation 

Scanning Electron Microscope (SEM) which provides high current density, a small angle of 

convergence, special techniques such as Electron Channelling Contrast Imaging (ECCI) is 

gaining ground rapidly in the field of deformation microstructure characterisation of bulk 

specimen. Low temperature dwell fatigue in titanium alloys usedin aeroengines arises from 

unusual low temperature creep of the material during the dwell period. The post-deformation 

microstructure and micro-texture analysis of Ti-6Al single phase polycrystalline alloy 

samples crept at RT, 120 and 200°C will be carried out using Differential Image Contrast 

(DIC), Electron Backscatter Diffraction (EBSD) and Electron Channelling Contrast 

Imaging (ECCI) to capture the evolution of deformation as a function of grain orientation 

and understand the anisotropy of plastic deformation increep. 
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Abstract 
 

Mesoporous micro cuboidal CdSnO3 (CTO) was successfully synthesized througha facile 

ultrasonication-assisted aqueous solution-based technique. The prepared powder calcined at 

700 oC produced pure illmenite CTO micro cuboids to the phase, whereas further calcined 

at 800 oC resulted in CTO nanoparticles. Phase composition and growth mechanism analysis 

was evaluated from prepared cubic crystalline CdSn(OH)6 to ilmenite CTO via amorphous 

crystalline state through systematic XRD and FESEM studies. Cuboid and particle forms 

were compared with various physicochemical techniques. The porous cuboidal shape gets 

the advantage of rapid electron injection, which consequently enhances the current density 

than its particle form. The potential performance of the synthesized CTO micro cuboids can 

be firmly recommended for an alternative oxide in DSSC., As a potential, low-cost 

semiconducting transparent oxide, CdSnO3 (CTO) has excellent electrical properties and 

stable structure with excellent electrical properties and sturdy structure and is a reasonable 

alternative to ITO and FTO. In this study, CTO has been successfully synthesized by a cost-

effective solution process and further endeavoured as a TCO candidate for perovskite solar 

cell application. This work outlines a future direction to use low-cost CTO-based TCO as 

an alternative to fluorine-doped tin oxide (FTO). 
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Abstract 
 

In recent years, copper (Cu) catalyzed chemical etching (CuCCE) acquired a lot of research 
interest as a controlled, rapid and inexpensive technique for large-area micro- inverted 
pyramid (IP) structured silicon (Si) surface fabrication. Here, initial surface properties of the 
Si wafers dependent fabrication of IP arrays via CuCCE is investigated. The formation of 

regular-shaped IP is obtained for etch bath composition of Cu(NO3)2/HF/H2O2 in 5mM/4.6 

M/0.55 M concentration at 50 °C in a constant temperature bath for partially polished (PP) 
Si surface as shown in Fig. 1(a). A systematic study of morphology, dimensions and 
distribution of the IP structures is performed by field emission electron microscopy 
(FESEM) imaging and found IP structures lateral dimension (L) and height (H) ranged in 
~1.5-7 µm and 1-5 µm respectively with facets angle of IP ~54.7º. The cross-sectional image 
of representative IP-Si is shown in the inset of the Fig. 1(a), having L ~ 2 µm and H ~1.42 
µm. In the case of PP-Si surface, local defect traces of Si wafers help to initiate the CuCCE. 
However, fully polished surface (damage free) may not favor the IP-Si formation. In 
contrast, as-cut Si wafers consisting of a lot of surface defects which resulted random IP 
having high density of pores and local defect as shown in Fig. 1(b). The IP-Si surface 
exhibited excellent light trapping properties in wide spectral range. Controlled fabrication 
of the IP-Si via CuCCE with excellent light trapping offers immense possibility of its use in 
future optoelectronic applications including Si solar cells. 
Keywords: copper catalyzed chemical etching; inverted pyramids; light trapping; Si solar 
cells. 

 
Fig. 1. Representative FESEM images of inverted structures for (a) PP-Si surface (b) As- 

cut Si wafer surface, under the optimized etch bath condition of CuCCE. 
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Abstract 

Synchrotron-based high energy X-ray excited optical luminescence (XEOL) is a 
unique tool to examine the optical properties of a material [1]. Here, XEOL along with X- 
ray absorption near-edge spectroscopy (XANES) are employed to study the optical 
properties of Zinc oxide of micrometre (M-ZnO) and nanometre (N-ZnO) dimensions 
excited across the Zn K-edge [2,3]. The XEOL spectra reveals that the defect emission 
strongly depends on incident X-rays energy across the white line of the Zn K-edge [4]. The 
strongest emission is observed at the Zn K-edge excitation (9.669 keV). The ratio of the 
intensity of defect emission to band gap emission increases by ~ 3 times when the excitation 
energy is scanned across the Zn K-edge for M-ZnO whereas, only a small increase of ~1.2 
times is observed in N-ZnO. XANES results exposed the tetrahedral structure of the 
synthesized M-ZnO and N-ZnO with Zn ion in +2 oxidation state. Also, the presence of 
various defects in N-ZnO can be comprehended from the study [5]. Further, time dependent 
X-ray excited optical luminescence (TD-XEOL) was used to investigate their optical 
properties under continuous X-ray excitation at Zn K-edge energy. Owing to various defects 
in N-ZnO, the ratio of the intensity of near band edge emission to defect emission decreases 
significantly with continuous X-ray excitation time, whereas it increases for M-ZnO until 
the ratio becomes constant. The possible mechanism for the same is discussed. 

 
Keywords: XEOL; XANES; Defect emission; Particle size; ZnO. 
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Abstract 

Rare Earth Elements (REEs) being a strategic metal, its reserve is geologically, 
economically, and politically linked to a country’s development. Singhbhum Shear Zone 
(SSZ) is a well-established polymetallic mineralized zone in India. A part of SSZ, comprises 
the South Purulia Shear Zone (SPSZ, in West Bengal), which hosts few domains of REEs 

and phosphorous (namely: Beldih apatite mine, the present study area) associated with 

carbonatite and apatite respectively. Apatite [Ca5(PO4)3(OH, F, Cl)], a common accessory 
mineral and the major sink of phosphorous, can potentially retain REEs in its structure 
under magmatic and hydrothermal conditions. Previously, apatite associated with REEs 
phases (namely monazite) are reported from the Beldih area. However, no emphasis was 
given to the enrichment of REEs, which hinders a proper understanding of the mobilization 
of REEs (in general) and its association with apatite (especially) in the area. Accordingly, 
this paper aims to appraise the mobilization of REE in the Beldih area using the petrographic 
and geochemical evolution of apatite (as a case study), which can be subsequently used as 
a proxy to understand the manifestation of REE minerals in any terrain. 

In the Beldih area, REE minerals are well documented within the apatite-magnetite 
ore body (enriched in Fe-Cu sulphides), which occur as veins within calcite-bearing 
ultramafic host rocks. The preliminary petrographic studies indicate the presence of two 
types of texturally constrained apatite (i.e., Ap1 and Ap2) in the area. The first type (i.e., Ap1) 
is large in size (≥1 cm), pristine (but altered at the rims), and invariably occur within apatite-
magnetite veins. The second type (i.e., Ap2) occurs as epitaxial overgrowth (retaining the 
structure of the earlier mineral) surrounding Ap1. Similarly, preliminary geochemical 
studies also show two discrete shades (Ap1: grey and Ap2: bright; in Back Scattered Electron 
image: BSE) in apatite, wherein Ap2 are enriched in REEs as compared to Ap1. Invariable 
alteration of Ap1 (at the rims) and growth of Ap2 over it indicates alteration of the earlier and 
precipitation of the later apatite, possibly during successive ingress of hydrothermal fluid 

into the area. Accordingly, the present study indicates that the Beldih area has experienced 

an overgrowth of REE-rich apatite (Ap2) due to an influx of REE-rich hydrothermal fluid 
into the area plausibly during a subsequent/later event associated with REEs mobilization. 
Additionally, the present study highlights that apatite ore bodies can also be explored for 
REEs (although low grade) along with phosphorous, which eventually can convert waste to 
wealth. 
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Abstract 

Fe2B is a well-known soft magnet with non-toxic composition and giant saturation 

magnetization (174 emu/g). The material finds wide-scale applications in magnetic 

recording, magnetic refrigeration, and magnetic core, but is very hard and brittle and, 

therefore, difficult to form. In this work, we report the development of a ferrite-boride 

composite with notable magnetic properties and appreciable resistance-to-fracture. The 

material was prepared by arc melting Mod. 9Cr1Mo steel with 5wt.% of B (9Cr1Mo5B). 

The as-cast and the normalized-tempered (N&T) microstructures were examined by optical 

microscope, SEM-EBSD, TEM, and XEDS. The phase identification in 9Cr1Mo5B was 

carried out using XRD. It was observed that 9Cr1Mo5B develops a bi- modal microstructure 

containing coarse and fine precipitates of (Fe,Cr)2B. The magnetization of the 9Cr1Mo5B 

in comparison to Mod. 9Cr1Mo steel was measured at 300 K using SQUID-VSM MPMS. 

The magnetization of the material is saturated at ~10 kOe, and the value of saturation 

magnetization at 300 K is ~150 emu/g, with relatively low coercivity (~20 Oe) and 

retentivity (~1.5 emu/g). The hardness of 9Cr1Mo5B was measured in as-cast and N&T 

conditions using a Rockwell hardness tester. The as-cast and N&T 9Cr1Mo5B showed 69 

HRC and 56 HRC, respectively. Even though the hardness for the boride phase (well outside 

the HRC scale, ~19 GPa) was expected to be high and brittle, significant fracture toughness 

was observed even with 150 kgf load. Superior toughness properties were attributed to the 

dissolution of Cr in the Fe2B phase, which stiffens the B-B bond. Phase-specific hardness 

was examined using instrumented nano-hardness tester. Further structural characterization 

was done using TEM and STEM. Microchemical analysis confirms the formation of 

(Fe,Cr)2B phases along with Fe2B borides throughout the 9Cr1Mo5B matrix. Details of these 

findings will be presented at the conference. 

Keywords: (Fe,Cr)2B, Hardness, SEM-EBSD, XRD, TEM/STEM 
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Abstract 
 

Tin is thought to be an attractive alloying element for nickel base super alloys for strength, 

density and cost effectiveness. In order to understand the effect of tin on stacking fault 

energy (SFE), four binary nickel-tin alloys were prepared by vacuum induction melting 

(VIM) with varying tin content from 1.5 to 4.5 at.%. The prepared alloys were tensile tested 

at room temperature to determine lattice stress and it is found to increase with increase in 

tin content. From the interrupted tensile test (i.e. 5% strain) samples, stacking fault energy 

(SFE) was determined using TEM weak beam technique. It is established that with increase 

in tin content the SFE decreases and decrease in SFE result in long stacking fault ribbons 

and stacking fault loops in alloys containing 3.2 and 4.5 at.% tin. The change in SFE is 

related to change in the electronics structure due to the addition of tin. From electron energy 

loss spectroscopy (EELS) it was confirmed that the d-orbital occupancy of electrons in nickel 

decreases with increase in tin content and is further confirmed by density function theory 

(DFT) calculations. The change in d-orbital occupancy and resulting hybridization is the 

primary reason for decrease in SFE of binary nickel-tin alloy with increase in tin content. 

The outcome may provide potential input in designing the composition of multi component 

nickel based super alloys. 
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During evolution, TRPV1 has lost, retained or selected certain residues at Lipid-Water- 

Interface (LWI) and formed specific patterns there. The ratio of “hydrophobic-hydrophilic” and 

“positive-negative-charged” residues at the inner LWI remains conserved throughout 

vertebrate evolution and plays important role in regulating TRPV1 trafficking and localization. 

Arg575 is an important residue as Arg575Asp mutant has reduced surface expression, co- 

localization with lipid raft markers, cell area and increased cell lethality. This lethality is most 

likely due to the disruption of the ratio between positive-negative charges caused by the 

mutation. Such lethality can be rescued by either using TRPV1-specific inhibitor 5′-IRTX or 

by restoring the positive-negative charge ratio at that position, i.e. by introducing Asp576Arg 

mutation in Arg575Asp backbone. We propose that Arg575Asp mutation confers TRPV1 in a 

“constitutive-open-like” condition. These findings have broader implication in understanding 

the molecular evolution of thermo-sensitive ion channels and the micro-environments involved 

in processes that goes erratic in different diseases. 
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Abstract 

Today, bioimplants are a multibillion-dollar business. Currently, metallic biomaterials are 

leading this industry due to their excellent properties over polymers and ceramics. 

However, specific drawbacks limit their use. Problems associated with currently used 

biomaterial implants are mainly caused by two major factors, i.e. (i) Dissimilar 

mechanical properties, (ii) Lack of biodegradability. In terms of biodegradability, 

magnesium and its alloys have been studied extensively but they are rarely used in 

biomedical engineering because of their high corrosion rate, despite having all the other 

advantages. As a result, researchers are dedicated to developing the best possible Mg 

materials that will exhibit appropriate mechanical properties & acceptable degradation 

rates. One approach to controlling the mechanical properties and degradation rate of Mg 

based implants is to fabricate Mg porous structures. Thus, at this conference, I will discuss 

how vapor phase dealloying technique is used to fabricate Mg porous structures 

successfully using Zn as a sacrificial element. Looking at the Mg-Zn alloy phase 

complexities, the present work focuses on four different compositions of Mg-Zn alloys to 

explore the feasibility of pore formation in Mg-Zn alloys. An electric arc melting unit is 

used to prepare all Mg-Zn alloys. After vacuum dealloying, the 3D interconnected porous 

structure, its pore size and the thickness are characterized with the aid of SEM. In 

comparison to other methods for fabricating porous structures, this technique is simpler 

and effective. The current work will provide a pathway for designing Mg-Zn based 3D 

interconnected porous structures for a range of functional and structural applications. 
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Abstract 

Metal-based additive manufacturing gained much interest because of its geometric and materials 

capabilities to produce near net shape components without tooling. The laser powder bed fusion 

process is a popular additive manufacturing process attributed to its ability to produce high- 

resolution features and better dimensional control in parts. The fabrication of Graphene reinforced 

metal matrix composites via additive manufacturing provides a unique edge in overcoming the 

issue of uniform dispersion of graphene in the metal matrix when compared to conventional 

manufacturing processes. Furthermore, Graphene as a reinforcement material enhances the 

thermal, wear, and mechanical properties when added to bare alloy system and produces a multi- 

functional nano composite. In present work, multi-layered graphene is mixed with pre-alloyed 

AlSi10Mg metal powder, and laser powder bed fusion process is utilized for fabrication of Gr- 

AlSi10Mg nano composites, suitable for automotive and aerospace applications. The scanning 

electron microscopy shows the cellular network of α-Aluminum with cell boundaries rich in silicon 

(Si) and Al-Si eutectic phase. The Raman spectroscopy ensures the presence and uniform 

dispersion of graphene in AlSi10Mg matrix. The transmission electron microscopy (TEM) 

investigation validates the cellular and sub-cellular grain structure of α-Aluminum with silicon and 

Al-Si phase segregation along the cell boundaries. The role of dislocations in the formation of 

cellular networks is verified with TEM and contribution of graphene as well as secondary 

precipitate such as Mg2Si in strengthening of the composite via pinning of dislocation is also 

observed. 

Keywords: Metal based additive manufacturing, Electron microscopy, Graphene reinforced 

aluminium composite, Raman spectroscopy, Graphene 
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Abstract 
 
E-beam evaporated high entropy alloy thin films of NiCoCrFePd (NCCFP) forms a face 
center cubic structure (fcc) with strongly oriented (111) peak only due to surface- 
controlled grain growth. These thin film (~160 nm thickness) samples were impanated 
using 0.5 MeV Xe-ion beam, with 1 μA beam current at room temperature (RT), 373 K, 

and 473 K and at different fluences ranging from 1´1015, 3.3´1015, 1´1016, and 5´1016 
ions/cm2. From the XRD measurements the effect of Xe-ion implantation on the 
crystallinity has been evaluated qualitatively and it is found that implantation temperature 
has a critical role to play in defect generation and evolution. It is also found, that with the 
increase in the ion fluence initially the (111) peak intensity increases up to fluence 1´1016 

ions/cm2 then decreases corresponding to the highest fluence 5´1016 ions/cm2 for the case 
of RT implanted probably associated with the xenon bubble formation. Further in case of 
373 K implanted samples the degradation in the crystallinity starts at 1´1016 ions/cm2 
fluence probably owning to onset of vacancy motion and bubble formation at this 
temperature. In case of 373 K and 473 K implanted samples due to the onset of migration 
of vacancy clusters a huge reduction in peak intensity starts at fluence 1´1016 ions/cm2 
ions/cm2, probably due to the formation of (XnVn) complex large size bubble formation. 
To further evaluate the formation xenon bubble formation planner TEM sampled 
preparation were carried out for samples implanted with fluence 5 ´1016 ions/cm2 at RT, 
373, and 473 K temperature. The evidence based on the BF-TEM study finds large bubble 
clusters of average size of 50 nm were observed. Further the STEM with elemental 
mapping is also carried out focussing the Xe-bubble of various elements, and it is 
confirmed that xenon bubble formation takes place as the homogenous distribution 
elements are present around the bubble except the bubble region. 
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Abstract 

 

The microstructure length scale and its morphological aspects play an important 
role in electromagnetic interference (EMI) shielding effectiveness (SE) for alloys. 
Modern days continuous needs of suitable materials systems in the field of 5G and 
related communication domains are increasing rapidly. Here, we are trying to 
manipulate the effectiveness of Fe2NiAl based Heusler host lattice for enhanced 
shielding effectiveness (SE) through microstructural tuning. The interaction with 
high frequency radiation of the Fe2NiAl host lattice has been remarkably improved 
through impedance mismatch and related multiple reflection of electromagnetic 
wave. The rapid solidification processing with second phase niobium and silicon 
addition with the host lattice produced a composite semi-continuous 
microstructural network which is responsible for the multiple reflection at the X- 
Band frequency range. The evolved microstructure also offers a balanced magnetic 
property which is necessary for optimized wave interaction. The phase 
transformation events of the alloy system were tracked through HAADF-STEM 
(High Angle Annular Dark Field-Scanning Transmission Electron Microscopy) 
analysis. The wave interaction event has been evaluated through S-Parameter 
analysis. The performance of the alloy in the X-band range and its correlation with 
evolved structure will be presented in details. 

 

 
Fig-1: (a) Evolution of Network Microstructure. (b) Wave Interaction tracked with S11 Parameter 

 
 

Keywords: HAADF; Alloy; X Band, Microstructure, STEM 
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Abstract 

 
Semiconducting Metal Oxides (SMO) are the most common materials used in gas sensor 

technology. It works on the variation of surface electrical conductance in a gaseous environment. 

Medium to wide-bandgap oxide semiconductors is an excellent choice for gas sensing material 

due to intrinsic donors/acceptors in the bandgap. It has been demonstrated that high-power 

consumption can be reduced by designing nanostructure-based chemical sensors with ultra-small 

device footprints to achieve room-temperature operations. By designing a sensor array, this study 

investigates the low selectivity of SMO by using multivariate data analysis tools. Here the pattern 

of each gas-sensitive oxide layer is recorded and analyzed using a statistical analysis method, for 

example, Principal Component Analysis (PCA) and Artificial Neural Network (ANN) algorithms. 

This can help to detect gases like volatile organic compounds (ethanol, acetone, hexane, Benzene, 

etc.), humidity, ammonia, NOx, etc. Even biomolecules such as glucose, lactose, and other 

metabolites can be detected and classified. Therefore, the same sensor array could be used to 

detect various gases for applications like monitoring body vitals, detecting air pollutants, 

processing control in industries and space, and defense-related applications. 

 
The objective includes the growth of oxide thin films, 2D layers through chemical synthesis and 

a scalable RF magnetron sputtering method. The advantages of the two methods are 

complementary, where the solution method allows bio-functionalization with ease, whereas RF 

sputtering offers scalability and reproducibility. The extensive data set shall be screened using 

Machine learning methods to evaluate the best oxide candidates and their simultaneous sensor 

characterization undertaken upon fabrication. The outcomes are processed using traditional PCA 

algorithms integrated with machine learning techniques (including neural network) to select 

desired gas per the end-use application. 
 
Keywords: Chemical Sensors, Semiconductor Metal Oxides, Machine Learning, Volatile 

Organic Compounds. 



 167 

Size and Layer Dependent Growth of MoS2 flakes by Chemical Vapor 
Deposition for Gas Sensing Application 

Dipanjana Mondal, Vinayak B. Kamble* 

School of Physics, IISER Thiruvananthapuram, Thiruvananthapuram, India-695551. 

E-mail for the corresponding author: kbvinayak@iisertvm.ac.in 

 
 

ABSTRACT: The layered semiconductor, molybdenum disulfide (MoS2) monolayer with tailored size 

has been shown to exhibit uniform size-dependent properties and thus have potential applications 

in nanodevices engineering. Crystalline monolayer MoS2 includes polygonal shapes, grown using the 

chemical vapor deposition (CVD) technique. However, a deep understanding of the relationship 

between the size and multiple layers of MoS2 is yet elusive, particularly in gas sensors application. 

Here, we are demonstrating the CVD growth of high crystalline MoS2 monolayer under single-zone 

furnace without incorporating hydrogen and growth promoter. We find that the deposition of MoS2 

flakes is highly dependent upon the spatial location on the substrate and temperature of the 

precursors. Systematical study of the effects of kinetic growth parameters shows the formation of 

different size and layer of the flakes. The Raman study indicates the quality of the as grown MoS2 which 

shows the crystallinity. Furthermore, to identify the shape and size of MoS2 flakes, optical and SEM 

characterization has been carried out. These results improve our understanding of the factors that 

influence the growth of MoS2 domains and their size evolution. Among 2D materials, MoS2 flakes 

have been recognized as a promising material for gas sensing purpose due to their high affinity 

towards hydrogen atom, very large surface area and tunable electrical and optical properties. Thus, 

these findings provide a better understanding of the formation of size and layer dependent MoS2 flakes 

and are inspiring for application in fabricating gas sensing devices. 

 

 
KEYWORDS: MoS2, chemical vapor deposition, size-dependent, layer-dependent, gas sensing. 
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Abstract: 
The work demonstrates the application of an iron-based metal-organic framework (MOF), i.e. 

NH2-MIL-53(Fe), modified glassy carbon electrode for the selective and simple 

electrochemical detection of trace levels of cadmium (Cd2+) using square wave anodic stripping 

voltammetry (SWASV). The NH2-MIL-53(Fe) MOF was coated on a glassy carbon electrode 

(GCE) electrode to fabricate the above heavy metal sensor. The SWASV response of the above 

prepared NH2-MIL-53(Fe)/GCE sensor was optimized against various factors such as pH, 

deposition potential, and deposition time. The performance of the sensor was further evaluated 

for different concentrations of cadmium ions (Cd2+). The sensor showed a response in a wide 

linear concentration range of 44 nM–2.22 μM. Based on the above response, the limit of 

detection (LOD) and the limit of quantification (LOQ) have been estimated to be 0.03 μM and 

0.09 μM, respectively. The developed sensor also displayed selectivity towards Cd2+ metal ions 

even in the co-presence of several other commonly associated metal ions. In addition, the sensor 

exhibited reproducible and stable response. The practical significance of the sensor was 

demonstrated by analyzing cadmium in some spiked water samples. 

 
Keywords: Cadmium; Electrochemical; Metal-organic framework; selective; sensor. 
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Abstract 
The nanostructured materials play an important role to enhance the performance of Na-ion 

capacitors (NICs). Recently, number of nanostructured materials are explored for NICs. However, 

the quest of a suitable host material for storing Na+ ions is still under development. Here, we 

synthesized different morphology (0D to 3D) of copper sulphide (CuS) material such as 

nanoparticles (0D), nanotubes (1D), hexagonal coins (2D), cross-linked nanotubes (3D) and 

warms (mixed morphology). The above morphologies are prepared by a variety of simple methods 

in order to achieve attractive electrochemical properties for the next-generation rechargeable 

NICs. Aqueous electrochemical studies of CuS nanostructures reveal that capacitance is strongly 

related to the specific surface area (SSA) or the morphology of nanostructures. The cross-linked 

CuS nanotubes (CLNTs) exhibit the highest specific capacitance of 275 F g-1 at 0.5 A g-1 which is 

the result of good SSA (13.5 m2 g-1), and pore size (3.7 nm), with good electrochemical active 

surface area (10 cm2) as compared to other CuS nanostructures. 
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Abstract 

Solar energy is one of the most common renewables and environment-friendly energy sources 

that are currently undergoing rapid research and implementation to fulfill rising global energy 

demand, owing to its relative abundance. Furthermore, the growing usage of solar energy 

necessitates the advancement of innovative and efficient photovoltaic (PV) technologies with 

lower production prices and improved power conversion efficiency (PCE). Antimony selenide is 

a p-type emerging photovoltaic absorber material having a direct band gap of ~1.2 eV and a high 

absorption coefficient (~105 cm-1) and it has earth-abundant and less toxic precursor materials. 

The main objective of this work is to explore the probability of refining the efficiency of the 

Sb2Se3 solar cell. For this purpose, a novel back surface field (BSF) SnS layer has been introduced 

in between the rear contact (Mo) and absorber layer in the Sb2Se3 solar cell constituted by a fine 

buffer layer of CdS above the absorber layer, Sb2Se3. The optimum values of the solar cell 

structure Ag/CdS/Sb2Se3/SnS/Mo giving maximum output efficiency have been determined by 

varying the physical parameters such as thickness, doping concentration, and defect density. The 

proposed cell gives an efficiency of 32.59 % and Voc of 0.95 V at 300 K using a thickness of 

0.05 μm thin SnS and CdS layer, and 1.5 µm Sb2Se3 layer. A solar cell capacitance simulator in 

1 dimension (SCAPS-1D) software has explored of the solar-cell properties of the antimony 

selenide (Sb2Se3). A comparison of photovoltaic parameters with and without SnS layer (BSF) is 

also done. 
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Abstract 
 
Additively manufactured materials exhibit unique heterogeneous microstructure. The rapid 
thermokinetics involved with laser assisted powder bed fusion produces fine grained and textured 
morphology. Nano-reinforcements promote grain refinement and assist in strengthening. 
Introduction of graphene, 2D allotrope of carbon into the stainless steel matrix promote non- 
homogeneity in nucleation and arrest the motion of dislocations. Additionally, the graphene 
reinforced composites exhibit significant increase in the dislocation density resulting in improved 
strengthening. The strength of composites depend enormously on the dispersion of the reinforcing 
phase into the matrix and the development of interface between them. Dispersion of graphene into 
a metal matrix has been a trivial challenge in conventional manufacturing. However, with selective 
laser melting the hurdles of agglomeration or non-homogeneity in mixing has been well addressed. 
This work emphasize on the fabrication and characterization methods to establish a correlation 
between the microstructure and mechanical properties. The X-ray diffraction studies account for 
the strain and phase identification. Raman analysis has been an useful technique to determine the 
characteristic peaks of graphene present in the composite. Secondly, it also ensures uniform 
dispersion and homogenous distribution of the graphene throughout the volume. The study of 
microstructure at different length scales are essential to correlate properties in macro and nano- 
scale. Transmission electron microscopy (TEM) is instrumental to study the various features such 
as dislocation networks, stacking faults, nano-inclusions and interaction of matrix and reinforcing 
phase. Furthermore, TEM studies reveal the interactions between graphene and the dislocations, 
which validates the proposed mechanisms of strengthening. 
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Abstract 
 
Ruddlesden popper (RP) phases with general formula (AO)(ABO3)n consists of n (ABO3) layers 
intercalated between rock salt type AO layers. Engineering this class of compound led to 
discovery of superconductivity and colossal magneto-resistance. Lucid understanding of 
microstructural evolution and atomic structure of different RP series (n= 1, 2, 3) is essential 
to design new multicomponent RP phases by tuning chemistry at atomic scale for photoactive 
and memory storage devices. Sol-gel synthesis of multicomponent Ca-(Mn,Fe,Co,Ni)-O 
compounds has been carried out through systematic substitution of cations. Structural 
characterizations of these phases has been carried out through X-ray diffraction and 
transmission electron microscopy. Investigation through selected area electron diffraction 
(SAED) experiments reveal signature of incommensurate modulation, contra-rotated 
octahedral along [001] zone axis (ZA) in Ca2MnO4 compound. Systematic tilting through 
SAED experiments confirmed the structure of Ca3Mn2O7 as orthorhombic with Cmc21 space 
group as reported earlier by Bendersky et al., 2003. SAED reveal there is juxtaposition of two 
rotational orthorhombic variants projected along [001] ZA demarcated with 90° domain 
boundary. Diffraction contrast imaging (DCI) reveal signatures of symmetrically equivalent 
micro-cuboids comprised of Ca2Mn0.5Co0.5O4 compounds. Further investigation through DCI 
and SAED confirms the faces of the cuboids oriented close to [010] ZA. Studies on 
multicomponent Ca2Mn0.25Co0.25Fe0.25Ni0.25O4 compound reveals signature of commensurately 
modulated structure where every 4th and 2nd diffracted spot get intensity modulation along [100] 
and [010] axis respectively. Modulated unit comprised of four distinct RP unit stacked along 
[100] and two distinct RP unit stacked along [010]. Distinct domains are captured through DCI 
and structure is resolved through systematic tilting. 

Keywords – electron diffraction; Ruddlesden Popper; multicomponent oxide 
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Abstract 

Bismuth (Bi) thin films of different nominal thicknesses ranging from 3 nm to 11 nm were 

deposited on Si substrates at room temperature using the thermal evaporation technique. Micro- 

structures of these thin films were investigated using Grazing incidence X-ray diffraction 

(GIXRD) and X-ray reflectivity (XRR). The precise thickness of the Bi thin films and their electron 

densities are determineded from the analysis of the XRR mesaurements. The crystalline grain sizes 

were determined from the GIXRD data using the Scherrer formula. Combining the results from 

GIXRD and XRR we investigated the thickness dependence of the crystalline grains. The field 

emission scanning electron microscopy (FESEM) and Atomic force microscopy (AFM) techniques 

were used to study the surface morphologies and topographies in details. UV- Visible spectroscopy 

is used to study the band gaps of Bi thin films of similar thicknesses.The nature of the dependence 

of the band gaps on the Bi thin film thicknesses is also investigated. 

Keywords: Bismuth thin films, GIXRD, XRR, FESEM, AFM and UV-Visible. 
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Abstract 

The lead-free 0.96(K0.485Na0.485Li0.03)(Nb0.96Sb0.04)O3-0.04(Bi0.5Na0.5)ZrO3 piezoceramic was 
synthesized using a conventional solid state reaction method. Pure perovskite was successfully formed 
without any secondary compound at relatively low sintering temperature 1075 oC. The dielectric 
behavior of ceramic suggest that it exhibits multi-phase boundary and behaves as relaxor ferroelectric. 
The ferroelectric properties of the KNN based system is appreciably improved by combining with 
right amount of BNZ, Li2+, and Sb5+. The piezoelectric properties of the ceramic (d33 =140pC/N, kp= 
35%, Pr= 14 µC/cm2) indicates that this material could be a promising lead-free material for 

piezoelectric applications. The high value of dielectric constant at room temperature (εrt =1100) with 
high Curie temperature (Tc= 356 oC) point towards the possibility of this material being used for high 
temperature multilayer capacitor applications and super capacitors for electrical devices or vehicles. 

 
 
Keywords: lead free; piezoceramics; electrical properties; relaxor; 
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Renewable energy is the major requirement of the recent era. The Proliferation of energy resources 

entails advancement in energy storage devices. In this connection development of electrode material for 

supercapacitors (SCs) plays an important role. SCs are basically electrochemical energy storage devices 

having high power density as well as energy density with long lifecycle including high 

charging/discharging and are different from the simple capacitor because of the high storage space 

and low internal resistance. Electrochemical properties of SCs can be enhanced by developing high 

surface area and low-cost electrode material. In order to do so, efforts have been made to synthesize the 

perovskite oxide LaMnO3 with the doping of ‘Sr’ at ‘La’ site i.e., La1-xSrxMnO3 (LSM) via conventional 

sol – gel route. Xray Diffraction Spectroscopy (XRD) confirmed the single phase and hexagonal 

structure of the obtained LSM nanoparticles. Scanning Electron Microscopy (SEM) was performed to 

investigate the structural configuration for development of electrode material. The SEM images have 

shown high specific surface area of LSM for charge storage. High electronic conductivity of the sample 

was observed via I-V characteristics due to reduction in oxygen density. The cyclic voltammetry (CV) 

results displayed Pseudo-capacitive nature of La1-xSrxMnO3. The highest obtained specific capacitance 

for symmetric LSM15 electrode is 40.5 Fg-1 at scan rate of 20mVs-1 in 0.5 M H2SO4. With the increase 

in scan rate, there is a decreasing trend seen in specific capacitance which shows low electrochemical 

performance at higher scan rates. The electrochemical impedance spectroscopy (EIS) measurements 

confirmed that LSM is a dynamic supercapacitor candidate due to subsequent decrease in resistance 

with ‘Sr’ doping in LaMnO3 which shows enhanced conductivity. 
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Abstract 
 
 
Polydopamine (PDA) has established itself as a promising grafting and coating material, 
particularly for functional group-deprived electrochemically active nanomaterials such as 
graphene, MXene, CNT, metal nanoparticles, and so on, and has proven its extensive 
applicability in the design and development of electrochemical biosensor devices. In 
biosensors, PDA provides a favourable microenvironment and functional group-rich 
surface for the very dense and efficient immobilization of biomolecules while preserving 
their bioactivity. It also promotes the charge transfer process, resulting in improved 
biosensor stability, sensitivity, and selectivity. PDA is often investigated for use in the 
fabrication of innovative biosensor designs; however, polynorepinephrine (PNE), a sister 
compound of PDA with an additional -OH group having greater coating uniformity and 
biocompatibility, has never been studied in the field of biosensors. For the first time, we 
investigated PNE as a coating material for reduced graphene oxide (RGO) and gold 
nanoparticles (Au NPs) in order to build an electrochemical genosensor for M. 
tuberculosis (MTB) detection. The structural, morphological, and electrochemical 
characterization of the synthesized RGO/PNE/Au nanocomposite has been discussed 
elaborately. Biotin-Avidin chemistry was used to covalently immobilize probe DNA 
(ssDNA) specific to MTB to the nanocomposite surface in order to construct biosensing 
electrodes. Biosensing investigations on the ssDNA/avidin/RGO/PNE/Au bioelectrode 
show that it has a low detection limit (0.1 × 10-7 µM), high sensitivity (1.92 × 10-3 mA 
µM-1), good selectivity and low response time (5 s). In comparison to the analogous 
RGO/PDA/Au material system, RGO/PNE/Au demonstrated increased enzyme loading, 
improved electrochemical responsiveness, and superior biosensing performance. 

 
Keywords: Reduced graphene oxide; polynorepinephrine; gold nanoparticles; 
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Abstract 

 
A wound dressing with antibacterial properties as well as wound infection detection is necessary 

to prevent chronic wounds caused by bacterial infections. A traditional wound dressing cannot 

fulfill the requirement of an antibacterial wound dressing. A smart wound dressing that is 

antibacterial and capable of infection detection is recommended to improve and accelerate the 

healing process. Electrospun nanofibers together with antibacterial substances offer a 

promising wound-healing strategy. In this study, electrospinning was used to develop 

Gel(Gelatin)_PCL(Polycaprolactone)_DA(Dopamine)_εPL(EpsilonPolylysine)_AC(Anthocy 

anin) based nanofiber mats for smart antimicrobial wound dressing that is capable of inhibiting 

and diagnosing the infection. This investigation utilized Gel, PCL as the base material, DA as 

the crosslinker, and εPL as an antibacterial, along with AC as an herbal extract for pH- 

responsive to detecting wound infections. The Gel_PCL_pDA_εPL_AC hydrogel nanofiber 

was found to have high porosity, good mechanical property, high thermal stability, a high 

degree of hydrophilicity, and good swelling properties. Further, they showed excellent 

antimicrobial, biocompatible, and pH-responsive properties to detect infection in the wound, 

making them suitable for smart antibacterial wound dressing. This paper describes an unique 

nanofiber hydrogel made from sustainable, and biodegradable basic ingredients for use in 

wound dressing applications. 

Keywords: antimicrobial wound dressing, nanofibers, pH-responsive, hydrogel, 

biocompatible. 
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Abstract 
 
Nanocomposites (NCs) prepared by physical methods, comprising ultra-small metallic 

Nanoparticles (NPs) inside the silica matrix are proven to be more stable and robust than 

chemically grown NCs. These NCs have shown improved practical efficiency and 

performance, leading to a wide range of applications in plasmonics, nano-photonics, and 

catalysis due to their Localized Surface Plasmon Resonance (LSPR) [1-2]. The LSPR 

frequencies of NPs are strongly dependent on particle morphology and metal concentration, 

thus knowledge of effect of metal concentration and the growth mechanisms of NPs at different 

annealing temperatures (ATs) are crucial for controlling the morphology of NPs for application 

purposes. 

 
We have prepared Ag-SiO2 NC thin films using the atom beam co-sputtering technique. The 

effect of metal concentration [3] and post-deposition annealing on the growth of Ag NPs inside 

the silica matrix is systematically investigated using UV-Visible spectroscopy and High-

Resolution Transmission Electron Microscopy (HRTEM) up to the elevated AT of 900 

°C [4]. STEM-HAADF and elemental mapping is also performed. It is observed that the 

majority of the NPs are spherical in shape and remain in ultra-small size regime (diameter < 10 

nm) up to 800 °C, exhibiting excellent stability at elevated temperatures. The diameter of the 

NPs varies from ~5 nm to 6.5 nm when the temperature rises from RT to 800 °C. Further, 

exponential growth is observed at 900 °C. Based on the results, a three-stage mechanism is 

proposed to understand the process of nucleation and growth of the silica-embedded Ag NPs. 
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ABSTRACT 

We prepare an organic chiral molecule modified Au/Ni bilayer thin film electrode to examine the 

chiral induced spin selectivity (CISS) effect on water splitting. Electrodes with bilayer 

configuration consisting of thin Ni layer (100 nm) with an Au over layer (10 nm) are prepared on 

glass substrates by combined sputtering, thermal evaporation techniques. Subsequently, self- 

assembled monolayer of chiral L-Cysteine molecule is immobilized on the as-prepared Ni/Au 

surface by chemisorption method. The electrocatalytic behaviour of as-modified chiral electrodes 

(Ni/Au/Cys) has been investigated in 0.1 M KOH solution. Our results show that for achieving the 

current density of 5 mAcm-2 the reaction over potential decreases by 390 mV while 5-fold increase 

in the current density value is achieved at a fixed over potential with chiral Ni/Au/Cys thin film 

compared to the achiral (bare) bilayer Ni/Au thin film during oxygen evolution reaction (OER). 

The dramatic reduction of over potential for OER has been attributed to the spin specific reaction 

occurring at the chiral Ni/Au/ Cys electrodes during water splitting. The excellent bifunctional 

catalytic property of Ni/Au/Cys has been attributed to the synergistic effect of chirality and bilayer 

configuration present in the primary structure of cysteine molecule and Ni/Au thin films 

respectively. 
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Abstract: 
 
In present study, the effect of lanthanum doping on microstructure, magnetic and microwave 

absorption properties of cobalt ferrite nanoparticles has been studied. Cobalt ferrite nanoparticles 

doped with lanthanum ions CoLaxFe2-xO4 (x= 0.00, 0.02, 0.04, 0.06) has been synthesized by sol 

gel route. The structural information of the synthesized nanoparticles is confirmed from the X- ray 

diffraction analysis. Morphological analysis of developed ferrite particles are examined with Field 

emission scanning electron microscope. The influence of substituting the lanthanum, on dielectric 

and microwave absorption properties of cobalt ferrite in X-Band is studied by using wave guide 

method. 
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Abstract 

Potentilla fulgens L. root extract has been reported to possess many medicinal properties. In 

the present study, P. fulgens root extract (PF) was examined to evaluate its comparative 

ultrastructure effect on liver and kidney of diabetic and high fat diet-fed (HFD) mice models. 

Diabetic and HFD models are used experimentally to induce metabolic diseases in mice. For 

this study, mice were divided mainly into 2 groups, (i) Group I: normal control, diabetic control, 

PF-treated (250 mg/kg b.w.), and metformin (MET)-treated mice (250 mg/kg b.w), and (ii) 

Group II: normal control, HFD control, PF-treated (250 mg/kg b.w.) and orlistat (ORL)-treated 

mice (10 mg/kg b.w.). After completion of the experiment, kidney and liver were isolated for 

ultrastuctural study using transmission electron microscope. Results showed remarkable 

change in the nucleus with distorted shape in liver and kidney of diabetic and HFD mice. The 

endoplasmic reticulum tubules were found to be deteriorated, fragmented and dilated in both the 

models.   Mitochondria membrane were disrupted and were found to be lesser in number in liver 

and kidney of both the mice models when compared to their respective control groups. However, 

the presence of lipid droplets was observed only in HFD mice. Lipid droplet accumulation in liver 

and kidney is a pathological hallmark of a metabolic disease. Treatment with PF restored these 

ultrastructural abnormalities observed in diabetic and HFD mice. 
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Abstract 
 
Caring of the chronic wound is very challenging and expensive. Most of the commercially 

available wound dressing that are not effective or have drawbacks such as inadequate 

antibacterial activity, toxicity, the inability to deliver enough moisture, and poor mechanical 

performance. Electrospun fibers are gaining popularity as prospective materials in the 

biomedical sector due to their remarkable physical and cell-supportive properties. The use of 

electrospun mats in advanced wound dressing applications has received particular attention. 

The aim of this study is to prepare electrospun PCL/gelatin with combined mussel-inspired 

pDA(polydopamine) nanofiber scaffolds reinforced with εPL(Epsilon-poly-lysine) and 

different concentrations of graphene nanosheets for antibacterial and wound healing 

applications. The structural, morphological, wettability, mechanical, and antibacterial 

characteristics of the prepared electrospun nanofibers were evaluated. The Scanning electron 

microscopy analysis was conducted to investigate the morphology of the electrospun 

nanofibers. Transmission electron microscopy confirmed the successful reinforcement of 

nanofibers with graphene nanosheets. The prepared nanofibers showed good antimicrobial 

properties against gram-positive and gram-negative bacteria strains. These results suggest that 

produced nanofibrous wound dressings can be a promising candidate for wound dressing 

applications. 
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Abstract 

 

Comparative study of lead-free piezoelectric Na0.46K0.46Li0.08NbO3 (NKLN) and 

Na0.46K0.46Li0.08(Nb0.90V0.10)O3(NKLNV)ceramic is performed. Lead-free NKLN and 

vanadium substituted NKLN ceramics are synthesized via solid state state reaction route as 

a substitute to the lead-based ceramic for the applications in sensors, transducers and other 

electronic devices. The structural phase of synthesized ceramics are found to be pure 

perovskite as observed from powder X-ray diffraction. FE-SEM micrographs revealed the 

formation of homogeneous microstructure with well defined grains. Dense polycrystalline 

ceramics having grain size about 2 μm are obtained as a result of sintering at 1090oC. Surface 

images of NKLN and V- substituted NKLN ceramic taken at a magnification of 7000. With 

the substitution of V5+, the grains starts taking up the well defined cubic shape and grain 

size seems to evolve. V-NKLN shows higher value of remnant polarisation as compared to 

NKLN as observed in P-E hysteresis loop. Fine microstructure and larger grain size than 

pure NKLN ceramic which felicitate the movement and reorientation of dipoles when poled 

at 3kV improved the value of piezoelectric coefficient for vanadium substituted NKLN 

ceramic. A high dielectric constant at room temperature and high phase transition maxima 

(Tm>300oC) are reported. Elemental mapping and EDX analysis for NKLN and vanadium 

substituted NKLN has been performed. From the elemental mapping of NKLN ceramic, 

it can be concluded that Na+,K+,Li+ and Nb5+ions have distributed uniformly throughout the 

sample. Improvement in piezoelectricity and ferroelectricity in vanadium doped NKLN 

ceramic concludes it to be a promising lead-free alternative for 

dielectric,piezo/ferroelectric, and optical applications. 
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Abstract 

Herein, a novel method to fabricate a cobalt oxide (Co3O4) nanostructure decorated with 

lightweight free-standing carbon foam (CF) has been reported. Primarily, the freestanding 

CF was fabricated via a polyurethane (PU) foam replica method using phenolic resin, 

followed by oxidation stabilization and finally carbonization at 1000ºC in an inert 

atmosphere. After that different contents of Co3O4 nanoparticles (NPs) were decorated on 

free-standing CF using the in-situ hydrothermal method. The developed foams have	been	

extensively	 studied	 for	 various	 electrochemical	 characteristics including cyclic 

voltammetry (CV), capacitance, and electrochemical impedance spectroscopy (EIS) in 1 

M KOH solution using a three-electrode system. The structural and morphological 

investigation of foams were examined by XRD, Raman, and SEM. It is observed that 

Co3O4 NPs are uniformly decorated on CF and the electrochemical performance of CF is 

improved synergistically. Consequently, the specific capacitance (302 F g-1 at mV s-1) was 

greatly enhanced when the CF was decorated with 10 % Co3O4 NPs. Moreover, an 

asymmetrical two-cell supercapacitor composed of CF-10Co3O4 positive electrode and 

CF negative electrode exhibited a specific capacitance of 164 F g-1 at a current density of 

0.5 A g-1. The device (CF-10Co3O4//CF) can deliver a high energy density of 44 Wh kg-1 

at the power density of 350 W kg-1. The high specific capacitance and large energy density 

demonstrate the potential application of carbon-Co3O4 decorated foams in compact and 

lightweight supercapasitor. 
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Abstract 

Since the discovery of Entropy Stabilised Oxides in the recent past, the field of multi- 
component ceramics have garnered tremendous attraction owing to its remarkable 
properties leading to applications in photoelectrochemical and thermochemical water- 
splitting, anode material for LIB’s/SIB’s, catalysis as well as environmental and thermal 
protection. The present work deals with the solid-state synthesis and extensive 
characterisation of a 5-component metallic oxide system. To understand the chronological 
phase evolution process, its constituent 2-, 3- and 4-component systems were also 
synthesised by ball-milling followed by sintering and quenching the pellets. While the 2- 
component system produced a mixture of rocksalt and spinel phases, the 3-component 
system stabilised in a phase-pure rocksalt structure. The addition of the 4th component seems 
to have destabilised the structure again into a two-phase mixture while the 5-component 
oxide exhibits diffraction signatures from both rocksalt and spinel phases along with their 
ordered polytypes. Extensive TEM studies reveal ordered domains in an oriented growth 
fashion with neighbouring disordered domains. Although multi-component oxides, carbides, 
nitrides have been active areas of research for the past half a century, “High-entropy” 
counterpart has made quite an impact within half a decade. Much of the success in high- 
entropy ceramics can be attributed to the popular belief that a single solid-solution phase 
forms where the anion builds the lattice framework with configurationally disordered multi- 
cationic sublattice filling up the voids. However, that is most often not the case. In fact, the 
novel functional properties seem to stem from the synergistic effect of two or more related 
phases which grows in a systematic arrangement. 

 
 
Keywords: Lithium-ion battery (LIB), Sodium-ion battery (SIB), High-Entropy Ceramics 
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Abstract 

Light weight lead free, polymer and carbon nanotube based flexible piezoelectric nanogenerators 
have prompted widespread concern for harvesting mechanical energy and powering next 
generation electronics devices. Herein, light weight polyvinylidene fluoride (PVDF)-carbon 
nanotube (CNT) foam was prepared to fabricate humid resistant hydrophobic flexible piezoelectric 
nanogenerator for harvesting mechanical energy for the first time. Hydrophobic piezoelectric 
PVDF-CNT foam with density of 0.15 g/cc was prepared though solution route. PVDF-CNT foam 

exhibited crystalline well-defined chain like structure with 65 % fraction of β- phase. Piezoelectric 

coefficient (d33) of 9.4 pC/N was obtained from self-poled PVDF-CNT foam. High d33 of PVDF-
CNT foam is caused by dipole alignment induced by local electric field by CNT in the 
microcellular structure of PVDF. Flexible piezoelectric PVDF-CNT foam based nanogenerator 
was fabricated, which showed high output voltage of 12 V and current density of 
30 nA/cm2 respectively under small vertical pressure of 0.02 kgf. Piezoelectric output performance 
was measured under different humid condition and an output voltage up to 9 V was observed even 
under 60 % RH condition. PVDF-CNT foam exhibited a hydrophobic behaviour, with a high 
surface water contact angle of 139o. These excellent performances confirmed the 

potential of developed foam based device for organic based ultrasensitive self-powered 
nanosensors and nanosystems. 
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Abstract 
 
Pure metallic copper microstructures with submicron resolution have a wide range of 
applications including electronics, sensing and catalysis, etc. The microstructures and 
their complex features improve the performance of the device during precise operation. 
However, the easy fabrication of copper microstructures remains a challenge. This 
research focuses on the development of an electrochemical additive manufacturing 
(ECAM) process for producing metallic copper microstructures in a single step with 
submicron resolution. The precise electron microscope characterizations of ECAM 
printed copper microstructures revealing the successful preparation of a well-oriented 
structure without surfactant. Furthermore, the XRD results revealed the formation of pure 
metallic copper microstructures that barely changed after 10 months in the atmosphere. 
A mechanism for the remarkable stability and corrosion resistance of ECAM-printed 
copper microstructures is proposed. 

 
 

Figure 1: TEM images of (a) ECAM-printed copper (b) HRTEM image with marked d- 
spacing and enlarged HRTEM image (inset in upper right corner) taken at site marked as 
yellow box and (c) corresponding fast Fourier transformation (FFT) pattern. 

 

Keywords: Electrochemical additive manufacturing; Copper microstructures; Electron 
microscope, Submicron resolution 
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Abstract 

Materials used in an aero-engine primarily constitute nickel based superalloys and 
titanium based alloys. Aero-engines are subjected to varying environmental conditions 
during service that limit the service life. Techniques such as laser shock peening, that 
introduce compressive residual stresses on the surface, may be employed to improve the 
fatigue properties of aero-engine components. However, the actual microstructural 
modification due to laser shock peening is not well understood. Additive manufacturing 
techniques have demonstrated interesting solutions to the manufacturing and repair of 
aero-engine components with complex geometries. Additive manufacturing techniques 
involve non-equilibrium processing conditions, resulting in defects and complex 
microstructural features. This work consists of two studies with different processing 
conditions and the microstructural evolution in each study is reported here. 

 
Inconel 625 was deposited on to SS 304L by laser directed energy deposition process. 
The as deposited alloy consists of columnar grains and dendrites. Transmission electron 
microscopy indicates the presence of the FCC gamma phase, intermetallic phases, and a 
large number of defects. The microstructure gradually transforms to an equilibrium 
structure with increasing temperatures and time of heat treatment. Wrought commercially 
pure titanium and Ti-6Al-4V were subjected to laser shock peening treatment with 
varying conditions. Microstructural investigations indicate remelting and interaction with 
laser beam close to peened surface, which has not been reported earlier. The 
microstructure also reveals recrystallisation and grain growth closer to the peened surface, 
which is not observed on moving towards the interior of the specimen. Details of 
microstructural evolution studied by electron microscopy will be reported here. 

 
Keywords: Nickel based superalloys, Titanium alloys, additive manufacturing, 

laser shock peening, electron microscopy. 
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Abstract 

Heavy metal ions (HMIs) like Cd2+ and Pb2+ are released into the ecological environment in 

significant numbers as a result of the growth of industry and agriculture. HMIs contamination 

may be harmful to both people and wildlife; if exposed over the permissible limit, it can induce 

cardiovascular illness, respiratory ailments, pulmonary fibrosis, reproductive problems, and 

behavioral issues. Therefore, it is crucial to develop quick and accurate technologies to detect 

heavy metal ions. Herein, for the first time, we have developed a ternary nanocomposite of 

reduced graphene oxide (rGO) functionalized with bioinspired polynorepinephrine (pNE) and 

alanine (ALA) based effective electrochemical sensor for Cd2+ and Pb2+ ion detection. 

Spectroscopic (UV-Visible and XRD) and morphological studies (FE-SEM and TEM) have 

been performed to confirm the synthesis of the ternary nanocomposite. The morphological 

examination and elemental composition evaluation reveal the sheet-like structure of GO that 

was enriched with nitrogen content in the ALA/pNE/rGO nanocomposite. The developed 

nanocomposite modified glassy carbon electrode (GCE) yields a higher current response than 

the bare GCE electrode and GO/GCE with excellent electrochemical stability and charge 

transfer rate. Due to the excellent electrical conductivity of rGO, as well as good chelating 

properties of pNE and alanine for the HMIs, Cd2+ and Pb2+ were detected simultaneously by 

using differential pulse voltammetry. Under optimized conditions, the electrochemical sensor 

shows a low detection limit with high sensitivity and a wide linear range. The sensor has low 

interference as well as successfully worked for real water samples with HMIs. 

Keywords: Electrochemical sensor, reduced graphene oxide, polynorepinephrine, cadmium 

and lead ion detection. 



 190 

Iron oxide-based film by electrodeposition method as efficient water 

oxidation catalyst 

Kamlesh1,2, Manish Mudgal1,2, A. K. Srivastava1,2, Archana Singh1,2* 

 
1Academy of Scientific & Innovative Research (AcSIR), Ghaziabad 201002, India. 

 
2CSIR– Advanced Material and Processes Research Institute (AMPRI), Bhopal 462026, India. 

 
 
 

Abstract 
 

Efficient electrochemical splitting of water into H2 and O2 using cheap and abundant iron-

based catalysts is one of the fundamental significance to solar devices. It would be 

desirable to design a highly active, durable, and affordable catalyst for an effective water 

splitting process. In such manner, a crystalline (012) oriented iron oxide-based film has 

been developed on indium tin oxide substrate using a single step electrodeposition at 

temperature higher than room temperature. At 298 K, amorphous film was formed, 

whereas at 313 K (012) plane-oriented hematite film was grown, and with the rise in 

temperature crystallinity was increased. The films deposited at 313 K showed best 

activity for water oxidation with an impressive turn over frequency of 0.028 s-1 and 

remarkable long-term stability. X-ray diffraction of the deposited films confirmed the 

formation of (012) oriented Fe2O3 films. The transformation of iron of the ferrocene into 

higher oxidation state under the experimental conditions used was further confirmed by 

X-ray photoelectron spectroscopy, ultraviolet visible and electron paramagnetic 

resonance spectroscopic methods. 

 
Keywords: Water electrolysis, electrodeposition, non-aqueous solvent, iron oxide 
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Abstract 
 
High-entropy alloys are being studied as a possible option for various high-temperature 

applications. High-temperature oxidation is a typical issue at high temperatures. The significance 

of surface reactivity of these materials is fastly growing for corrosion and catalytic applications. 

CoCrFeMnNi is one of the most researched alloys because of its unique structure and 

characteristics. Both the short-term versus the long-term evolution of different oxides as well as 

their evolution in real time were carefully examined. The high temperature prolonged exposure of 

CoCrFeMnNi resulted in the formation of multiphase oxides with discontinuous scale and 

experienced severe oxide scale spallation. Hence, an effort was made to tailor the oxidation 

behaviour of CoCrFeMnNi in air at high-temperature with the addition of Al and Ta. Both 

CoCrFeMnNiAl and CoCrFeMnNiTa   alloys   exhibit   considerable   resistance   to   oxide scale 

spallation. This may be explained by the formation of rutile-type CrTaO4 oxide in CoCrFeMnNiTa, 

while CoCrFeMnNiAl may be explained by the emergence of distinctive Cr2O3 and Al2O3 scale. 

Furthermore, the microstructures of CoCrFeMnNi films were explored by growing the film on a 

NaCl (100) substrate at a substrate temperature ranging from -143 ºC to 600 ºC. A wide range of 

films such as amorphous, partially crystalline, polycrystalline as well as partially textured were 

successfully produced by altering the substrate temperature. Moreover, the mechanical behavior of 

the as deposited and the oxidized films of CoCrFeMnNi, CoCrFeMnNiAl and CoCrFeMnNiTa 

HEA on 316L stainless steel were studied. 

 
Key words: high-entropy alloy; high-temperature oxidation; oxide scale 
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Abstract 

 
In these investigations, a low–cost chemical solution deposition (CSD) approach was 
used to fabricate a manganite – manganite interface consists of LaMnO3–δ (50 nm) / 
La0.7Ca0.3MnO3 (100 nm) (LMO / LCMO) interface on (100) single crystalline LAO 
substrate. By analysing the X–ray diffraction (XRD) φ–scan of prepared LCMO / LAO 
100 nm thin film and LMO / LCMO / LAO structure, pure structural quality and 
epitaxial nature have been confirmed. By performing the grazing incidence X–ray 
diffraction (GIXRD), Rocking curve XRD w–scan measurement, cross sectional 
scanning electron microscopy (SEM), atomic force microscopy (AFM) studies and X– 
ray photoelectron spectroscopy (XPS) measurements, structural, morphological and 
chemical characteristics of the currently studied LMO / LCMO interface and LMO / 
LCMO / LAO structure have been understood. The field effect configuration FEC 
pattern was used to understand the charge transport behaviour and charge conduction 
mechanisms of the present structure, and the results show that the LCMO channel 
resistance exhibits finite thermal hysteresis which has been linked to the freezing effect 
for metallic regions and a phase coexistence scenario in mixed valent manganite. On 
the bases of phase coexistence, charge carrier density and current polarization, the 
impact of negative (forward bias) and positive (reverse bias) applied currents on the 
channel resistance and its temperature dependence has been thoroughly characterized. In 
the framework of a phase coexistence scenario, variation in TP with applied current for 
cooling and heating cycles as well as for negative and positive current values, has been 
examined. In the environment of the thermal effect, freezing effect and phase 
coexistence scenario for conducting LCMO manganite channel, large negative and 
positive electroresistance (ER) has been found under negative and positive currents, 
respectively, across LCMO channel of LMO / LCMO / LAO structure. 
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Abstract 

 

Multifunctional composite materials are a keen area of research due to their wide 

arena of applications while the constituent materials retain their original properties. 

The present communication deals with ZnO and LaMnO3 (LMO) nanoparticles 

synthesized by sol–gel method. The nanocomposites were prepared by mixing ZnO 

and LMO in weight ratio, i.e. 0 and 50% wt% ZnO in LMO manganite. For the 

structural studies on the samples due to addition of ZnO in LMO, θ–2θ X–ray 

diffraction (XRD) measurement were carried out for, both, samples at room 

temperature. To understand the electrical nature of the composites, frequency 

dependent dielectric and a.c. conductivity were performed using Agilent E4980A 

precision LCR meter in the frequency range of 20Hz to 2MHz at room temperature. 

Dielectric behavior has been understood in the context of universal dielectric 

relaxation (UDR) model fits for presently studied nano composite. Frequency 

dependent variation in ac conductivity has been supported by Jonscher’s power 

law. Power law fits suggest that charge conduction is possible in the context of 

correlated barrier hopping (CBH) mechanism. In summary, the prepared composite 

exhibits reduction in dielectric nature and enhancement in conductivity that has 

been elucidated in this report. 
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Abstract 

Creep-fatigue interaction (CFI) loading deleterious for high temperature applications. Weld 
joints are weak links in any structure. P91 ferritic martensitic (F ̶ M) steel undergoes phase 
transformations during welding and thus heat affected zone has wide range of microstructures 
and mechanical properties. Though various premature failures in P91 are reported, limited 
information are available due to complex microstructures and difficulty in characterization. 

Strain dwell application in the cyclic hysteresis loop denotes creep periods of the CFI cycle. 
CFI experiments on P91 steel WJ were performed through dwells in either tension/compression 
direction with periods of 10 min/30 min in peak tension or compression. Tests at 873 K, 3x10- 
3s-1 strain rate and strain amplitude of ± 0.6% up to failure were performed. It was possible to 
generate various microstructures and study the individual cyclic response of the contributing 
microstructures of the WJ under the effects of various CFI waveforms. 

Fatigue life under compressive dwells (CD) were inferior than equal tensile dwells (TD) which 
was ascribed to surface oxidation. However, it was intriguing that even though the total CFI 
exposure time was lower under CD than equivalent TD, its substructure sizes were coarser 
under CD in most of the microstructural zones of the P91 WJ. The cavity distributions were 
also much different under CD from equal TD in all the locations of the WJ. Metallurgical 
insights on the role of inclusions/carbides on cavity formation and substructural variations 
during various CFI waveforms shall be drawn on the basis of SEM/EBSD observations and 
theoretical studies. 

 
 
Keywords: Creep fatigue interaction, compression-tension dwell, ferritic martensitic steel 
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Abstract 

Laser direct energy deposition (L-DED) and wire arc direct energy deposition (W- DED), 

are frequently used technologies in metal based additive manufacturing. The components 

that are manufactured with these processes, faces difficulty with component quality 

because of the influence of various process parameters. Currently the understanding of 

multi-layer deposition of these two additive manufacturing technique is limited specially 

the metallographic analysis with respect to the cooling rate. In this work, the detail 

metallographic analysis of the SS316L deposition has been done as well as the 

comparative study of the micro structural features and hardness of samples is carried out. 

It has been found that the microstructure of the W-DED samples has more columnar 

dendritic structure than L-DED. The XRD and EDS result reveals that the ferrite 

percentage is more in W-DED sample. In L-DED, the grains are mostly oriented along 

the <001>/<111>direction, whereas in W-DED, the dominant orientation is 

<111>/<101>.The hardness data reveals that the W-DED samples possess much higher 

hardness compared to the L-DED samples. 
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Abstract: 
 
Al-Zn-Mg-Cu alloys have been widely used in automotive and aerospace industries due to their 

mechanical properties, light weight, excellent castability and corrosion resistance. In the present 

work, in-situ tensile testing is used to discover the plastic deformation process and deformation 

behavior of a 2 wt% Zr & 1.5 wt% Ti based Al-Zn-Mg-Cu alloy. The damage characteristics & 

fracture position of the tensile specimens were also observed by Scanning Electron Microscopy 

(SEM). This study reveal the presence of primary phases- α-Al, η-Mg(Zn, Cu, Al)2, T- AlZnMgCu, 

θ-Al2Cu and secondary intermetallics like Al3Zr and Al3(Zr, Ti) which appear primarily in the grain 

boundary region. The yield strength, elastic-elastic, elastic-plastic stage and toughness of the alloy 

mainly dependent on the volume fraction of secondary intermetallics. This study emphasizes the 

formation and propagation of several shear bands and reveals the in situ interactions between shear 

bands with structural heterogeneities. Particularly, the crystals' ability to block shear bands, which 

is essential for the mechanism of deformation and serves to show its function of the grain 

boundaries primary and secondary Al3Zr and Al3(Zr, Ti) phases in the α-Al matix. During the 

tensile deformation when local stress exceeds the critical value the eutectic phases between α-Al 

matrixes undergoes plastic deformation. In addition, the elongation increases significantly after Zr 

and Ti addition with fracture mode transformation to a typical quasi-ductile fracture. 

Keywords: In-situ tensile test, Scanning electron microscopy (SEM), Al-Zn-Mg-Cu alloy, Zr & 

Ti addition, Microstructural evolution 
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Abstract 
 

Hydroxyapatite/HAp (Ca10(PO4)6(OH)2) is the one of the most stable calcium phosphate ceramics at 

ambient temperature. Due to its excellent biocompatibility and physicochemical similarity to human bone 

and teeth, it has been used as an implant material in orthopedic, dental, and other biomedical applications. 

In this study, high-energy planetary ball milling/Mechanochemical technique was used to obtain nano HAp 

powder, which was confirmed by particle size analysis. At first, CaCo3 and (NH4)H2PO4 were taken as 

starting precursors and subjected to milling for 5 hours with 300rpm by taking zirconium balls of 20mm 

diameter as the grinding media. Field emission microscope (FESEM), energy dispersive X-ray analysis 

(EDX), X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR) and LCR meter 

characterizing tools were used for surface morphology, elemental analysis, phase conformation and 

electrical property studies, respectively. Average particle size was found to be in the range of 65nm to 

110nm. Pure phase of HAp was obtained after double calcinations at 600oC followed by 800oC for 4 h each. 

HAp samples were sintered at 1200oC, 1250oC and 1300 oC for 4h, respectively in a conventional furnace. 

Experimental density of HAp samples, sintered at 1200oC, 1250oC and 1300oC, was found to be 

~2.8g/cc, ~3.03g/cc, and ~2.7 g/cc, respectively. Polarization properties of HAp is another important 

parameter which assists in the cell growth on it. Therefore, in the present study dielectric properties of 

sintered HAp samples are studied and related with their cell growth behavior. Dielectric constant and 

dielectric loss of HAp samples sintered at 1250oC at 1kHz frequency were found to be ~29 and ~0.32, 

respectively. 
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Abstract 

Recent global scenario demands for an efficient and cost-effective electrocatalyst for water 

oxidation since H2 production from electrochemical water splitting is a promising process for 

renewable energy generation. In this work we synthesized nanostructured spinels LiMn2O4, 

dilithiated λ-MnO2 and Li4Mn5O12 by one pot hydrothermal method separately at low 

temperatures. Among three nanostructured spinels, Li4Mn5O12 catalyst attains 5mA/cm2 current 

density at the lowest overpotential of 430 mV having Tafel slope of 74 mV/decade. The 

morphology of Li4Mn5O12 remains intact even after 12 hour stability test for OER which is 

confirmed by TEM analysis which shows the robustness of the catalyst, however, it undergoes 

amorphization. Electrochemical impedance studies reveal fast reaction kinetics and the 

lowest charge transfer resistance of Li4Mn5O12 spinel for oxygen-evolving reaction. The higher 

catalytic activity of Li4Mn5O12 spinel is ascribed to the low-temperature synthesis procedure 

which resulted in the formation of nanostructured Li excess spinel with high surface area with 

an increase in the percentage of ionic bonding. 

 
Keywords: Oxygen evolution, water oxidation, spinel, electrocatalysis, nanocomposite 
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Ormeloxifene (ORM) is a selective estrogen receptor modulator usually used for oral 

contraception. ORM has also been found to be effective in various cancers having estrogen 

receptors like breast and ovarian cancer. We found that ORM inhibits cell growth in estrogen-

receptor-negative cells too and induces autophagic flux in NSCLC i.e A549 and NCI-H358 

cells. Ultrastructural changes were investigated using TEM. We observed the formation of 

autophagosomes and the initiation of the fusion of autophagosomes and lysosomes in the ORM-

treated cells. These events were also confirmed by confocal microscopy and western blotting 

as we found an increase in the LC3II, a marker for autophagy induction. We found induction 

of ER stress after the treatment of ORM as the expression of GRP78, IRE1α increased. TEM 

micrographs of ORM-treated cells show that ER loses structural integrity and swelled abruptly. 

Inhibition of ER stress by 4PBA leads to a decrease in autophagic markers, confirming that ER 

stress leads to an autophagy response after ORM treatment. Reduction in phosphorylation of 

both mTOR/Akt confirmed the disruption of the mTOR/Akt pathway. Autophagy was found 

pro-death in nature as cell death decreases after the pre-treatment of autophagic inhibitor 

(Chloroquine). Autophagy- dependent apoptosis was observed with ORM treatment. ORM 

triggered ROS generation and cell cycle arrest in the G0/G1 phase. ROS generation leads to 

mitochondrial injuries and the depolarisation of mitochondrial membrane potential. SEM 

analysis of ORM-treated A549 cells shows apoptotic features of cell rounding and blebbing at 

the cell surface. Overall, we defined the mechanism of autophagy induction and apoptosis by 

the ORM in estrogen receptor-negative cells. 
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Abstract 
 

Pyrochlores have the general formula A2B2O7 and belong to space group Fd3m. It 

is a superstructure of the fluorite phase (AO2 space group Fm3m) where the a-axis 

dimension of the pyrochlore phase is slightly longer than the 2a of the fluorite 

phase. These materials are gaining importance due to its diverse applications in 

luminescence, ionic conductivity, nuclear waste immobilization etc. Pyrochlore 

phase formation is dependent on the ionic radii of A and B cations and occurs only 

when the radius ratio of rA/rB fall in the range 1.46 to 1.78. Gadolinium Zirconate 

(Gd2Zr2O7) has a radius ratio of 1.46 and hence, can adopt both pyrochlore and 

fluorite structures. When Gd2Zr2O7 takes up the fluorite structure, A and B cations 

become completely disordered and oxygen atoms are evenly distributed into all the 

tetrahedral sites formed by cations. An optimum size difference between Gd3+ and 

Zr4+ facilitates antisite formation in Gd2Zr2O7, which renders exceptionally high 

radiation stability to it. The parameters required for synthesizing both pyrochlore 

and fluorite phase of Gd2Zr2O7 by solid state route method by mixing the respective 

metal oxides have been studied. Structural characterization of the synthesized 

powder was carried out by X- ray diffraction techniques and Raman Spectroscopy. 

Field emission scanning electron microscope (FESEM) was used for examining the 

grain structure in the sintered material. Results show that the fluorite phase of 

Gd2Zr2O7 was obtained by conventional solid-state route when calcined at 1250°C, 

whereas the pyrochlore structure could only be achieved on attrition of the starting 

powders followed by calcination at 1400°C. 
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Abstract 
 

In this report, investigations on frequency and temperature dependent 
electrical properties of ZnO : SnO2 nanocomposites have been carried out. 
Nanocomposites of ZnO and SnO2 were prepared using acetate precursor 
based sol-gel method by mixing in different weight ratio of ZnO 
nanoparticles and nanostructured SnO2 (ZnO : SnO2 = 100:0, 75:25 and 
50:50). Structural properties have been characterized by using X-ray 
diffraction (XRD) measurement that reveals dual phase nature without any 
impurity phase for all composites. Particle size analyzer has been employed 
to confirm the nanoscale order of both the pure oxides. Electrical 
characterizations were carried out using high precision LCR meter in the 
frequency range of 20 Hz to 2 MHz. Frequency dependent dielectric 
constant (Ɛ’), ac conductivity (σ) and impedance (Z’) were studied at 
different temperatures between 183 K and 273 K for all the nanocomposites. 
Frequency dependent dielectric constant has been understood using the cole 
– cole relaxation mechanism and related relaxation parameters have been 
discussed in detail. Frequency dependent variation in ac conductivity has 
been understood well using Jonscher’s power law which follows correlated 
barrier hopping (CBH) mechanism. Variation in impedance with frequency 
has been explained in the context of grains and grain boundaries. Complex 
impedance spectrum has been plotted to explain the resistive and capacitive 
nature of grain boundaries. 
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Abstract 

 

Mixed valent manganites have extensively been studied for their colossal 
magnetoresistance (CMR) effect. Recently, non–volatile manipulation of transport 
and magnetic properties by external electric field became significant, which has 
been designated as colossal electroresistance (CER) effect. Researchers explain 
the mechanism of CER observed in thin film manganites based on various physical 
properties, i.e. phase separation, interfacial defects and surface morphology. In this 
communication, we successfully fabricated interface structure by growing LaMnO3 

(LMO) / La0.7Ca0.3MnO3 (LCMO) bilayer on (100) single crystalline SrTiO3 (STO) 
substrate. Efficient influence of 120 MeV Ag9+ ion irradiation has been discussed 
in detail with support from several structural characterizations such as X–Ray 
Diffraction (XRD) in Bragg–Brentano (BB) geometry, φ – scan and rocking curves 
whereas microstructural properties have been investigated using atomic force 
microscopy (AFM). Influence of ion fluence on the temperature dependent LMO / 
LCMO interface resistivity under zero interface electric field has been understood 
on the bases of interface strain, crystalline grain size, defect density and surface 
roughness. Effect of applied positive and negative LMO / LCMO interface electric 
field has been understood on the bases of depletion region, free charge carrier 
density and modifications in the phase fractions. Percolation model has been 
employed to understand the phase separation in governing the charge conduction 
mechanism across LMO / LCMO interface. Observed variation in electroresistance 
(ER) has been discussed in detail for the practical applications of these devices. 
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Abstract 

 
The semiconducting nanostructured ZnO and SnO2 particle-based oxide nanocomposites 

with different weight ratio, i.e. (i) ZnO:SnO2 = 100:0 (ZnO0), (ii) ZnO:SnO2 = 75:25 (ZnO25) 

and (iii) ZnO:SnO2 = 50:50 (ZnO50), were prepared using low cost sol–gel method. The 

structural analysis through the performance of X-ray diffraction (XRD) measurement reveals 

the hexagonal wurtzite structure of ZnO and the rutile type tetragonal structure of SnO2. The 

transmission electron microscopy (TEM) discovers the role of SnO2 particles on the particle 

size of the nanocomposites understudy. The elemental analysis for the studied 

nanocomposites using Energy dispersive X-ray analysis (EDAX) reveals the absence of 

element Sn in ZnO0 nanocomposite sample. The frequency dependent dielectric behavior 

was recorded at different temperatures, which has been understood on the basis of cole–cole 

plots for all the nanocomposites where variations in relaxation time and relaxation time 

distribution factor have been discussed in detail. The variation in ac conductivity has been 

explained using Jonscher’s universal power law and the switchover between correlated 

barrier hopping (CBH) mechanism and Maxwell–Wagner (M–W) relaxation has been 

discovered for the studied nanocomposites. The overall electrical properties of the samples 

understudy have been analysed on the bases of oxygen vacancies, defects, disorder and 

thermal energy. 
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Abstract 

 
For the preparation of manganite–ferrite composites, the micronsized manganite matrix of 

La0.7Ca0.3MnO3 (LCMO) was synthesized by solid state reaction route while the ferrite 

nanoparticles of BiFeO3 (BFO) were synthesized by sol–gel method. The composites were 

formed with different contents of BFO nanoparticles (i.e. 0, 10 and 20 wt%) incorporated into 

the micronsized LCMO matrix lattices. To understand the crystalline phases present in these 

composites, X–ray diffraction (XRD) measurement was carried out that discovers the dual phase 

nature of all the composites consist of LCMO and BFO phases with no other impurity phase in 

the XRD patterns. The transport and magnetotransport properties have been investigated by 

recording the temperature and magnetic field dependent resistance of the composites. The high 

resolution transmission electron microscopy (HRTEM) gives a glance of manganite–ferrite 

matrix–filler composite formations. The schematic model is used to explain the formation of 

matrix–filler arrangement with grain and grain boundaries of LCMO and BFO constituents and 

the possible charge conduction mechanisms across the composites. All the composites possess 

metal to insulator transition at TP which can be realized from their resistivity behaviours. It is 

observed that transition TP and resistivity, both, are highly sensitive to BFO content and magnetic 

field. To understand the responsible charge conduction across the composite lattices, various 

mechanisms and theoretical models have been employed. All the composites possess negative 

magnetoresistance (MR) which has been explained on the basis of role of high resistive BFO 

nanoparticles incorporated within the micronsized LCMO matrix. 
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Abstract 

 
In the present work, Zn0.98Gd0.02O was successfully grown using low cost sol–gel technique. 

To understand the effect of sintering temperature on the structural and electrical properties of 

the materials, all samples were sintered at different temperatures (700oC, 800oC, 900oC and 

1000oC). To analyze the structural aspects of prepared samples, X–ray diffraction (XRD) 

measurement was performed using PANalytical X’pert Pro diffractometer. To understand the 

variation in electrical properties with sintering temperature, frequency dependent impedance, 

dielectric response and ac conductivity have been carried out for all samples at room 

temperature using LCR meter (Agilent make E4980A high precession). To understand the 

mechanisms involved in the ac conductivity behavior, Jonscher's power low has been fitted. 

The cole–cole relaxation has been fitted in the dielectric behavior for the understanding of the 

involved charge conduction processes. All the frequency dependent measurements have been 

carried out for the frequency range between 20 Hz to 2 MHz. 
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Abstract 

 
The	studied	system	elucidates	the	potential	applications	of	sol-gel	grown	nanocomposites	of	
ZnO	 and	 La0.3Ca0.7MnO3	 (LCMO).	 Studies	 were	 carried	 out	 for	 their	 transport	 and	
magnetoresistance	(MR)	behaviors.	Various	ZnO	nanoparticles	(weight	ratio)	were	mixed	
with	LCMO	nanostructured	manganite	to	understand	the	possible	interactions	between	ZnO	
and	LCMO	nanoparticles.	X–ray	diffraction	(XRD)	measurement	was	done	for	all	composites.	
The	 structural	 quality	 was	 verified	 by	 performing	 Rietveld	 refinements.	 Variation	 in	 an	
average	crystallite	size	 for	LCMO	and	ZnO	nanoparticles	 in	different	composites	has	been	
discussed.	 Mott	 type	 variable	 range	 hopping	 (VRH)	 mechanism	 has	 been	 employed	 to	
understand	 the	 dependence	 of	 charge	 carrier	 localization	 in	 LCMO	 nanostructured	
manganite	lattice.	Temperature	dependent	resistivity	measurements	under	various	applied	
magnetic	 fields	 suggest	 the	 semiconducting	 nature	 of	 all	 nanocomposites	 under	 applied	
magnetic	 fields.	 Observed	 MR	 behavior	 has	 been	 understood	 under	 the	 influence	 of	
temperature	and	ZnO	nanoparticles	content	in	the	context	of	spin	polarized	tunneling	(SPT)	
and	magnetic	 field	 induced	 improved	 conduction	 across	 the	manganite	 lattice.	 Zero	 field	
cooled	 (ZFC)	 and	 field	 cooled	 (FC)	 measurement	 protocols	 based	 magnetization	 and	
magnetic	 isotherms	 measurements	 were	 carried	 out	 to	 study	 the	 magnetic	 nature	 of	
LCMO:ZnO	 nanocomposites	 that	 confirm	 the	 coexisting	 magnetic	 phase	 in	 all	 studied	
nanocomposites.	 Weakening	 of	 Zener	 double	 exchange	 (ZDE)	 mechanism	 portrays	 the	
Magnetic	 nature	 of	 the	 LCMO	 manganite	 within	 the	 magnetic	 lattice	 and	 magnetic	
contribution	from	the	free	charge	carriers	within	the	ZnO	clusters. 

 
Keywords:	Magnetoresistance,	VRH,	Zero	field	cooled,	Field	cooled	



 207 

Electric Field Effects on Charge Conduction in La0.7Ca0.3MnO3 

Manganite: Role of LaMnO3 

Himanshu Dadhich 1, C.M. Panchasara 1, Hardika Goswami 1, Manjula 

Kandoliya 1, D.D. Pandya 2, A.D. Joshi 3, N.A. Shah1, P.S. Solanki1,* 

1Department of Physics, Saurashtra University, Rajkot – 360005, India 

2Human Resource Development Center, Saurashtra University, Rajkot, 360 005, India 

3Department of Nanoscience and Advanced Materials, Saurashtra University, Rajkot, 
360005, India 

 
*E–mail for the corresponding author: piyush.physics@gmail.com 

 
Abstract 

 
Manganite heterostructures have various electronic ground states which can be controlled 
by external parameters such as irradiation, electric field, magnetic field, doping etc. In this 
communication, LaMnO3–δ / La0.7Ca0.3MnO3 / LaAlO3 (LMO / LCMO / LAO) 
heterostructure is fabricated using chemical solution deposition (CSD) technique. 
Structural property of the fabricated heterostructure was verified using X–ray diffraction 
(XRD) q–2q measurement. To understand further the structural and morphological 
properties, grazing incidence X–ray diffraction (GIXRD), Rocking curve XRD w–scan, 
cross sectional scanning electron microscopy (SEM), atomic force microscopy (AFM) and 
quantitative analysis using X–ray photoelectron spectroscopy (XPS) measurements were 
performed. Temperature dependent channel resistance was measured on applying different 
electric fields. From thermal hysteresis under zero electric field measurements of channel 
resistance metal to insulator phase transition can be observed. This has been explained using 
freezing effect, non–reversible electronic phase transition and phase separation scenario. 
When electric field is applied for the following measurements and improvement in 
resistance and the value of TP is found to be reduced. These changes have been explained 
using charge injection process, strain induced disorder dependent charge conduction, phase 
separation–based movements of metal–insulator interface and negligibly small Joule 
heating effect. Zener double exchange (ZDE) polynomial law has been employed to explain 
charge conduction mechanisms. Variation in electroresistance (ER) of channel with 
temperature under different control electric fields has been discussed on the basis of charge 
injection process with an effective role of phase separation scenario of LCMO channel in 
LMO / LCMO / LAO heterostructure. 
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Abstract 
 

In this communication, structural, microstructural and electrical transport properties of pulsed 

laser deposition (PLD) grown La0.5Gd0.2Ca0.3MnO3 (LGCMO) manganite thin films on single 

crystalline (100) Nb:SrTiO3 (SNTO) substrates have been studied. These films were irradiated 

by an O+9 ion source with the energy of 100 MeV. The θ–2θ X–ray diffraction (XRD) 

measurement for LGCMO was carried out at room temperature for the structural aspects. To 

understand the microstructural or morphology of LGCMO thin film, atomic force microscopy 

(AFM) was performed. The current–voltage (I–V) characteristics across LGCMO/SNTO 

interface have been discussed under the influence of lattice strain, grain size and grain 

boundary density. In addition to that, ZnO layer with a thickness of ~ 50 nm on the irradiated 

thin films of LGCMO was deposited by using the chemical solution deposition (CSD) method 

under an oxygen environment. Moreover, all the three measurements, XRD, AFM and I–V 

measurements were again carried out for ZnO / LGCMO interfaces and have been discussed 

on the basis of annihilation–induced modifications at the interface. 

 
Keywords: Thin Film; Manganite; Annihilation; Interface 
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Abstract 
 
Wire Arc Additive Manufacturing (WAAM) process is attracting researchers in academia and industries 
due its low cost components and capability to fabricate medium to large size structural components. Inconel 
625 is a solid solution strengthened Ni based super-alloy, widely used in aerospace, nuclear and marine 
application due to its excellent high temperature mechanical and physical properties. In the present study, 
a solid cubical block of Inconel 625 has been fabricated using Gas Metal Arc Welding based robotic 
WAAM setup. The microstructure and mechanical properties of the Inconel 625 samples, extracted from 
different orientations and locations of the solid structure, were investigated and compared. The results 
showed that the additively manufactured Inconel 625 component, had high quality and its microstructure 
consisted of columnar dendrites structure along build direction. The plasticity in the build direction was 
found to be better than transverse direction. While, the strength along transverse direction was 
comparatively better than the build direction. The growth of long columnar grains along build direction and 
inter-dendritic micro-segregation Nb &Mo with the formation of laves phases was the prime factor for the 
anisotropy in the mechanical properties. the samples exhibited ductile mode of fracture and it can be 
observed that the fracture surface is composed of both dimple and river patterns. 

 
Keywords: Wire Arc Additive Manufacturing, Inconel 625, Microstructure, Mechanical Properties, 
Fracture surface. 
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Abstract: 
 
Al-Zn-Mg-Cu alloys have been widely used in automotive and aerospace industries due to their mechanical 

properties, light weight, excellent castability and corrosion resistance. In the present work, in- situ tensile 

testing is used to discover the plastic deformation process and deformation behavior of a 2 wt% Zr & 1.5 

wt% Ti based Al-Zn-Mg-Cu alloy. The damage characteristics & fracture position of the tensile specimens 

were also observed by Scanning Electron Microscopy (SEM). This study reveal the presence of primary 

phases- α-Al, η-Mg(Zn, Cu, Al)2, T-AlZnMgCu, θ-Al2Cu and secondary intermetallics like Al3Zr and 

Al3(Zr, Ti) which appear primarily in the grain boundary region. The yield strength, elastic-elastic, elastic-

plastic stage and toughness of the alloy mainly dependent on the volume fraction of secondary 

intermetallics. This study emphasizes the formation and propagation of several shear bands and reveals the 

in situ interactions between shear bands with structural heterogeneities. Particularly, the crystals' ability to 

block shear bands, which is essential for the mechanism of deformation and serves to show its function of 

the grain boundaries primary and secondary Al3Zr and Al3(Zr, Ti) phases in the α-Al matix. During the 

tensile deformation when local stress exceeds the critical value the eutectic phases between α-Al matrixes 

undergoes plastic deformation. In addition, the elongation increases significantly after Zr and Ti addition 

with fracture mode transformation to a typical quasi-ductile fracture. 

Keywords: In-situ tensile test, Scanning electron microscopy (SEM), Al-Zn-Mg-Cu alloy, Zr & Ti 

addition, Microstructural evolution. 
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Abstract 
 

The present study is focused on investigations on structural and electrical properties 

of chemically grown Fe doped ZnO nanoparticles. ZnFeO nanoparticles were 

synthesized by cost effective sol–gel method. Nanoparticles were prepared by 

adding different Fe contents (x), i.e. 10, 15 and 20%, in nanostructured Zn1–xFexO 

oxides. X–ray diffraction (XRD) measurement confirms the presence of extra 

phase of ZnFe2O4. Surface morphology has been understood through atomic force 

microscopy (AFM) measurement. Frequency dependent dielectric, a.c. 

conductivity and impedance have been carried out for all the samples at room 

temperature. Dielectric behavior has been understood in the context of Koop’s 

theory and Maxwell–Wagner (M–W) mechanism for presently studied 

nanostructured oxides. Variation in a.c. conductivity has been discussed on the 

basis of Jonscher’s universal power law. Power law fits suggest that the charge 

conduction is possible through the correlated barrier hopping (CBH) mechanism. 

Role of Fe content in the nanoparticles has also been discussed for the observed 

variations in impedance with frequency. 

 
Keywords: Sol–gel; Grain boundary; electrical properties 
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Abstract 

Low-dimensional semiconductors are attractive materials for various applications in 
optoelectronics because of their distinctive structures and outstanding qualities, which have 
prompted great attention to them. Sb2Se3 is a typical V2-VI3 binary chalcogenide material, 
and it has a narrow band gap between 1.1 and 1.3 eV, which is near the acceptable Shockley- 
Queisser value. It also exhibits exceptional optoelectronic properties, a broad absorption band 
covering the visible NIR region (300-1200 nm), which indicates its possible application in 
broadband photodetection. In this work, we have deposited Sb2Se3 thin film on SiO2 substrate 
by thermal vapor deposition, which is utilized to fabricate a self-powered Sb2Se3/SiO2 
broadband photodetector. Intriguingly, the Sb2Se3 - based photodetector exhibits exceptional 
performance, including a broad response ranging from the visible to the near-infrared region 
and high responsivity of 3370 mA W-1. Moreover, the fabricated device obtained outstanding 
specific detectivity of 1.0 x 10 11 Jones, high external quantum efficiency of 3.693 x 102%, 
Noise equivalent power of 2.95 x 10-13, and a quick response time (few micro second). 
Additionally, the Sb2Se3/SiO2 broadband photodetector has potential uses for next-generation 
optoelectrical devices due to its fast speed and broad response capabilities. 

Keywords – Self-powered, optical communication, photodetectors, broadband, highly 
Responsive 
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ABSTRACT 
 
Hydrogen shows promising prospects as an alternative fuel in achieving sustainable energy and 
zero emission goals. Significant success in attempts to use hydrogen as an aviation fuel, 
warrants understanding the behaviour of turbine engine materials under hydrogen environment. 
CMSX-4, a single crystal nickel base superalloy is widely employed as a turbine blade 
material; effect of hydrogen environment on it is explored herein. Hydrogen is incorporated 
into the samples employing electrochemical charging method and Uniaxial Tensile Testing, 
Nanoindentation tests are performed followed by Fractography and Electron Channelling 
Contrast Imaging (ECCI) studies to get insights into the effect of hydrogen on fracture and 
deformation behaviour respectively. Atom Probe Tomography (APT) by using Deuterium as a 
tracer element is done to understand the hydrogen trapping behaviour of various phases and 
defects. 

 
Keywords: Hydrogen, Nanoindentation, ECCI, APT. 
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Abstract 

Ultraviolet (UV) Photodetectors (PDs) are acknowledged to serve the humanity by providing third 
eye to detect invisible and harmful UV-radiations. UV-PD’s distinguish ability in the 
semiconductor market is well established by their profound applications such as secure optical 
communication, germs prevention, bio-imaging and military application like anti-missile 
technology and many more. As the application suggests that, the UV-PDs are used in adverse 
environment, therefore choice of PD fabrication material is equally important. Gallium Nitride is 
one of the technologically important materials to deal with above challenges due to its inherent 
structural, physical and chemical stability with advantage of direct band-gap and higher electron 
mobility. However, due to large defects and dislocation density, GaN based PDs suffers with 
problem of large dark current as a consequence of tunneling of carrier across the junction. 
Recently, Zirconium Oxide (ZrO2) introduced as promising candidates for opto-electronics devices 
having photo-catalytic and high-k dielectrics properties. Therefore, this report is demonstrating the 
ZrO2-Nanoparticles (NPs)/GaN heterostructure based photodetector for enhance UV detection. 
The chemically synthesized ZrO2-NPs were spin coated on GaN epilayer grown on sapphire 
substrate. The quality of the grown structure was assessed by the structural and optical 
characterizations. A ZrO2 -NPs / GaN UV-PD device is realized in metal- semiconductor-metal 
geometry by depositing Pt-contacts on either side. Thereby, ZrO2 and GaN materials 
complementing each other, wherein at one place ZrO2 NPs with inherent high-K dielectric reduce 
the level of leakage current, on the other place increase the light absorption capability and 
contribute their generated charge carriers with existing high electron mobile GaN based electron 
charge carrier channel. A significant impact of increasing concentration of ZrO2 NPs passivation 
layer on GaN based UV-PD device has also been realized as performance enhancer. The study 
reveals that, increasing ZrO2 NPs concentration increases performance parameter significantly i.e., 
the responsivity (up to ~150%) and detectivity (~170%) at -12V applied bias. In addition, the 
incorporation of ZrO2 NPs has also augmented the sensitivity of the device by reducing the noise 
equivalent power directing that the fabricated UV-PD can detect weaker signal as low as ~2.8 pW. 
Furthermore, the device also showcased higher external quantum efficiency (1.13 × 104 %) as 
compared to the bare GaN UV-PD. Unlike lower charge carriers, lower voltage operable and 
underperforming existing ZrO2 based UV-PDs, this study reveals new area of ZrO2/GaN 
heterostructure based high performance PDs which can efficiently detect UV electromagnetic 
radiations even under higher applied voltages. 

 
Keywords: Zirconium Oxide (ZrO2), Gallium Nitride (GaN), Heterostructure, High 
Performance, Ultraviolet Photodetector. 
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Abstract 

 
In this study, we have developed a ternary hybrid i.e. a combination of multi-layer graphene 

(MGr), multi-walled carbon nanotubes (MWCNTs) and MoS2 as a solid lubricant to reduce 

friction and wear of diverse surfaces including metals (SS304, SS316L, MS, Al-composite), 

ceramics (glass and Al2O3+TiC), and semiconductors (silicon). Ball-on-disk tribological tests 

were conducted on ternary hybrid coated surfaces under controlled environmental conditions. 

The ternary hybrid overcoat significantly reduces the friction (reduction of friction about 

80%) of aforementioned surfaces with respect to their virgin counterparts. The ternary hybrid 

overcoat also extraordinarily reduces the wear of these surfaces. Microscopic and spectroscopic 

characterizations were performed to investigate the materials and wear tracks in order to 

develop friction and wear control mechanisms. The FESEM images of monolithic 

nanomaterials show graphene flakes, MoS2 clusters of interleaving and slightly bent particles, 

and walled-like morphology of puzzled CNT cylinders. FESEM and HRTEM analysis of MGr+ 

MoS2+ CNT ternary hybrid revealed the insertion of CNT cylinders in between the MGr sheets 

surrounded by MoS2 particles which easier contact sliding. Moreover, MoS2 is being protected 

from environmental effects and exposure to high humidity by graphene as well as CNT, thus 

the synergetic effect of the lubricant materials is more evident. The developed ternary hybrid 

overcoat has huge potential for wide range of applications including NEMS, MEMS, 

automobiles, industrial machine components, aerospace and many other industrial sectors. 

 
Keywords: Electron microscopy, tribology, spectroscopy 
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The structural, magnetic and mechanical properties of Co35Cr5Fe10Ni30Ti20 High Entropy 

Alloys (HEAs) synthesized through the RF melting technique has investigated. The XRD 

analysis revealed the formation of fcc phase and B2 phase with two different lattice parameters. 

Thermal stability of this HEA was also investigated through the annealing at 790 C. Phase 

identity was maintained for the 790 annealed HEA. The scanning electron microscope 

micrograph of As- synthesized and annealed HEAs showed the irregular morphology with 

bimodal distribution of small and large particles. Further the magnetic properties of the 

synthesized and annealed alloys were investigated through the VSM at room temperature. For 

the synthesized HEA the value of saturation magnetization (Ms) and coercivity (Hc) was found 

to be 80.22 emu/g and 4.63 Oe respectively for as- synthesized Co35Cr5Fe10Ni30Ti20 HEA. The 

value of Ms was slightly decreased to 79.70 emu/g and Hc increased to 7.89 Oe for 790 annealed 

Co35Cr5Fe10Ni30Ti20 HEA. The detail reason behind 

the change in magnetic and structural properties of developed HEAs will be discuss and 

described during the presentation. 

Keywords: High entropy alloys, Magnetic Materials, RF Melting, Annealing. 
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Abstract 

The applicability of high entropy alloy hypertetrahedron [1] is prominently discernible in 
oxidation resistance of AlCoCrFeNi high entropy alloys (HEAs). Addition of costly rare earth 
metals of Hf/Y by doping and codoping routes have been effective in enhancing the oxidation 
resistance of AlCoCrFeNi arc-melted HEAs [2]. Furthermore, improvement of oxidation 
resistance is also obtained by grain refinement of AlCoCrFeNi arc-melted HEAs [3]. But the 
phase constitution of the inherent phases and the distribution of the Al-rich B2 phase 
prominently influences the oxidation behaviour [4]. In the present work, meticulous EM 
investigation reveals the underlying microstructural factors responsible for enhanced oxidation 
resistance of AlCoCrFeNi HEA synthesized by high energy ball milling leading to very high 
activation energy (Ea) and considerably low parabolic rate constant (kp in 10-15 g2/cm4 sec-1). 

 

Figure 1: Correlating base alloy microstructure to oxidation resistance of AlCoCrFeNi HEA 

Keywords: SEM (EDS+EBSD), STEM, Nanomegas ASTAR, high entropy alloy, oxidation 
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Abstract 
 

Quasicrystals (QC) are an exciting class of solid materials with rotational symmetry and 

non-periodic translational order. They are studied widely due to their interesting properties, such 

as low thermal conductivity, low electrical conductivity, high hardness, high resistance to 

oxidation, and high specific heat coefficient. All these properties strongly depend on grain 

morphology, structural quality and crystallographic directions. We have synthesized Al69Mn8Pd22 

quasicrystal by modified Bridgman technique. For this, we have taken high purity elements Al, 

Mn (etched in dil. HNO3), and Pd in the stoichiometric ratio and sealed them in a point bottomed 

Al2O3 crucible, which was subsequently sealed in an evacuated quartz tube. The ampoule was 

placed in a box-type resistive heating furnace and heated to 1050 °C and cooled at the rate of 15 

° C/h down to 700 °C and then fast cooled to room temperature. Well defined diffraction patterns 

in the TEM and a 5-fold symmetry pattern in the back-reflection Laue diffraction (shown below) 

confirm that the grown sample is quasi-crystalline in nature. Here, we will present the thermal 

analysis, SEM, TEM and Laue diffraction studies. We will also present the hardness studies 

measured in two different directions of the quasi-crystalline Al69Mn8Pd22. 
 
 

 

 
Keywords: Quasi Crystal; Laue diffraction; Electron diffraction 
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Abstract 

Nanocrystalline Yttria (Y2O3) is the most popular ceramic oxide used for high- 
temperature applications owing to its high thermal stability (up to ~2325 °C). Y2O3 

possesses cubic (cI80) and hexagonal (hP5) polymorphic structures, but when cubic 
is subjected to mechanical milling-induced strain, it adopts metastable monoclinic 
(mC30) structure. Repeated cold welding and fracture cycles to achieve narrow 
crystallite size distribution (~10 nm) and prolonged milling induce intrinsic defects 
beyond the critical defect density, inducing structural rearrangements [1, 2]. As a 
result, disordered structures can evolve under atmospheric conditions. 

In the present study, the investigation is focused on phase transformation behavior 
of mechanically milled Y2O3 powder on heating. On annealing monoclinic 
undergoes structural transformation forming cubic. In-situ TEM heating facilitates 
to capture the kinetics of the early stage of transformation at atomic scale and the 
dynamic imaging of grain growth. MEMS based heating holder is utilized to control 
the local environment conditions. Phase evolution beyond 600 °C and the strain 
relaxation forming cubic crystallite has been observed. HR-imaging and Geometric 
Phase Analysis (GPA) is employed to obtain lattice strain analysis as a function of 
temperature. The analysis was supplemented by XRD studies. Aberration corrected 
STEM-iDPC was used to resolve structure of the strain relaxed cubic yttria phase. 
Phase transformation mechanism was understood by TEM-EELS analysis. The 
details of these studies will be presented in the conference. 
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Abstract 
With the global spread of wound infections, the development of effective treatment became a 

necessity. Beyond conventional antibiotic treatment, scientists are approaching towards hybrid 

dressing materials by incorporating nanoparticles and 2D-NMs in the base materials. These 

materials are found to enhance the effectivity against various drug resistant bacteria along with 

low cytotoxicity. Herein, we are fabricating nanofibrous wound dressing material by using 

electrospinning technique with PVA as the base material decorated with GO sheets and Ag-Cu 

bimetallic nanoparticles. One pot synthesis via chemical reduction method at room temperature is 

used for the formation of Ag-Cu BMNPs and fabrication of GO-Ag-Cu composite. Further the 

BMPs and composites are validated using various characterisation tools, such as UV, XRD, EDX 

mapping, Raman spectroscopy and detailed TEM analysis. From the HRTEM micrographs it was 

concluded that the synthesized Ag-Cu BMNPs are uniformly distributed on GO sheets. Different 

nanofibrous mat of hybrid composites of PVA-GO, PVA-GO-(Ag NPs), PVA-GO-(Cu NPs) and 

PVA-GO-(Ag-Cu BMNPs) were fabricated. To achieve best antimicrobial results the 

concentration of MNPs is optimized for varying concentrations of metal NPs while keeping the 

GO concentration constant. It has been proposed that chelation interaction among GO sheets and 

MNPs within nanofibers helps in the steady release of metal ions which reduces the chances of 

cytotoxicity caused by free metal NPs. The electrospun nanofibers of the PVA-GO-Ag-Cu 

composite showed superior antibacterial properties against wound pathogens such as B. subtilis, 

E. coli, S. aureus and S. mutans. 

Keywords: Antibacterial; Wound dressing; Electrospinning technique; Graphene oxide; 

Bimetallic nanoparticles 
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For the next generation Li-ion battery systems, it is imperative to develop less Co-containing (or 

Co-free) cation-ordered/‘layered’ Li- transition metal (TM) oxides as cathode materials. 

However, such Li-TM-oxides (LiTMO2) suffer from structural instability due to ‘TM-migration’ 

(especially Ni) from TM-layer to Li-layer upon Li-removal, especially at deep states of 

delithiation. This leads to structural-cum-mechanical instability, impedance build-ups and 

capacity fading. The deleterious ‘Ni-migration’ pathway involves vacant tetrahedral sites (t- site) 

of the Li-layer as the intermediate site. In this regard, here we have explored blocking the Ni-

migration pathway by placing Zn2+ (which lacks in octahedral site preference) in the tetrahedral 

site of the Li-layer, which, otherwise serves as an intermediate site for the Ni- migration to Li-

layer. This, almost completely, suppressed the Ni-migration, despite being deep delithiated up 

to potential of 4.7 V (vs. Li/Li+) and, thus, resulted in significant improvement in the high voltage 

cyclic stability [ACS Appl. Mater. Interfaces 2021, 13, 25836- 25849]. In order to develop further 

insights into the effects of Zn-doping, conducting operando synchrotron XRD, operando stress 

measurements and 3D Atom Probe Tomography, this work throws deeper insights into the 

effects of such Zn-doping towards enhancing the structural- mechanical-compositional integrity 

of Li-NMC upon being subjected to deep delithiation. Such comprehensive insights related to 

direct evidence, which highlight strong correlation between the suppression of Ni-migration and 

high voltage compositional- structural- mechanical stability, are of utmost importance for the 

development of high capacity and stable "layered" Li-TM-oxide based cathode materials for the 

next-generation Li-ionbatteries. 

Keywords: Zn-doped Li-NMC cathode; operando synchrotron XRD; operando stress 

measurement; 3D Atom Probe Tomography; Li-ion batteries 
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Abstract 

We have developed a sensitive electrochemical immunosensor for the detection of a 
carcinoembryonic antigen (CEA), a breast cancer biomarker. The immunosensor has been 
fabricated by a nanocomposite of hydrothermally synthesized zirconium dioxide- reduced 

graphene oxide functionalized with the 1-ethyl-3-methylimidazolium tetrafluoroborate 

ionic liquid (ZrO2-rGO-IL) immobilized on a glassy carbon electrode (GCE). Numerous 
characterization techniques such as UV–visible, Fourier-transform infrared, and Raman 
spectroscopy, X-ray diffraction, field emission scanning electron, and transmission 
electron microscopy have been employed to investigate the chemical and morphological 
properties of the nanocomposite. Furthermore, cyclic voltammetry (CV), differential 
pulse voltammetry (DPV), and electrochemical impedance spectroscopy (EIS) have been 

carried out to study their electrochemical properties. The characterization results revealed 

that the ZrO2-rGO-IL nanocomposite has high electroconductivity, oxygen 

functionalities, and a larger active surface area, which favors the high loading of anti-CEA 

antibodies. The fabricated BSA/anti-CEA/ZrO2-rGO- IL/GCE immunosensor efficiently 
detects CEA in a wide detection range from 25.0 fg mL–1 to 25.0 ng mL–1 with a low limit 
of detection (LOD) of 1.23 fg mL–1 through DPV. In addition, we tested the CEA in 
serum samples having linear detection ranges from 
100.0 fg mL–1 to 5.0 ng mL–1 with a LOD of 2.25 fg mL–1. Subsequently, the incubation 
time and selectivity of the immunosensor show a great affinity for CEA. Therefore, the 
proposed immunosensor can be a promising candidate for CEA detection in clinical 
specimens. 

 
Keywords: ionic liquid, zirconia, reduced graphene oxide, electrochemical 

immunosensor, carcinoembryonic antigen 
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Abstract 

The leading cause of death worldwide is cancer, and among all cancer types, breast cancer has 
the highest mortality rate among the female population. Due to their extremely high sensitivity, 
selectivity, and cost-effectiveness, electrochemical biosensors have attracted a lot of attention 
for the early detection of breast cancer. Growing body of research have demonstrated that 
employing nanocomposite based on graphene, can enhance the sensitivity of electrochemical 
biosensors. Graphene oxide and gold nanoparticles work well together to produce materials 
with improved electrical characteristics, good biocompatibility, increased stability, and 
ultrasensitive analyte detection. The purpose of this study is to develop graphene oxide gold 
nanocomposites for the detection of cancer biomarkers. Here, an approach for detecting 
carcinoembryonic antigen, a biomarker linked to breast cancer, was presented which is both 
inexpensive and label-free. We report that the electrodeposition approach was used to 
successfully produce the reduced graphene oxide gold nanocomposite employing cyclic 
voltammetry. Fourier transform infrared spectroscopy, XRD, transmission electron 
microscopy, scanning electron microscopy, raman spectroscopy, and UV-Vis spectroscopy 
were used to evaluate the nano-composite, confirming its fabrication. The reduced graphene 
oxide-gold nanocomposite film that was electrodeposited demonstrated good stability and a 
prolonged shelf life. Additionally, the developed nanocomposite was used to develop 
electrochemical immunosensors for the detection of the breast cancer biomarker 
carcinoembryonic antigen (CEA). The devised sensor (GOAu/CEA/BSA) demonstrated linear 
CEA antigen detection range from 10ag to 100ng. The environmentally friendly synthesis 
described in this study resulted in the production of very pure reduced graphene oxide gold 
nanocomposite for the quick, efficient, and sensitive electrochemical biosensing platform for 
the detection of breast cancer biomarkers. 

Keywords: Graphene-oxide gold nanocomposite, Electrodiposition, Electrochemical 
Biosensor, Carcinoembryonic antigen, Breast cancer 
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Abstract 

 
Acoustic emission technology (AET) based soil slope monitoring is one of the most innovative, 

economically viable and exhibits immense potential in the framework of a landslide early warning 

system (LEWS). Essential components of AET are AE sensor for soil originated AE signal 

detection and capturing, active waveguide to tackle with high AE signal attenuation of soil media 

and data acquisition and analysis system (DAQ) for AE parameter extraction, signal conditioning 

and data storage. AE signal parameters can be exploited to assess and evaluate the soil slope 

instability. The magnitude, rate, and acceleration of soil slope deformation are direct measures of 

slope instability. The sensitivity of AET based LEWS is reliant on the performance of the AE 

sensor and the active waveguide, since these are the components responsible solely for collecting 

relevant AE data from the slope. We have experimented with variety of active waveguide 

materials, designs and optimized it for better performance with respect to soil slope deformation 

parameters. In the studies, two kinds of AE sensors are utilized: one resonant AE sensor and one 

broadband AE sensor. Steel and aluminium are used as waveguide material. Different grades of 

high density polyethylene (HDPE) pipes are used as flexible membrane of the active waveguide. 

The experimental design and results are described in this article. For simulating real-time landslide 

slope conditions, a tilt trolley set-up will be used for testing the optimized AE sensor-waveguide 

set-up. Futuristic aspects of the set-up in context of design and development of a LEWS are also 

discussed. 

 
Keywords: Soil slope instability; deformation rates; AE signal parameters; active waveguide 
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Abstract 

In nanoscience and nanobiotechnology, using plant extracts in synthesizing metal nanoparticles 

(NPs) has recently come to light as an exciting problem with several benefits over traditional 

physicochemical methods. In the present study, zinc oxide (ZnO) NPs were synthesized by 

green chemistry route using lychee peel extract to capture hazardous congo red dye from 

wastewater and illustrate their anti-microbial behaviour. A range of advanced analytical tools 

such as X-Ray Diffraction (XRD), Scanning Electron Microscopy, Dynamic Light Scattering, 

and Fourier Transform Infrared (FTIR) was used to characterize the synthesized samples for a 

better understanding of the material's details and mechanism involved in removing dye. The 

XRD spectra confirm the wurtzite crystal structure, and FTIR spectra confirm the functional 

group in ZnO, which is suitable for dye adsorption. It was found that the NPs were spherical and 

had a size of < 10 nm. The synthesized ZnO NPs could effectively remove >95% of CR dye 

from wastewater within 30 minutes of contact time at a wide pH range from 2 to 10. The 

primary mechanism involved in removing dye was the electrostatic interaction between ZnO 

adsorbent and CR dye. The antibacterial performance of ZnO NPs was also studied using the 

Kirbey-Bauer method. ZnO demonstrates a suitable antibacterial property over many pathogenic 

bacteria such as E-Coli (gram -ve) and Staphylococcus (gram +ve). Overall, the green 

synthesized method for developing ZnO NPs shows promising and significant antibacterial 

performance and is a highly potential adsorbent for removing CR dye from wastewater. 

Keywords: Green synthesis; wastewater treatment; dye contamination; anti-microbial 

properties 



 226 

Structural dynamics of VN superconducting films for its application as 

a single-photon detector 

Anish M. Bhargav1,2, Jai Tawale1, Rajib K. Rakshit, Manju Singh and 

Samaresh Das2 

1Quantum Nanophotonics Metrology, CSIR-NPL, New Delhi, India 
2Center for Applied Research in Electronics, IIT, New Delhi, India 

 
E-mail: anishbhargav@gmail.com 

 
 
 

Abstract 
 

The evolution of single-photon devices from photo-multiplier tubes to 

superconducting nano-wire single-photon detectors (SNSPDs) has opened 

up a new era of technologies and research. The performance parameters of 

single-photon detectors depend on the device material, structure, geometry, 

and instrumentation used for measurement. During the last few decades, 

several materials have been explored for developing the best 

superconducting single-photon detectors in terms of detection efficiency, 

timing jitter, dark counts, etc. Here we have investigated the structural 

dynamics of VN thin and ultra-thin films using FESEM and EDS mapping 

in context to its utility for single-photon detection. The film has been 

deposited using dc magnetron sputtering on MgO substrate under different 

growth conditions. The film thickness has been optimized with power and 

deposition time. The study has been done for films with different thickness 

ranging from ~5 nm to ~50 nm. We have also tried to study the effects of 

varying N2/Ar ratios on the deposited VN thin film. 

 
Keywords: SNSPDs, VN 
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Abstract 
 
Zinc oxide (ZnO) being a wide band gap (~ 3.37 eV) and large exciton binding energy (~ 60 meV) 
material, has a lot of applications in optoelectronic devices like photodiodes, ultraviolet light emitting 
diodes, lasers, and solar cells etc. Here, ZnO nanoparticles (NPs) have been synthesized in large quantity 
via chemical colloidal precipitation method using zinc acetate dihydrate (Zn(CH3COO)2.2H2O) as 
precursor and lithium hydroxide monohydrate (LiOH.H2O) as hydrolysing agent in ethanol medium. 
The as-synthesized ZnO NPs were further annealed at 800 °C to investigate the structural and 
photoluminescence (PL) properties. The structure of the ZnO NPs were analysed by X-ray diffraction 
(XRD) and Raman spectroscopy. The XRD pattern confirmed that the ZnO NPs have single phase 
wurtzite structure. Field emission scanning electron microscope (FESEM) was used to confirm the 
spherical shape of the as synthesized ZnO NPs with diameter size of ~ 30 nm. After annealing, the 
crystallinity of the particles improved significantly along with increase in the dimensions of the NPs 
(>200 nm) due to agglomeration at high annealing temperature (Fig. 1(a)). The shape, dimensions of 
the NPs and high crystallinity were further confirmed by transmission electron microscope 
(TEM/HRTEM). (Fig. 1(b)). The crystal orientation of the annealed sample was confirmed by HRTEM 
and found the (100) as the dominant orientation in the NPs as shown in the inset of Fig. 1(b). The high 
temperature annealed ZnO NPs showed enhanced visible PL properties. Thus, the chemically 
synthesized highly pure ZnO NPs may find the potential optoelectronic applications. 

Keywords: ZnO; nanoparticles; synthesis; crystallinity; colloidal route 
 

  
 

Fig.1 (a) FESEM, and (b) TEM image of annealed ZnO NPs. HRTEM image in the inset 
of (b) shows crystal orientation of the ZnO NPs annealed at 800 °C. 
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200 nm 
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Phytoremediation is considered one of the most pioneer and eco-friendly techniques to 
decontaminate soil from heavy metal. This study involves identifying the potential of native 
and wild species that as Calotropis gigantean of the family Apocynaceae of the Haryana 
region to extract the heavy metal that is chromium and nickel from contaminated soil. A 
selected plant grown in a pot experiment and different concentrations of chromium at regular 
intervals of time is given and observed under 45 days. After that time period, different tests 
were performed including the concentration of heavy metal, soluble protein test, chlorophyll 
test, and carotenoid test to find out the potentiality of the plant. Analytical instruments which 
are used in this study are an inductively coupled plasma-mass spectrometry system for 
estimating the contamination level in the selected soil, atomic absorption spectrometry to find 
out the level of heavy metal in plant tissue photo Spectrometer used to find the concentration 
of soluble protein, chlorophyll a& b carotenoids. SEM (scanning electron microscope) and 
energy-dispersive X-ray spectroscopy (EDX) type of electron microscope to determine the 
elemental composition profile of plant cells which helps in identifying the potential of plants 
in the uptake of heavy metal. Electron microscopy interprets the effect of toxins at the micro 
level in the tissue of plants. Results showed that plant is capable of the uptake of heavy metal 
and can be used as the best option for the process of phytoremediation in the selected area of 
study. 

Key words: -Phytoremediation, Calotropis gigantean, inductively coupled plasma-mass 
spectrometry, SEM (scanning electron microscope. 
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Abstract 

 
Topological insulators (TIs) such as Bi2Se3, Bi2Te3, etc have been the subject of great 

interest for over a decade owing to the presence of time-reversal symmetry and strong 

spin-orbit coupling. TIs thin films and heterostructures have been used in various fields 

such as spintronics, quantum computing, and quantum anomalous Hall effect. We have 

grown Bi2Se3 thin films on sapphire (0001) and SrTiO3 (111) substrates using r.f. 

magnetron sputtering. The high-resolution x-ray diffraction measurements revealed the 

growth of rhombohedral c-axis {0003n} oriented Bi2Se3 films on these substrates. 

Vibrational modes of Bi2Se3 thin films were obtained in the low wavenumber region using 

Raman spectroscopy. The surface morphology and roughness of sputtered Bi2Se3 thin 

films were investigated using FESEM and AFM. The chemical and electronic state of the 

deposited Bi2Se3 was confirmed by x-ray photoelectron spectroscopy and it showed the 

formation of Bi2Se3 compound. Low-temperature transport measurements were 

performed up to 2 K in a varying magnetic field of ± 12 Tesla. The weak antilocalization 

(WAL) effect is observed at low temperatures and a WAL cusp is found in the low 

magnetic field region which exhibits the strong WAL effect. The sputtered TIs thin films 

having comparable quality with MBE showed the path for fabrication of futuristic cost- 

effective nanodevices on larger areas. 

Keywords: Topological Insulator, Thin films, Weak anti-localization, Scanning electron 

microscopy, Atomic force microscopy 
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Abstract 

The combination of novel materials and manufacturing process enables a resourceful 

alternative construction material for future utilization. This work presents the first life cycle 

assessment (LCA) of calcium-rich flue gas desulphurization (FGD) gypsum and marble 

waste reinforced injection-moulded polypropylene (PP) and low density polyethylene 

(LDPE) composites. Life cycle phases of raw materials supply and production of polymer 

composites are assessed environmentally from different viewpoints with LCA using the 

methodological framework of IS/ ISO 14044:2006. Mid- point indicators are evaluated by 

the Recipe method. Physicochemical properties of used FGD gypsum and marble waste are 

analysed to identify the composition for ensuring the utilization in subsequent composite 

materials. After recycling FGD gypsum/ marble waste in PP/ LDPE composites, the 

mechanical testing of developed composites is performed to check quality of composites 

according to ASTM. A cradle-to-gate LCA of the developed composites was performed 

using openLCA software and the ecoinvent database. The environmental impacts show the 

preliminary findings of this research with the input and performance that contribute to the 

cradle-to-gate valuation. Flexural strength of the developed polymer composites showed 

higher strength than pristine specimens with 20-80 weight% filler concentration. The 

comparison of developed composites disclosed that the global warming potential for marble 

waste-PP composites is 1.01-1.06 times less than other developed reinforced composites. 

Results showed that there is a lack of throughout investigation of the effects of plastic 

injection-moulding on the environment. The results of the present work will be useful to 

develop technologies, especially the injection-moulding process, with a lower 

environmental impact. 

Keywords: life cycle assessment; industrial waste; flue gas desulphurization gypsum; 

marble waste; polymer composite 
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Abstract 

The structural properties, such as surface morphology, crystallite size, and grain size, affect 

the optical behavior of topological insulators thin films. The morphology of topological 

insulators like Bismuth selenide (Bi2Se3) depends on various parameters, such as substrate, the 

thickness of the film, growth condition, and annealing temperature. Here we grow thin film 

Bi2Se3 by using the sputtering technique on the silicon (Si) substrate at 360 °C temperature. 

The crystallinity and phase analyses were investigated using X-Ray Differectormeter (XRD), 

and crystallite size was also calculated through the Williamson- Hall method. Furthermore, 

the surface morphology and grain size were revealed through Field Emission Scanning 

Electron Microscopy (FE-SEM). The phonon modes of Bi2Se3 thin film are investigated using 

Raman spectroscopy with a green laser (514 nm). The UV-Vis- NIR spectrum shows that the 

annealed Bi2Se3 film is reflected a higher wavelength in the range of 300 nm- 2200 nm. The 

Bandgap of Bi2Se3 thin film is 0.49 eV, determined by the Tauc plot method. The ultrafast 

spectrum, carrier, and phonon dynamics are revealed through Ultrafast Transient Absorption 

Spectroscopy (UFTS). Here we observed the ultrafast spectrum was changed with a change in 

the surface morphology. The grain size of Bi2Se3 thin film influences the phonon frequency, 

in which the phonon frequency will increase with the increase in the grain size. This attribute 

changes in frequency with different surface morphology and grain size is used for tunable 

frequency generators. 

 
KEYWORDS: Thin films; Surface Morphology; Ultrafast Transient Absorption 

Spectroscopy; Phonon dynamics 
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Abstract 

Ultra-violet (UV) photodetectors (PDs) have a special attraction for the application in the fields 
of ozone layer monitoring, inter-satellite space communication, missile flame detection, etc [1]. 
In comparison to Si-based UV PDs, GaN is a direct wide energy bandgap (3.4 eV) 
semiconductor, which is inherently visible blind and suitable to work in harsh environmental 
conditions [1]. Mostly, the GaN growth has been accomplished on substrates (c-plane sapphire, 
Si (111), etc) which promote a c-axis oriented growth of the GaN i.e., in the polar direction. 
The c-plane GaN exhibits large internal electric fields, which affect the radiative recombination 
rates as well as the carrier transport of the heterostructure barriers [2] and hence reduce the 
efficiency of device. Here, we have grown good quality nonpolar GaN nanostructures on m- 
plane sapphire (1-100) by changing the substrate pre-nitridation and buffer growth conditions 
of laser molecular beam epitaxy process. High-resolution x-ray diffraction (2θ-ω) scan 
confirmed the growth of GaN along non-polar directions. A good structural quality of nonpolar 
GaN samples was observed with Raman spectroscopy. Field emission scanning electron 
microscopy study revealed the formation of tilted GaN nanocolumns and island film like 
structures that help in attaining high surface to volume ratio thereby increasing the charge 
collection efficiency in the film. The electronic properties of various non-polar GaN 
nanostructures were also studied using x-ray photoemission spectroscopy. Further, metal- 
semiconductor-metal type UV PDs have been fabricated on the grown nonpolar GaN 
nanostructures using Pd metal electrodes. Their photo-response characteristics have been 
studied at different bias voltages/ laser power using He-Cd laser (λ = 325 nm) as an excitation 
source and correlated with the crystalline and optical properties of the GaN nanostructures. 

Keywords: Laser MBE, Non-polar, Gallium nitride, epitaxial, Ultra Violet Photodetector 
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Abstract 

Recently, the rising demand for disinfecting contagious diseases and other applications such as missile 

warnings, fire alarms, astronomical imaging, and optical communications have made Ga2O3 a promising 

ultra-wide band gap semiconducting material. This article describes facile synthesis to develop 

nanostructured β-Ga2O3 on epitaxial GaN epilayer by a simple thermal oxidation method. A highly 

responsive and self-powered β-Ga2O3/GaN heterostructure-based photodetector has been fabricated, 

efficiently detecting broad ultraviolet radiations (from UV-C to UV-A). The FESEM analysis revealed 

a nanostructured β-Ga2O3 surface, while the photoluminescence data exhibits a sharp near-band 

emission at 260 nm. The effect of oxidation temperature (from 900oC to 1000oC) significantly 

influences surface morphology, thickness, and performance of the photodetection device. The fabricated 

device displays an ultrahigh responsivity of 5.8×103 mAW-1 and 1.6×105 mAW-1 under 266 nm 

illuminations at 900oC for 0 V, and 5 V applied bias, respectively. While for β-Ga2O3 film grown at 

1000oC, the responsivity was observed to be 1.2×103 mAW-1 (0 V) and 2.21×105 mAW-1 (5 V). The 

devices display extremely low noise equivalent power (10-14 WHz−1/2) and high external quantum 

efficiency (104%) under 266 nm light illumination. The broad-band UV detection capability of the 

device was assessed by illuminating the detector with an illuminating source of wavelength 355 nm 

(UV-A). This study advances the Ga2O3/GaN-based solar-blind UV photodetector device with excellent 

responsiveness, self-powered capabilities, outstanding reliability, and simple processing for future 

optoelectronic applications. 
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One of the primary air pollutants that deteriorate the state of the ecology is nitrous oxide (NO), 

which requires intensive monitoring. Persons with pulmonary inflammatory disorders can 

experience serious health problems even after inhaling modest amounts of NO. Thus, 

developing ultra-sensitive NO detectors that can track and detect the gas at very low 

concentrations (ppb level) is essentially required. To address these issues, we have developed 

an ultra-sensitive gas sensor based on WSe2 nanorods that can detect NO even at low 

concentrations. The DC magnetron sputtering was used to develop tungsten films, which were 

then vacuum-salinized to produce WSe2 nanorods. The performance of the developed gas 

sensor was assessed over a wide range of NO concentrations at an optimal temperature of 

250°C. The fabricated NO sensor has a high responsivity, 89% for 20ppm, and selectivity, 

along with a fast response/recovery time. Due to the large surface area of the grown WSe2 

nanorods, the charge transport was significantly enhanced, resulting in efficient NO detection. 

The device exhibited potential in environmental monitoring and biomedical applications, along 

with Industrial IoT, IoT, and wearables enabling real-time NO monitoring. 

Key Words: WSe2, Nanorods, Vacuum Selenization, NO. 
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Abstract 

Iron is essential for proper retinal functioning but excessive iron is toxic and causes diseases, such as 
age-related macular degeneration. We aimed to establish the impact of long-term iron administration on 
mitochondrial dynamics, autophagy and cell death in rat retinas along with aging. Male Wistar rats were 
grouped into 4-month control (baseline control), 8-month control and experimental, and 12- month 
control and experimental groups. After initial determination of safety dose, rats were administered orally 
with ferrous sulfate (500 mg/kg bw/week) from 4 months of age onwards until 12 months of age, control 
rats received water as a vehicle. They were sacrificed at 4, 8, and 12 months of age. Retinal iron levels, 
mitochondrial fission-fusion events, signs of autophagy, ferroptosis and apoptosis in photoreceptor cells 
were assessed. The retinal iron levels were significantly increased in 8-month and 12-month iron-fed 
rats. TEM revealed degenerated mitochondria and ongoing mitochondrial fission in experimental rats 
in comparison to normal photoreceptor mitochondria in control rats. Increased expression of Drp-1 
(fission) and Mfn-2 (fusion) depicted an imbalance in mitochondrial dynamics with no correlation with 
Parkin and PINK 1 expressions. Compared to age- matched controls, autophagosomes with disorganized 
mitochondria in parallel to increased LC3B and decreased p62 expressions in experimental rats suggest 
autophagy initiation. The downregulation of glutathione and glutathione peroxidase-4 with increased 
caspase-3 expression triggered photoreceptor cell death (17% to 45% in peripheral retina and 80-100% 
in central retina; p<0.005) in 12-month experimental rats by ferroptosis and apoptosis, respectively. 
This study concludes that iron overload causes an imbalance in mitochondrial dynamics, induces 
Parkin/PINK 1-independent mitophagy and triggers photoreceptor death by ferroptosis and apoptosis. 
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Heavy metal water pollution has been a problem both for the environment and for people's health. 
It is crucial to remove As(III) and fluoride from groundwater as soon as possible because their 
coexistence has drawn attention on a global scale. In this study, Al2O3-Mn2O3 was created using a 
simplistic and affordable method called precipitation. Kinetics, isotherm, and characterization 
confirm the mechanism of fluoride and As(III) uptake by Al2O3-Mn2O3 and Al2O3 respectively. 
When compared to uncoated alumina oxide, the effect of manganese oxide coating on alumina 
oxide nanoparticles' capacity to remove fluoride and As(III) was analyzed. Fluoride can be 
removed from Al2O3-Mn2O3 and Al2O3 by 50% and 20%, respectively. On alumina-manganese 
oxide and alumina, respectively, As(III) removal capacity is 38% and 27%. The fluoride- 
contaminated water was collected from the Dhar district of Madhya Pradesh in India, one of the 
most fluoride-affected regions in Asia, and the prepared nanoparticles sample was found to be 
equally effective at removing it. 
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Abstract 
 
With ageing and age-related eye diseases, choroidal capillaries undergo significant cellular 
degeneration. Due to this, the outer retina receives a reduced amount of nutrients and oxygen, 
which causes geographic atrophy, a condition marked by the loss of photoreceptor cells and 
retinal pigment epithelium. It is currently unknown what causes capillary death in the choroid 
with ageing. In aged choroid, microglia are common around the remnants of capillaries, but it 
is unknown whether these cells have beneficial or harmful effects. The aim of this study was 
to investigate the phenotypes of microglia in aged choroid as well as other immunocompetent 
cells and their role in capillary death to determine whether they are pro-inflammatory. Wistar 
rats were raised for eight months on a regular diet. At four and eight months of age, 
respectively, they were sacrificed, and their eyes were removed. Proinflammatory cytokines 
were quantified using an ELISA test, and the distribution and immunophenotypic markers of 
microglia, macrophages, and other immunocompetent cells in the choroid were examined using 
histochemistry and immunohistochemistry. The choroid of young and old animals was 
examined using TEM to assess capillary loss and damage. The capillaries in the experimental 
group had uneven luminal diameters and were partially enlarged in size (mean diameter: 12±2.5 
µm), in contrast to the fenestrated capillaries in the control group, which had large luminal 
diameters measuring about 16.7-19.4 µm in mean diameter. Most vessels' endothelium and 
pericyte were intact in the control group, but in the experimental group, the endothelium was 
vacuolated and the pericyte layer was electron-dense despite being intact. TNF- and IL-1 levels 
were higher in the serum and choroidal homogenates of young, healthy rats but lower in the 
older group when compared to the control group (8 months of age). Mast cells in the centre of 
the choroid were aligned parallel to the length of the blood vessels, as seen in whole-mounted 
choroid. The choroidal microglia were much larger than those found in the retina, according to 
immunohistochemical expression for Iba-1. When compared to their retinal counterparts, many 
of them in the choroid displayed fewer processes, which may indicate that they are in an 
activated state. At four months old, there were 12–15 Iba-1 immunopositive microglial cells; 
at eight months old, there were 20–23. These findings imply that microglia and mast cells both 
contribute to capillary damage. 
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Crystals made of organic materials are more flexible and have better nonlinear optical 

properties than those made of inorganic materials. Also they are more effective to detect short- 

range ionizing radiation using molecular organic scintillators as well as for detection of fast 

neutrons using these scintillators. Different research groups have studied N-Phenylanthranilic 

Acid (NPAA), an organic scintillation and nonlinear optical material. In the present work single 

crystal of NPAA was grown using Slow Evaporation Solution Technique (SEST) which is the 

easiest way of growing single crystal. The literature survey found that the crystal lattice of NPA 

is Triclinic and the space group is PĪ. From the Powder X-Ray Diffraction Technique, it was 

observed that the lattice parameter was matched with the reported ones. Functional group 

detection was done using FT-IR spectroscopy. Further, UV-VIS spectroscopy, 

Photoluminescence, Z-scan, chemical etching, etc. were also used to assess the optical 

properties of grown crystals. The scintillation characteristics of titled material are discussed 

which indicates NPAA can be used for detector application. 

 
 
Keywords: Nonlinear Optical Material, Slow Evaporation Solution Technique, Scintillation 
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Abstract 
 

Silicon carbide (SiC) with a wider band gap, and higher thermal 

conductivity, and a stronger breakdown field shows an excellent electrical 

and physical properties which make it an important material for some future 

electronic devices. Because of these characteristics, SiC is ideal for high-

temperature, high-power, high-frequency, and radiation-hardened electronic 

devices. In this work we investigate the physical, and optical properties of 

germanium of different thicknesses (1- 5 nm) deposited on 4H-SiC 

substrates by molecular beam epitaxy (MBE) technique. SEM images depict 

the size of the Ge nanoparticles increases from 22.10 ± 1.04 nm to 75.64 ± 

1.29 with increasing thickness from 1 nm to 5 nm. Atomic force microscopy 

(AFM) has been utilized to obtain the surface roughness. Optical band gap 

of the nanoparticles decreases with increasing Ge thickness which has been 

reflected from UV-Vis spectroscopy measurements. Many defects related to 

SiC have been observed through optical analysis. Room temperature 

photoluminescence (PL) measurements were carried out with the excitation 

wavelength of 325 nm which also confirms the presence of defect in the SiC. 

 
Keywords: silicon carbide; radiation-hardened; molecular beam epitaxy; 

defects 
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Abstract 

Primary ciliary dyskinesia (PCD) is a rare disease of the respiratory tract caused by non- 

functional cilia in the airways. This is a heterogeneous, autosomal recessive, life- 

shortening disease with a prevalence of one per 20,000 live births. The ultimate diagnosis 

of PCD is revealed by the detection of ultrastructural defects in motile cilia by 

transmission electron microscopy (TEM). However, due to heterogeneity in ciliary 

ultrastructure from cell to cell as well as also within the same cell, a smaller number of 

ciliary cells and multiple contaminations in samples, typically a large number of cilia with 

complete ultrastructure need to be imaged for the diagnosis of the PCD. The absence of 

ciliary cell enrichment methods from the human sample, multistep procedure of TEM 

sample preparation, random (non-perpendicular) arrangement of cilia in the block used 

for ultra-sectioning, and masking by copper grids hampered the achievement of the 

diagnostically recommended number of cilia imaged by TEM. We have standardized the 

sample collection strategies (for more cilia cells with less mucus contamination), primary 

fixation (to preserve the cilia’s ultra-structures), ultra- sectioning (to increase the section 

area), and TEM imaging (by changing the alpha tilt) to improve the numbers and 

reportable quality of TEM images for the diagnosis of PCD. Out of a total of 100 analyzed 

clinical suspected samples, finally, 20 patient samples were diagnosed with the PCD by 

using this methodology. The establishment of TEM-based diagnosis using this method 

may be helpful for the early treatment of PCD to stop permanent lung damage in the 

patient. 

 
Keywords: Primary ciliary dyskinesia, TEM, Cilia. 
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Fluorophores that show strong nonlinear absorption are essential to increase the imaging 

depth for deep tissue imaging via multiphoton microscopy [1], [2]. Conventional 

semiconductor quantum dots are toxic due to the presence of heavy metals and have 

narrow emission that restricts their applications in tissue imaging [3]. Targeting the 

application of multiphoton microscopy we have fabricated MoS2 dots through laser 

ablation technique with a picosecond laser. Scanning tunnelling microscopy (SEM) of 

the sample reveals its surface morphology where the average size of aggregates is 20-

50 nm. The peak corresponding to (002) face is supressed in the X-ray diffraction 

spectrum of MoS2 dots confirming that it is thinned to few layers. Moreover, the 

thickness of the sample has been estimated using atomic force microscopy to be 1-6 nm 

(few-layer thick). The Raman spectrum suggests a mixed phase of 2H and 1T polytypes 

of MoS2. The fabricated MoS2 dots have wavelength- dependent broadband 

fluorescence. The nonlinear absorption behaviour of the sample has been studied 

through single-beam nonlinear technique (z-scan) using a femtosecond oscillator 

operated at 760 nm. The results for an open aperture z-scan show a reverse saturation 

absorption curve (RSA) which is a signature of multiphoton absorption. These properties 

make MoS2 dots suitable for deep tissue imaging. The small size of the dots is expected 

to provide localised nonlinear multiphoton effect and hence lead to higher imaging 

depth. 
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The use of glass/glass-ceramics for bio-medical applications is attracting a lot of research interest. 

Recent developments have made it possible to make materials by controlled crystallization in 

which magnetic nano-crystallites are embedded in the glassy matrix. Magnetic glass-ceramics 

when subjected to alternating magnetic field lead to increase in the local tissues temperature to 

42°C, which result in elimination of cancerous cells. We have studied the structural and magnetic 

properties of different magnetic-glass-ceramics [30SiO2–10CaO- 10ZnO-20Na2O-10Fe2O3-

10P2O5-10B2O3 (FB), 48 SiO2-17 Y2O3-19 Al2O3 -16 Fe2O3, 

25SiO2-50CaO-15P2O5-10Fe2O3] with varying iron oxide and different modifiers. The 

development of ferrimagnetic crystallites in glasses arises from the conversion of iron oxide into 

magnetite, maghemite and hematite phases. X-ray diffraction studies revealed the presence of 

hematite and magnetite crystalline phases in the glass-ceramic samples. The microstructure 

revealed the formation of nano size crystallites. Increase in magnetization has been observed with 

an increase of iron oxide. The magnetic measurement of FB glass-ceramics shows paramagnetic 

behavior or low magnetization value at room temperature implies the formation very small quantity 

of magnetite phase, while the other glass-ceramics show the ferromagnetic behavior. The 

measurements of the heating ability of the magnetic glass-ceramics were performed with an 

instrument equipped with an induction coil of 4kW power at operating frequency of 300 kHz. The 

magnetic glass-ceramics attained the hyperthermia temperature (41- 42°C) when subjected to 

magnetic field for 400 sec with 5mg sample dose, shows the potential for alternate treatment of 

cancer using magnetic hyperthermia. Some results on ZFC/FC measurements on magnetic glass-

ceramics shall be presented. 
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Abstract 

Zn-Mo alloy coatings with increasing percentage of Mo was electrodeposited using citrate 

electrolytes over the mild steel substrate. The Mo content was increased by increasing the Mo 

salt content in the electrolytic bath. The electrodeposited coatings were subjected to 

morphological examination and phase analysis with subsequent additions of Mo. Atom probe 

tomography was conducted to study clustering and segregation and clustering behaviour of 

Mo in Zn lattice. The electrodeposited coatings were subjected to corrosion analysis using 

potentiodynamic polarization and Electrochemical impedance spectroscopy in a 3.5 wt% 

NaCl solution. The corrosion resistance property of Zn coating was found to improve with 

Mo addition until an optimum addition after which it started to decrease again. The corrosion 

current density (icorr) values for Pure Zn, ZnMo-1, ZnMo-2, ZnMo-3 calculated are 17 μA/cm2, 

12.25 μA/cm2, 7.5 μA/cm2, 14.2 μA/cm2 respectively. There is a 56% decrease in icorr value 

going from pure Zn to ZnMo-2 coating. Electron backscattered diffraction studies were also 

conducted to correlate the electrochemical behaviour of coatings with texture and grain 

boundary constitution of the top surface of the coatings. The addition of Mo was found to 

enhance the formation of low angle grain boundaries (LAGB’s) and coincidence site lattice 

(CSL’s) which have low energies and hence favourable for improvement in corrosion 

resistance property. 
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Abstract 

Spinel-type CoFe2O4 mesoporous microspheres were synthesized through a facile 

hydrothermal methodology, further it is calcined. These microspheres are more alike as 

marigold flowers. Structural and morphological properties of the material are 

characterized, and analysed by means of different techniques such as X-ray powder 

diffraction (XRD), X-ray photoelectron spectroscopy (XPS), field emission scanning 

electron microscopy (FESEM) and transmission electron microscopy (TEM) with 

selected area electron diffraction (SAED). XRD pattern reveal the pure spinel-type cubic 

phase formation which is very well matched with JCPDS file 22-1086. SAED pattern 

shows an agreement with XRD results. XPS also reveals the pure phase formation with 

atomic percentage of each element present in as synthesized samples. The oxidation states 

of each element present in sample are also analysed. FESEM and high resolution-TEM 

investigations reveal that the mesoporous microspheres are constructed by self-assembled 

aggregates of nanoparticles which are interconnected in a pattern to form the highly stable 

porous microspheres. The size of the microspheres ranges from 1 µm to 2 µm. 

Additionally, these microspheres were analysed with BET- BJH nitrogen adsorption-

isotherms. The surface area and pore size of microspheres is found as 157 m2/g and 4 nm, 

respectively. This material was tested for its electrochemical glucose sensing properties. 

The sensor has shown an excellent and selective response for glucose (98%) as compared 

to ascorbic acid (12%), folic acid (3%), urea (5%), potassium chloride (6%) and NaCl 

(13%) interferers. 
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ABSTRACT: 

Here we formed nanosized structuring using a femtosecond pulsed laser. These periodic 

structures are specially named as laser induced periodic surface structures (LIPSS). These 

structures can be generated universally on any material like metal, semiconductor and 

insulator. In our experiment we used a linearly polarised laser of wavelength 800nm, the 

repetition rate of 1kHz, and pulse width of ~40fs. In the present study fabrication of nano/ 

microstructure is limited to the area of focused spot size of laser beam ~80um and larger 

area nano structuring can be done by line-by-line scanning the sample. In this study transition 

of High Spatial Frequency LIPSS (HSFL) to Low Spatial Frequency LIPSS (LSFL) is 

observed on multiple laser pulse irradiation. Laser fluence and number of laser pulse 

dependent transition of HSFL to LSFL is also observed, alternatively the dependency of 

periodicity of structure formed is observed in this work. All these transitions are visualised in 

high resolution scanning electron microscopy images and further for periodicity and 

orientation of periodic patterns formed are analysed by SPIP (Scanning Probe Image 

Processor, SPIPTM Version 4.8) software. Micro/nano fabrication on Si has a great advantage 

for many optoelectronic devices. Using this femtosecond laser structuring size is limited to 

order of infrared and optical wavelength regions, still subwavelength structuring half of the 

incident wavelength is still a challenging task for optical and telecommunication devices. 
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Abstract 

Tuberculosis (TB) is indeed a deadly human disease that has existed for thousands of years, 

WHO estimates there are around 10.4 million newly diagnosed cases of TB each year, with 

1.8 million fatality rates. To lower these numbers early and accurate diagnosis of MTB is 

required. This research work describes a highly sensitive and selective electrochemical 

biosensing platform for detection of Mycobacterium Tuberculosis by using ternary 

nanocomposite of reduced graphene oxide-polydopamine-gold nanoparticle (rGO/PDA- 

AuNP). The probe DNA specific to MTB was mounted onto the rGO-PDA-AuNP modified 

glassy carbon electrode by avidin-biotin coupling (ssDNA/avidin/rGO-PDA-AuNP/GCE). The 

structural and morphological characterization of rGO-PDA-AuNP/GCE was done by using 

UV-vis, Raman, XRD, TEM, and DNA immobilization is confirmed via FESEM and FT-IR 

techniques. The modified electrodes were electrochemically analysed by employing cyclic 

voltammetry and linear sweep voltammetry, and the findings suggest that the fabricated 

electrode is highly sensitive and have a great stability. Moreover, this platform offers great 

potential for detection various infectious disease as COVID-19, Dengue, Cancer etc. 

Keywords: Electrochemical biosensor; Mycobacterium Tuberculosis; Polydopamine, 

Reduced graphene oxide; Gold nanoparticle. 
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Abstract 
 

A single-phase Beta-C titanium alloy was subjected to uniaxial compression (up to 

75% height reduction) in a universal tensile testing machine at room temperature. 

Microstructural evolution after sequential deformation was studied using optical 

microscopy, scanning electron microscopy, and electron backscattered diffraction, 

while, bulk crystallographic texture analysis was measured using X-ray diffraction. 

Evolution of deformation texture during cold compression was simulated using 

mean-field Taylor models. The deformed microstructure (after 30% compression) 

showed pronounced shear bands, particularly in compression   direction, CD//< 
111 >oriented grains. The dominant crystallographic texture components 

developed during compression were CD//< 100 >fiber and CD//< 111 >fiber. A 

gradual change in texture was observed with increasing compression. 

 
Keywords: beta titanium, EBSD, deformation, shear bands 
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ABSTRACT 

 
Light-weight Mg alloys attract great attention for automotive applications, especially in power 
train components. Ce is a promising alloying addition to improve the mechanical properties at 
room and high temperatures. However, their role is not clearly understood. In the present work, 
the creep deformation behavior of extruded pure Mg and Mg-0.5 wt.% Ce alloys is studied under 
compressive loading. The microstructural analysis of the alloys before and after creep is studied 
using Optical Microscope (OM), Scanning Electron Microscopy (SEM), Electron Back- Scattered 
Diffraction (EBSD), Transmission Electron Microscopy (TEM), and Atom Probe Tomography 
(APT). The results highlight the role of Ce and its effect on the deformation behavior of the alloy. 
TEM and APT reveals Ce segregation at the interfaces, such as grain boundaries and creep-induced 
micro-twins. The obtained results are discussed based on the measured creep properties of the 
alloy. 
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Abstract 

The Sn and SnNi alloy coating of varied Ni concentration (3 wt%, 6 wt%, 10 wt%, and 

13 wt%) were prepared through electrodeposition at 50°C ± 2°C. The corrosion analysis 

(through electrochemical impedance spectroscopy (EIS)) revealed that Sn2 (6 wt% Ni) 

coating exhibited the highest corrosion resistance and Sn4 (13 wt% Ni) coating showed 

the least corrosion resistance. The polarization resistance (Rp) value of pristine Sn, Sn1 (3 

wt% Ni), Sn2 (6 wt% Ni), Sn3 (10 wt% Ni), and Sn4 (13 wt% Ni) was reported as 8985.0 

Ω.cm2, 13052.2 Ω.cm2, 18561.1 Ω.cm2, 9250.6 Ω.cm2, and 4756.7 Ω.cm2 

respectively. X-ray diffraction (XRD) and transmission electron microscope (TEM) 

diffraction analysis confirmed the presence of intermetallic Ni3Sn4 phase in the matrix. 

The HAADF-STEM micrograph showed the spatial distribution of the intermetallic 

Ni3Sn4 phase within the matrix of Sn2 and Sn4 coating. X-ray photoelectron spectroscopy 

(XPS) analysis revealed that Sn2 coating formed the highest fraction protective oxide Sn02 

(0.89) as compared to the pristine Sn and Sn4 coatings. Microtextural based analysis 

through electron backscattered technique (EBSD) was conducted for pristine Sn, Sn2, and 

Sn4 coating to elucidate the non-monotonic variation in corrosion resistance of the 

coatings. Sn2 coating exhibited higher low energy (100) plane, highest fraction of low 

energy CSL boundaries (0.14), highest fraction   of   low   energy   (031)[01̅3]   and   

(01̅1)[011]   twin   boundaries   and   improved matrix’s strain among all the coatings 

whereas Sn4 coating revealed highest fraction of high energy HAGBs, higher matrix’s 

strain, and least fraction of low energies twin boundaries. 
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Abstract 
 

In the present work, the microstructural characteristics of zirconium added 9Cr 1Mo 

ferritic martensitic (P9) steel subjected to austenitization and tempering has been 

studied. The aim of the study is to understand the chemical interaction between clad 

and the liner in metallic fuel fast breeder reactors and also Zr addition has several 

advantages like improved phase stability, reduced radiation induced segregation, 

good corrosion resistance, strength, grain refinement etc. The amount and nature 

of phases has been predicted by thermodynamic equilibrium calculations with Zr 

concentration from 0.05 to 2 wt%. Alloys of these compositions were also 

synthesized by vacuum arc melting. Detailed microstructural characterization of the 

as cast, austenitized and tempered steels has been carried out to understand the 

nature of phases in different heat treated conditions. Formation of secondary phases 

shows a systematic variation with Zr content of the steel, which are also reflected 

in hardness and elastic modulus, determined by instrumented indentation tests at 

room temperature with a spherical indenter. Details of the correlation between 

microstructure and nanomechanical properties will be presented in the paper. 
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Abstract 

 

Ongoing pandemic of COVID-19 caused by novel betacornavirus designated as severe 

acute respiratory syndrome (SARS-CoV-2) by international committee on taxonomy of 

viruses (ICTV). Despite reporting first laboratory confirmed case of SARS-CoV-2 in Jan 

2020, the electron microscopy imaging of SARS-CoV-2 virus particles was not achieved 

to understand the detailed morphology and structure. Therefore, the current study was 

focused to study the detailed morphology and ultrastructure of the SARS-CoV-2 virus 

directly from the throat swab sample of Polymerase chain reaction (PCR) positive patient. 

 
The supernatant from throat swab sample in viral transport medium (VTM) was taken 

after centrifugation, fixed with 1% buffered glutaraldehyde, stained with sodium 

phosphotungstic acid for negative staining on copper grids and viewed under transmission 

electron microscope (TEM). The imaging reveals SARS-CoV-2 virus particles with 

diameter of 70-80nm with envelope projections of 15 ± 2nm length which are typical of 

coronaviruses. One virus particle showed patchy stain pooling on surface and a distinct 

envelope projection ending in a globular ‘peplomeric’ structures. Ultrastructural details 

of envelope projection reveal shorter peplomer length and a multi-aggregate of the 

peplomers. In summary, we were able to do high-resolution TEM imaging under low 

beam current and defocussed conditions of SARS-CoV-2 virus particles detailing surface 

glycoprotein as stalk like peplomers directly from patient sample typical of a coronavirus 

particle. 

 
Keywords: SARS-CoV-2, Transmission Electron Microscopy, Polymerase Chain Reaction 
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Abstract 

Internalized fluorescent nanoparticles benefits from a homogeneous 3D distribution 

throughout the mitochondria within the cell. In many cellular dynamics mitochondria play 

a vital role. Long term tracking of mitochondrial behaviour is very important for treating 

any mitochondrial dysfunctional diseases. However, developing such probes with no 

further modification, high photostable, long term tracking capability, biocompatibility, 

non-specificity, water soluble and red emissive has been a challenge in mitochondrial 

targeting. However, technical barriers, such as the loss of ultrastructural integrity, the 

decrease in antigenicity or artifacts in the handling process, hinder the widespread use of 

the technique by biomedical researchers. To overcome such challenges, we have 

synthesized TPP-CND from (3-Carboxypropyl) triphenylphosphoniumbromide (TPP) 

and o-phenylenediamine (OPDA) by using the hydrothermal method in which emission 

originates from molecular fluorophore attached with CND core which is simultaneously 

used in light and electron microscopy and SRRF nanoscopy of mitochondria inside HeLa 

cells. The broad applicability and visibility in multimodality make TPP-CNDs an 

excellent mitochondrial marker for CLEM applications. 

 
Keywords: Correlative Light and Electron Microscopy (CLEM), Carbon Nano Dots 

(CNDs), Mitochondria, Bioimaging. 
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Many viral infections, including SARS-CoV-2, are reported to induce cell fusions to form 

multinuclear syncytia that might facilitate viral replication, dissemination, immune evasion, 

and inflammatory responses. In this study, we have reported the types of cells involved in 

syncytia formation at different stages of COVID-19 through electron microscopy. 

Bronchoalveolar fluids from the mild (n=8, 2-8 days), moderate (n=8, 9-16 days), and severe 

(n=8, after 17th days) COVID-19-infected patients were examined by PAP (cell type 

identification), immunofluorescence (level of viral infection), scanning (SEM), and 

transmission (TEM) electron microscopy to identify the syncytia. Immunofluorescence studies 

(S protein-specific antibodies) from each syncytium cell indicate high infection. We could not 

find any syncytial cells in mildly infected patients. However, identical (neutrophils or type 2 

pneumocytes) and heterotypic (neutrophils-monocytes) plasma membrane initial fusion 

(indicating initiation of fusion) was observed under TEM in moderately infected patients. Fully 

matured large-size syncytial cells were found in severe ARDS patients of neutrophils and 

monocytes origin under SEM. This ultrastructural study on the syncytial cells from COVID-19 

patients sheds light on the disease's stages and types of cells involved in the syncytia 

formations. Syncytia formation was first induced in type II pneumocytes by homotypic fusion 

and later with haematopoetic cells (monocyte and neutrophils) by heterotypic fusion in the 

moderate stage (9-16 days) of the disease. Matured syncytia were reported in the late phase of 

the disease and formed large giant cells of 40 to 100 µm. 

Keywords: SARS-CoV-2; bronchoalveolar lavage fluids; syncytia; type 2 pneumocyte 
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Abstract 

γ-TiAl alloy has attracted extensive attention due to its high specific strength, low density, good 
high-temperature oxidation and creep strength. The main object of this work is to study the 
influence of Gd addition on the microstructure and mechanical properties of fully lamellar Ti-
48Al-2Cr-2Nb alloy. Advanced Transmission Electron Microscope is used to detect 
nanometres to micrometres size Al3Gd and Gd2O3 precipitate near colony boundaries and 
lamellar interface. These two types of precipitate improve mechanical properties such as room 
temperature ductility and high temperature creep properties by refining colony size, and 
decreasing the interlamellar spacing. Ageing treatment at 400 to 800 shows that the α2→γ 
phase transformation kinetics is also suppressed due to the addition of Gd. 

Keywords: TiAl; Rare earth element; Microstructure refinement; Precipitate; HRTEM 
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Abstract 

 
The incidence of need for renal transplant has been increased up to 200 % in last 15 years. 
Nearly 7.5 lacs patients globally and 1.8 lacs patients in India were in waiting list for 
transplant in 2020. Apart from this, 10,000 new patients are added each year for transplant 
and only 4000 patients/year are transplanted in India. Against this, nearly 8% of total 
kidney transplants fail due to the BK virus nephropathy. This can be clinically controlled 
after the early detection of BK virus infection in immune-compromised patients. Many 
diagnostics are available for BK virus detection such as RT-PCR, MS, and ELISA. 
Though, these methods are sensitive, but are time taking (3-5 days), costly (Rs 5000-
8000/test), require sophisticated facilities and need complex sample preparation. These 
problems may be overcome by nano-biotechnological intervention of molecular biology. 
Thus, we propose a Nano-LAMP (Loop Mediated Isothermal Amplification) based 
simple, visual, cost effective (Rs 100/test), rapid (2 hour), highly sensitive and specific 
detection method for BK virus in renal transplant patients. 

 
This novel Nano-LAMP assay entails isothermal amplification of BK virus genome 
generating a red precipitate, which in the absence of BKV genome remains a blue 
precipitate. The precipitates are a result of the reaction of the amplification by-products- 
pyrophosphates (PPI) with Mg2+- reduced nano-solution (MUA-AuNPs). This observable 
colour change ensures LAMP amplification and, vis-a-vis presence of the BK virus. 
Quantitative estimation of the intensity of red colour by colorimeter may detect the 
number of copies of pathogen upon standardization. 

 
This approach for BK virus detection can be used for direct diagnosis for critical care 
patients to timely utilize the preventive medicine to reduce the graft failure. This simple 
two-step, low cost and quick (1-2 hours/test) detection provides advantage over the 
currently used diagnostic methodology and may change the paradigm for polyoma virus 
infection-based failure of renal transplant. 

 
Keywords: BK Virus, kidney-transplant, Nano-LAMP, MUA-AuNPs 
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Abstract 

Amorphous silicon (a-Si) is of interest for the fabrication of thin film transistors and high 

efficiency photovoltaic cells. When different well-established production methods for a- 

Si deposition such as chemical vapor deposition (CVD) and physical vapor deposition are 

compared, the electron beam (e-beam) method is considered to the most convenient way 

of fabricating non-hydrogenated amorphous silicon due to its high deposition rate. In this 

work, we aim to analyse the material and structural properties of low temperature e-beam 

evaporated amorphous silicon thin films. Electron-beam evaporation is carried out in a 

vacuum system equipped with E-Beam source from Telemark Inc., and a quartz crystal 

thickness monitor. Films are deposited on quartz, p-type Si [100] and SiO2 coated p-type 

Si [100]. The effect of deposition parameters like deposition temperature, substrate and e-

beam current on the thickness and microstructure of the films was investigated. The 

crystallographic properties are evaluated using X-ray diffraction (XRD) analysis and 

Raman spectroscopy. The surface morphology of the deposited films is characterised 

using scanning electron microscopy (SEM). Film thickness and microstructural features 

like crystallinity and size of nanocrystalline region is investigated using plan-view and 

cross-sectional transmission electron microscopy (TEM). TEM samples were prepared in 

a conventional manner using mechanical thinning followed by ion-milling. 

 
Keywords: TEM; e-beam evaporation; amorphous silicon 
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Giant cell tumor of bone (GCTB) is a locally aggressive and rarely metastasizing tumor 
representing ~15% of primary bone neoplasms in the Asian population. The purpose of this 
study was to maintain giant cells of GCTB and investigate the histopathological features and 
H3F3A mutation status from patient-derived GCTB cell culture. Biopsy proven GCTB 
patient’s tumor samples were collected and processed for primary cell culture. Cells were fixed 
for cytosmear, and cell blocks were prepared. Hematoxylin and eosin (HE), Papanicolaou 
(PAP) staining was done and Immunohistochemistry (IHC) was performed. Primary cell 
culture successfully established the heterogeneous population of giant cells, mononuclear, and 
spindle cells of GCTB with microscopic confirmation. It showed >20% of the giant cell, 30%-
40% macrophages, and 40%-50% of the spindle cells population after 16hr to 3 days of primary 
culture. After the first passage, the culture retained ~10% of giant cells, more macrophages and 
spindle cells maintained more than 25 days of primary culture. Staining (HE & Pap) showed 
the heterogeneity of the cell population and IHC confirmed the H3F3A mutation. Primary 
culture of GCTB can be done and maintained for a long time without using additives. Future 
prospects may involve targeting mononuclear cells and ultrastructural study for giant cells and 
cellular interaction to better understand GCTB pathogenesis. 
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Abstract 

 
In this study, we have developed a ternary hybrid i.e. a combination of multi-layer graphene 

(MGr), multi-walled carbon nanotubes (MWCNTs) and MoS2 as a solid lubricant to reduce 

friction and wear of diverse surfaces including metals (SS304, SS316L, MS, Al-composite), 

ceramics (glass and Al2O3+TiC), and semiconductors (silicon). Ball-on-disk tribological tests 

were conducted on ternary hybrid coated surfaces under controlled environmental conditions. 

The ternary hybrid overcoat significantly reduces the friction (reduction of friction about 80%) 

of aforementioned surfaces with respect to their virgin counterparts. The ternary hybrid overcoat 

also extraordinarily reduces the wear of these surfaces. Microscopic and spectroscopic 

characterizations were performed to investigate the materials and wear tracks in order to 

develop friction and wear control mechanisms. The FESEM images of monolithic 

nanomaterials show graphene flakes, MoS2 clusters of interleaving and slightly bent particles, 

and walled-like morphology of puzzled CNT cylinders. FESEM and HRTEM analysis of MGr+ 

MoS2+ CNT ternary hybrid revealed the insertion of CNT cylinders in between the MGr sheets 

surrounded by MoS2 particles which easier contact sliding. Moreover, MoS2 is being protected 

from environmental effects and exposure to high humidity by graphene as well as CNT, thus 

the synergetic effect of the lubricant materials is more evident. The developed ternary hybrid 

overcoat has huge potential for wide range of applications including NEMS, MEMS, 

automobiles, industrial machine components, aerospace and many other industrial sectors. 
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Abstract 

Flavin based fluorescent proteins (FbFPs) are class of small fluorescent proteins derived 

from conserved part of photoreceptors in plants, bacteria and fungi called Light-oxygen- 

voltage (LOV) domain. FbFPs play an integral role in biology by enabling molecular- 

scale imaging with remarkable spatial and temporal resolution. LOV domains are 

photosensory modules utilized in applications of optogenetics and fluorescence 

microscopy. They bind ubiquitous endogenous different flavins such as FMN, FAD, 

Riboflavin and respond to blue light upon illumination. Many LOV domains have been 

engineered via protein engineering, site directed mutagenesis, DNA shuffling to make 

them promising model for high resolution structural studies. Yet, a full understanding of 

the performance of FbFPs as a practical fluorescent reporter is currently lacking, which 

further inhibits its wide application. In order to fully realize the potential of FbFPs as 

fluorescent tags, there is a pressing need to comprehensively characterize biochemical, 

spectroscopic, photophysical and photochemical properties of FbFPs to encourage its 

broader applications. Here, we present a systematic and comprehensive characterization 

of Chloroflexus aggregans flavin based fluorescent protein (CagFbFp) as promising 

fluorescent tag for high resolution ultra-structural studies. 
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Abstract 

 

Current pandemic caused by SARS-CoV-2 has posed multidimension challenges to public 
health system globally. Transmission dynamics in population indicate the intensity of 
infection spread of an outbreak, and environmental temperature remains the most crucial 
factor which defines transmission dynamics. Temperature is also essential parameter that 
provides easy and economical method of deactivating any etiological agent of pandemic 
potential. The present study was aimed to study the effect of temperature on viability and 
virion surface morphological features of SARS-CoV-2. Different temperature exposed 
SARS-CoV-2 virus particles were observed after negative staining under transmission 
electron microscopy (TEM) imaging. Virus surface morphological alterations were 
studied and correlated to the virus viability respectively. 

 
TEM imaging analysis revealed the structural features of SARS-CoV-2 virus particles 

with typical diameter of 75-120nm and peplomeric envelope projections of 15 ± 2nm in 
size in untreated samples. Subsequently, SARS-CoV-2 virus particles were treated to 
different temperatures of 2, 4, 12, 36, 45, 50, 65, 80°C for 30 mins respectively. A total 
of 50 virus particles were analysed for each temperature data point and the observations 
were averaged. At 50°C and above temperature data points, morphologically damaged 
virus particles were seen with a “moth-eaten appearance” due to loss of glycoprotein 
projections. A similar trend was found in viability in cell culture-based viability assays 
(qualitatively), and the fraction of damaged particles significantly increased at 65°C and 
above temperatures. In conclusion, the study reveals the effect of temperature on SARS- 
CoV-2 virus particle morphology and kill switch temperature to rapidly inactivate the 
SARS-CoV-2 virus. 
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Leishmaniasis is a neglected vector-borne parasitic disease caused by a protozoan of the genus 
Leishmania and is transmitted by Phlebotomine sandflies. Visceral Leishmaniasis (VL), caused by 
Leishmania donovani, is the most fatal one, and is a major issue in India, especially in the states such 
as Bihar, Jharkhand, parts of eastern Uttar Pradesh, and West Bengal. Drugs such as miltefosine, 
antimonials, amphotericin B, pentamidine, and paromomycin have their own limitations, which 
necessitate the development of new, safer drugs. The glycolytic pathway is a metabolic pathway that 
plays an essential role in the ATP supply of Trypanosomatid protozoa. Trypanosomatid glycolysis is 
unique because the seven glycolytic enzymes which convert glucose into 3-phosphoglycerate are 
present in specialized peroxisomes-like organelles called glycosomes. Inhibition of any of these 
enzymes of glycolysis in the bloodstream form of the parasite should lead to the arrest of the glycolytic 
flux, thus affecting the survival of the parasite. The long evolutionary distance between trypanosomatids 
and their mammalian host provides opportunities to design selective inhibitors which would not affect 
the host glycolysis. Therefore, the glycolytic pathway seems as a promising target for new drugs against 
Leishmaniasis. We evaluated a derivative of pyruvic acid which inhibits glyceraldehyde-3-phosphate 
dehydrogenase and induces anti-leishmanial activity in promastigotes and amastigotes forms of 
Leishmania donovani. Upon further investigation, it was observed to trigger morphological changes like 
changes in body length and flagellar length and ultrastructural changes like mitochondrial swelling, loss 
of electron density, and disruption of the cytoskeleton in the promastigote form of the parasite. We have 
observed that this compound induces apoptotic-like cell death. Further experiments are going on to 
understand detailed physiological events and modes of action of cell death. 

Keywords: Visceral Leishmaniasis, Glycolytic pathway, Apoptosis, Ultrastuctural Changes 
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Abstract 

 
We have investigated molecular assembly of 2,3-di(pyridine-2-yl)pyrazino[2,3- 

f][1,10]phenanthroline (Phpy) molecules using an ambient condition Scanning Tunneling 

Microscopy (STM). Molecular assembly is achieved at solid-air interface through drop-casting 

method on a freshly cleaved Highly Oriented Pyrolytic Graphite (HOPG) surface inside a petri- 

dish reactor. Immediate STM studies exhibit molecules assembled as one-dimensional (1D) 

chain and two-dimensional mono- and bi-layer islands along with formation of aggregated rods 

depending on the coverage of molecules on the surface. These structures seem to be stabilized 

via multiple H-bonding through pyridine, pyrazine, and phenanthroline functional groups. In 

addition, van der Waals interaction also contributes to their stability. The chain structure 

consists of individual molecules with periodicity ≈ 4 nm. Using functionalized tip, we 

demonstrate clear maps of Highest Occupied Molecular Orbital (HOMO) which resembles to 

Density Functional Theory (DFT) calculated HOMO map. An understanding of complex 

hydrogen bonding in such molecular system will help us enhance our understanding of 

assembly of other molecular systems with multiple phases. 

Keywords: Phpy, molecular assembly, STM, HOPG, H-bonding 
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Abstract 
 
Metal foams (especially open-cell Aluminium foam, OCAF) due to their lightweight and 

reasonable mechanical properties are considered encouraging materials for the aforementioned 

applications. OCAF counters the high-density issue and also makes it compatible with impedance 

matching. Here nickel oxide (NiO) sprinkled in-situ grown hierarchal graphitic carbon nanofiber 

anchored feathery OCAF (Al-NiO-CNF OCAF) is synthesized through a novel template method. 

The materials are explored intensively using different physico-electrochemical, mechanical and 

magnetic techniques. The EMW absorption capacity gets remarkably increased (four times) with 

the presence of NiO and hierarchal graphitic jungle. The total EMI shielding is found to be ~84 dB 

at 10.4 GHz, out of which 82 dB is the absorption component (>98%). The prepared Al-NiO-CNF 

OCAF proves the new pathway for the use of metal-based lightweight materials for high EMW 

absorption applications. The Al-NiO-CNF OCAF has shown better mechanical and environmental 

stability. This study demonstrates a simple alternative material for promising EMI shielding and 

EM absorption capabilities in various orientations. 
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Abstract 

The major applications of inorganic and organometallic pre-ceramic polymer(PCP) is to 

obtain desired ceramic fibers, coatings, ceramic matrix for composites and as binders for 

ceramic powders. Ceramics derived from PCP have advantages over conventional 

ceramic in preparation techniques shaping of ceramic components at the polymer 

processing stage to obtain tailor made products. Polycarbosilane(PCS) is a well known 

organosilicon polymer capable of giving SiC in good yield when subjected to pyrolysis. 

Silicon carbide fiber is one of the most promising material for reinforcing fiber of ceramic 

composites, which are considered as candidate potential material for high temperature 

nuclear materials due to their excellent high-temperature fracture, creep, corrosion, 

thermal shock resistance and safety advantages arising from low induced radioactivity. 

PCS was synthesised by the thermal re-arrangement of polydimethylsilane (PDMS) in a 

autoclave at temperature of about 500°C and pressure of around 100kg/cm2. PDMS was 

synthesised from Wurtz reductive dehalogenation reaction of dimethyldichlorosilane with 

molten sodium. The molecular weight, structure, softening temperature, ceramic yield and 

properties of PCS were characterized. SiC ceramic fiber was obtained from PCS by melt 

spinning, cross-linking of melt-spun fiber by oxidative curing and then heat treatment of 

cured-fiber in argon atmosphere up to 1250 °C. XRD of SiC fiber indicated presence of 

β-SiC nanocrystallite as main phase and SEM showed a smooth surface with no visible 

defects. 
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Abstract 

 

Herein, we have fabricated an efficient electrode for water splitting by the modification of 

plastic chip electrode (PCE) with different nanoparticles such as Cu, Co, Zn and Ni. In this 

fabrication process, different electrochemical techniques such as 

potentiostatic,galvanostatic and potentiodynamic has been used to electrodeposit the 

nanoparticles over the surface of PCE. During electrodeposition, various parameters such 

as potential range, current densities and time durations of the electrochemical techniques 

has been varied to get the desired results. Field Emission Scanning Electron Microscope 

instrument was used to optimize the electrodeposition of modified PCE. TEM analysis of 

recovered nanoparticles was done to analyze the particles size and shape. The entire 

fabricated electrodes were used as working electrode for water splitting to evaluate the 

electrochemical activity. On the basis of obtained results, it has been observed that the 

potentiodynamic approaches are the best techniques among the others for the uniform 

electrodeposition of different nanoparticles. 
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Abstract 
 

Multiferroic perovskite thin films are being studied for the applications in solar energy conversion 
because of their anomalous behavior towards photovoltaic effect. Among various multiferroic perovskite 
materials, special attention is paid to Bismuth ferrite (BiFeO3) because of its spontaneous polarization with 
respect to the biasing voltage and has so far the lowest known band gap (2.7eV) compared to other 
ferroelectrics. Here we demonstrate BiFeO3 (BFO) thin film, which can generate significant current and 
voltage in response to photons and input biasing voltage. The intrinsic polarization drives the photo-
generated charge carriers to conduct the photovoltaic output. An achievable Simple sol gel chemical rout 
was adopted for the preparation of BFO thin film. A comparative study was carried out between spin coating 
and dip coating techniques to get the required thin film. The phase confirmations of as prepared films were 
characterized by an X-ray diffraction (XRD) pattern. The crystal structures and different molecular modes 
of vibrations of the material were analyzed by room temperature Raman Spectroscopy. The surface 
morphology, particle size, and thickness of the BFO thin films deposited on FTO-coated glass were 
identified by field effect scanning electron microscopy (SEM). The absorption spectroscopy of the BFO 
thin film was carried out by UV-Vis spectroscopy. The ferroelectric behavior of the materials was analyzed 
by a P-E hysteresis loop, which gives the polarization value with respect to the applied electric field. The 
evidence of photovoltaic response in BFO devices were explained based on Current-Voltage characteristics 
under dark as well as light illumination conditions. In summary, the intrinsic polarization and photo 
absorption properties of BFO could be regarded the material as a suitable candidate for ferroelectric 
photovoltaic applications. 
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Abstract 

The disposal of Radioactive waste generated from the nuclear reactors is a challenging 
task. In general, compaction route is currently being followed worldwide for 
immobilisation of radioactive hulls. However, compaction can induce cracking in the 
material making it prone to leaching. Hence alloy melting route is being considered by us 
as an alternate route to immobilization. In this direction a wide range of alloys belonging 
to Zirconium–Iron binary and Zircaloy–Stainless steel (Zr-SS) pseudo-binary systems 
have been synthesised through vacuum arc melting route. These SS-Zr alloys offer some 
advantages from the perspective of Radioactive waste management. First, certain specific 
SS-Zr alloys are known to form low melting eutectics which facilitates the melting 
process. Second, SS-Zr alloys lead to formation of several Laves phases in their 
microstructure. Laves phases are known to be a good host lattice for trapping 
radionuclides. And Third, these alloys are found to have superior high temperature 
oxidation resistance which makes them as an acceptable base alloy for disposal of 
radioactive hulls. 
Alloy melting at 10 Kg scale has already been successfully demonstrated by us. However, 

microstructural evolution of these alloys in the presence of certain radioactive oxides like 

UO2 and PuO2 has not been studied so far. In the present work Zr-16 SS alloy doped with 
Nd2O3 oxide simulating for PuO2 has been taken up for phase field modelling using 

electron microscopy. The alloy was synthesised in gram scale by vacuum arc melting of 

Zr-4 and SS chips taken together with pellets of Nd2O3 oxide (10 wt%). Optical images 
of the synthesised alloy suggest Nd2O3 precipitating out as dendrites in the microstructure 

which is also confirmed from the Secondary Electron (SE) images of the sample. Further, 

the presence of α-Zr, FeZr3, Nd2O3 phases was predicted from elemental X-ray maps 
using Scanning Electron Microscopy (SEM) and confirmed by X-ray Diffraction. 
However, presence of any Nd-Zr phase could not be concluded. It was also observed 
through the electron microscopic studies that sites lean in Zr and Fe are rich in Cr and Mn 
and vice versa. Details will be presented. 

 
Keywords: SEM (Scanning Electron Microscopy), EDX (Energy Dispersive X-ray 
Spectroscopy), EPMA (Electron Probe Micro Analyser). 
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Abstract 

Gallium oxide (Ga2O3) has emerged as a nearly lattice matched promising substrate for gallium 
nitride (GaN) growth. GaN is a crucial material for optoelectronics and power electronics. Instead of 
two step process, three step facet controlled MOVPE results in a good quality GaN on Ga2O3 (100). The 
structural and optical properties of the GaN epilayer grown on Ga2O3 require a detailed investigation. 

In this work, we present a detailed structural and optical characterization of good quality GaN 
epilayer grown by the three-step facet controlled growth mechanism. The surface morphology was 
investigated using AFM and SEM. The structural quality and orientation of GaN epilayer on Ga2O3 were 
analyzed using single crystal XRD. The dislocations in different GaN layers, the reduction of 
dislocations in the facet layer and the interface of GaN and Ga2O3 were analysed using TEM and STEM. 
EELS measurement was done to get oxygen and nitrogen penetration depth in Ga2O3 and GaN 
respectively. The optical properties were investigated using temperature dependent photoluminescence 
and ellipsometry measurements. 

 

STEM image showing the (a) V-type defect, (b) threading dislocations and (c)TEM image showing 
the crystallinity of the GaN layer. 

Keywords: Ga2O3, GaN, facet controlled, MOVPE 
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Abstract 
 
Electron microscopy attracted enormous scientific attention because it involves beam of electron as the 

source of illumination due to which it produced extremely high spatial resolution images about 0.01 nm and 

magnification up to 300000X which makes it most promising and powerful tool for the characterization of 

wide range of material in the field of nano science, nanotechnology technology and biomedical research. 

The properties of material modify as their size approaches the nano scale as a result method for precisely 

characterization of nano material has become indispensable. During the past few years’ different type of 

electron microscopy such as TEM, SEM, FESEM, HRTEM, STEM are used to study the morphological 

characteristics including shape, size, strain, phase and structure of nanomaterial. However, particularly 

scanning electron microscopy and transmission electron microscopy widely considered as gold standard for 

nano material characterization. TEM uses the transmitted electrons to create image as a result it offers 

valuable information about the inner structure of sample and enables images of individual nano material to, 

be captured directly at a high resolution. Whereas, SEM creates images by detecting secondary electron 

and/or backscattered electrons and provide information about sample surface and its composition. Hence, 

they are one of the most suitable technique available to analyse the morphological properties of nano 

particle. In this comprehensive study we emphasise on the strategy and on the basic principle for nano 

material characterization by integrating electron microscopy that is SEM and TEM into their study. 
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Abstract 

Retinal degeneration (RD) is a leading cause of vision loss caused by the death of photoreceptors 
such as rods and cones. The most prevalent forms of retinal degeneration are age-related macular 
degeneration (AMD) which results from deterioration of the central part of the retina and retinal 
pigmentosa (RP) caused by progressive loss of photoreceptors. It has been shown that upon 
photoreceptor cell death the retina undergoes progressive remodeling. This remodeling affects the 
signal processing in the downstream visual pathway. Preliminary data has shown physiological 
changes in the visual cortex that happen due to disruption of excitation and inhibition balance. We 
would like to decipher how physiological changes correlate with morphological changes in the 
visual cortex by studying the ultrastructure changes in the primary visual cortex. This information 
will be crucial to the success of clinical intervention strategies that depend upon understanding 
anatomical changes in the cortex. 

 
 
Keywords: Retinal degeneration; visual cortex; retina 
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Abstract 
 
The world's economy and population have both grown quickly, increasing need for clean 
water, making this an important area for research. A substantial threat to human health is 
posed by water used in agriculture irrigation and food processing. It is an extremely dangerous 
element that is present in the air, soil, rocks, natural waterways, and living things. Fluoride 
ions present in drinking water at excessive levels can cause several chronic health issues, such 
as dental fluorosis, skeletal fluorosis, arthritis, bone and muscle degeneration, osteoporosis, 
and weariness. Optical chemo-sensors that can identify various cations and anions in a 
domain. Due to their exceptional qualities, carbon quantum dots (CQDs) and graphene 
quantum dots (GQDs) have drawn a lot of attention as fluorescent and tiny carbonaceous 
nanostructures for building heavy metal sensing devices (either as- produced or through 
modification) (e.g., photostability, facile surface modification, optical tunability, and 
environmental friendliness). Raman spectroscopy is used for morphological detection, while 
FTIR and XRD methods are used to identify a specific functional group. Our results show that 
functional group doped graphene and carbon quantum dots exhibit exceptional sensitivity 
and selectivity towards Fluoride, enabling reliable detection of Fluoride concentrations below 
0.2 μg/L within a few seconds. Fluoride testing with QDs is more rapid, straightforward, and 
labor-free than traditional procedures. As a result, the technology for Fluoride detection that 
is currently available may be quickly applied in the field and is especially helpful for testing 
the water quality in communities with limited resources. The recommended sensor, which is 
particularly helpful in rural areas is able to identify Fluoride in common applications for non-
expert users. the water's quality is being watched using Artificial Intelligence -ANN (Artificial 
Neural Network) tool. 

 
Keywords: Rapid Sensing, Fluoride Sensing, Quantum Dots, Functional Group Selectivity, 
Artificial Intelligence. 
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Mycobacterium tuberculosis (M. tb.) is a type of pathogenic bacterial species that causes 
tuberculosis. This bacillus has an unusual, waxy coating on its cell surface due to the presence 
of mycolic acid. Being highly aerobic, it is primarily a pathogen of the mammalian respiratory 
system and infects the lungs. Transmission occurs through the inhalation of droplet nuclei that 
are released into air from infected person, which then passes through the mouth or nasal 
cavities, the upper respiratory tract, bronchi and finally reach the alveoli of the lungs. 

 
Globally, India accounts for about a quarter of the total TB burden, and it is home to the highest 
number of multi-drug resistant tuberculosis (MDR-TB) patients. ("Global TB Report 2021," 
WHO, 2021, https://www.who.int/tb/publications/global report/en/). The TB bacteria often 
show resistance to multiple available drugs due to gene mutation, and thus, some TB patients 
become resistant to at least one of the first-line drugs, isoniazid and rifampicin, and are known 
as multidrug-resistant TB (MDR TB). Some TB cases are also classified as "extensively drug-
resistant TB" (XDR TB) if the patients are resistant to isoniazid and rifampicin, as well as any 
fluoroquinolone and at least one of the three injectable second-line drugs (amikacin, 
kanamycin, and capreomycin). This serious threat of drug-resistant TB cases can be overcome 
by the discovery of effective therapeutics that are not currently in use. Considering that, we 
aim to search for novel therapeutics against drug resistant TB. We have chosen the enzyme 
DNA gyrase as the target molecule of the proposed therapeutics because it is the sole type II 
topoisomerase present in Mycobacterium species (sp) (Cole ST, et al., 1998) and is the only 
cellular target of quinolone derivatives, the second-line drugs used in mycobacterial infection 
(Jnawali H. and Ryoo S., 2013). Thus, we aim at studying the structural dynamics of the 
enzyme DNA gyrase upon binding with the novel inhibitor molecule haloemodins by cryo-
Electron Microscopy. The research will aid in understanding the underlying mechanism of 
inhibitor-DNA gyrase interaction. Also, if the structural dynamics of the DNA gyrase could be 
well-analysed upon inhibitor binding, it could lead to the discovery of new drug molecules 
against the tuberculosis disease 

 
 
 
Keywords: MDR-TB, M. tb, haloemodin, DNA gyrase, cryo-EM 



 273 

Application of Electron Microscopy in Emerging Nanogenerator 
Technology 

1Tanmay Sardar, 2Satanand Mishra, 3Shivani Pandey, 4Madhuram Mishra, 
5Aajid Khan, 6Ruchi Dubey 

 
Academy of Scientific and Innovative Research (AcSIR) and CSIR-Advanced Materials and 
Processes Research Institute, Bhopal- 462026 Madhya Pradesh, India 

 
Corresponding Authors Email: snmishra07@gmail.com 

 

Abstract 
 

The development and utilization of clean and renewable energy have gradually become 

a hot research topic as most of countries have promoted green lifestyles. Traditional 

power supply systems, relying on batteries and external power sources, have the 

disadvantages of large size, high energy consumption, short service life, and need for 

regular replacement. To overcome this problem. In recent years, nanogenerators have 

rapidly emerged as one of the most prominent self-powered electrical energy harvesting 

systems for various applications such as sensors, wearable devices and medical implants. 

The effectiveness of the nanogenerator directly relies on the morphological structure, and 

on the properties associated with the generating materials. The study includes the 

parameters and effectiveness of SEM and TEM for the advancement of nanogenerators 

for culture. Nanogenerators have the ability to produce electricity once on changed in 

shape and size at nano-scale systems up to 1.86mW/cm2 at 0.27V. These generators are 

produced in the form of films, foams, and fibers using graphene oxide (GO) sheets and 

other materials as a core component, which demonstrates excellent performance in 

producing electricity in response to changes in the triggered parameter. When it comes 

to the morphological properties of the specimens, scanning and transmission electron 

microscopy (SEM, TEM, STEM and Hybrid Electron Microscopes) are accurate, has a 

high resolution, and have magnification power up to 2 million times, however, optical 

microscopes fall short. 

 
Keywords: Electron Microscope, Nanogenerators, SEM, TEM 
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Abstract 

 

In the present study, flexible poly(vinyl chloride) (PVC) composites with two different types of 

micron-sized particulates, precipitated calcium carbonate (PCC) and marble waste (MW), were 

prepared via melt processing. The MW collected from a dumping site, had a particle size of 

approximately 50 µm and high calcite content. The concentration of fillers and plasticizer was 

varied to study their effect on various properties of the composite. It was found that at high 

plasticizer content (30 phr), MW afforded up to 9% higher tensile strength than PCC, indicating a 

better interfacial adhesion of MW particulates with the PVC matrix. However, at low plasticizer 

content (15 phr), composites with PCC exhibited slightly higher tensile strength. Additionally, at 

high plasticizer content, the addition of MW up to 10 phr afforded better tensile strength than 

pure PVC. When the composites were fully submerged in the water for 48 hours at elevated 

temperature (60 °C), MW-filled composites showed only a slightly higher water absorption (0.4– 

1.4 %) compared to PCC-filled composites. Also, composite with high plasticizer content showed 

elevated water uptake when compared to composites with low plasticizer content at any particular 

filler concentration. This study categorically proves the potential of these micron-sized marble 

waste particulates as a cost-effective sustainable filler and an alternative to conventionally used 

precipitated calcium carbonate in flexible PVC formulations. 

 
Keywords: polymer composite, waste utilization, poly(vinyl chloride), mechanical properties, 

macro-particles 
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Abstract 
Agro-wastes are the by-product arising from agricultural produces, in the form of husk, straw, 

cobs, or fibers. Paddy straw/stubble is one of the prominent agricultural wastes produced 

worldwide. The present study provides a holistic solution to stop the burning of agro-wastes (paddy 

straw/ parali) and utilize them in value-added materials. In the present work, attempts were made 

to use paddy straw fiber/particulates in a polypropylene matrix system for making composite 

material. The PSP-PP (paddy straw particulates-polypropylene) composites were developed using 

an injection molding technique with filler to polymer ratio 0, 20, 40, and 60 %. 

Results revealed that the density of PSP-PP composite with 60 % reinforcement found to be 

1.10±0.006 g/cm3 as the density of virgin polypropylene was 0.85±0.002 g/cm3. The mechanical 

characterizations of the PSP-PP composites has showed enhanced flexural strength and impact 

strength upon the addition of fibers in virgin polypropylene. This study achieved maximum 

flexural strength of 44.58±0.32 MPa which was around 16 % better than the virgin polypropylene. 

Incorporation of paddy straw particulates in the polypropylene matrix improved the impact 

strength of the composite from 1275 J/m2 to 1636 J/m2. Composite with maximum content of 

paddy straw particulates resulted 1.09±0.21 % water when completely submerged in water for 24 

hours. It is evident from this study that the PSP-PP composites have showed enhanced performance 

in terms of physical, mechanical, and thermal properties and potential to use as wall panels, 

electrical insulating panels, and cladding wall, leading to open an avenue for building a circular 

economy. 

Keywords: Paddy Straw, Agro-Waste, Composites, Circular Economy 
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Abstract 

In recent years, gold nanoislands decorated on flexible substrates have received a lot of 
attention due to their fascinating potential application in optoelectronics, EM shielding 
plasmonics, medical industry, gas scencing and solar energy devices. In this study, we explain 
how to use a simple and efficient method to decorate gold nanoislands on flexible multiple-
walled carbon nanotubes (MWCNTs). Au-nanoisland and quantum dots are synthesized using 
a straightforward thermal annealing technique. The flexible MWCNTs paper is first coated with 
a thin layer of gold, which is subsequently annealed at high temperatures in a vacuum. Due to 
gold migration and agglomeration at high temperatures, gold nano-islands were decorated on 
flexible MWCNTs paper. On MWCNTs and at their edges, we observed high density, various 
size nanoislands, and quantum dots. The detailed mechanism of growth of Au-nano-islands and 
quantum dots is described using the Young- Laplace equation .Additionally, we developed a 
photodetector using an Au-nanoisland on MWCNT paper. This study demonstrates the 
synthesis of nanoparticles in a straightforward, cost-effective, high-density, and larger-scale 
synthesis for lightweight optoelectronic 

 
 

applications. 
 
 

Keywords: Flexible Lightweight Multiwall carbon nanotube (FLMWCNTs), Gold-Nanoisland (Au- 
Nis), Dewetting, Photo-reponse. 
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Abstract: 

The Electron Microscope is a sophisticated device and requires proper working and 

arrangement of different components and parts.In this paper the advancement in 

electron microscopy is discussed. The review of applications of Electron Microscopy 

in sensing material characterisation is also included in the theory section. Further 

recently developed Open Source Electron Microscope is also discussed in this paper. 

A cost effective Electron Microscope will be helpful for students to understand the 

application in material science and sensor material development. As the material 

morphological studies are performed using electron microscopes. This paper focuses 

on the different components in electron microscopy that can be developed using open 

source electronic hardware. This work will help researchers to understand the 

prototype development of Electron Microscope. Some examples of open source 

hardware and electronic components developed using open source hardware in the 

past are also highlighted in the paper. Recent advancements and research work in the 

field of open source Electron Microscopy is discussed in this article This work will be 

helpful in the study of the development process of electron microscopes. 
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Abstract 

In the present work, Graphene Quantum Dots (GQDs) have been synthesized by using graphite 
powder via facile hydrothermal treatment method. The synthesized GQDs are characterized by 
fourier-transform infrared (FTIR) spectroscopy, ultraviolet-visible (UV-Vis) spectroscopy, 
photoluminescence (PL) spectroscopy, scanning electron microscopy (SEM), High-resolution 
transmission electron microscopy (HR-TEM), X-ray diffraction (XRD) technique, and raman 
spectroscopy. The FTIR spectra of GQDs show that graphite powder is deeply oxidized by 
durable oxidants and oxygen atoms which confirm the presence of functional groups like 
hydroxyl, carboxylic, epoxy and ketone groups. UV-Vis and PL spectra show the quantum 
confinement edges present in GQDs. SEM image reveals the exfoliation of GQDs, HR-TEM 
image shows the particle size of GQDs is below 10 nm. X-ray diffraction image of GQDs shows 
a broad diffraction peak at 2θ value of 24.47⁰ with 0.36 nm interlayer spacing distance. 
Synthesized GQDs were obtained with a production yield as higher as 40 %. The emission 
peaks in the PL spectra are in the range of bright blue and change with the increase of excitation 
wavelength. Additionally, GQDs were utilized to improve the electrochemical performance 
and applied for modification of the electrodes too. Application of the prepared sample has been 
evaluated as supercapacitor material in 0.5 M AgCl2 solution using the cyclic voltammetry 
(CV) and galvonostatic charge/discharge (GCD) techniques. The specific capacitance of GQDs 
was higher than that obtained the pure glassy carbon (GC) electrode. The Electrochemical 
impedance spectroscopic results showed that these materials are highly conductive in nature. 
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Abstract 

The amine-nanographite (NH2-NG) and acid modified nano-graphite (COOH-NG) have been 

synthesized from nano-graphite (NG) powder via mixture of liquor ammonia aqueous solution 

and strong acids (sulphuric acid and nitric acid) respectively by a soft chemistry route involving 

microwave, and ultrasonic methods. The surface modified nanographites were characterized by 

X-ray diffraction (XRD), scanning electron microscopy (SEM), high-resolution electron 

microscopy (HR-TEM), fourier-transform infrared spectroscopy (FTIR), and raman 

spectroscopy. XRD study confirmed the crystalline characteristics of amine and acid modified 

nano-graphite powder and the sizes of nanoparticles were determined by SEM and HR-TEM 

analyses, ranged from 1 nm to 100 nm. FTIR spectra confirmed the presence of amine and acid 

functional groups on the surface of synthesized nano graphite powder. NG and modified nano- 

graphite have been applied for modification of the electrodes too and exposed notable effects 

in electrochemical responses. Application of the prepared sample has been evaluated as 

supercapacitor materials in 0.5 M AgCl2 solution using the cyclic voltammetry (CV) and 

galvanostatic charge-discharge (GCD) technique. The specific capacitance of surface modified 

nano-graphite was higher than that obtained for pure NG and glassy carbon (GC) electrode due 

to transfer of electron in redox solution. As surface modified nano-graphite materials show 

good electronic conductivity and supercapacitors hence these have brilliant applications in 

various kinds of electrochemical energy storage devices. 

Keywords: Synthesis, Spectroscopy, Microscopy, Nano-graphite, Supercapacitor, 

Electrochemical properties. 
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Abstract 

Triple-negative breast cancer (TNBC) is distinct from other invasive breast cancer types as it grows, 
spreads rapidly, and holds fewer treatments. It has limited treatment options compared to different 
invasive breast cancer types because cancer cells lack estrogen, progesterone receptors, and HER2 
receptors, which contributes to the ineffectiveness of available targeted drugs and hormone therapies. 
Chemotherapy is frequently used among all because hormone therapy and HER2 are ineffective. There 
is an urgency to create newer treatment options that are less toxic and highly effective, surpassing the 
commonly used treatment, which has side effects like drug resistance, limited duration of response, and 
chemotherapy side effects. To mitigate the above problems, we are interested in identifying natural 
anti-cancer compounds and studying their effectiveness and mechanism of action in different TNBC 
subtypes. We tested several compounds in our laboratory for their anti-proliferative activity in different 
TNBC subtypes. Our results showed that a naphthoquinone compound demonstrated potent 
antiproliferative activity at an IC50 dose of 3 µM in the MDAMB231 cell line (mesenchymal stem cell-
like subtype) and 0.8 µM in the MDAMB468 cell line (Basal like-1 subtype). Additionally, we noted 
that DNA is damaged, and the cell cycle is arrested at the S phase, which prevents cell division. It also 
triggered severe ROS generation, which caused mitochondrial stress and membrane depolarization, 
resulting in mitochondrial-mediated apoptosis following caspase3 activation and PARP cleavage. An 
ultrastructural and topological analysis at IC50 dose using electron microscopy presented a hallmark 
feature of apoptosis, like nuclear condensation, late apoptotic cells showing severe vacuolation, 
rounding and swelling of cells, pyknosis of the nucleus, and mitochondrial swelling corroborating our 
results. Further comparative studies are underway on the different subtypes of Triple Negative breast 
cancer cell lines. 
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Abstract 

Hafnium dioxide (HfO2) based materials are considered as one of the most 
prospective candidates for metal-oxide semiconductor technology owing to their 
appropriate dielectric constant [1]. HfO2 exhibits polymorphism, the monoclinic phase is 
observed at room temperature whereas the tetragonal and cubic phases are observed at 
~1700 and ~2600 0C, respectively [2]. In the recent reports from our lab, we have explored 
that the incorporation of 11 at% of Dy, 12 at% of Sm and 15 at% of Pr in HfO2 

nanoparticles stabilize the high temperature cubic phase at room-temperature (RT). The 
induced 8-fold coordination with doping of rare earth elements is found to stabilize the 
cubic phase at room-temperature [3]. The vital role of oxygen vacancy formation due to 
substitution of rare-earth ions at Hf4+ site is examined. The phase transformation is also 
confirmed from the high-resolution transmission electron micrographs (HRTEM) and 
selected area electron diffraction (SAED) patterns. Estimations of particle size from 
transmission electron micrographs and Williamson-Hall plots have been shown to be in 
good agreement. Photoluminescence spectra of rare earth doped HfO2 nanoparticles have 
been recorded by exciting the samples with UV light. Extended X-ray absorption fine 
structure (EXAFS) measurements of the rare earth doped HfO2 nanoparticles were 
investigated at Hf L3-edge to probe the local electronic and atomic structure. Since 
photoluminescence property is highly dependent on the crystal structure and the local site 
surrounding the rare earth ion, comprehension of local symmetry about an ion is essential 
for enhanced optical behaviour. 
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Abstract 

Earth-abundant low-toxic copper antimony sulfide (CAS) compounds are emerging semiconductors 
having potential applications in the field of solar cells, photo-electrochemical cells, super capacitors, 
thermoelectricity and also as topological insulators. The CAS material system exists in four stable phases like 
CuSbS2 (chalcostibite), Cu12Sb4S13 (tetrahedrite), Cu3SbS3 (skinnerite) and Cu3SbS4 (famatinite). Among these 
different phases Cu3SbS4 exhibits properties like high absorption coefficient (>104 cm-1), intrinsic p-type 
conductivity, good thermal conductivity, low synthesis temperature which makes it ideal for solar cell 
applications. Thus, it is of utmost important to investigate the Cu3SbS4 phase to understand its suitability for 
solar cell applications and come up with scalable deposition methods. 

Here, we report the growth of Cu3SbS4 thin films by co-sputtering Cu and Sb metals in an argon 
atmosphere following sulfurization of the metal film. The influence of different growth parameters like Cu:Sb 
ratio, sulfurization temperature and deposition time on the surface morphology, composition, and optical 
properties was systematically investigated using FESEM (Zeiss Ultra 55 Plus), EDS and optical spectroscopy. 
Further, the crystal structure was investigated by TEM, XRD and Raman studies. In our results we observed 
the crystallinity and phase purity improved with sulfurization temperature. Synthesis at a process temperature 
of 425 °C gave a phase-pure Cu3SbS4 thin films with uniform surface morphology, whereas secondary phases 
were formed at reaction temperatures lower than 400 °C. A temperature higher than 425 °C led to films with 
voids between the crystallites. Electron microscopy is critical for the optimization of the growth process both 
for observation of surface and cross-sectional morphology and the estimation of elemental composition from 
EDS which will be highlighted in the presentation. 

 

SEM images of thin films sulfurized at temperatures (a) 450 °C (b) 425 ° C (c) 400 ° C (d) 300 °C (e) 200 ° 
C (f) cross-sectional SEM image of sample sulfurized at 425 ° C. 

 
Keywords: famatinite, co-sputtering, sulfurization, Cu3SbS4 
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RF sputtered metal oxide thin films with wide band gap have prominent applications as an 

antireflecting coating over solar cells and photovoltaic devices to enhance their efficiency. In 

this context, alumina (Al2O3) thin films are grown on Si (100) by RF sputtering at room 

temperature. These sputtered films are then annealed in air at temperatures of 1000°C,1100°C, 

and 1200°C. The influence of annealing on surface morphology, structure, and optical 

properties of alumina thin film is studied using Atomic Force Microscopy (AFM), Glancing 

angle X-ray diffractometer (GXRD), and UV-Visible spectroscopy respectively. AFM studies 

reveal that the surface roughness of alumina thin film increases with annealing. Moreover, the 

Power spectral density (PSD) approach shows that the mechanism responsible for the observed 

morphology is viscous flow. GXRD analysis reveals that the as-deposited alumina film is 

amorphous and after annealing γ- Al2O3 is formed. The crystallinity along with the crystallite 

size of the films increase while micro-strain and dislocation density decrease with annealing 

temperature. Significant changes in diffuse reflectance of alumina thin films are also observed 

with annealing. The possible correlation between structure, surface morphology and optical 

properties has been discussed. 

Keywords: Aluminium oxide, Radiofrequency sputtering, Atomic Force Microscopy, Glancing 

angle X-ray diffractometer (GXRD), UV-Visible spectroscopy 
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Abstract 

Copper has been well-known as conductive material for a long time used in integrated and 

submicron behavior. Copper has high thermal conductivity, low electrical resistivity, exceptional 

chemical and thermodynamic physiognomies, and a low coefficient of resistance. A comparison 

of crystallinity, microstructure, and surface morphology is performed for the deposition of copper 

thin films, using RF magnetron sputtering techniques. We have synthesized the Copper (Cu) thin 

films at different substrate temperatures and studied their crystallinity using Grazing Angle X-ray 

diffraction (GXRD). Surface morphology and root means square roughness studied by Atomic 

Force Microscopy (AFM). The surface roughness of thin films is very low with the order of 5- 

10nm. There is no any evidence for confirmation of the copper (II) oxide CuO and Copper (I) 

Oxide (Cu2O) as studied by the GXRD. We have found that crystalline size decreases with the 

increase in the substrate temperature. There is clear transformation in the intensity of the Cu (111) 

plane with the variation of temperature. Effect of substrate temperature on the thin films has been 

studied in this article. 

 
Keywords: RF Magnetron Sputtering, Atomic Force Microscopy (AFM), Grazing Angle X-ray 

diffraction (GXRD), Surface Morphology. 



 285 

Morphological and Optical behavior of Annealed and RF sputtered Si3N4 

ceramic thin films 

Kalpana Chhokera, Divya Guptaa, Nisha Malika, Arun Kumara, Sanjeev Kumarb and Sanjeev 
Aggarwala,* 

a Ion Beam Centre, Department of Physics, Kurukshetra University, Kurukshetra-136119, 
India 

b Department of Applied Sciences, Punjab Engineering College, University of Technology, 
Chandigarh-160012, India 

Corresponding author:*saggarwal@kuk.ac.in 

Abstract 

Silicon Nitride (Si3N4) ceramics thin films have attracted great attention due to their admirable 

properties and enormous applications in microelectronics, optoelectronics etc. In the present 

work, RF sputtered Si3N4 thin films on n-type Si(100) at different sputtering time of 30 , 60, 90 

minutes were grown at room temperature. The samples were then annealed at 800⸰C in nitrogen 

(N2) atmosphere. To investigate the morphology and optical properties of as deposited and the 

films annealed at 800⸰C, AFM and UV-VIS-NIR spectroscopy were employed. AFM 

measurements revealed that the roughness of Si3N4 thin films increased after annealing 

treatment pointing towards surface roughening. Interestingly, the grain size also increases after 

annealing at 800⸰C. Optical characterization revealed the corresponding decrease in optical 

energy gap of these films after annealing process. Hence, we propose that the properties of 

Si3N4 thin films can be tuned by varying several parameters, making it a suitable candidate for 

upcoming micro- to nano- device fabrication. 

 
Keywords: Silicon Nitride, radio frequency sputtering, Atomic Force Microscopy, UV-Visible 

spectroscopy 
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Abstract 

Mo thin films, due to its fascinating properties of high melting point, chemical and thermal 

stability finds promising applications in micro, nano device fabrication, electronic and energy 

storage devices. In this work, Mo thin films with varying thickness were deposited on Quartz 

substrates by RF sputtering in the presence of Ar gas at room temperature. The Spectroscopic 

Ellipsometer estimates the thickness to be 150, 200, 250 and 300 nm. The surface morphology 

and optical properties were analyzed by Atomic Force Microscopy (AFM) and UV-Visible- 

Spectroscopy. The AFM analysis revealed that the average particle size increases with increase 

in thickness of thin films. Moreover, the Mo surfaces sputtered at 300 nm were found to be 

rough as compared to those at lower thickness. UV-Visible spectroscopy demonstrates the 

decrease in transmittance while increase in absorption with increase in Mo film thickness. 

Lastly, the optical characteristics have been correlated with the surface morphological 

variations and discussed in detail. 

 
Keywords: Molybdenum, Radio frequency sputtering, Atomic Force Microscopy, UV-Visible 

spectroscopy 



 287 

Electrochemical sensor for the detection of nickel in water bodies 
 

Anoop Singh, Asha Sharma and Sandeep Arya# 

 
Department of Physics, University of Jammu, Jammu, Jammu and Kashmir-180006, India 

#Corresponding author e-mail: snp09arya@gmail.com 

Throughout the last several decades, different human activities and climate change have 

endangered the security of water supplies across the world. With an increasing population, the 

result is that there is a serious water supply issue and a water safety crisis throughout the globe. 

The water supply in less developed nations has been seriously threatened by various organic and 

inorganic contaminants, which causes a number of health issues. This is due to weak environmental 

regulations, the indiscriminate growth of urban slums, poverty, and a lack of basic knowledge of 

hygiene and sanitation. Heavy metals are an example of an inorganic pollutant that is of special 

relevance since it is mostly stable and incapable of degrading. The majority of people are unaware 

of the requirements for clean water. Furthermore, the general public lacks access to cost-effective, 

dependable technology and procedures that may be utilized to quantify these contaminants. This 

issue affects not just home water supplies but also commercial, community, and industrial ones. 

Around the globe, a number of traditional spectroscopic heavy metal detection methods have been 

utilized with considerable effectiveness. However, these methods have limited use due to certain 

clear drawbacks, including the high cost of acquisition and the level of skill needed to use them. 

This study focuses on developing electrochemical sensors that are quick, inexpensive, sensitive, 

selective, and stable for measuring the most important heavy metals, like nickel, in our water 

bodies. 

Keywords: sanitation, Heavy metals, water safety, heavy metal detection 
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Abstract 

 
ZnO thin films were RF sputtered on quartz substrate and the effect of thermal annealing on 

their surface morphology and structural properties was investigated by field emission scanning 

electron microscopy (FESEM) and glancing angle X-Ray diffraction (GXRD). GXRD pattern 

reveals the formation of polycrystalline ZnO thin film having hexagonal wurtzite structure with 

preferential growth along (002) plane i.e., c-axis. The crystallinity along (002) plane enhances 

with annealing at 500°C and 700°C. However, at 900°C and 1100 °C, it has been observed that 

(103) orientation grows drastically. This can be attributed to the formation of oxygen vacancy 

defects. The crystallite size increases with an increase in annealing temperature which is further 

confirmed using FESEM images. This occurs due to the annealing-induced grain coalescing 

and coarsening process. The observed changes in structure and morphology have been 

correlated with alterations in annealing temperature. 
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Abstract 
This paper outlines the identification and design of raw material for use in Geopolymers with 
the use of Microscopy Techniques (TEM/ STEM Equipments). Fly ashes possesses a complex 
chemistry in the form of Al2O3-SiO2 system. Use of microscopic techniques to determine the 
micro-structure as grain size, density, type, location distribution and examination of crystalline 
and amorphous structure down to atomic level of aluminium silicate (Al2O3) -(SiO2) [AS2]. 
The structural behaviour of different composition of fly ashes and identification of high strength 
Inorganic Geopolymer Binder. 

 
Keywords: geopolymer synthesis; aluminosilicate; fly ash; grain size; geopolymeric 

Binder. 
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Abstract 
 
Silicone elastomer nanocomposite samples have been prepared using different concentrations (1- 
7 wt%) of magnetic iron oxide (Fe3O4) nanoparticle through mechanical mixing and hot press 

moulding. The surface morphology of prepared silicone elastomer nanocomposite has been studied 

using scanning electron microscope (SEM) which reveals the smooth dispersion of Fe3O4 

nanoparticles inside matrix, and at higher concentration (>5 wt%) agglomerates are formed. With 
increasing Fe3O4 concentration, the mechanical properties of silicone elastomer nanocomposite 
exhibit an increase in tensile strength, modulus, and decrease in elongation at break, which can be 
attributed to the nanoparticle's good distribution and reinforcing activity. At higher concentration 

(5 wt%) the rate of increase of mechanical properties is nominal due to agglomeration of 

nanoparticles. Additionally, the influence of Fe3O4 nanoparticle concentration on the rheological 
parameters of silicone elastomer nanocomposites such as loss modulus, storage modulus, and 
complex viscosity as a function of temperature and at different frequency (1, 10, and 100 Hz) have 
also been investigated. The effect of iron oxide nanoparticle concentration on rheological 
properties shows the increase in loss modulus, storage modulus, and complex viscosity due to 

increase in volume fraction of nanofiller and reinforcement. With increasing Fe3O4 concentration, 

the loss factor of silicone elastomer nanocomposites reduces, which can be ascribed to improved 
rubber-nanoparticle interactions. The inclusion of Fe3O4 nanoparticles up to 5 wt% gave improved 

rheological characteristics, beyond which the growth is decreased. As a result, a percolation 

threshold of 5 wt% Fe3O4 nanoparticles in silicone elastomer may be considered. 

Keywords: Silicon elastomer, iron oxide, nanocomposites, morphology; mechanical; rheological; 
modulus. 
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Abstract 
 
Germanium films were deposited on Silicon (100) substrate in argon ambient using RF 

sputtering technique at different in-situ annealing temperatures in the range of 400-600 °C. The 

surface morphological studies of these films were carried out using Atomic Force Microscopy 

(AFM). AFM images revealed prominent variations in the surface roughness and grain size 

with annealing temperature. AFM studies ascertain a smooth surface at lower annealing 

temperatures while the surface roughness and grain size found to increase at higher annealing 

temperatures. The structural studies carried out using Raman spectroscopy revealed that the as- 

deposited germanium film was amorphous while it transformed to polycrystalline at an 

annealing temperature of 400 °C and above. Moreover, Raman shift was found to decrease with 

the annealing temperature approaching bulk Germanium. In addition, the in-plane strain was 

also calculated from the Raman shift and found to be tensile in nature at all annealing 

temperatures. In this report, the variation in surface morphological evolution in the light of 

grain size and strain with annealing temperature has been studied and discussed in detail. 

Keywords: RF sputtering, strain, germanium, annealing 
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Abstract 
 

Gallium oxide is an ultrawide bandgap and transparent conducting oxide material with excellent 
chemical and thermal stability. It consists five different polymorphs (α, ꞵ, γ, δ, ε), among them ꞵ- Ga2O3 

is most stable phase up to its melting point. It owns distinct properties such as ultrawide bandgap (~ 4.7-
4.9 eV), high melting point (1800°C), high BFOM and JFOM as compared to other wide band gap 
semiconducting materials including SiC, GaN, AlN etc. With these excellent properties, ꞵ-Ga2O3 

provides suitability for high power electronics, high temperature gas sensor and ultraviolet 
photodetector applications.The growth of ꞵ-Ga2O3 thin film on various substrates by various thin film 
growth method have been investigated till date. The growth method, growth conditions and choice of 
substrate determine the properties of the thin films. The structural properties and surface morphology 
of the thin film vary on different substrates due to lattice mismatching. Therefore, there is need to study 
the effect of substrates on structural and surface morphology of the 
ꞵ-Ga2O3 thin film for sensing applications. We have deposited the gallium oxide thin film on sapphire, 
n-type 4H-SiC and Si(111) substrates by pulsed laser deposition method at growth temperature of 750°C 
and oxygen partial pressure was 5mTorr. The structural properties and surface morphology of grown 
thin films were studied by X-ray diffraction, AFM and SEM techniques. Figure 1 shows the FE-SEM 
images of ꞵ-Ga2O3 thin film deposited on three different substrates. It is observed that the surface with 
compact and irregular shaped grains formed on Si(111) substrate (Fig 1(b)), whereas a coarse and out 
of order grain edge surface thin films are formed on sapphire and SiC substrates (Fig 1(a) and 1(c)). Fig 
1(d-f) shows the cross-section view of the samples, which shows the slight variation in the film 
thickness due to non uniform deposition by PLD. 

 

Figure 1 FE-SEM images of the β-Ga2O3 thin film grown on Sapphire, Si(111) and SiC substrates. 
 
 

Keywords: β-Ga2O3 thin film; morphology; substrates; film thickness; lattice mismatch. 
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Abstract 
Multilevel resistive switching (RS) memories are attractive technologies for ultra-high-

density storage. The change of resistance states the of the active material, why and how it 

happens, are the major areas in the investigation of resistive switching phenomenon. 

Despite the study of switching behaviours of the organic polymers Still there is a lack of 

understanding of switching mechanism of polymers. In this study, resistive switching 

mechanism of ITO/PDI/Al devices were investigated, which demonstrates bipolar 

switching. During DC voltage sweeping mode, both multilevel ON and OFF states were 

achieved. Moreover, the device performs well with 

>250 times HRS/LRS switching cycles and >2*105 second retention time. By enforcing 

current compliance limiting conditions, controlled quantized states has been illustrated. 

This implies that ITO/PDI/Al device does have the potential to be used in forthcoming 

multilevel storage applications. 

 

Keywords: Resistive switching mechanism; Perylenediimide; quantum conductance; 

multilevel memory. 
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Abstract: 
The 0.9[KNbO3]―0.1[BaNi2+Nb5+O2−	] (KBNNO) is a novel and a promising perovskite oxide for the 

0.5	 0.5		3-δ	
bulk photovoltaic and fuel cell applications. The KBNNO is usually synthesized using the solid-state 
reaction method taking NiO as a precursor material for the Ni2+ element. However, due to the higher melting 
temperature of NiO and the volatility of the K element at higher temperatures, it is impossible to achieve 
full doping of the Ni2+ element. As a result, the impurity phases of residual NiO are generally detected in 
the thus synthesized KBNNO electroceramics which degrade the functionality of this material. Given the 
novelty of KBNNO in energy conservation applications, in this talk, we will be presenting our past and 
present research works on the well-documented synthesis method called the ‘modified solid-state reaction 
method’ and ‘dual-step calcination and sintering techniques’ that guarantee the formation of NiO impurity-
free and highly dense KBNNO electroceramics with enhanced electronic and physical properties. In the 
modified synthesis technique, nickel acetate is used as a precursor material for the Ni2+ element that enables 
the formation of highly pure KBNNO at as low as 600°C temperature which is the record low synthesis 
temperature of KBNNO so far. We present a comparison of microstructural, optical, and multiferroic 
properties of NiO-based and Acetate-based KBNNO that clearly demonstrate the manifestation    of    these    
properties    of    this    material    mediated    by    the    Ni2+     element. X- ray Elemental mapping in SEM 
revealed the presence and absence of NiO residual paricles in NiO- based and acetated-based KBNNO 
respectively. TEM specimens of these ceramics are prepared by conventional method using mechanical 
thinning and ion milling. Using diffraction contrast microscopy microstructure feature like grain size, 
crystalline phase, secondary phases, and ferroelectric domains are investigated. PE and MH measurements 
are done to demonstrate the multiferroic properties, and the optical properties are supported by the UV-Vis 
and photo-luminance measurements. 

Keywords: Ferroelectric materials, KBNNO, Dielectric properties, TEM, Ferroelectric domains, 
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Abstract 

Focused Ion Beam (FIB) is the simplest and straightforward technique to fabricate low 
dimensional nanodevices. This method provides significant control over the shape and size to 
fabricate 1D quantum nanowire devices useful for Majorana based topological quantum 
computation study [1, 2]. 

Here, in this study, we present the investigation of FIB fabricated Superconductor (SC)- 
Topological Insulator (TI) junctions that can host p-wave superconductivity and Majorana 
fermions by using electron microscopy such as scanning electron microscopy (SEM) and 
transmission electron microscopy (TEM). Initially, thin flake of TI (Bi2Se3) is exfoliated on 
precleaned Si3N4 substrate. This exfoliated flake is converted into nanowire via ion milling method 
and then superconducting (W) contacts are deposited by using FIB gas injection system to fabricate 
SC-TI-SC junction with few nm gaps. High magnification FESEM and HRTEM images show that 

W diffuses into the junction forming granular islands within very small (~50 nm) length and sharp 

Bi2Se3 nanowire sides with missing granular W islands on the substrate surface. Thus, indicating 
that the good, transparent, and clean junction is formed. We perform R- T measurement on these 
junctions and realization of supercurrent indicates proximity induced superconductivity. 

Keywords- high resolution electron microscopy, Topological Insulator, TI-SC junction, 
Supercurrent. 
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Abstract 

Amorphous silicon and silicon based binary alloys have generated a lot of interest both 

fundamentally and technologically and have assumed great importance in the fabrication 

of electronic, opto-electronic, photo-voltaic as well as sub-micron devices. Low 

temperature deposition of the thin films is necessary to eliminate the problems like 

increased probability of defect formation and dopant redistribution associated with high 

temperature processing. Accordingly, low temperature techniques such as plasma 

enhanced chemical vapor deposition (PECVD), various sputtering techniques (such as 

DC, RF, etc.) are being used for the purpose. Independent control of the constituent 

elements of the film is possible in sputtering, therefore, sputtering techniques are more 

desirable for the deposition of the thin films of interest. In this work, amorphous silicon 

thin films are deposited on p-type Si [100] wafers by Radio frequency (RF) Magnetron 

Sputtering. The effect of deposition parameters like RF power, Argon gas flow, 

deposition temperature on the thickness and microstructure of the films is investigated. 

The crystallographic properties are evaluated using X-ray diffraction (XRD) analysis and 

Raman spectroscopy. The surface morphology on the deposited film is characterised 

using scanning electron microscopy (SEM). Film thickness and microstructural features 

like size of nanocrystalline region is investigated using plan-view and cross-sectional 

transmission electron microscopy (TEM). TEM samples are prepared in a conventional 

manner using mechanical thinning followed by ion-milling. 

 
Keywords: TEM; amorphous silicon; sputtering. 
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Abstract 
 

Tungsten ditelluride (WTe2) possesses an interesting electronic band structure, overlapped 
electron-hole pockets, and exhibits perfect electron-hole charge compensation. It is a Weyl 
semimetal material and light absorption in this material doesn’t depend on their bandgap 
and enables the detection of low energy photons down to infrared or terahertz regime. 

Here we report the deposition of thin films of Weyl semimetal material by using DC 
magnetron sputtering system at some fixed optimized parameters such as voltage supply, 
current, gas flow, and vacuum range. The thickness of the deposited film was optimized by 
us using the FESEM imaging method. For thickness optimization, the sample was 
fabricated in the multilayer form in which alternate layers of two different materials were 
deposited for different time duration and time was noted for each deposition. Through the 
analysis of images, we have successfully determined the thickness of the deposited film as 
well as the deposition rate. Further, we study its optical properties such as photo response 
in UV, visible, and near IR regions using 385nm, 532nm, and 1064nm laser beams 
respectively and we believe that sputter-deposited films can be used for the detection of low 
energy photons in the future. 

Keywords: Semimetal, Thickness, Sputtered, Multilayer, FESEM, Photon detection. 
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Abstract 

Heusler alloys have attracted extensive attention due to their novel properties such as tunable electronic structure, giant 
magneto-resistance effect and superconductivity etc. The present study uses a straightforward and inexpensive electro-
deposition technique at ambient temperature to successfully fabricate Co2FeGa Heusler alloy nanowires in anodic 
alumina templates. The deposition parameter such as the electrolyte solution's potential can influence the stoichiometry 
of full Heusler alloy nanowires. In this investigation, we reported the role of deposition potential on the structural, 
morphological and magnetic characteristics of Co2FeGa nanowires. The formation of the Heusler alloy nanowires was 
confirmed by the X-ray diffraction pattern which indicates the B2 type crystal structure as shown in Fig. 1(Aw). The 
morphology analysis of Co2FeGa nanowires revealed uniform deposition in the template as shown in Fig. 1(B). The 
EDX spectra indicated that the best stoichiometry of full Heusler alloy was obtained for the deposition potential of – 
2V and the observed atomic percentage is shown in Table 1. The vibrating sample magnetometer (VSM) measurements 
was used to investigate the static magnetic properties showing that as the potential value rises, the saturation 
magnetization, squareness, coercivity, and uniaxial anisotropy of the nanowires increases. The dynamic magnetic 
properties were done using broadband ferromagnetic resonance measurements by applying the flip-chip approach in 
the field-sweep mode. The resonance field increases with the increase of frequency for all the potential variation 
samples. The resonance line-width decreases for the best stoichiometry sample with 2:1:1. The proposed materials can 
be suitable candidate for the next generation spintronics applications. 

Table 1: Atomic percentage of Co2FeGa nanowires sample 
 

Name of Element Percentage of Atom 
Co 43.30% 
Fe 26.50% 
Ga 30.19% 

 

Fig. 1 (A) XRD spectra of Co2FeGa nanowires (B) SEM image 
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Electron microscopic methods such as SEM, TEM, FESEM are powerful tools for investigation of 

wide range of materials. Moreover, Analytical scanning electron microscopy (SEM) techniques 

are ubiquitously used in material science owing to their unique capabilities for high- resolution 

microstructure investigation of materials. SEM is capable of providing valuable chemical and 

structural information using techniques such as energy dispersive X-ray spectroscopy (EDX) and 

electron backscatter diffraction (EBSD). In order to realize the full potential of these powerful 

techniques, sample preparation methods are required that meet the demands of the respective 

analytical technique to be used as it directly impacts the quality of the characterization. A number 

of different preparation methods have been successfully applied in the past to produce samples 

for electron microscopy analysis, ranging from mechanical polishing, electropolishing and 

ultramicrotomy to ion beam polishing with broad or focused ion beams. Some less frequently used 

or more recent techniques include glow discharge sputtering, helium ion microscopy, preparation 

with ultra-short pulsed lasers and nano milling with an atomic force microscope. It is not always 

true that good specimen preparation is the key to producing good electron micrographs. 

Consequently, it is essential to perfect a suitable specimen preparation technique before embarking 

upon a detailed microstructural investigation. In this study, a novel technique for the preparation 

of sample for scanning electron microscopy is presented 

Key words: SEM, EDX, EBSD, TEM, FESEM 
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Abstract 

With the rapid development of microelectronic industry, miniaturization of device, IoT, self-powered 
device, sensor, etc., there is an increasing demand for high performance ferroelectric and piezoelectric 
materials and device having flexible behaviour. The demands become more prominent when they are used 
as self-powered device and that too at extreme condition and remote location where supply and control 
are difficult. The polymer/inorganic nano-composites have stood as an solution with promising dielectric 
materials. They have overcome from the drawback of ceramics with the poor electrical breakdown 
strength and also having superior properties to that of pure polymer matrices. Through the doping of nano 
inorganic 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 (PVDF) as polymer host and 3% Mn 
doped 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. 

 
 
 
 
 
 
 
 
 

Fig: Dielectric Constant, FTIR, Output voltage generated, 

The electroactive β phase fraction increases as the filler concentration up to 40 wt.% of BCZT(Mn) 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 dielectric studies estimated the relative permittivity (εr) of a composite film with 40 
wt% of BCZT(Mn) content to be ≈ 22.6 (at \50 Hz) which was about four times as compared with that of 
pure PVDF. The output from the fabricated nanogenerator reached up to 13.9V through human finger 
tapping motions, Paving way for its potential use in the field of Sensor, actuators and self-sustaining 
Flexible Devices. 

Keyword: PVDF, Piezoelectric polymer composite, Dielectric properties, Piezoelectric generator 
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Abstract 

 

Mechano-luminescence (ML)[1]is the utilisation of mechanical energy to gather optical energy. 
The primary benefit of ML is that it is self-powered and does not require a cumbersome electric 
connection for operation [2]. In the present work, we examine the mechanoluminescence 
application potential of ZnS:Mn/Polystyrene(PS) composite-based thin films. The composite 
films are manufactured using the drop casting method. All of the films have uniform thicknesses 
of approximately 0.1 mm. According to the results of X-ray diffraction on the films, the ZnS:Mn 
particles in the composite have a spheralite crystal structure. The films are examined for ML 
signature using a bespoke drop weight system with established impact pressure reference values 
between 40bar and 400bar. The obtained results demonstrate that the ZnS:Mn/PS composite 
films are ML in nature and respond to pressure application. The relationship between applied 
pressure and light production is linear, in accordance with theoretic findings[3]. This research 
has implications for the fields of self- powered futuristic technologies with advanced 
applications. 

 
Keywords: mechanoluminescence; ZnS:Mn; self-powered; composite films; 
Piezo-photonics 
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Atomic scale segregation occurs at crystalline defects such as grain boundaries, dislocations, stacking 

faults, and twins in many high-temperature structural materials during service and processing. 

Understanding the correlation between localized composition at these defects and other material 

properties (structural and mechanical properties) opens the pathway for new material developments. 

Here, we employ the combined use of atom probe tomography (APT) with advanced electron 

microscopy techniques, scanning electron microscopy (SEM), controlled electron channeling contrast 

imaging (cECCI) and transmission electron microscopy (TEM) to investigate solute segregation to 

defects generated during service and processing in Ni-base super alloys and high entropy alloys. 

Experimental methodologies and protocols are also discussed. 

Keywords: correlative Microscopy, defects, segregation, cECCI, SEM, TEM, APT 
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Abstract 

 
Secondary hardening is a type of strength anomaly exhibited in MP35N alloy (Nickel-Cobalt 

based single phase alloy) wherein a material strength increases after annealing at a certain 

temperature following cold working; Recent experiments suggest solute segregation to the faults 

may be the reason however, some questions remain unanswered in the context of theories 

explained earlier, To validate the reasoning and understand the deformation mechanism, we use 

appropriate length-scale characterization techniques like APT and TEM to study the segregation 

of the solute atoms to the faults. To further increase the operating temperature, we add refractory 

elements like Niobium and Tantalum and also examine their effect on the segregation of the 

solute atoms to the fault. 

Keywords: Secondary Hardening, MP35N alloy, Solute segregation, APT 
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Abstract 
 

An environmental estrogen are the artificial or natural compounds that mimic the 
natural estrogen hormone and alter the activity of natural endogenous hormones. 
Bisphenol-A (BPA) is an environmental estrogen, used in manufacturing unit of 
various plastic units. The exposure to BPA cause genotoxicity and cytotoxicity and 
hence it is highly essential to develop a system for its recognition and quantification. 
A molecularly imprinted electrochemical sensor decorated with graphene quantum 
dots was synthesized. The monomer ethylenedioxythiophene (EDOT) was 
electropolymerized on to the surface of glassy carbon electrode in the presence of 
graphene quantum dots and template molecule. The material and the sensor were 
characterized using ultraviolet-visible spectroscopy, field emission scanning electron 
microscopy, transmission electron microscopy, X-ray crystallography, fourier 
transform infrared spectroscopy, cyclic voltammetry, differential pulse voltammetry. 
The linear range of detection was found to be 1µM to 125µM. The proposed method 
shows good sensitivity, selectivity, stability for the detection of BPA in environmental 
samples. 

 
Keywords: bisphenol A; electrochemical detection; molecularly imprinted polymer; 
graphene quantum dots; environmental estrogens. 
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Water quality is deteriorating due to the growth of the world population, industries, and extensive human 
activities. Discharging various untreated or inadequately treated industrial wastewater into the natural 
environment leads to water pollution. Phenolic (Bisphenol-A & 2-aminophenol) compounds are the 
major organic contaminants that are highly carcinogenic and have been classified as priority pollutants 
by the US Environmental Protection Agency (EPA). The BIS acceptable limit for these phenolic 
compounds in drinking water is 0.001ppm. Bisphenol A causes estrogenic activity and alter metabolism 
kinetics and causes DNA damages which results in telomeric association together with chromosomal 
aberrations. Aminophenol dermatitis, asthma and damage to the blood haemoglobin. Several methods 
are adopted to remove phenol from water. Adsorption has been widely used due to its low cost, high 
efficiency, and easy operational design. Usually, commercial activated carbon is used as an adsorbent for 
water purification, but the cost of the material is very high. Recently, the synthesized activated carbon 
prepared from plant waste products are the most interesting alternative for commercial activated carbon. 
In this study, we have synthesized KOH derived orange peel activated carbon which were utilized for 
the removal of 2-aminophenol and Bisphenol-A (BPA) from water. The objective behind of this study 
is to explore the feasibility of KOH as an adsorbent for the removal of bisphenol A and 2-aminophenol 
from wastewater. 

The orange peel was collected and dried in an oven at 100°C for 4 hours, followed by carbonization at 
300°C.The synthesized biochar were mixed with KOH at an impregnation ratio of 2:1(Biochar:KOH) 
for 3 hours. After that, the sample were placed into the muffle furnace for activation at 700°C for 1 hour 
under inert atmosphere. The activated carbon was washed with DI water and dried in oven at 100°C to 
remove the moisture. 
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Fig.1a Adsorption dosage study for Bisphenol-A(BPA) Fig.1b Adsorption dosage study for 2- 
aminophenol. 

From the result, It can be seen from fig.1a & 1b that the Bisphenol-A(BPA) and aminophenol shows 
an adsorption efficiency of 89 % and 81%. Hence,KOH derived activated carbon is a successful 
adsorbent for the removal of phenolic(Bisphenol-A and 2-aminophenol) compounds. 

Key Word: Phenolic compounds, KOH derived activated carbon, Adsorption study 
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Abstract 
 
We have fabricated the high performance flexible piezoelectric nanogeneratorbased on S- 

defect free molybdenum disulphide (MoS2) nanosheets. Hydrothermal route was used to 

synthesise the MoS2 nanosheets. 3-5 stacked layers of MoS2 nanosheets were confirmed 

by the High resolution transmission electron microscopy (HRTEM) and Raman 

spectroscopy. X-ray photoelectron spectroscopy (XPS) predicted the chemical, electronic 

and defect state of the synthesised MoS2 nanosheets. Piezoelectric nanogenerator based 

on MoS2 nanosheets was fabricated with and without CNT electrodes. The MoS2 

nanogenerator with CNT electrode generates excellent high output voltage of 22 V and 

a record high output current density of 9.00 µA/cm2 under small vertical compressive 

force of 1.5kgf.Piezoelectric force microscopy (PFM) was used to determine the 

piezoelectric charge coefficient (120 pm/V) of 2D MoS2 nanosheets. The energy 

conversion efficiency of the device was found to be 30%. Moreover, MoS2 nanosheet also 

shows high dielectric constant of about 2649 at low frequency. The results suggest that 

absence of the S-defect can reduce free-charge carrier and screening effect, resulting high 

output voltage and current density. 

 
Keywords:2D material, Piezoelectric nanogenerator, X-ray photoelectron 

spectroscopy, Energy harvester, Dielectric properties 
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Abstract 

 
The development of high-performance supercapacitors is at the forefront of energy 

storage and conversion research due to the growing demand for portable electronics, 

electric vehicles, and green energy storage solutions. In the past decade, many scientific 

publications have focused on designing different electrode materials made of vanadium 

pentoxide (V2O5) to increase the energy and power of traditional batteries and capacitors. 

V2O5 has a high capacitive potential, is abundant, and is non-toxic. Poor conductivity, low 

porosity, and charge/discharge dissolution limit bulk V2O5. To overcome V2O5's 

limitations, researchers have added different dopants in the host V2O5. Doping 

components facilitate electron mobility and act as porous templates for V2O5 nucleation, 

increasing surface area, surface morphology, and structural stability. This review focuses 

on the effects of different synthesis methods, In this study, we explore the many methods 

for enhancing the electrochemical properties of vanadium pentoxide, and physical 

treatment strategies on the structure and electrochemical performance of doped V2O5 

electrodes. 

Keywords : V2O5, XRD, Electrochemical 
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Abstract 

Cobalt coatings were electrodeposited on mild steel by varying surfactants of 

different polarities (CTAB (cationic), SLS (anionic), and Triton X-100 (non-ionic). 

Micro-texture, morphology, and the corrosion behavior of the electrodeposited Co 

coatings were investigated. Electrochemical studies were carried out by Tafel polarization 

and electrochemical impedance spectroscopy (EIS) measurement. Resistance polarization 

(Rp) value which is a measure of corrosion resistance, the highest Rp value was exhibited 

for the CTAB-containing surfactant coating (Rp = 9519 Ohm-cm2) followed by the SLS-

containing coating (Rp = 6939 Ohm-cm2) and pristine coating(Rp = 5939 Ohm-cm2). The 

Triton X-100 containing coating showed the lowest Rp value (5332 Ohm-cm2). Higher 

crystallite size and the lower strain showed by the coating with CTAB and pristine 

coating than the coatings with surfactants SLS and 

Triton X-100.   Strong (112̅0) texture exhibited by the coatings Pristine and Triton X- 

100,  whereas  the  coatings  with  surfactants SLS  and  CTAB  shown  both  (112̅0)  and 

(01̅10) textures.   Both (112̅0) and (01̅10) textures were high energy textures, therefore the 

observed change in the corrosion behavior of the coatings was due to the grain 

boundary constitution. The Triton X-100 showed the highest corrosion rates due to a 

higher fraction of high energy high angle grain boundaries (HAGBs) (~82%). The 

CTAB surfactant coating exhibited the lowest corrosion rates due to the highest fraction 

of low-energy special boundaries along [01̅10], [112̅0] axis and the highest fraction of 

CSL boundaries. 

Keywords: Cobalt coatings; Grain Boundaries; Texture; Corrosion. 
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Abstract 

Fluid-bed film coating processes have a greater drying capacity than other coating systems due to 

a high fluidising air volume that circulates particles and evaporates the coating, resulting in more 

efficient film coat application. Utilising the precise spherical form and managed particle size of 

expanded polystyrene (EPS) spheres, and highly organised particle flow & high-quality, 

reproducible film produced by Bottom-spray fluidised bed coating systems fully or partially Al- 

coated EPS spheres (AlESp) fabricated which have extensively in pharmaceutical, agricultural, 

paint, electronic, structural and automotive applications. In this process, EPS substrates are 

supported by incoming gas, which suspends them due to balance in drag, gravity and buoyancy by 

a minimum fluidisation velocity of Vmf so that the EPS spheres exhibit fluid properties. The quality 

of the Al film coat applied can be controlled by monitoring essential processes and product 

variables. Critical design parameters include chamber geometry, air velocity and mass flow ratio 

of air to the product. The synthesised AlESp were tested in stress conditions. Also, the electrical 

properties of the Al coated were much enhanced as a high dielectric constant of 12000 value was 

recorded at low-frequency levels. Al coatings on EPS spheres offer advantages in developing 

retroreflective surfaces for high-visibility materials and energy storage applications. AlESp were 

created to generate electrically conductive coatings that can be added to tiles, textiles, adhesives, 

sealants, plastic, rubber, composite, and resin materials. When added correctly, these materials 

offer electrical conductivity and shield electronic equipment from EMI. 

 
 
Keywords: Metal coated Bottom spray coating; temperature; humidity; airflow rate; spray rate. 
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Abstract 
 
 
Medium manganese steel, with 5-12% Mn, regarded as the 3rd generation advanced high 

strength steel (AHSS) emerging as promising material for automobile industries due to their 

excellent combination of strength and ductility. The mechanical properties of the medium Mn 

steel depend on the stability and volume of the retained austenite in the microstructure. Inter- 

critical annealing, also referred as austenite-reverted-transformation (ART) annealing, mainly 

employed to develop stabilized austenite phase in the microstructure. 

This work aims to investigate the microstructural evolution during intercritical annealing. The 

cold rolled medium Mn steel, comprised with dominant martensite phase, used for this study. 

The intercritical annealing experiments were performed inside the TEM to study the dynamic 

track of the microstructural evolution. The intercritical annealing temperature was decided for 

the selected composition through Thermocalc analysis. The deformed sample was subjected to 

intercritical annealing at 675℃ for 1 hr. The evolution of microstructure was observed at 

various holding time. The effect of intercritical annealing on the nucleation and growth of 

austenite phase and the phase transformation kinetics of martensite have been investigated 

through extensive TEM and EBSD techniques. 

 
 
Key words: Medium Mn steel; AHSS, TEM, microstructure 
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Abstract 
 
In this study, the hybrid organic-inorganic bismuth oxide-MWCNT based nanocomposites for 

radiation protection is synthesized. As we know that the conventional lead based radiation 

protection materials are very toxic hence, the study investigates for the first time microwave 

irradiated green synthesis which is a novel approach for the preparation of advanced material. The 

XPS spectra confirms the bonding between the Bi2O3 Nanoparticles (NPs) and MWCNT. The 

XRD study confirms the crystal structure of in-situ Bi2O3 NPs impregnated on MWCNTs. The 

TEM micrograph revealed the polygonal morphology of bismite NPs with MWCNT. Therefore, 

the use of advanced multifunctional X-ray radiation shielding hybrid organic-inorganic material 

possesses a broad application spectrum ranging from attenuating emergency radiation leakages in 

the public domain such as X-ray scanner, CT scanner rooms, medical equipment in biomedical 

applications and bunkers of army personnel, nuclear power plants, etc. of strategic nature. 
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Abstract 
 
 
Increasing Industrialization and urbanization is developing the society but at the same time it is 

tremendously hazardous for the living organisms. The wastewater discharge from industries is the main 

source of contaminated water. Thus, purification, recycling and reuse of waste water is very much 

important theme in today’s era. It has been found that water containing dyes are difficult to treat. 

Among various possible methods, adsorption using photocatalysts has proved to be the most efficient 

technique for the treatment of contaminated waste water. This review is focused on the use of spinel 

ferrites as photocatalysts which are highly efficient for the removal of toxic dye stuffs from 

contaminated water under visible light radiation. A relatively narrow band gap (2.0 eV) and large 

surface to volume ratio of spinel ferrites make them capable for such processes. Several synthesis 

methods such as thermal methods, sol–gel and citrate methods, coprecipitation, and solid-state 

reactions can be use as synthesis approach. The synthesized materials are characterized using Different 

techniques to characterize ferrites are XRD, SEM, TEM, EDAX and FTIR. Spinel provides numerous 

potential advantages that include low cost, reuse, and high proficiency in removing and recovering 

pollutants. Also, it shows the highest degradation efficiency up to 99% which makes them useful 

materials for the degradation or adsorption using photocatalytic activity. 

 
 

Keywords: Spinel Ferrites, Characterization techniques, Photocatalyst, Degradation, Photocatalytic 

Activity. 
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Abstract 
 

Zirconium (Zr4+) doped nickel- zinc ferrite nanoparticles with chemical composition of 

ZrxZn0.5-xNi0.5-xFe2O4 (0.1≤x≤0.30) have been synthesized successfully by sol–gel auto 

combustion method using urea as a fueling agent. XRD study confirms the single phase 

formation of composite ferrite which belongs to cubic spinel structure and the lattice 

parameter found to be a= 8.417, 8.44 and 8.452Å for the respective values of x = 0.10, x 

= 0.20, x = 0.30. TEM study reveals the morphology of Ni-Zn ferrite nanoparticles are 

well spread over wide area. The saturation magnetization gradually decreases with the 

increase in Zr substitution and reaches minimum when x=0.30 whereas the coercivity 

value reaches minimum when x=0.10. 
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Abstract 
 
This study investigated the impact of bismuth ion doping on the structural, magnetic and 

microwave absorption characteristics of lead hexaferrite nanoparticles (PbFe12-yBiyO19, y=0.2 to 

0.8) produced by the sol-gel auto-combustion method. An analysis of the crystalline phase of the 

synthesized materials using XRD data plots up to x=0.8 reveals that the materials are single- phase 

hexagonal ferrite with an average crystalline size between 43 and 58 nm and a space group of 

P63/mmc. hexaferrite's coercive force is increased by adding Bi3+ ions from 2756 to 4386 Oe; 

however, the saturation magnetization increases with increasing Bi3+ concentration from 38.003 to 

49.016 emu/g. Using a vector network analyzer, the X-band microwave absorption parameters 

were recorded. Transmission line theory was used to determine the reflection loss values for a 

particular thickness of 2 mm and a frequency range of 8–12 GHz. The layer's size and frequency 

can be predicted thanks to the physical characteristics of lead hexaferrite with bismuth substitution, 

which reduces reflection loss. The loss is the highest at -15.19 dB (78 percent at 

10.10 GHz when x=0.8). It demonstrates that it can be used for various things, such as permanent 

magnets and as a magnetic recording medium. 
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Abstract: 
 

Aluminium substituted Co-Zn Oxide Co0.2Zn0.8Fe2-xAlxO4 (x = 0.0, 0.2, 0.4, 0.6, 0.8,1.0) 

were synthesised by sol-gel auto-combustion method. The structural and magnetic properties 

of synthesized oxide characterized by X-ray diffraction (XRD), Fourier Transform Infrared 

Spectroscopy (FTIR), Electron dispersive X-ray (EDX), Transmission Electron Microscope 

(TEM) and Vibrational Sample Magnetometer (VSM). X-ray diffraction study confirms the 

formation of single-phase cubic spinel structure with space group Fd-3m and particle size 

12nm-60nm. The absorption band at 570cm-1 and 450cm-1 assigned to tetrahedral and 

octahedral sites in ferrite. The magnetic behaviour decrease as doping of Al is increased and 

ferrite shows superparamagnetism. 

 
 
Keywords: Co-Zn ferrite, Sol-gel, X-RD, VSM, Superparamagnetism. 
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Zinc telluride is a II-VI binary compound semiconductor having potential applications in 

optoelectronic devices like L.E.D , Solar cells photodetectors etc. In this paper we have studied 

the effect of substrate temperature on Structural, optical and morphological properties RF 

sputtered ZnTe thin films grown on Si(100) at various substrate temperatures 300, 400, 500 

and 600°C using RF sputtering. Structural, Optical and morphological properties have been 

studied using Grazing incidence X-ray Diffraction (GXRD), UV-Visible Spectrophotometer 

and Atomic Force Microscopy (AFM). GXRD studies reveal that as grown films are 

amorphous which turn to polycrystalline in nature with cubic structure having preferred 

orientation along (111) direction with increase in annealing temperature. Crystallinity increases 

with the increase of substrate temperature from 300°C to 500°C. AFM studies show that 

roughness increases, particle density decreases whereas particle size increases with the increase 

substrate temperature from 300°C up to 500°C. This may be due to the grain growth with 

increasing annealing temperature. Surface reflectance behaviour has a decreasing trend with 

increasing temperature upto 500°C. Thereafter, the films became amorphous with further 

annealing at 600°C.The change in structure, morphology and optical behaviour with 

temperature has been studied and discussed. 

Keywords: Zinc Telluride, RF sputtering, GXRD, Annealing 
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Abstract 

Nanocrystalline magnetic materials have attracted considerable interest due to their uniqueness 
and remarkable properties in various fields including physics, chemistry, biology, medicine, 
materials science, and engineering. Compared to their bulk counterparts, nanomaterials have 
particle size in the 1–100 nm range and a high surface to volume ratio that determines different 
or enhanced reactivity, thermal, mechanical, optical, electrical, and magnetic properties. 

Aluminium substituted ferrites have high electrical resistivity, low eddy current losses, square 
nature of hysteresis loops, high stability and high value of saturation magnetization, hence they 
have enormous technological applications. 

X-rays diffraction (XRD), scanning electron microscopy (SEM), Transmission Electron 
Microscopy (TEM), Energy-Dispersive X-ray spectroscopy (EDX) and Fourier Transform 
Infrared (FTIR) help to study the Structural and Morphology of the synthesized materials is 
reported in this piece of work. 

Hysteresis loop obtained on Vibration Sample Magnetometer (VSM) contributes to know the 
magnetic properties like Saturation Magnetization, Retentivity and Coercivity whereas precise 
electrical measurement technique helps to know the Electrical properties by measuring 
resistivity, conductivity, dielectric constant and carrier concentrations. 

The ferrites particles can be easily be separated from contaminated water simply by magnetic 
bars. Therefore, these particles can be used and recycled easily for Photocatalytic applications. 

 
 
Keywords: Spinal Nanoparticles, XRD, SEM, TEM, EDX, FTIR, VSM, Photocatalytic etc. 
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Abstract 
 

Dysprosium doped Co2Z hexaferrite Ba3Co2In0.1DyxFe23.9-xO41 (where x = 0.0, 0.05, 0.1, 

0.15, 0.2 and y = 0.1) were fabricated by sol-gel auto-combustion method. The structural 

studies were done by XRD and TEM which confirms that prepared samples have a pure 

Z-type phase and it belongs to P63/mmc space group. The magnetic studies were done by 

Vibrating Sample Magnetometer and Mossbauer Spectroscopy. The magnetic hysteresis 

loop of these samples gives us the value of saturation magnetization, coercive field, and 

remanence magnetization, from these values we found that with increasing doping 

concentration saturation magnetization increases except for Ba3Co2In0.1Dy0.2Fe23.75O41. 

But Ba3Co2In0.1Dy0.2Fe23.7O41 has the highest saturation magnetization value of 89.065 

emu/g. Mossbauer spectra fitted with six sextets of six sites least square fitting gives us 

information about isomer shift which tells us about the presence of oxidation state of Fe 

which is Fe3+, quadrupole moment value varies slightly and magnetic field that tells us 

about the presence of Fe3+ state in the sample and that there is no deformation in lattice 

sites by doping with Dysprosium dopants as magnetic field vary slightly. 

 
Keywords: Co2Z Hexaferrite, Mossbauer Spectroscopy, Vibrating Sample 

Magnetometer, Magnetic properties. 
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Abstract 
 

This paper gives a comprehensive examination of the potential uses for hexa-ferrite 

magnets in electrical automobile motors. Rare earth magnets have been replaced 

throughout the years as a result of increased prices and unequal distribution across the 

world. In this framework, the advantages of using rare earth-free magnets (Hexaferrite) 

and the disadvantages of using rare earth magnets from the perspective of applications are 

discussed. With regard to its superiority, the most effective sol-gel preparation technique 

is described. It has been investigated how the magnetic characteristics of hexaferrite 

permanent magnets used in EV (electric vehicle) traction motors are affected by form, 

size, and exchange coupling. A transmission electron microscope and X-ray diffraction 

are both utilized to examine the ferrite nanoparticle's structural details. To examine the 

sample's magnetic characteristics, a vibrating sample magnetometer is employed. 

 
Keywords: M-type Hexaferrite, Electrical vehicle, Electrical motors, Coercivity, 

Energy product 
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Silicon carbide (SiC), a typical representative of the third-generation semiconductor materials, 
has unique properties such as wide band gap, high breakdown voltage, high thermal 
conductivity and excellent chemical inertness. These characteristics are different from first and 
second generation traditional semiconductors such as silicon and gallium arsenide, making SiC 
suitable for fabricating high-power and microwave radio-frequency devices. 

For the better performance of device, researchers have been putting great efforts to reduce the 
dislocation density in Silicon carbide wafers. Therefore, the characterization and analysis of 
defects (micropipes, edge, screw and basal plane dislocations) in SiC single-crystal material 
has become an important issue for the improvement of the single-crystal growth process and 
the preparation of high-performance devices. As a super-screw dislocation, it has always been 
difficult to accurately distinguish micropipes from threading screw dislocations. Micropipes 
are fatal whereas threading screw (TSD) and edge (TED) dislocations have been found to 
increase the leakage current and cause premature breakdown of devices. Basal plane 
dislocations poses reliability issued of 4H-SiC based bipolar devices. Therefore, reducing the 
densities of dislocations is urgently required to fully explore the potential of 4H-SiC, which is 
based on discriminating and statistic of dislocations. 

We studied the KOH wet-etching behaviour of semi-insulating 4H-SiC wafers. The molten 
point of KOH under atmospheric pressure is 360 °C, while most studies of molten KOH etching 

of SiC are carried out in the range of 450–550 °C to prevent either under-etching or over-

etching. Various additives, such as NaOH, K2CO3 , Na2O2 and MgO, have been proposed to 
facilitate the formation of hexagonal etch pits and increase the morphology difference among 
different types of dislocations. Many etch pits of dislocations will form during the etching 
process and the preferential etching behaviour could be attributed to the localized strain field, 
which implies excessive elastic energy that reduces the energy barrier of etching. The 
morphologies of molten-KOH etched pits vary significantly with etching time and doping 
concentration of 4H-SiC, which makes it difficult to discriminate TSDs and TEDs. Confocal 
laser scanning microscopy (CLSM) was employed to observe the morphology and measure the 
etch pit angle. Etch pit morphology and sectional view of SiC wafer were observed with CLSM 
technique, which gives clear indication of distinction among various types of dislocations. 
Also, Raman spectroscopy and other microscopic tools were used to get further insights of 
dislocation study. 

Keywords: Silicon carbide; KOH etching; dislocations; microscopy; semi-insulating 
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Abstract 
A comprehensive precipitation behavior of AA7075T7352 is studied using bright and dark-field 
TEM imaging tecnique including HAADF-STEM elemental analysis. Various morphologies of 
GPzone, Al2CuMg phase, and GP-II reported in literatures are resolved as (Solute rich cluster: GP-
I, and vacancy rich cluster: GP-II, Lath morphology: Al2CuMg phase ). Precipitation sequence of 
alloy is describbed as: Super Saturated Solid Solution {SSSS(α )} → GP-I: Solute Rich Cluster 

(SRC) → GP-II: Vacancy Rich Cluster (VRC) → ɳ¢ → ɳ. The decreasing order of coherency of 

precipitates from GP-I to ɳ with respect to a-Al (face centered cubic, fcc) are explained on the basis 

of difference between interplanar spacing of precipitates, and 220 diffraction spots (d220) of a-Al. 

The GPzones has three-multiples of the d-spacing values of 220 diffraction spots (d220) of the a-Al 

which portrays coherency and co-existence of phases. The precipitate ɳ¢ has nearly 1.5 times d-
spacing value(d220) of α-Al confirms semicoherency. The phase ɳ has fractional value multiples of 

d-spacing value of 220 diffraction spots (d220) of a-Al, display incoherency. The presence of the 

dislocations in the bright field image in the a-Al matrix phase is characteristics of 2-3% 
compressive deformation that is given to the material before aging treatment as per T7352 temper 
schedule, which gives the driving force to nucleate the two new transition precipitates ɳ¢ and ɳ. 
Weak streaked spots in SAEDPs~ indicate presence of the fault in the materials. The morphologies 

and relative positions of the another precipitates e.g. Al3Zr andAl2CuMg are extensively described. 

The ɳ’ and ɳ precipitates display orientation relationship with respect to the α-Al matrix. Co-

existence of the GP-Izone(Solute rich clusters), GP-II(Vacancy rich clusters) and dispersoids of the 

Al3Zr into 220 spot of α-Al was first ever reported in this work.Variants of ɳ precipitates are 
separately nucleated by the probable twinning mechanisms and Co-exist phases were separated with 
the help of Dark-field TEM Imaging mode. Such an observation would be helpful for modeling and 
simulation of alloy and provides new insight to understand the structures and morphology of alloy. 

 
Keywords: Solute rich cluster, vacancy rich cluster, Bright field Imaging, Dark field Imaging, 
TEM, Precipitation, T7352 temper, HAADF-STEM. 
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Abstract 

The microwave absorption properties of M-type bismuth doped barium hexaferrites are 

thoroughly investigated in the frequency range of 1-12.5 GHz. Sol-gel auto combustion 

synthesized pure and bismuth substituted M-type barium hexaferrite of composition 

BaBixFe12-xO19 (x = 0.05, 0.10 and 0.15) have been studied for structural and 

electromagnetic properties. X-ray diffraction (XRD) is used to characterize crystalline 

nanoparticles and confirms the presence of a single-phase M-type barium hexaferrite. 

Transmission electron microscopy (TEM) shows dense agglomerated particles with well-

defined grain boundaries. Electromagnetic studies are performed with the aid of vector 

network analyzer (VNA) reveal that the material with doping concentration x=0.15 

exhibits an optimal reflection loss of nearly -14.03 dB with a sample thickness of 3.6 mm 

near the frequency 4 GHz. The minimum reflection loss lower than -10 dB shows that 

more than 90% of the electromagnetic wave energy is absorbed. These structural and 

electromagnetic studies of bismuth doped M-type hexaferrite shows that these 

nanomaterials can be used as microwave absorbers with high efficiency for the 

applications in microwave devices. 

 
Keywords: M-type Hexaferrite, electromagnetic wave absorption, microwave, 

reflection loss. 
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Abstract 

 

Micromechanical bolometers based on fast room-temperature imaging at terahertz (THz) 

and subterahertz (sub-THz) frequencies is an interesting technique that could unleash the 

full potential of plenty of applications in security, healthcare, and industrial production. 

Imaging and spectroscopy at terahertz frequencies (roughly 300 GHz - 3 THz) have great 

potential for healthcare and homeland security applications. Terahertz radiation (T-rays) 

can penetrate clothing and, to some extent, can also penetrate biological materials, and 

because of their shorter wavelengths, they offer higher spatial resolution than microwaves 

or millimeter waves. Terahertz radiation has recently drawn enormous attention due to its 

various application possibilities. This article introduces micromechanical bolometers as 

broad-range detectors down to sub-THz frequencies. Due to its extraordinary sensing 

capabilities, non-invasive, non-ionizing properties, and sensitive instrumentations for 

spectroscopy and imaging, terahertz has found various biomedical sensing applications, 

from biomolecules and proteins to cells and tissues. It also highlights terahertz device 

engineering, system technologies, and various materials for various biomedical 

applications. It also includes emerging topics such as terahertz biomedical imaging, 

pattern recognition, and tomographic reconstruction by machine learning and artificial 

intelligence for possible biomedical imaging applications. 

 
Keywords: bolometer; terahertz; healthcare; biomedical. 
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Abstract 
 
Neurotransmitters are complex chemical messengers generated spontaneously by neurons in 

central nervous system (CNS) that send messages to a particular neuronal synapse. some of the 

neurotransmitters include serotonin, norepinephrine, histamine, gamma-aminobutyric acid, 

adrenaline, glutamate, acetylcholine and dopamine. Dopamine is a monoamine neurotransmitter 

with unique properties and several functions in the maintaining the health of the central 

neurological, cardiovascular, hormonal, and renal systems in both vertebrates and invertebrates. 

According to studies done earlier, the physiological levels of dopamine in different human 

biofluids vary enormously. Dopamine is found in concentrations to 5 nM in both urine and 

cerebrospinal fluid, but only 0.13 nM or less in human blood. Dopamine imbalances in the brain 

and spinal cord are symptoms of several neurological disorders. The alkaline earth metal oxide 

magnesium oxide (MgO) is widely used in industry as catalyst, adsorbent and catalyst support. In 

order to create extremely sensitive electrochemical sensors, MgO nanostructures may be employed 

because of their huge exceptional biocompatibility, electrochemically active surface area, catalytic 

characteristics, and chemical stability. Research over the last two years has focused heavily on 

electrochemical sensors for dopamine sensing, making this article a cutting- edge, efficient 

diagnostic tool for the in vivo detection and quantification of dopamine. 

Keywords: Dopamine, Electrochemical sensor, Highly sensitive, Magnesium oxide 
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Muscle tissue is highly exposed to free radicals owing to oxidative stress as a result of sternous 
exercise. Damaged proteins are often functionally inactive and their unfolding is associated with 
enhanced susceptibility to proteinases. An investigation was carried out in which we exposed 
muscle cystatin to free radicals and also explored the anti-oxidant potential of green tea flavanoids 
epicatechin (EC) and epigallocatechin gallate (ECGC). 

The experiments were focused to examine the effect of reactive species on muscle cystatin and 
also to investigate the potential of EGCG and EC to protect its damage against deleterious effects 
of the radicals by analyzing papain inhibitory activity along with intrinsic fluorescence behaviour 
of treated muscle cystatin. Nitric oxide (NO) was generated from sodium nitroprusside (SNP) 
(nitric oxide donor) and measured by the Griess reaction. The treatment of cystatin purified from 
muscle with the NO-generating compound SNP causes concentration-and time-dependent loss of 
enzyme activity. The modification of microenvironment of aromatic residues of muscle cystatin in 
the presence of NO was studied by monitoring the changes in intensity and wavelength of emission 
maximum as a function of SNP concentration. Fluorescence spectra of muscle cystatin in the 
presence of NO showed quenching of fluorescence intensity coupled with 5 nm red shift. It was 
found that EGCG prevented NO induced functional and structural damage of muscle cystatin while 
for reclamation to similar extent approximately 3 times concentration of EC was required as 
indicated by activity and fluorescence measurements. Fluorescence studies have proved that 
EGCG inhibits oxidative stress strongly and in a concentration dependent manner. However, the 
NO scavenging effect depicted the order EGCG > EC. 

Thus, the widespread dietary consumption of green tea by the human population provides a 
rather inexpensive therapeutic option against oxidative injury. 

 
Key Words: muscle cystatin, nitric oxide, epicatechin and epigallocatechin gallate 
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Abstract 
Chemical analyses based on low loss and core loss regions of electron energy loss spectra (EELS) 
and energy filtered transmission electron microscope (EFTEM) imaging have been undertaken. 
CoO (powder) and Ti alloy (bulk) were examined. Carbo-thermal reduction of LiCoO2 (spent Li+ 
battery) forms Li2CO3, CoO and metallic Co. The EELS data obtained for the particle confirmed 
the presence of Co with core loss edge at 779eV (L2,L3) and 60eV (M). The O core loss peak was 
observed at 532eV. The low loss peaks indicates that Co is present in both 0 and +2 oxidation 
state. EFTEM images taken in the core-loss regions for Co and O indicate that one side of the 
particle is majorly occupied by CoO and the other with metallic Co. Likewise, Ti based alloy with 
composition Ti75Nb8Al6V5Zr5Mo1 (At.%) was fabricated using vacuum arc melting furnace. 
Tensile deformation at room temperature has caused the phase transformation from body-
centered-cubic (BCC) to orthorhombic martensite (OM). Intense contrast change was observed 
along phase boundaries in TEM microstructural analysis. The core losses in EELS were observed 
for Ti (sharp 453eV-L3 and 459eV-L2), V (513eV-broad L2,L3), Zr (mild 180eV-M5) Nb (mild 
205eV-M5) and Mo (mild 227eV-M5). The low loss region of EELS specifies that it majorly 
comprised of surface plasmons. EFTEM images of Ti and V revealed the characteristics at the 
grain boundary. The phase boundary was Ti depleted and V enriched thus defying the classical 
notion of diffusion-less shear transformation from BCC to OM. 

 
Keywords: EELS; EFTEM; CoO; Ti alloy; core/low loss 
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Abstract 

Zinc oxide (ZnO) is one of the most widely used semiconductors with excellent properties, i.e., wurtzite 
structure, a wide direct bandgap of 3.37 eV, a large exciton binding energy of 60 meV, a high mechanical 
and thermal stability. The nanostructuring brings in additional exciting electronic properties, such as 
enhancing band gap, large surface-to-volume ratio, and confining carriers, making ZnO nanostructures a 
potential candidate for optoelectronics and sensing applications. The vertically aligned ZnO nanorods are 
grown on a glass substrate using the optimized hydrothermal method. The growth process includes two 
steps to synthesize ZnO nanorods. Initially, the ZnO seed layer is deposited using zinc acetate dihydrate 
precursor solution in monoethanolamine in an isopropyl alcohol solution using a spin coater on the 
cleaned glass substrates. The annealing of the seed layer is carried out at 450 0C for 4 hrs under normal 
ambient conditions. Further, zinc acetate dihydrate is dissolved in deionized water and 
hexamethylenetetramine as stabilizing reagent. The solution is mixed thoroughly and used as the growth 
solution of ZnO nanorods. The seed-layer integrated substrate is kept inverted for vertical growth of ZnO 
nanorods under gravity for 30 min to 60 min for 500 to 1000 nm long ZnO nanorods. The substrate, after 
growth, is taken out and washed with deionized water to remove the surface impurities. Finally, the 
grown ZnO nanorods are subjected to heating at 450 C for 4 hrs under ambient conditions. The two samples, 
S1 and S2, with varying growth times (30 and 60 minutes) are investigated for their structural, 
morphological, and optical characteristics using XRD, FESEM, and photoluminescence techniques. Both 
the samples exhibit preferred orientation along (002) direction. The texture coefficients along (002) are 
3.4 and 4.2 for S1 and S2 samples, respectively. FESEM images show well-defined hexagonal nanorods, 
Fig 1. The S1 sample shows the nanorods with a diameter ~ 80 nm while the height ~ 450-500 nm, whereas 
the diameter is ~ 200-220 nm with height ~ 600-700 nm for S2 sample, Fig 1. The respective insets are 
showing the planar view of ZnO rods. Further, these ZnO nanorods can be integrated on a GaN epilayer on 
sapphire substrate for the UV photodetection application. 

 

Fig.1. (a) Tilted and top view (inset) of S1(30 min) and (b) tilted and top view (inset) of S2(60 min). 

Keywords: Hydrothermal Method, ZnO Nano rods, GIXRD, FESEM images 
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ABSTRACT 

Biodegradable polymers based nanocomposites are increasingly being investigated in order to 

reduce the hazardous effects of wastes produced from non-degradable plastics. Thus, the present 

work reports the structural and optical investigation of biodegradable polymers i.e. Starch- Sodium 

Alginate (SSA) blend embedded with bimetallic gold (Au) - silver (Ag) Nanoparticles (NPs). Au-

Ag NPs synthesized using chemical reduction method, were dispersed into the SSA blend to 

fabricate the nanocomposite (NC) films via solution casting approach. High resolution 

transmission electron microscopy (HR-TEM) confirmed the growth of Au-Ag NPs. The size of the 

NPs obtained from TEM comes out to be 19.7±5.1 nm. The Au-Ag@SSA NC films were further 

characterized using UV-Visible spectroscopy. The absorption peaks appearing at 520 nm and 400 

nm confirmed the formation of Au NPs and Au-Ag NPs respectively. The absorption data was 

further utilized to determine the optical energy gap ‘Eg’ and Urbach’s energy ‘Eu’ of the NC films. 

The value of ‘Eg’ decreases and ‘Eu’ increases with the addition of Au-Ag NPs in SSA matrix which 

make these NC films a potential contender for using in various optical devices. 

 
Keywords: Bimetallic; Biodegradable; Nanocomposite; Optical Energy Gap; Urbach’s energy. 
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Abstract 
 
In the past few decades, 2D nanostructures such as graphene, black phosphorus, hexagonal boron 

nitride and lately transition metal dichalcogenides (TMDs) have captured tremendous attention 

because of their exotic properties. Among various TMDs, tungsten dichalcogenides (WX2: X- S, 

Se, Te) have attracted much interest due to abundant natural resources, lower prices, less toxicity 

etc. So, in the present research work, an attempt has been made to synthesis 2D WS2 via 

hydrothermal treatment and subsequently WS2/Sg-St (sago-starch) nanocomposite (NC) films 

have been fabricated using solution casting technique. To ascertain the structure and morphology 

of the samples, scanning electron microscopy and transmission electron microscopy was used. To 

investigate optical parameters like band gap (Eg), refractive index (n) etc. of prepared NC films 

UV-Vis-NIR spectroscopy was used. The value of Eg calculated for pristine Sg-St comes out to be 

4.67 ±	0.18 eV and decreases to 2.48 ±	0.08 eV for 10 wt% WS2/Sg-St NC film. Refractive index 

(n) increases significantly with increasing wt% of WS2 in Sg-St matrix. 

Keywords: TMDs; NC film; band gap; refractive index; optical conductivity. 
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Abstract 
 
High-Resolution Transmission Electron Microscopy (HRTEM) facility along with TEM 
Specimen Preparation facility at Inter-University Accelerator Centre (IUAC) is regularly 
helping materials science researchers to study the modifications in materials due to ion 
irradiation. Being a user facility, various kind of TEM specimen preparation techniques have 
been explored to study the irradiation induced effects. For example, Al induced crystallization 
process in crystalline-Al/amorphous-Si (c-Al/a-Si) systems has been studied under ion 
irradiation [1][2][3]. For this study, cross-sectional TEM (XTEM) specimens have been 
prepared taking care of electron transparency precisely at the c-Al/a-Si interface to study the 
modifications of the interface due to ion irradiation. Ion-beam induced crystallization of a-Si 
has been studied using HRTEM under 100 MeV Ni7+ ions at elevated temperatures and 500 
keV Xe+ ions at room temperature. In another study, the grain size driven effects have been 
investigated on 100 MeV I7+ ion irradiation induced structural modifications in nanocrystalline 
Nd2Zr2O7 [4]. It was challenging to characterize the same region of interest before and after 
irradiation due to powder form of the material. Therefore, nanocrystalline grains of Nd2Zr2O7 

dispersed on C-coated TEM grids have been irradiated in a special type of arrangement to 
mount TEM grids on irradiation ladder. The presence of pyrochlore superstructure in the 
pristine samples has been confirmed by HRTEM and SAED images. HRTEM images of the 
irradiated samples show the amorphized ion track zones surrounded by a defect-rich pyrochlore 
superstructure. 
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Abstract 

 
The 25 μm polyolefin composite films were produced from a blown film extruder with 

a blown-up ratio (BUR) of 2.4. The industrially viable blown film extruder with optimized 

halloysite (HNT) and montmorillonite (MMT) filler content was prepared. The films were 

ultra-microtome, and the filler dispersion and distribution were analysed using a scanning 

transmission electron microscope (STEM) and transmission electron microscope (TEM). 

The nano-filler morphology combination of nanotubes and nanosheets observed by TEM 

and STEM shows an enhancement in the tortuous diffusion path for oxygen gas and water 

vapours. The water vapor transmission rate (WVTR) and oxygen transmission rate (OTR) 

for 3:2 of MMT: HNT (LL303H2) in nanocomposites of samples ∼8 g/m2/day and ∼1000 

cc/m2/ respectively. The effect of clay on the hybrid composite day was also analysed by 

rheological measurements using a parallel plate rheometer. The ethylene scavenging 

efficiency of MMT/HNT hybrid fillers was observed for 7 days leading to an enhancement 

in the shelf life of bananas. 

 
Keywords: STEM, active food packaging, halloysite, montmorillonite 
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Abstract 

Tin sulfide (SnS) material was established as a prominent absorber layer in photovoltaic 

technology because of its abundant and non-toxic elements. Further, attaining an optimal 

elemental composition is crucial to ameliorate the physical properties of SnS thin films. 

Therefore, the present study articulates the role of elemental composition, by varying the 

Thioacetamide (TA) molar concentration (0.50M, 0.55M, 0.60M, and 0.65M), on chemically 

deposited SnS thin films. The physical properties of SnS thin films were determined using a 

wide range of characterization techniques viz., Grazing incidence X-Ray diffractometer (GI- 

XRD), Field-emission scanning electron microscope (FESEM), Energy Dispersive X-ray 

analysis (EDS), UV -Vis Spectroscopy, and the Hall measurement. An XRD pattern reveals the 

formation of orthorhombic SnS  and the film deposited using 0.55M exhibits higher 

crystallinity. The Raman spectra followed the XRD pattern and confirmed the formation of the 

orthorhombic SnS phase. Further, a narrow direct band gap of 1.02 eV was determined for 

the films deposited using the 0.55 M concentration of TA. Besides, all the film's surfaces 

display uniform morphology and the significant enhancement in sulfur elemental composition 

was noticed attributed to the increase of TA molar concentration. The hall measurement shows 

the conversion of electrical conductivity from p to n-type for the films deposited using the 

higher TA molar concentration of 0.65, which is ascribed to its higher S/Sn ratio. 
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Salmonella enterica is a foodborne pathogen and causative agent for gastroenteritis, 
diarrhoea, and enteric fever in both humans and animals. The genus Salmonella has 
several serovars, and many of them are recently reported to be resistant to multiple drugs. 
Therefore, the isolation of lytic Salmonella bacteriophages in search of bactericidal 
activity has received importance. 

 
In this study, a Salmonella phage STWB21 was isolated from a lake water sample from 
Kolkata and found to be a novel lytic phage with promising potential against the host 
bacteria Salmonella typhi. However, some polyvalence was observed in their broad host 
range. In addition to S. typhi, the phage STWB21 was able to infect S. paratyphi, S. 
typhimurium, S. enteritidis, and a few other bacterial species such as Sh. flexneri 2a, Sh. 
flexneri 3a, and ETEC. Phage morphology was visualized with FEI Tecnai 12 BioTwin 
Transmission Electron Microscope (TEM) operating at 100 kV. TEM study revealed that 
phage STWB21 belongs to the Siphoviridae family with an icosahedral head (65 ± 3 nm 
in diameter) and a long flexible, non-contractile tail (113 ± 6 nm in length). The latent 
period and burst size of phage STWB21 was 25 min and 161 pfu/cell. It contained a 
dsDNA of 112,834 bp in length, and the GC content was 40.37%. The genomic analysis 
confirmed the presence of lytic genes and the absence of any lysogeny or toxin genes. As 
a biological control agent, phage STWB21 exhibited a high temperature (4°C-50°C) and 
pH (4-11) tolerance. In food samples (e.g milk, tomato and onion), the phage STWB21 
was applied to treat a 24h biofilm formed under controlled laboratory conditions and 
differences were observed in FEI Quanta 200 SEM (FEI, Netherlands). In both cases, a 
significant reduction was observed. These findings highlighted phage STWB21 as an anti-
biofilm agent for Salmonella spp. and showed its application in food industries. 

 
Keywords: Salmonella, bacteriophage; transmission electron microscope; biofilm; 

scanning electron microscope 
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Abstract 
 

Structural Health Monitoring (SHM) for various civil structures such as Dam has 
become an essential topic of great importance and plays a vital role in assets and 
planning, including analysis of structure’s safety, integrity and static-dynamic 
features of large structures. A change in a system's geometric or material properties 
that reduces performance, safety, dependability or operational life is typically 
referred to as damage. Due to creep, corrosion, shrinkage, fatigue, and scour with 
these factors, the damage is frequently encountered in civil structures. Hence, in 
this era continuous monitoring of the strength and durability of this structure is 
necessary. Nowadays with new emerging technology such as Digital Image 
Correlation (DIC) having highly accurate, non-contact, and non-interferometric 
optical method is easy to detect the deformation of a structural material subjected 
to external   loading   and   the   scanning   electron   microscope   (SEM) visualize 
approach collects high-resolution, high-magnification images of backscattered 
electrons produced from specimens using a narrow beam of electrons. This study 
provides a strain analysis of surface topography using the DIC technique and the 
method has been validated by in situ deformation of an aluminium alloy within an 
SEM Imaging technique using strain measured independently for SHM. 

 
Keywords: SHM, DIC, SEM 
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Supercapacitors (SC) are gaining a renaissance due to their exceptional properties, including 
high power density, rapid charge/discharge processes, and long-life cycle stability,. Electric 
double-layer phenomena in carbon-based materials and pseudo-capacitance behaviour in 
conducting polymers and metal oxides are the two primary mechanisms observed in 
supercapacitors. In EDLCs, the electrolyte has been used to connect with carbon-based 
electrodes that are porous and have a high surface area. The primitive strategy to increase the 
capacitance of EDLC-based SC is to increase the surface area and porosity of carbon electrodes. 
Therefore, studying the surface morphology texture, porosity and density distributions of the 
pores present on activated carbons become crucial for EDLC-based SC. 

Here, we have developed the porous activated carbon from the pulp of citrus limetta via using 
a chemical activation process. We have activated it by using KHCO3 as an activating agent in 
different weights ratio. SEM images are used for studying surface morphology, which shows 
the absence of pores in the AC (without activating agent) and porous activated carbon has been 
obtained with the help of an activating agent (KHCO3). Variation in the activating agents has 
been found to have a noticeable effect on the AC's surface morphology and porosity. These 
biowaste-based porous ACs have been evaluated as electrode material in electric double-layer 
capacitors (EDLCs). Hence, this method is a versatile way for the production of the porous 3D 
framework of randomly opened porous activated carbon supercapacitor material. Also, have 
special structures which are inherited from natural biomass. 
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ABSTRACT 
 
Sensitive detection of trace CO2 gas has become essential due to its significant impact on climate 
change, human life, and indoor air quality. Although layered materials such as transition metal 
dichalcogenides have been extensively studied for gas sensing applications due to their higher 
carrier mobilities and large adsorption capacities for analyte molecules, layered transition metal 
trichalcogenides have not yet been thoroughly investigated. In contrast to the TMDC family, the 
group IV–V TMTCs are more intriguing due to their quasi-1D properties resulting in anisotropies 

in their electrical and optical properties.1,2 Here, we demonstrate the layered titanium trisulfide 

(TiS3) that can be produced as nanoribbons via a chemical vapor transport (CVT) approach and its 
potential application for CO2 detection at room temperature. The morphological and atomic 

characteristics of the synthesized nanoribbons were investigated by employing SEM, EDS, TEM, 

XRD, and Raman spectroscopy. The TiS3-based gas sensor was fabricated by using electric field-
assisted assembly of TiS3 nanoribbons optimised at a frequency of 300 kHz and 10 Vp-p. The 
fabricated sensor displayed a maximum response of 194% toward 500 ppm CO2 gas in ambient 
room conditions, demonstrating the ultrasensitive nature of TiS3 nanoribbons towards CO2 analyte 
molecules. In addition, the sensor exhibited a fast response time of 190 s and ultrafast recovery (6 
s) using a heat-assisted recovery approach. This reported device based on quasi-1D TMTC is the 

first of its kind to demonstrate excellent sensor responsiveness towards trace CO2 levels, thus 

providing an efficient platform to monitor CO2 levels in various infrastructures. 

Keywords: Transition metal trichalcogenides, quasi-1D, chemical vapor transport, gas sensor. 
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Enteric diseases such as Shigellosis are one of the major causes of childhood morbidity and 
mortality throughout the world. An increasing prevalence of multidrug-resistant Shigella 
species has revived the importance of bacteriophages as an alternative therapy to antibiotics. 
The bactericidal properties of lytic bacteriophages are useful and considered to be potential 
biocontrol and therapeutic agents. Therefore, recently phage research involving isolation, 
characterization, and applications has significantly increased. 

In this study, a novel bacteriophage, Sfk20, has been isolated from water bodies of a diarrheal 
outbreak area in Kolkata (India) with lytic activity against many Shigella spp. The 
morphological study (by transmission electron microscopy and scanning electron microscopy) 
showed that the bacteriophage Sfk20 has a prolate-shaped head and long contractile tail and 
belongs to the myoviridae family. Phage Sfk20 showed infectivity against Shigella flexneri, 
Shigella sonnei, Shigella dysenteriae1 and two non-typhoidal Salmonella strains. It showed a 
latent period (20 mins) and a large burst size (123 pfu per infected cell). The attachment of the 
phage particle to its host and subsequent intracellular development of phage and host cell lysis 
were visualized in a time-dependent experiment using thin-section transmission electron 
microscopy (FEI Tecnai 12 BioTwin) and scanning electron microscopy (FEI Quanta 200). The 
whole-genome study revealed that the bacteriophage Sfk20 contains a linear double- stranded 
genome that consists of 164878 bp, 35.62% GC content 241 ORF. Results suggested phage 
Sfk20 to include as a member of the T4 myoviridae bacteriophage group. Bacteriophage Sfk20 
showed antibiofilm activity against Shigella bacteria both alone and in combination with 
ampicillin. The reduction in biofilm was visualized by scanning electron microscopy (FEI 
Quanta 200). The result of this study implies that Sfk20 has the potential to be used as a 
biocontrol agent. 

Keywords: Bacteriophage; transmission electron microscopy; scanning electron microscopy; 
host-phage interaction; biofilm 
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Abstract 

The research community is exploring the innovative materials which exhibit multiferroic 
properties for the future novel multifunctional device applications. Among the group of 
all multiferroic materials, Bismuth Ferrite (BiFeO3; BFO) stood as the only one candidate 
which exposes room temperature multiferroic behaviour. The remarkably high values of 
Curie temperature (Tc ~850 oC) and Neel temperature (TN ~ 370 oC) with the 
significantly high values of ferroelectric polarization (P~100µC/cm2) and magnetization  
( ̴  1  uB/Fe)  at  room  temperature  are  the  enticing  features  of  BFO  which may be the 
very strong framework to make it applicable at broad range of temperature as well. 

 
In this report, the magnetic properties of BFO thin film are studied which may extends its 
functional properties to multifunctional device applications. For this, BFO thin films were 
grown using Pulsed Laser Deposition (PLD) technique by varying laser energy from 150 
mJ to 250 mJ on corning glass, ITO coated glass and Si substrates. From the structural, 
morphological, optical and magnetic behaviour of all the deposited samples of BFO thin 
film, the sample prepared at 200 mJ laser energy shows the optimum responses. The 
magnetic field (H) dependence of magnetization (M) (M–H hysteresis loops) analysis of 
the pure BFO thin film prepared at 200 mJ Laser energy yields the maximum value of 
saturation magnetization 3.8176 emu g−1 and remanent magnetization 0.1408 emu g−1. 
These results may be utilized for the future BFO thin film based novel multifunctional 
devices. 
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Abstract 

Supercapacitors are energy storage devices that have received much attention because of their high 

power density and long lifetime. However, even though they are used widely in electronic devices, 

their energy density and safety need further improvement. Understanding the mechanisms and the 

structural degradation during the adsorption/desorption and/or Faradaic process is a prerequisite 

to further improve the performance. Transmission electron microscopy (TEM) allows one to 

monitor structural evolution at the atomic scale in real-time. Microcracks can easily be observed 

by scanning electron microscopy (SEM) for heavily cycled materials. An attempt has been made 

to develop an experimental technique for obtaining microscopic information on graphene-based 

electrodes under large cycle time. It is believed that single crystalline materials are promising 

electrode materials for long cycle life supercapacitor cells. In this work, the recent advances for 

elucidating the relationships of dynamic structural evolution and performance of graphene-based 

electrode materials have been made at the atomic scale using SEM and TEM. 

Keywords: graphene-based materials, life cycle, microstructures, SEM, TEM 
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Certain two-dimensional (2D) materials [1] such as MoS2 having odd number of layers 

have shown piezoelectric behaviour, as opposed to their bulk counterparts [2,3]. This 

property is observed due to the breaking of inversion symmetry in the atomic structure, 

and in monolayer form, the piezoelectric response is highest. Most reports in literature for 

piezoelectricity in MoS2 discuss the generation of electric response from externally 

applied tensile strain [2,4,5]. In the case of 2D materials, such strain can affect the surface 

morphology giving rise to wrinkles, cracks, and interlayer dislocations. Thus, it is 

important to identify the regime in which strain relaxation mechanisms can be effective 

for piezoelectricity. In this work, we present that relaxation of uniaxial strain in MoS2 

occurs via cracks on the material surface. We perform strain measurements (1 – 6%) on 

monolayer MoS2 flakes grown on SiO2/Si substrate via chemical vapour deposition. The 

flakes were then transferred to a more flexible, PDMS substrate for application of strain 

for subsequent Raman and photoluminescence (PL) measurements. We confirm that at 4 

– 6% applied strain, both Raman and PL spectroscopy show strain relaxation via cracks. 

Further, the in-situ optical images show micron-sized cracks formed along the strain axis, 

and ex-situ AFM images reveal smaller lateral cracks also take part in the relaxation 

process. 

Keywords: 2D materials, piezoelectric material, strain in monolayer MoS2. 
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Boron Nitride has various polymorphs like cubic-BN (like diamond), hexagonal-BN (like 
graphite), rhombohedral-BN, and wurtzite-BN. Also, there is an amorphous-BN and 
turbostratic-BN phase (between highly ordered hexagonal-BN and amorphous material). The 
presence of these polymorphs with their exceptional thermochemical stability, extreme 
hardness, and structural, electronic, and thermal conductivity properties, makes BN a highly 
versatile material that can potentially be used in a wide variety of applications. 

Hexagonal and amorphous Boron Nitride is a promising material for resistive memory 
applications. In this work, we report the synthesis of hexagonal-BN and amorphous-BN films 
supported on copper substrates using atmospheric pressure chemical vapour deposition. 
Ammonia borane powder has been used as a precursor molecule. The synthesis parameter has 
been optimized to get films of different thicknesses. The synthesized film has been thoroughly 
characterized using RAMAN spectroscopy, Fourier Transform Infrared Spectroscopy, Field 
emission scanning electron microscopy, Electron Back Scattered Diffraction, Atomic Force 
Microscopy, X-Ray Photo Electron Spectroscopy & Optical Microscopy. We have investigated 
the properties like- Refractive index, Reflection & Transmission Coefficient, Dielectric 
constant, Conductivity, Electro-Magnetic Shielding effect, etc. of the synthesized h-BN film 
using THz time-domain spectroscopy. We have also investigated the usefulness & advantages 
of using hBN film on the Radar System in defence applications. 
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Abstract 
 

This work investigates the physico-chemical recovery effects in 4H-SiC using 

isochronal thermal annealing. This work also attempts to study swift heavy ion 

(SHI)-induced recrystallization in GaAs. The thermal effect due to SHI irradiation 

has been evaluated using the 3D implementation of the thermal-spike model. The 

damage profiles before and after recovery were extracted using the Rutherford 

Backscattering spectroscopy/ Channeling (RBS/C). Further, a transmission electron 

microscopy (TEM) study was undertaken to acquire a clearer picture of the 

microstructure associated with the ion irradiated and subsequently annealed 4H- 

SiC and GaAs crystals. For 4H-SiC, the sample irradiated with 300 keV Ar at 7.7 

× 1014 ions/cm2 (0.8 dpa) was chosen as our reference sample to study the initial 

structural modifications. After thermal annealing of the pre-damaged sample at 

1273 K for 30 mins, TEM analysis shows recrystallization of the extended 

disordered regions towards regions having less disordered microstructure. For 

GaAs, X-sectional TEM imaging after irradiation with 300 keV Ar at 6.9 × 1013, 1 

× 1015, and 1.2 × 1014 Ar/cm2 was performed for reference study. TEM analysis was 

also performed after sequential irradiation with SHI 100 MeV Ag at ∼80 K using 

3 × 1013 Ag/cm2. The TEM analysis corroborates the RBS/C results. Recovery 

towards crystalline structure is supported by TEM for both 4H-SiC and GaAs after 

thermal and SHI irradiation, respectively. 

 
Keywords: Ion Irradiation; Thermal annealing; SHI irradiation; Recrystallization; 
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Abstract 

 
Nowadays, self-powered broadband photodetectors are becoming more and more popular in 
various optoelectronic applications. The extraordinarily low dark current of 2D-layered 
materials makes them suitable for high-performance optoelectronics. In contrast, the narrow 
band gap of 2D-layered materials photodetectors limits their ability to detect light under a broad 
spectral range. To broaden the detection bandwidth, the heterostructure of these 2D layered 
materials with a wide band gap material (GaN) is a very convenient way to get broadband 
detection. Thus, the heterostructure of various 2D-layered materials like MoS2/GaN and 
Sb2Se3/GaN are formed, and extensive structural, optical, and morphological analysis has been 
performed to understand the underlying phenomena. Metal-semiconductor- metal self-powered 
optical detectors were fabricated where both heterojunction-based (MoS2/GaN and 

Sb2Se3/GaN) devices exhibit high detection performances in the broad spectral range. Among 
the fabricated heterostructure-based devices, the Sb2Se3/GaN heterostructure-based device 
demonstrates broadband photodetection covers UVC-SWIR spectra, While MoS2/GaN covers 
the UVC to NIR spectra. Moreover, both devices are compatible with working under self-
powered conditions and exhibit excellent photo response performance with responsivity 379 
mA W−1 (MoS2/GaN) and 1210 mA W−1 (Sb2Se3/GaN) for the fabricated devices. Moreover, 
these devices were also tested under high-temperature conditions and demonstrated a stable 
response with responsivity 360 mA W−1 and 844 mA W−1 for the fabricated devices MoS2/GaN 
and Sb2Se3/GaN, respectively. This work paves the way for developing 2D layered materials 
and GaN heterostructure-based thermally stable high-performance broadband photodetectors. 
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Abstract: 

Boro-tellurite based glasses for the base composition B2O3-CaO-ZnO-TeO2 have been synthesized 

by melt-quenching method. The morphology and the structural properties of this boro-tellurite 

based glasses are analyzed using Transmission electron microscopy (TEM) studies. For the analysis 

of glass-ceramics samples, transmission electron microscopy (TEM) is one of the most powerful 

methods as it provides detailed information about the morphology of the structure and also by 

using the selected area electron diffraction pattern (SAED), different portions of the structure may 

be characterized as amorphous or crystalline. The TEM micrographs of the boro-tellurite glasses 

confirms the presence of crystallites with amorphous zone. In the SAED pattern, halo rings are 

observed which confirms the amorphous nature of the samples. Transmission electron microscopy 

and X-ray diffraction revealed the amorphous behavior of the boro-tellurite glass. Nevertheless, 

SAED pattern portrays certain percentage of crystallinity in the glass sample since broken rings 

are present in the SAED pattern of the sample. The crystallinity index was determined and found 

to be 43%. Also, Nano-crystal grain clusters were observed in the TEM micrographs and 

determined the size of the clusters, which is 10-14 nm. HRTEM image illustrates the lattice fringes 

and the lattice spacing value was calculated from those fringes. The lattice-spacing value was 

found to be 0.263 nm. This spacing value is compared with the 0.26 ± 0.05 nm spacing of ZnO 

which corresponds to (1 0 1) plane of ZnO. 

 
 
Keywords: Boro-tellurite glass, TEM, Morphology, Percentage of crystallinity, Lattice-spacing. 



 345 

Enhanced dielectric and mechanical strength of agro waste-derived 

graphene quantum dots reinforced fly ash based polymer nanocomposite 

Ashish Kumar Chaturvedia,b , Asokan Pappua,b , Manoj Kumar Guptaa,b, 
 

a CSIR, Advanced Materials and Processes Research Institute, Bhopal, Madhya Pradesh 

462026, India 

b Academy of Scientific and Innovative Research (AcSIR), Ghaziabad 201002, Indi 
 
 

Abstract: 

In this paper, graphene quantum dots (GQDs) was derived from agro waste of paddy straw 

through hydrothermal route and GQDs reinforced fly ash polymer nanocomposites was 

prepared for the first time. HR-TEM and XRD investigations confirmed the formation of 

hexagonal GQDs with average radius of 4 nm. Polymer nanocomposite was prepared with 

GQDs reinforcement in fly ash waste under epoxy matrix system through the compressive 

molding techniques. GQDs-fly ash polymer nanocomposites showed a significant increase in 

dielectric constant (ɛ') up to ~ 350 compared to fly ash based polymer composites (ɛ'~13). The 

GQDs-reinforced fly ash based nanocomposites possess the high flexural strength of 60 MPa, 

whereas pristine fly ash polymer hybrid composite exhibited flexural strength of 35 MPa. The 

unconventional dielectric enhancement and flexural strength of agro waste derived GQDs 

reinforced fly ash polymer nanocomposite is attributed to the sudden increase in the electric 

dipoles and improved interfacial and chemical bonding of crystalline GQDs with fly ash and 

epoxy. The prepared nanocomposite has huge application in aerospace, electronics, shape 

memory and sensors sectors. 

Key words: GQDs; fly ash; HR-TEM; dielectric properties; epoxy 
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Abstract 

In this study, silver flowers decorated 316L stainless steel foams (porosity of stainless 

steel foam = 60 %) were fabricated via the electrodeposition method. The developed 

stainless steel foams were used for the bio-corrosion behavior for biomedical implant 

applications. In this respect, constant voltage (0.5 volts) and time variation (300, 600, and 

900 seconds) were applied to decorated silver flowers on the surface of stainless steel 

foam. Results illustrated that the silver flower decorated morphology was modified with 

the electrochemical deposition time variation. Furthermore, it was found that the bio-

corrosion behavior of silver flowers decorated stainless steel foam was increased when 

compared to the undecorated stainless steel foam samples. 

Keywords: silver flowers, electrochemical deposition, stainless steel foam, bio- 

corrosion. 
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Abstract 

The electrochemical additive manufacturing (ECAM) process has opened new 

dimensions for fabricating sub-micron-level complex structures directly through 

the localized electrodeposition from the salt solution of the requisite material 1. 

Herein, ECAM printing of iron oxide (Fe3O4) nanocrystalline thin films (NTFs) 

on indium tin oxide (ITO) glass substrate. The ECAM-printed Fe3O4 NTFs are 

characterized through XRD, Raman, UV-Vis and FESEM. The phase pure Fe3O4 

NTFs are further subjected to sulfurization under various conditions to obtain the 

iron pyrite NTFs. Iron pyrite is an excellent solar absorber material and is 

potentially applicable for solar cell applications 2. The phase purity of the NTFs 

obtained through the sulfurization process is confirmed using XRD, XPS, and 

Raman spectroscopy. FESEM imaging is used for the morphological study. The 

UV-Vis-NIR spectroscopic study shows the absorption coefficients ~105 cm-1 for 

the wavelength of the light lesser than 700 nm with indirect band gaps in the range 

of 0.78-0.86 eV. All the obtained pyrite NTFs show n-type conductivity with 

charge carrier density ~1019 cm-3. The photoelectrochemical measurements show a 

stable photocurrent response, indicating the potential of obtained pyrite NTFs for 

solar cells. The microscopic study of the as-deposited iron oxide NTFs and pyrite 

NTFs is carried out concerning the change in the sulfurization parameters. 

 
Keywords: ECAM; iron oxide; iron pyrite; solar cell 
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Abstract 
 

A1-L1o phase transitions in Pt-based bimetallic nanocrystals induce superior 

catalytic and magnetic properties into the system. The transition temperature from 

the system's disorder-order phase depends on the nanocrystals' size. Understanding 

the phase transitions in ultrathin one-dimensional PtFe nanowires using in-situ 

electron microscopy will be very interesting in providing fundamental insights into 

the mechanism. Herein we have synthesized ultrathin PtFe nanowires using a one-

pot wet chemical synthesis route. The obtained wires were characterized using 

SEM, TEM, XRD, XPS, and EDX analysis. Microscopic investigations 

revealed that the wires were ultrathin with a diameter of around 2-3 nm and 

single-crystalline nature. 
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Abstract 

With the increasing demand of energy and ever-decreasing fossil fuels, intermittent renewable energy 

technologies such as fuel cells, metal-air batteries, and water electrolysers are of prime importance. 

Hybrid nanostructures widen the horizon to explore materials with integrated properties and various 

application purposes. Heterogeneous nucleation has a lower activation energy than homogeneous 

nucleation. In our work, heterogeneously nucleated metal nanoparticle on transition metal oxide has 

been synthesized for bifunctional electrocatalysis like hydrogen evolution reaction (HER) and oxygen 

reduction reaction (ORR). 

Wet chemical solvothermal method has been used to synthesize MnWO4 nanorods with an average 

diameter of ~19 nm followed by the reduction of the Pt salt under microwave heating conditions. 

MnWO4 nanorods act as a support for the heterogeneous nucleation of ultrafine Pt nanoparticles (<5 

nm) over its surface. High-Resolution Transmission Electron Microscopy (HR-TEM) illustrated the 

distribution of uniform Pt nanoparticles on the MnWO4 surface. HAADF-STEM technique has been 

used to visualize and characterize the uniformity of Pt nanoparticles over MnWO4 nanorods. A major 

factor governing the catalytic activity is the active surface area available for catalysis. BET surface area 

showed a significant change in nanostructure after Pt nucleation from 30.5 to 51.8 m2/g. The role of the 

oxidation state and the orbital filling of eg energy level governs the electrocatalysis activity. Pt decorated 

MnWO4 hybrid nanostructure exhibits higher electrocatalytic activity as compared to the bare MnWO4 

nanorods for HER with overpotential 104 mV and 368 mV, respectively, and for ORR with E1/2 0.72 

and 0.62 V, respectively. 
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Flash sintering (FS) is a field-assisted sintering process in which any ceramic gets 

densified within a few seconds, Cologna et.al. while working with Professor Rishi raj 

introduced the term Flash sintering[1]. In this method of sintering, materials are simultaneously 

exposed to an electric field and heat. An electric field from 7.5 V/Cm to 1000 V/cm has been 

applied to a material, and corresponding power dissipation between 10 to 1000 mW/mm3 

occurred at the onset of the flash. 

Flash sintering is a relatively very new field-assisted sintering process . From the time 

of its existence, several different kinds of materials have been flash-sintered but LiF, MgF2, and 

Nacl have never been flash sintered. LiF, MgF2, and NaCl are non-oxide ceramics and have a 

large band gap due to which these are difficult to flash sinter as conduction across these 

materials are important for flash sintering. 

After the first report on FS of 3YSZ[2], Numerous metallic conductors, ionic conductors, 

semiconductors, and room temperature insulators have all been subject to FS application. 

Depending on their degree of conductivity, insulators, semiconductors, and metallic conductors 

can be used to classify electronic conductors (conduction based on electrons or holes). 
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Huge quantity of marble waste is generated by marble processing units during cutting, grinding 
and mining operations and dumped onto open land areas. The generation and accumulation of 
such wastes is an alarming concern for environment as it causes other hazardous issues such as 
land exploitation, air pollution and contamination of soil and water through leaching processes. 
The solution to address this environmental concern is effective management and recycling of 
generated waste. This research focuses on the utilisation of marble waste particulates as 
reinforcement for the development of LDPE-MW (low density polyethylene-marble waste) 
composites using injection moulding technique at two different temperatures (110oC and 
140oC) for potential building applications. 

Marble waste was collected from marble mine situated in Chittorgarh district, State of 
Rajasthan, India. It was dried in an oven at 110oC for 6 hours. The dried sample was crushed 
and passed through sieve (ASTM-35). The sample was prepared to achieve 1.0 % moisture 
content and used for analysis. The homogeneous mixture of marble waste and LDPE was 
prepared manually. The as prepared mixture was transferred to the injection moulding machine 
at different melt temperatures (110oC and 140oC). The concentration of marble waste in LDPE 
ranges from 50-500 gm. 

By adding marble waste particulates, the produced composites demonstrated better mechanical 
strength when compared to pristine LDPE and reduced the amount of polymer (plastic). The 
addition of marble waste particles enhanced the flexural strength and thermal conductivity of 
LDPE-MW composites. The inclusion of 50% marble waste particulates resulted in a 55% 
increase in flexural strength and 45% increase in thermal conductivity. The microstructure 
investigation revealed excellent particulate-matrix bonding. More than 50% marble waste can 
be employed as a filler and reinforcing material in the obtained flexible composites, which have 
the potential to be used for multifunctional applications such as architectural cladding wall 
panel, electrical insulating floor tiles and damping pads. Large amounts of marble waste 
produced during industrial operations can be used to make LDPE- MW composites. This 
alternate solution can reduce the hazardous effects of marble waste disposal and damage to the 
environment. 
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Recently, Layered metal dichalcogenides (LMDs) have been extensively studied owing to their 
unique physical, chemical, and layer-dependent properties. These materials have shown great 
potential in various fields such as electronics, optoelectronics, sensors, and energy storage 
devices. To synthesize these materials, various direct methods such as liquid exfoliation, 
mechanical exfoliation, chemical vapor deposition, physical vapor deposition, and wet 
chemical methods have been explored. However, direct methods show limited ability to control 
the composition, size, and shape of the layered materials and their heterostructures. In this 
regard, post-synthetic transformation such as ion exchange technique has evolved as an 
alternative synthesis method as it allows tuning of atomic composition, crystal phases, 
interfaces, and morphologies. However, understanding the reaction mechanism during ion 
exchange transformation is crucial for designing new complex nano-heterostructures. 

Herein, we have explored anion exchange synthesis methods to exchange sulfur ions from SnS2 

and MoS2 by selenium ions. Control experiments have been performed by varying temperature, 
precursor concentration, and time, and the products have been evaluated using electron 
microscopy techniques to understand the reaction mechanism. Further, these products have 
been investigated for gas sensing applications, particularly at room temperature. 

Keywords: Layered materials, electron microscopy, ion exchange. 
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In this study, retention of BCC (β) phase in TiZr alloy was studied under influence of addition 

of Fe as a β- stabilizer. The effect of addition of Fe on Zr containing Ti-based alloys were 

systematically investigated to assess their potential biomedical application. It was observed that 

addition of Zr significantly affected only microstructure, mechanical and corrosion properties 

whereas Fe addition affected phase constitution also. Microstructural analysis showed finer 

grains on increasing Zr concentration. Addition of Fe up to 2 % changed the phase constitution: 

Ti-10Zr was formed by single HCP (α) phase while alloy with Fe was formed by coexistence 

of HCP and BCC phases. 10 % Zr addition presents a Widmanstätten structure with basket 

weave morphology. Microstructure of 2% Fe alloyed Ti-8Zr was investigated from a bright field 

electron micrograph of TEM, in which a multitude of individual laths or acicula are separated 

by a thin layer of retained β-phase. Based on analyses of multiple selected area electron 

diffraction, lath or acicula is identified to be HCP (α) phase. 

EDS confirmed the composition of β-phase in Ti-8Zr-2Fe alloy to be more than 2% Fe, whereas 

in α- phase, Fe was absent. This shows that, Fe here acted as β- phase stabilizer. XRD confirmed 

the phases and composition of 24% β-phase was estimated using Rietveld analysis in Ti-8Zr-

2Fe. 

Fe addition above 2 % leads to formation of intermetallic compounds which are finely 

distributed along the grain boundaries. Distributed precipitates of composition resembling to 

FeZr2 intermetallic phase. 
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Abstract 

Metallic fuel have been recognized as one of the candidate driver fuels for liquid-metal 

cooled fast reactor because of their advantages in view of their superior performance, reactor 

safety and fuel cycle economics. Both the U-6 wt.% Zr and U-Al use as a nuclear fuel worldwide 

because of the high fissile and fertile atom densities which facilitates higher breeding. Al was 

chosen due to its low parasitic thermal neutron absorption cross section, high thermal 

conductivity, low cost, ease of fabrication and adequate mechanical properties. In the present 

investigation, the solid state phase transition, liquidus, phase stability, phase characterization, 

thermal expansivity and microstrutural characterization were investigated experimentally by 

using differential thermal analysis (DTA), XRD, Dilatometry and SEM along with EDX. Three 

alloys with composition U100-xZr6Alx [where, x = 2, 4 and 6 wt.% Al] was synthesized by 

arc-melting from high pure Zr, Al and reactor grade U on a water cooled copper hearth 

using thoriated tungsten electrode in an UHP Ar atmosphere. All the alloy samples have 

been vacuum sealed and annealed at 873 K for 72 h. The phase transformation 

temperatures were measured by using DTA (NETZSCH STA 449 F3 Jupiter). All the 

alloy specimens were characterized by X-ray diffraction. The lattice parameter and 

relative phase fraction (wt.%) of the constituent phases were evaluated by using Rietveld 

refinement of the XRD data. Microscopic examination of the alloys was carried out by 

field emission SEM (Carl ZEISS crossbeam 340, Germany) with EDX. 

 
Keywords: Metallic fuel; DTA; Dilatometry; Rietveld refinement; SEM 



 355 

Enhancing the thermal conductivity of organic phase change materials using 
Al & Cu wire woven Spiral Structure for thermal energy storage 

Anup Kumar Khare*, Mohit Sharma, Gaurav Kumar Gupta 
1
Academy of Scientific and Innovative Research (AcSIR), Ghaziabad, U.P., India – 201002

2
CSIR– 

Advanced Materials and Processes Research Institute, Bhopal, M.P., India – 462026 

E-mail id: anupkumarkhare490@gmail.com 
 

Abstract 

Phase change materials (PCMs) are material with high latent heat of fusion and can be 

used in various heat storage applications. They are being widely used in the field of new and 

renewable energy. The solar energy is present only during the day time which limits its use for 

many applications. There are many phase change materials available and they have to be chosen 

according to the need of a particular application. The organic PCMs have certain advantages like 

they melt congruently, have large latent heat of fusion, are non-corrosive, etc making them quite 

attractive for the thermal energy storage applications. The major limitations are their lower thermal 

conductivities. Most of the organic PCM s have a very low (<1 W/m K) thermal conductivity. 

Their thermal conductivities have been raised using various thermal conductivity enhancers. Some 

of the major thermal conductivity enhancers which have been used are the metal foams, metal 

fins, nano-powders of high thermal conductivity metals and graphite. In this work, we have 

enhanced the thermal conductivity of wax using Al & Cu wire woven Spiral Structure. Here, we 

have used Al & Cu wire woven Spiral Structure with wax and made a composite and found 

significant result. The thermal conductivity is enhanced causing the faster heat storage and 

extraction in the wax-foam composite materials. 
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Abstract 

 

Some compositionally tuned Ni based magnetic shape memory alloy systems 
(MSMAs) show an optically induced actuation effect in which an incident spot of 
a tiny laser beam could induce actuation in these systems. This is unparalleled in 
ordinary materials, and its real cause is yet to be found. Here, we are trying to use 
it in real world engineering applications. With this idea, we are also involved in 
developing a potential Ni based MSMA alloy system and pinpointing the role of 
microstructural attributes to the actuation effect on a bulk scale sample. The High- 
Resolution Transmission Electron Microscopy assisted microstructural analysis 
has been adopted for detailed microstructural characterization. In this work, we 
have simultaneously investigated the micro-mechanics of force distribution to the 
ribbon samples though Finite Element based mesh approach under various 
simulated loading conditions. Finally, the force response and mechanical process 
parameter has been optimized and validated with the microstructural and 
experimental data. 

 
Fig1: (a) Simulated FEM Design (b) Phase Distribution of the Alloy 
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Abstract 

We present the findings of research on the structural, microstructural and transport 

properties of nanostructured LaMnO3 (LMO) manganites synthesized using the low–cost 

sol–gel method. It has been investigated how changes in the physical properties of LMO 

samples are incorporated by the sintering temperature in two distinct environments (i.e. air 

and oxygen). X–ray diffraction (XRD) measurement for structural characteristics shows 

that the material is in a single phase nature with no discernible impurities. For the particle 

size and morphology, transmission electron microscopy (TEM) measurement was 

performed that reveals a monodispersive nature of all the samples. Additionally, due to the 

agglomeration effect, particle size increases with increasing annealing temperature. On the 

basis of oxygen content, a significant impact of particle size and annealing environment on 

the real and imaginary part of dielectric behaviour under the applied magnetic field has 

been discussed. Change into the sample resistance with applied DC current reveals high 

electroresistance (ER) values, that are precisely regulated by magnetic field. The phase 

coexistence scenario has been employed to understand the magnetoresistance (MR) 

behavior and how it depends on the annealing temperature and surroundings. The EPIR 

behaviour under various applied AC voltages and magnetic fields has also been attempted 

to understand. 
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Abstract 

 
Among various 2D materials, Graphene has unique two-dimensional structure with 

multidisciplinary characteristic like large intrinsic electron mobility, high thermal and 

electrical conductivity etc, make graphene a promising material in wide applications. 

Structural inhomogeneities like ripples and wrinkles in a graphene film after transferring 

to a functional substrate degrades the physical and electrical properties of the respective 

electronic devices. copper is used as a substrate for making smooth, uniform and high-

quality graphene sheets with uniform thickness due to the low solubility of carbon in 

copper. chemical vapor deposition (CVD) grown graphene was prepared by maintaining 

the flow rate of Argon at 70, 80 and 100 SCCM (cubic centimeter per minute at STP). 

The total flow rate of hydrogen gas was maintained at 100 and 4 SCCM during annealing 

and growth, respectively. A 12 SCCM of CH4 was used as carbon source in all 

experiments. The growing time of graphene film was kept for 10 minutes. In this work, 

we investigated the effect of hydrogen gas concentration on the quality of grown 

graphene, size and number of layers. The surface morphology and grown graphene size 

was studied using Field Emission Scanning Electron Microscope. Number of layers and 

defects produced was studied using Transmission electron microscope. At higher Argon 

concentration (100 SCCM), lesser defects are found with bilayer graphene, having some 

spots of single layer graphene. Selected area diffraction pattern also confirms the binary 

and single layer of grown graphene sheet. The number of graphene seeds were decreased 

by reducing the hydrogen gas concentration, which resulted in large area dendritic 

graphene of high quality. 

Keywords: Graphene, Copper, Scanning Electron Microscopy, Transmission electron 

microscopy, Chemical vapor deposition. 
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Abstract  

Tuberculosis (TB) caused by Mycobacterium tuberculosis (MTB) is the ninth leading cause 
of  death globally according to World Health Organization 2019 (WHO). Increasing 
incidence of  multidrug resistance (MDR) complicates the effective control of TB. MTB 
cell envelope has  non-redundant roles in resistance due to the presence of structurally 
different lipids. To  understand the multitude of cell envelope associated factors involved 
in MTB drug resistance,  the ultrastructure of MTB isolates was first investigated using 
transmission electron microscopy  (TEM). Interestingly, TEM revealed significantly 
thicker cell wall in resistant isolates than  reference and sensitive isolates of MTB. 
Subsequently, the biophysical properties of the cell  envelope in reference sensitive strain 
H37Ra and clinical isolates of MTB were examined using  fluorescence polarization and 
time resolved fluorescence spectrometry. Resistant isolates  exhibited increased cell 
envelope fluidity and shorter decay time of DPH than sensitive isolates  and H37Ra, which 
implied lower microviscosity. The polarity changes in local environment of  the fluorescent 
probe DPH is reliably indicated by its fluorescence lifetime. The competitive  fitness of 
MTB isolates might be dependent on fatty acid metabolism. Fattyome analysis  revealed 
higher fatty acid unsaturation index in resistant isolates than H37Ra and sensitive  isolates. 
A marked increase in unsaturated fatty acids namely C16:1(9), C17:1(10), 10Me-
C18:0  (TBSA), C18:2(9, 12), C18:1(9), C18:1(11) and Cyclopropaneoctanoic acid, 2-octyl 
(cyclic  fatty acid) was observed in resistant MTB isolates, which may be responsible for 
their enhanced  cell envelope fluidity. To summarize, the observed differences in our results 
in cell envelope  fluidity between sensitive and resistant isolates may be due to differences 
in the levels of compaction of cell envelope, fatty acid composition and lateral organization 
of fatty acids on the  plane of cell envelope.  

 

Keywords: Mycobacterium tuberculosis; transmission electron microscopy (TEM);  drug 
resistance; cell envelope fluidity; fatty acid analysis; cell envelope thickness 
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Abstract 

Stimulated Raman scattering of a radio signal in a semiconductor plasma has 

been investigated. The scattering of intense radio signal in electron-hole 

plasma may decay in into another electromagnetic signal along with a plasma 

mode. This stimulated Raman process of a radio signal can be resonant if the 

charge carrier density in a semiconductor is sufficient to obey the plasma 

conditions. The radio signal strength required for the onset of the Raman 

scattering affects the growth rate of the process. The electron concentration in 

the semiconductor is chosen suitably so as to neglect the effect of optical 

phonons on Raman scattering. The stimulated Raman forward as well as 

backscattering of a forward travelling pump wave have been studied 

incorporating its (pump) spatial dependence. 

Keywords: Raman scattering, semiconductor plasma, plasma surface current 
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Abstract 
Magnetic nanoparticles (MNPs) are frequently used in high density magnetic recording 
media, sensors, catalysts and EM shielding. Also, MNPs are important in biomedical 
applications like magnetic resonance imaging, targeted drug delivery and magnetic 
hyperthermia. In hyperthermia MNPs are used as heating agents for promising cancer 
therapy. The research field of hyperthermia is mainly focused on magnetic oxides with less 
importance to metallic systems.   
In this study, we synthesized Permalloy (FeNi3) nanoparticles (NPs) using a facile 
hydrazine reduction method. The synthesized NPs are annealed at 300 ˚C and 400 ˚C in 
reducing atmosphere to get better crystallinity and magnetic properties. The deposited NPs 
exhibit spherical morphology with FCC structure. High magnification images revealed that 
bigger NPs are composed of small primary NPs of size ~15 nm.  TEM images show 
improved surface roughness of annealed permalloy NPs. The bulk room temperature 
hysteresis confirms superparamagnetic behaviour of NPs having high saturation 
magnetization (Ms ~ 70 emu/g) and low coercivity (Hc < 60 Oe). The Ms and Hc enhanced 
after annealing. Hyperthermia measurements were performed for both as prepared and 
annealed samples using ethylene glycol medium with NP concentrations of 1 mg/ ml. The 
response was observed under an alternating magnetic field with intensity of 110 Oe at a 
frequency of 465 kHz.  The as prepared and 400 ˚C annealed NPs showed maximum 
temperature rise of 22 ˚C and 28 ˚C respectively. By comparing the results of as deposited 
and annealed NPs our study indicates that 400 ˚C annealed permalloy NPs showed better 
temperature rise as compared to as prepared NPs.  These studies indicate the possibility of 
tuning NPs magnetic characteristics by manipulating the synthesis procedure, annealing 
temperature for hyperthermia applications. 
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Abstract 

 
The global energy crisis has escalated the research on developing ways to produce energy from the 
waste energies by adopting environment friendly methods. Thermoelectricity is a potential source 
of renewable energy that can directly convert the waste heat into electricity that otherwise get wasted 
into the environment and cause global warming. The thermoelectric efficiency of a TE material is 
determined by the thermoelectric figure of merit, ZT that depends on Seebeck coefficient (S), 
electrical conductivity (σ), thermal conductivity (k) and temperature (T). Conventional TE materials 
that are being used commercially have ZTmax of ~ 2.8 and maximum efficiency of ~25%. The 
conventional TE materials are expensive, toxic and less stable at high temperatures as compared to 
oxides TE materials that drives research in replacing the conventional thermoelectric materials by 
oxide based commercial TE materials. 
CaMnO3 is an n-type TE oxide that exhibits high S (~ −350 μV/K) and low k (~3 W/m-K) 
classifying it to be a potential TE material. Current research focuses on improving the thermoelectric 
performance of CaMnO3 by reducing the electrical resisitivity through nanostructuring or via 
electron doping. This work presents the synthesis and characterization of calcium manganese oxide 
(CaMnO3) by chemical co-precipitation method. Stoichiometric amounts of calcium nitrate and 
manganese nitrate were mixed in ethanol and the mixture was stirred for 3 hours. Precipitating agent, 
NaOH was then added dropwise into the solution while heating the mixture at 90 degrees till the pH 
turned 12. The precipitate was then filtered and annealed at 1000 ℃, 800 ℃, 600 ℃ for 4 hours. 
The synthesized powders of CaMnO3 are characterized for their crystallographic and spectroscopic 
properties. The X-ray diffraction patterns reveal the formation of CaMnO3 consistent with the 
JCPDS card no. assigned to CaMnO3. FTIR spectra represents the presence of Ca-O and Mn-O bond 
in the synthesized powders. The optical band gap of the samples is evaluated by studying the UV-
Visible spectrum. FESEM images reveal uniform feature sizes of the synthesized samples and the 
EDX spectra shows the presence of elemental composition of Ca, Mn, O in the ratio 1:1:3. The 
highly pure attained samples of CaMnO3 can be consolidated into hot-pressed ceramics for 
measuring their electronic and thermoelectric properties to study their thermoelectric performance.  
 
Keywords:  CaMnO3, thermoelectric, co-precipitation 
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Abstract 
Magnetic Hyperthermia is a developing technique in which tumour cells are treated locally at an 
elevated temperature, induced by the magnetic nanoparticles in response to an alternating magnetic 
field. Many experimental investigations are carried out worldwide in order to find a potential 
candidate with better heating characteristics. 
 
Iron Oxides namely magnetite and maghemite are employed in the hyperthermia studies owing to 
their biocompatibility and easy synthesis.  Manganese dioxide is another candidate which is studied 
for biomedical applications because of its biocompatibility and ability to functionalise. In this work, 
an attempt has been made to synthesize a nanocomposite of Fe3O4 and MnO2 in order to investigate 
the combination of these materials as a potential heat mediator. A simple process of Co-precipitation 
is carried out and the magnetic properties of the prepared nanocomposite are investigated. The 
techniques that are used to characterise the sample includes X-ray Diffraction, FTIR and VSM. 
FESEM is used to study the morphology of sample. The superparamagnetic  behaviour of the 
nanocomposite is confirmed by the Vibrating Sample Magnetometry and the heating curves are 
obtained for three different concentrations (0.5,1 and 2 mg/ml) with water as the base fluid .The 
SAR and ILP values are calculated from the heating curves by fitting different theoretical models 
to the obtained data set .The  prepared sample is calcined  at a temperature of 200oC and 
consequently the effect of heating temperature on crystallite size, magnetization curve and heating 
characteristic is studied.  

Keywords: Magnetic Hyperthermia; Co-precipitation; Superparamagnetism 
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Abstract 
In this work, A cost-efficient sol-gel method is used to synthesized zinc oxide (ZnO) 
nanoparticles. The effect of annealing temperature is investigated through X-ray diffraction 
(XRD), UV-visible spectroscopy and FESEM. XRD patterns revealed the formation of 
Wurtzite structure and change in annealing temperature leads to increase in crystallite size 
and the crystallinity along (101) plane enhances with annealing temperature. The average 
crystallite size for 3hrs. at different annealing temperature (600℃ to 1000℃) is 33.878nm 
and for 6hrs. at different annealing temperature is 33.39nm. The lattice constant for 3hrs. 
annealing is a=b= 3.24Å, c= 5.182Å and for 6hrs. annealing is a=b= 3.24Å, c=5.193Å and 
c/a ratio is 1.59 for both the samples. FESEM images show the synthesized ZnO powder 
has a particle shape morphological nanostructure with average particle size for S236= 
0.083μm, S237= 0.12μm, and S266= 1.26μm as shows in FESEM images and a result of 
EDX characterization shows that ZnO Nano powders has good purity. The shifting in peaks 
of FTIR reveals the bonding characters and disorder in ZnO. The enhancement of energy 
band gap is investigated through UV-visible spectroscopy.  
    

        
 
 
 
 
Keywords: Sol-gel, Wurtzite structure, Crystallite size, annealing temperature, FESEM, 
and energy band gap. 
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Abstract 
 
Metal nanostructures have been at the centre of the interest to physicists, chemists, and 
material scientists for the last couple of decades due to their ease of synthesis, surface 
functionalization and various applications. Among the other metals gold and silver has an 
edge for their strong plasmonics in the visible range and biocompatibity. Extensive research 
has been carried out with gold nanoparticles to study the formation kinetics but the actual 
formation mechanism is still debatable. The nanoscale rearrangements leading to the 
formation of gold nanostructures of definite size and shape are contradictory. The kinetics 
of gold nanostructure formation was studied using glycated hemoglobin as a biological 
template as well as the reducing agent. The slow reduction process enabled to study the 
particle formation in a time- and temperature-dependent manner. They were further 
characterized using different biophysical techniques as well as transmission electron 
microscopy.  From the micrographs it was observed that there is a spontaneous gold 
nanoflowers formation which gradually dissociates to form smaller spherical particles. In 
addition, our experiments conclusively substantiate the existing postulations on gold 
nanoparticle formation from relatively larger precursor structures. 
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Abstract 

Microorganisms attach to biotic or abiotic surfaces and produces extracellular 
polysaccharides resulting in biofilm formation. Biofilms are impervious to small amount of 
antibiotics or antifungal medications and hence better remedies for these biofilms are 
required for designing novel treatment methods. In the presented work we have synthesized 
a 3D ternary nanocomposite involving all the potent anti-microbial agents Zinc 
oxide_Silver_Graphene oxide (ZnO_Ag_GO) using a simple one pot hydrothermal method. 
Transmission Electron Microscopy (TEM) revealed formation of a compact flower shaped 
structures in which the petals were made up of ZnO in association with GO. The petals were 
seen to be further decorated with Ag. After characterization the nanocomposite was further 
exploited to check its potential as an anti-microbial agent. For this, cleaned solid surfaces 
were taken and different concentrations of the nanocomposite was coated on them. 
C.albicans, an opportunistic fungal pathogen was seeded on the coated surfaces and their 
adhesion was studied. Complex structures of biofilm was observed on the control surface 
(without coating). Whereas hyphal formation was inhibited on the coverslip coated with 
nanocomposite and cell inhibition was observed with an increase in concentration. 
Electronic studies (Electrochemical impedance Spectroscopy (EIS) and Cyclic 
Voltammetry (CV)) were performed to understand the inhibition of the biofilm formation 
on these coated substrate. 
 
 
 
 

  



 368 

 

Latest Technology in Multiferroic Composites 
Poonam Pahuja1, Ram P. Tandon2 

1Dept. of Physics, G.G.D.S.D. College, Palwal, Haryana, India, 
poonampahuja123@gmail.com 

2Dept. of Physics and Astrophysics, University of Delhi, New Delhi, India, 
ram_tandon@hotmail.com 

Abstract 
 
Multiferroic Composites unify ferroelectric and ferromagnetic materials by providing strain 
mediated coupling between them. Researchers are trying hard on all the aspects of 
multiferroic 
composites from bulk to thin films for their various applications. Recently, microwave 
resonators, energy harvesters and memristors are the fields explored for the potential 
applications of multiferroic composites. In addition to barium titanate, lead zirconate 
titanate; sodium bismuth titanate and potassium bismuth titanate are emerging materials 
used as ferroelectric material in multiferroic composites. Addition of these new emerging 
materials in multiferroic composites overcomes the limitations of single phase multiferroic 
materials. Scientists are exploring new methods such as spark plasma sintering, pulse laser 
deposition to increase the figure of merit i.e. magnetoelectric coefficient of multiferroic 
composites. New advanced methods of characterization such as time of flight secondary 
ion mass spectroscopy and extended X-ray absorption fine structure etc. have been used to 
efficiently measure various properties of the multiferroic composites [1]. 
Recent review on multiferroic composites will be discussed in the talk along with important 
research findings. 
 
Keywords: Multiferroic Composite; Pulse Laser Deposition; Magnetoelectric 
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Abstract 

 The development of future valley-based electronics or valleytronics requires a high 

degree of valley polarization (VP) in large area monolayer (1L)-MoS2. Though it is possible 

to synthesize 1L-MoS2 films with large area coverage through chemical vapor deposition 

(CVD) technique, optical, electrical, and VP property of as-grown films are found to be 

very poor. Since large area coverage of the monolayer film has to be ensured for any 

practical application of the material, it is imperative to understand the reason for moderation 

of valley polarization and the luminescence characteristics in CVD grown 1L-MoS2. Here, 

using temperature dependent photoluminescence (PL), polarization resolved PL and Raman 

spectroscopy we investigate the role of physisorbed air molecules and strain on the 

luminescence and the VP characteristics of large area CVD grown 1L-MoS2. The study 

shows that the removal of adsorbates from sulfur vacancy (VS) sites not only suppresses the 

broad sub-bandgap luminescence feature that typically dominates low temperature PL 

spectra of these films but also significantly enhances VP. Post-growth transfer of the 1L-

MoS2 film from sapphire to a SiO2/Si substrate by a polystyrene assisted process is found 

to be highly effective in improving the polarization characteristic of K-valleys through 

relaxation of the biaxial tensile strain and the removal of physisorbed air molecules from 

the VS sites. The process is also found to provide long lasting protection for MoS2 films 

from air. All these findings, thus, create much needed opportunity to use CVD grown large 

area 1L-MoS2 for realization of valleytronics of the future. 

 

Keywords: Monolayer MoS2, valley polarization, strain, surface adsorption. 
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Abstract 

 

Maraging steels are precipitation-strengthened steels characterized by a superior 

combination of ultra-high strength and good fracture toughness. This unique combination 

of mechanical properties in maraging steels is due to the nano-scale intermetallic precipitate 

formation in the BCC matrix during ageing treatment. In this presentation, we focus on the 

evolution of two specific types of nanoprecipitates namely, Ni-Ti type and Fe-Mo type as 

a function of ageing temperature and time in an additively manufactured 300-grade 

Maraging steel. A multiscale combined microstructural characterisation approach involving 

SEM/EBSD/EDS and TEM/TKD/APT was employed to study the microstructural 

evolution, crystallographic/structural information, and local chemical distribution in the 

bulk as well as in near-atomic length scales. The three-dimensional near-atomically 

resolved analyses in APT revealed the coarsening of both Ni-Ti and Fe-Mo-based 

precipitates with increasing ageing temperature (from 510 °C to 540°C) and time (from 4h 

to 8hr at each temperature). APT further confirms the presence of Fe-Mo type precipitate 

in globular morphology and elongated disc-like morphology for Ni-Ti-based precipitate. 

The same has been corroborated with the STEM imaging and correlative chemical 

composition mapping. 

 

Keywords: Additive Manufacturing, Correlative microscopy, Nano-Precipitates 
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Abstract 

 Carbon Quantum Dots (CQDs) are promising new generation bioimaging agents which 

possess remarkable properties such as excellent biocompatibility, stability, low toxicity, 

high luminescence, large surface area to volume ratio, flexible surface for conjugations with 

various biomolecules, tunable size and optical properties. Among the essential amino acids, 

lysine was selected for this study. Bottom-up approach of microwave-assisted method was 

used to synthesize lysine carbon dots (Lys-CQDs) from citric acid and lysine. The UV-

visible spectrum of Lys-CQDs showed two absorption peaks at 230 and the other 320 nm, 

with a strong emission peak at 420 nm revealing the excitation wavelength-dependent PL 

behaviour. The surface functional groups present in the Lys-CQDs were confirmed by 

Fourier Transform Infrared (FTIR) spectra between 500 and 4000 cm-1. X-ray diffraction 

(XRD) spectrum was recorded and EDS spectra confirmed the presence of carbon, nitrogen 

and oxygen. Lys-CQDs were mono-dispersed and stable with an average diameter 2±1 nm 

and mean zeta potential of 15± 2 mV. The surface topology of Lys-CQDs was imaged by 

Atomic Force Microscopy, which revealed the small size particles with mean height 

distribution of 2.8 nm. TEM (Transmission Electron Microscopy) was used to confirm the 

size of CQDs and average size obtained was 1.15 nm. Further investigations are underway 

to demonstrate the biocompatibility and applicability of CQDs for versatile imaging 

applications. 

Keywords: Carbon Quantum Dots, Biocompatibility, Amino Acids, Microwave, 

Characterization, Imaging  
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Abstract 

Tuberculosis (TB) caused by Mycobacterium tuberculosis (MTB) is the ninth leading cause 
of death globally according to World Health Organization 2019 (WHO). Increasing 
incidence of multidrug resistance (MDR) complicates the effective control of TB. MTB cell 
envelope has non-redundant roles in resistance due to the presence of structurally different 
lipids. To understand the multitude of cell envelope associated factors involved in MTB 
drug resistance, the ultrastructure of MTB isolates was first investigated using transmission 
electron microscopy (TEM). Interestingly, TEM revealed significantly thicker cell wall in 
resistant isolates than reference and sensitive isolates of MTB. Subsequently, the 
biophysical properties of the cell envelope in reference sensitive strain H37Ra and clinical 
isolates of MTB were examined using fluorescence polarization and time resolved 
fluorescence spectrometry. Resistant isolates exhibited increased cell envelope fluidity and 
shorter decay time of DPH than sensitive isolates and H37Ra, which implied lower 
microviscosity. The polarity changes in local environment of the fluorescent probe DPH is 
reliably indicated by its fluorescence lifetime. The competitive fitness of MTB isolates 
might be dependent on fatty acid metabolism. Fattyome analysis revealed higher fatty acid 
unsaturation index in resistant isolates than H37Ra and sensitive isolates. A marked increase 
in unsaturated fatty acids namely C16:1(9), C17:1(10), 10Me-C18:0 (TBSA), C18:2(9, 12), 
C18:1(9), C18:1(11) and Cyclopropaneoctanoic acid, 2-octyl (cyclic fatty acid) was 
observed in resistant MTB isolates, which may be responsible for their enhanced cell 
envelope fluidity. To summarize, the observed differences in our results in cell envelope 
fluidity between sensitive and resistant isolates may be due to differences in the levels of 
compaction of cell envelope, fatty acid composition and lateral organization of fatty acids 
on the plane of cell envelope. 
 
Keywords: Mycobacterium tuberculosis; transmission electron microscopy (TEM); drug 
resistance; cell envelope fluidity; fatty acid analysis; cell envelope thickness 
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ABSTRACT 
Antimicrobial resistance (AMR) is an urgent global public health threat, killing at least 1.27 
million people worldwide. Increasing incidence of drug resistant strains threatens effective 
prevention and treatment of infectious diseases caused by microbial pathogens. Clinical 
drug resistance is multifactorial and attributed to a combination of factors related to the host 
environment, antimicrobial compounds and pathogen biology. To improve therapeutic 
efficacy against infectious diseases, it is essential to have a better understanding of the 
mechanisms and clinical impact of drug resistance. In this study, we extensively 
investigated the cell envelope architecture in drug sensitive and resistant isolates of 
pathogenic bacteria, Mycobacterium tuberculosis (MTB) and pathogenic yeast, Candida 
albicans (C. albicans) using Transmission Electron Microscopy (TEM). Cell envelope (cell 
membrane and cell wall together) is a thick, multi-layered protective covering that protects 
microbes from the action of antimicrobials. Isoniazid and Rifampicin (sensitive and 
resistant) MTB strains and Fluconazole sensitive and resistant strains of C. albicans were 
used for this study. Herein, it was found that cell envelope thickness in sensitive MTB strains 
ranged between 24 - 27 nm, while resistant isolates displayed cell envelope thickness 
between 34 - 42 nm. Similarly, cell envelope thickness in sensitive C. albicans strain 
obtained was 90 nm whereas resistant strain displayed cell envelope thickness of 117 nm. 
Thickening of cell envelope was consistently observed with increase in clinical resistance 
in both the microbial pathogens, MTB and C. albicans. Cell envelope serves as a barrier for 
entry or exit of biomolecules across the cells. Therefore, it may be concluded from the study 
that cell envelope thickness observed may be associated to altered cell wall synthesis or 
may be a non-specific secondary adaptation response linked to acquisition of drug 
resistance to restrict entry of drugs into the microbial cells. 
 

Keywords: Mycobacterium tuberculosis, Candida albicans, Antimicrobial resistance 
(AMR), Cell envelope, Cell envelope architecture, Transmission Electron Microscopy 

(TEM) 
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Abstract 

Carbon Quantum Dots (CQDs) are next-generation bioimaging agents with unique 

properties such as tunable size, optical properties, excellent biocompatibility, low toxicity, 

good stability, high photoluminescence (PL), large surface area to volume ratio and rich 

surface chemistry for conjugation with various biomolecules. Phenylalanine, an essential 

amino acid was selected for this study. Phenylalanine carbon quantum dots (P-CQDs) were 

synthesized using phenylalanine and citric acid as precursors, by facile, cost effective one-

pot microwave-assisted method. UV-Vis absorption spectroscopy of P-CQDs revealed 

presence of absorption peaks at 236 and 339 nm, which represented characteristic 

absorption pattern for an aromatic $ system. A strong emission peak at 440 nm was 

observed for P-CQDs, confirming excitation wavelength-dependent photoluminescence. 

Transmission Electron Microscopy (TEM) and Atomic Force Microscopy (AFM) 

demonstrated the size of P-CQDs in the scale of 1-4 nm with most particles of 3 nm size. 

P-CQDs displayed no toxicity against microbial fungal pathogen (C. albicans) and 

mammalian cell line (NIH-3T3). P-CQDs readily internalized within Candida cells to 

exhibit blue fluorescence within the cells. Therefore, it can be concluded that synthesized 

P-CQDs are water soluble, biocompatible and non-toxic with excellent PL and tunable 

optoelectronic properties. In this study, P-CQDs showed promising potential as fluorescent 

nano-imaging agents for in vitro and in vivo studies. 

 

Keywords: Carbon quantum dots, phenylalanine, blue fluorescence, microwave method 

and bio imaging agents. 
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Abstract 

In recent times, nanomedicines comprising of various nanostructures and their combination 
with existing drugs have shown promising potential to combat the microbial drug resistance 
and pathogenicity. Ag-nanoparticles (AgNps) are known for their antimicrobial properties 
and lower host toxicity. In this study, we investigated the effect of AgNps on drug 
susceptibilities and yeast to hyphal transition in Candida albicans. Hyphal morphogenesis 
is an important trait of virulence and pathogenesis in Candida. Spherical, stable and 
crystalline AgNps of 21.6 nm average size were prepared by chemical reduction method 
which showed minimum inhibitory concentration (MIC90) at 40 µgmL-1for Candida 
albicans. Treatment with AgNps also sensitized clinical resistant Candida isolates. AgNps 
affected cellular targets resulting in altered membrane microenvironment, physical state of 
membrane, lipid composition, cellular ultrastructure and surface morphology. Interestingly, 
we found AgNps blocked yeast to hyphal morphogenesis through alterations in the 
signaling pathway. Ergosterol and oleic acid are two key constituents of fungal membrane 
and important determinants of drug susceptibilities and hyphal morphogenesis. Thus, the 
lowering of ergosterol content and oleic acid in AgNps treated cells correlated well with the 
observed sensitivity and inhibition of hyphal morphogenesis and it was well supported by 
our findings that AgNps downregulated the key genes of ergosterol biosynthesis. To 
summarize, our findings showed that ‘nanosilver-based drug combinations’ has the 
potential to address the challenges of multi-drug resistance (MDR) and fungal therapeutics 
by favoring broad spectrum activity, multiple cellular targets, minimal host toxicity and 
inhibiting pathogenicity. 
 

Keywords: Ag-nanoparticles (AgNps), Chemical reduction method, Drug susceptibilities, 

Yeast to hyphal transition, multi-drug resistance (MDR). 
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Abstract 

 
In recent years, “green synthesis of nanoparticles” has gained enormous attention due to 

their unique characteristics and applications in biomedical research. In-fact these, green-

synthesized nanoparticles are eco-friendly, cost effective, reliable, and non-toxic as 

compared to chemically synthesized nanoparticles. Cyanobacteria are the first 

photosynthetic organisms to conquer the earth. They are found in a wide range of habitats, 

from glaciers to fresh water. From previous research, it has been noticed that metabolites 

derived from the cyanobacteria displays various antiviral, anti-tumours, anti-oxidant, anti-

inflammatory activity. Spirulina is well known cyanobacteria with immense health benefits. 

To elucidate the bio-medical applications such as immunomodulatory effect of Spirulina 

metabolites and its nanoparticles, we first performed a green synthesis of nanoparticle from 

the Spirulina extract and characterized them through biophysical techniques. The 

fluorometric, UV-visible spectrometric analysis, FTIR, and NMR revealed that methanol-

water extract method yielded various kind of metabolites. Next, in order to determine the 

size, stability, polydispersity index (PDI) of the gold nanoparticles, we performed LSPR, 

DLS, Zeta, electron microscopy and atomic force microscopy (AFM). The characterization 

results revealed potentially low cost, economically feasible Spirulina gold nanoparticles 

that are very useful for in vitro assays to assess the immunomodulatory effect of 

cyanobacteria on various immune cells.  

Keywords: Cyanobacteria, Spirulina, Gold Nanoparticles, DLS, FTIR 

 

 

 

 

 



 377 

Synthesis and microcontact printing of a 2D nanocomposite on a solid 
support to check microbial adhesion 

Ahana Mukherjee1, Amandeep Saini1, Jaydeep Bhattacharya2, Atanu Banerjee1, Rajendra prasad1 
and Ranjita Ghosh Moulick1 

1Amity Institute of Biotechnology/Amity Institute of Integrative Sciences and Health, Amity 
University Haryana, Haryana-122413 

2 Jawaharlal Nehru University, New Delhi, India. 
Presenting Author: Ahana Mukherjee 

Abstract 
Health hazards caused by microorganisms (bacteria, fungi, etc) and its prevention is of 
primary importance because it directly affects the mankind. Fabrication of different anti-
adhesion surfaces using direct or indirect methods and a variety of material have come into 
view as the heart of addressing the issue. However, research works concerning both these 
remedies are rare. In this presented work we synthesized Zinc oxide_Silver_Graphene oxide 
(ZnO_Ag_GO) along with Zinc oxide_Graphene Oxide (ZnO_GO) by a one pot 
hydrothermal method. A detailed knowledge about the size and morphology of the 
nanocomposites was obtained from TEM analysis which showed flower like structures in 
ZnO_Ag_GO. Characterization was followed by fabrication of the nanomaterials on glass 
coverslips using microcontact printing (μCP) which is an indirect method of generating 
micro and nano-scale structures using soft elastomeric stamps. The patterns formed were 
characterized by Confocal Microscopy and Atomic Force Microscopy (AFM) to verify the 
variations in the surface topology corresponding to the nanomaterials. Finally, adhesion 
assay using E. coli and C. albicans were performed on these fabricated structures and their 
adherence were compared to fully coated thin film surfaces. A declining trend of microbial 
adhesion was observed in the rough surfaces either due to the dual cumulative effect of both 
chemical and physical modification against the microbial strains or some other alternative 
mechanisms which are worth exploring in the future.   
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Abstract 

Supported lipid bilayers (SLBs) are artificially prepared two-dimensional thin film coatings 

consisting of a thin phospholipid bilayer that is conformally connected to an underlying 

solid surface. They are one of the most promising model systems to study the lipid-protein 

interplay. It is still challenging to directly visualize the emergence and arrangement of these 

biomolecules within the system, which grow our dependency on simulations studies. But in 

our study, we reconstituted a non-membranous protein hemoglobin within the SLB using 

detergent-mediated method and the visual property and insertion of hemoglobin in the lipid 

environment have allowed us to closely inspect some rare but noteworthy phenomena like 

the formation of supramolecular structures and phase separation leading to large domain 

formations under bright field microscopy in a label-free manner. In addition, we observed 

membrane deformity through confocal z-stack reconstruction and high-resolution 

topographic studies through AFM. 
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Abstract 

Mercury is one of the most potent and hazardous contaminant present in the environment 
which causes a number of risks to both human and marine health. A number of methods 
have been employed to detect and quantify the levels of Hg (II) in various samples. These 
methods include techniques like Atomic Absorption Spectroscopy (AAS), Cold Vapour 
Atomic Fluorescence Spectroscopy (CVAFS), Inductively Coupled Mass Spectrometry 
(ICP-MS) etc. Although, these techniques are sensitive but they have drawbacks of being 
highly expensive and time consuming with a high limit of detection. 
To overcome this challenge, we have fabricated an impedance-based biosensor that utilizes 
a mercury binding protein (MerR) for sensing mercury ions. The biosensor surface has been 
characterized using Scanning Electron Microscopy (SEM) to realize the MerR protein 
binding. Following characterization, the detection analysis of Hg(II) ions was performed 
using electrochemical spectroscopic techniques. We have found that our biosensor could 
detect a concentration as low as 0.17nM and was specific in its detection. Further, the cost 
and time of detection was also highly reduced as compared to the conventional techniques. 
In future, the analysis will be performed on environmental samples and to increase the 
detection sensitivity, a large array of microelectrodes will be fabricated for sensing. The 
microelectrodes can also be functionalized with nanostructures to improve the conductivity 
of the electrodes and to enhance the signal to noise ratios. 
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Abstract 
Glycation is the spontaneous non-enzymatic addition of sugars such as glucose or fructose 

to proteins, lipids and nucleic acid. Proteins are often glycated due to due their frequent 

encounter with sugars in systemic circulation, intra- and extracellular spaces etc. Glycated 

proteins generally lose their structural and functional properties and acquire different 

features such fluorescence, aggregation, cross-linking etc. Hemoglobin is often found 

glycated in individuals with chronic hyperglycemia. HbA1c is the glycated form of 

hemoglobin. It is used as a marker to determine average blood-sugar levels during last three-

months. Except its usage as a clinical marker, the consequences of hemoglobin glycation 

has not been studied in detail. We have developed an in-vitro method to speed-up the 

glycation in hemoglobin. It has been found that glycation induces temperature dependent 

unfolding and fibrillation in hemoglobin. The unfolding was associated with heme-loss and 

an increase in fluorescence. The observed fibrillation through TEM-images indicates inter-

molecular cross-linking which is also visible in gel-retardation assays. Glycated 

hemoglobin also showed the ability to reduce a gold and silver ions to their atomic forms. 

Taken together, our results show that upon glycation hemoglobin loses its structural and 

functional integrity and transforms into a typical AGE-product with various other 

properties. This data has physiological significance since glycated-Hb is a stable reactive 

molecule. Elucidation of pathological-impact of glycated-Hb requires and extensive 

research. 
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Abstract 

Tissue engineering aims at replacement, repair, and regeneration of tissues by a 

combination of scaffolds, growth factors, and cells. In this study, we report the synthesis of 

biodegradable composite scaffolds fortified with mesoporous zinc silicate (mZS) and 

assessment of in vitro properties for bone tissue engineering (BTE) applications. The 

scaffolds consisted of chitosan (CS) incorporated with mZS at different wt%. The bio-

composite scaffolds were visualized using Field Emission Scanning Electron Microscopy 

(FE-SEM). The incorporation of mZS was confirmed using Energy dispersive x-ray (EDS) 

analysis. Biomineralization studies were conducted in simulated body fluid (SBF) and 

indicated bioactivity of fabricated scaffolds. The scaffolds also displayed antibacterial 

action against Staphylococcus aureus. Cellular attachment within the scaffold network 

established biocompatibility of the material. Incorporation of mZS within the chitosan 

scaffolds matrix improved properties such as porosity, degradation rate, and 

biomineralization. Therefore, fabricated scaffolds exhibit exceptional features and have the 

potential to serve as an implant for BTE applications which can be tested in vivo.   

 

 

 

 

 



 382 

Bio On Magnetic Beads (BoMB): An Emerging Therapeutic Approach 

for Delivery of Nucleic Acids 
Harsh A Gandhi1, Shafinaz Rahman Sarah1, Jaydeep Bhattacharya1* 

1 School of biotechnology, Jawaharlal Nehru University, New Delhi-110067 

Presenting Author: Harsh Gandhi 

Abstract 

An efficient method for magnetic nanoparticles mediated nucleic acid delivery in 

prokaryotes has been established. This has been achieved without any covalent modification 

of magnetic nanoparticle for the conjugation of nucleic acids. Using sonothermic property 

of magnetic nanoparticles, transformation of bacteria without the need of preparation of 

competent cells and any high-end instrumentation has been obtained. Additionally, Atomic 

Force Microscopy (AFM) has also been used to confirm the perforation and interaction of 

magnetic nanoparticles with bacteria. Moreover, upon usage of low concentration of 

surfactant together with magnetic nanoparticles an enhancement in the transformation 

efficiency of bacteria is obtained. The methodology has allowed us to achieve successful 

transformation of bacteria by eliminating the need of preparation of competent cells. The 

process is beneficial by cutting down the labor, time and expertise needed to prepare 

competent cells. Furthermore, the method can be applied for mammalian cell transfection. 

Keywords: Magnetic Nanoparticles, Sonothermia, AFM, Transformation, Transfection 

 
Figure: Magnetic Nanoparticle assisted transformation of E. coli DH5α 
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Abstract 

Non-steroidal anti-inflammatory drugs (NSAIDs) are most commonly used for the 
treatment and management of chronic and acute inflammation. NSAIDs comprise of 
organic compounds having anti-inflammatory, anti-pyretic, and analgesic properties. 
Therefore, NSAIDs are also most commonly used over-the-counter as well as prescribed 
drugs for relief in pain. However, majority of these drugs are poorly-water soluble leading 
to low bioavailability and hence limited therapeutic activity. In order to overcome these 
issues, we have studied the formulation, characterization, and cytotoxicity of NSAIDs, 
entrapped inside nanoemulsion droplets.After screening the excipients, NSAIDs-loaded 
nanoemulsions have been prepared by spontaneous aqueous titration method. Based on the 
observations of drug solubility study, the mixture of clove oil and isopropyl myristate has 
been selected as oil phase, whereas Tween 80 and isopropyl alcohol have been used as 
surfactant and co-surfactant respectively. The hydrodynamic sizes of Diflunisal and 
Niflumic acid-loaded nanoemulsions obtained from Dynamic Light Scattering (DLS) have 
been found in the range of 8-22 nm with the polydispersity index (PDI) below 0.5, implying 
fairly homogenous populations. The transmission electron microscopic (TEM) data 
supported the DLS results. However, the low zeta potentials of these nanodroplets suggest 
the formation of metastable nanoemulsions which have been further evaluated by various 
stress-stability studies.The cytotoxicity assay of the nanoemulsions loaded with poorly 
water-soluble drugs such as Diflunisal and Niflumic acid holds the promise of improved 
efficacy when administered via different routes such as oral, transdermal, or local 
application. 
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Abstract 

Monolayer (1L)- MoS2 offers valley degree of freedom, which can be exploited to design 
next-generation valleytronic devices. Chemical vapor deposition (CVD) technique can be 
used to grow large area continuous 1L-MoS2, which is necessary for any practical 
application. But unfortunately, a large number of sulfur vacancy (VS) defects and residual 
strain are invariably present in the film which degrade the device performance. Therefore, 
it is crucial to understand the effect of these perturbations on the valley polarization property 
of CVD-grown 1L-MoS2. Involvement of small wavelength phonons in valley de-
polarization of 1L-MoS2 is an unsettled issue. A recent theory suggests that intervalley 
transfer of excitons is possible in 1L-MoS2 through electron-hole exchange interaction via 
Maialle-Silva-Sham (MSS) mechanism without any direct involvement of phonons. Here,	
our	 study experimentally demonstrates, the above mechanism as the most dominant 
intervalley exciton transfer process in CVD grown monolayers, where momentum 
scattering of excitons by the air-molecules attached to VS plays significant role. 
Interestingly, the momentum scattering rate is found to be proportional to the cube root of 
the defect density. Intervalley	scattering	of	excitons	through	Γ-valley	also	contributes	
to	the	valley	de-polarization	process	specially	when	the	layer	has	tensile	strain	or	high	
density of	VS	defects	as	these	perturbations	reduces	K to	Γ-energy	separation.	Band-
structural	 calculations carried	out	within	 the	density	 functional	 theory	 framework	
confirm	this	finding.	Experimental	results further	suggest	that	exchange	interactions	
with	 the	 physisorbed	 oxygen	molecules	 can	 also	 result	 in	 the intervalley	 spin-flip	
scattering	of	the	excitons	when	the	defect	density	is	sufficiently	high.	
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Abstract 

Among various 2D materials, Graphene has unique two-dimensional structure with 
multidisciplinary characteristic like large intrinsic electron mobility, high thermal and 
electrical conductivity etc, make graphene a promising material in wide applications. 
Structural inhomogeneities like ripples and wrinkles in a graphene film after transferring to 
a functional substrate degrades the physical and electrical properties of the respective 
electronic devices. copper is used as a substrate for making smooth, uniform and high-
quality graphene sheets with uniform thickness due to the low solubility of carbon in 
copper. chemical vapor deposition (CVD) grown graphene was prepared by maintaining 
the flow rate of Argon at 70, 80 and 100 SCCM (cubic centimeter per minute at STP). The 
total flow rate of hydrogen gas was maintained at 100 and 4 SCCM during annealing and 
growth, respectively. A 12 SCCM of CH4 was used as carbon source in all experiments. 
The growing time of graphene film was kept for 10 minutes. In this work, we investigated 
the effect of hydrogen gas concentration on the quality of grown graphene, size and number 
of layers. The surface morphology and grown graphene size was studied using Field 
Emission Scanning Electron Microscope. Number of layers and defects produced was 
studied using Transmission electron microscope. At higher Argon concentration (100 
SCCM), lesser defects are found with bilayer graphene, having some spots of single layer 
graphene. Selected area diffraction pattern also confirms the binary and single layer of 
grown graphene sheet. The number of graphene seeds were decreased by reducing the 
hydrogen gas concentration, which resulted in large area dendritic graphene of high quality.  
Keywords: Graphene, Field Emission Scanning Electron Microscopy, Transmission 
electron microscopy, Chemical vapor deposition. 
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Abstract 
Among different nanomaterials and conventional fluorophores, fluorescent Carbon 
Quantum Dots (CQDs) have emerged as the most versatile nano-based imaging agents for 
biomedical applications owing to their aqueous solubility, excellent biocompatibility, high 
photostability and negligible toxicity. In this study, cheap, non-toxic, fluorescent CQDs 
were synthesized via one step microwave assisted method using citric acid and thiourea as 
precursor and dopant respectively. Physicochemical characterizations of CQDs were 
performed using UV-Visible and Fluorescence spectroscopy, Transmission Electron 
Microscopy (TEM), Energy Dispersive X-ray Spectrometer (EDX), X-Ray diffraction 
(XRD) and Atomic Force Microscopy (AFM). UV-Vis spectrum of CQDs revealed typical 
absorption peak at 270 and 340 nm corresponding to a band gap of 4.0 eV. The maximum 
blue fluorescence emission of CQDs was observed at 440 nm. TEM and AFM results 
respectively, confirmed the synthesis of mono-dispersed, spherical CQDs of average 
diameter 2 ± 0.5 nm with mean height of 4 ± 0.5 nm. EDX spectrum showed that CQDs 
were formed of carbon, nitrogen and oxygen. The CQDs exhibited XRD peak at 2% = 220 
which indicated amorphous nature. Cytotoxicity of CQDs was evaluated against fungal 
pathogen Candida albicans and mammalian cell lines. CQDs displayed no cytotoxicity 
against Candida cells or cell line, NIH-3T3. CQDs demonstrated no additional generation 
of intracellular Reactive Oxygen Species (ROS) which probably accounts for their non-
toxic nature. Successful conjugation of CQDs with biomolecules such as antifungal drug, 
Amphotericin B was used in application of these functionalized CQDs in targeted imaging 
and study of drug resistance in fungal pathogens. This study confirmed that fluorescent 
CQDs demonstrated excellent PL stability, no cytotoxicity and highly efficient 
internalization in pathogenic Candida cells, and therefore, CQDs hold promising potential 
as biocompatible fluorescent nanotracking agent in bioimaging applications and microbial 
studies. 
 
Keywords: Carbon Quantum Dots, microwave synthesis, fungal pathogen, nanotracker, 
targeted imaging, bioimaging 
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Abstract 

In the present investigation, a novel and inexpensive biosafe therapeutic approach has been 
designed to combat drug resistant microbial infections using Zinc Oxide Quantum Dots 
(ZnO QDs). ZnO QDs were synthesized by wet chemical route and characterized using X-
ray diffraction (XRD), UV-Vis absorption spectroscopy, Scanning Electron Microscope 
(SEM) equipped with Energy Dispersive X-ray Spectrometer (EDS) and Transmission 
Electron Microscope (TEM). Antimicrobial potential of ZnO QDs was determined against 
multidrug resistant (MDR) strains of fungal (Candida albicans) pathogens using spot assay. 
Monodispersed, spherical ZnO QDs with an average diameter of ~5-6 nm was synthesized 
and characterized. ZnO QDs exhibited hexagonal wurtzite structure and showed typical 
absorption peak at 360 nm corresponding to a band gap of 3.4 eV. Clinical strains of C. 
albicans with high levels of fluconazole resistance displayed significant growth inhibition 
after treatment with ZnO QDs at 100 and 200 μg/ ml. This study demonstrated that the 
mechanistic action of ZnO QDs against fungal pathogen, Candida albicans included 
enhanced intracellular ROS, roughened and wrinkled outer cell wall, significantly 
compromised cell wall and cell membrane with altered ultrastructure, reduced membrane 
ergosterol, lower membrane fluidity and suppressed functionality of drug efflux pumps. 
Therefore, it can be inferred that potentiation of multitargeted action of ZnO QDs can limit 
development of fungal drug resistance and ZnO QDs might serve as next generation 
alternative in antimicrobial therapy for combating microbial drug resistance. 
 
Keywords: Zinc Oxide Quantum Dots (ZnO QDs), Wet chemical route, Antimicrobial 
potential, Multitargeted action, Microbial drug resistance. 
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Abstract 

The enhanced mechanical properties of Al-alloyed Fe-Mn-C based multi-component steels 
are primarily derived from the different phases present in them in addition to their size, 
distribution, morphology, volume fraction and stability. Here we report on the thermal 
stability and the associated phase evolution sequence especially that of nanoscale 
precipitates in a hot-rolled 5Ni-alloyed Fe-16Mn-9Al-0.9C (wt.%) low-density steel. 
Systematic heat treatment studies were performed in the temperature range of 600-1200 °C. 
Bulk phase analysis using X-ray diffraction indicates the presence of three phases, namely 
FCC structured γ, L12’ structured κ and BCC phases in as-rolled condition which is in good 
agreement with the thermodynamic phase stability estimates. Combined microscopic 
analysis involving three-dimensional atom probe tomography reveals the presence of nano-
scale κ and B2 precipitates, highly localized within the majority γ and banded BCC phase 
regions respectively. This presentation, therefore will focus on the temporal evolution of 
B2 nanoprecipitates and their localisation within the banded BCC phase regions along with 
their stability as a function of varied thermal treatments.  

Keywords: nanoprecipitate; chemical partitioning; temporal evolution 
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Abstract 

n-ZnO films epitaxially grown on p-GaN using pulsed laser deposition technique. ZnO and 

GaN have type-II band alignment. The two materials also have significantly different 

spontaneous polarizations along the c-direction, which results in a net positive charge 

accumulation at the interface, when a (0001) ZnO film is grown on (0001) GaN. The 

combination of the band alignment and the polarization charge accumulation at the interface 

can lead to a unique type of bound indirect excitons formation at the interface, whose 

electron part is quantum confined along c-direction in the ZnO side, while the hole part 

stays at the GaN side of the junction. Electroluminescence properties of these pn-

heterojunctions are investigated as functions of applied bias and temperature. The study 

reveals the existence of indirect interfacial excitons at sufficiently low temperatures. 

Electroluminescence feature associated with these excitons redshifts with increasing 

forward bias. It has been found that the binding energy of these entities can be controlled 

through applied forward bias and can even be made higher than that of ZnO excitonic 

binding energy (60 meV). However, formation of these excitons becomes unsustainable 

when either the applied bias or the temperature crosses a threshold. This has been explained 

in terms of leakage and thermal escape of electrons into GaN side and holes into ZnO side. 

Calculations for the band diagram and the binding energy of these spatially indirect 

electron-hole coulomb-coupled entities are carried out. Theoretical results are found to 

explain the experimental findings quite well.  

 

Keywords: Interfacial indirect excitons; ZnO/GaN heterostructures; electroluminescence 

 



 390 

Tuning of optical parameters of Sago-Starch by MoO3 nanosheets 

Jaspreet Kaur1, Navneet Kaur1, Savita1, Annu Sharma1,* 
1Department of Physics, Kurukshetra University, Kurukshetra, 136119, Haryana, India 

*talk2annu@gmail.com 
Abstract 

From the past few decades, bio-compatible natural polymers such as chitosan, sodium 

alginate, cellulose, sago-starch based nanocomposites (NCs) are intensively being 

investigated, due to their simple synthesis procedure, low cost, renewable resources, high 

availability and environment friendly nature. Out of several natural polymers, sago-starch 

(Sg-St) offers low cost as compared to proteins, better solubility than cellulose, and better 

physical, chemical, and functional properties. The outstanding water solubility, 

gelatinization, high-temperature adhesion behavior, and film-forming ability make it 

exceptional option to scrutinize the properties for various applications.  To realize the full 

potential of prospective applications of Sg-St, it is required that its optical, electrical, 

dielectric, thermal etc. properties be improved. So, in the present research work, an attempt 

has been made to synthesis MoO3 via hydrothermal treatment and subsequently MoO3/Sg-

St NCs films have been fabricated using solution casting technique. To ascertain the 

structure and morphology of the samples, XRD and field-emission scanning electron 

microscopy (FESEM) was used. XRD confirms the orthorhombic structure while FESEM 

reveals the nanosheet like morphology of the sample. To investigate optical parameters like 

band gap (Eg), refractive index (n), optical conductivity (σopt) etc. of prepared NCs UV-Vis-

NIR spectroscopy was used. The value of Eg calculated for pristine Sg-St comes out to be 

4.67 ±	0.18 eV and decreases to 2.64 ±	0.06 eV for 5 wt.% MoO3/Sg-St NC. Optical 

conductivity was found to increase while transmittance (%) decreases with increasing wt.% 

of MoO3 in Sg-St matrix significantly in UV region making fabricated NCs a potential UV 

blocker. 

Keywords: TMOs; NCs; band gap (Eg); refractive index (n); optical conductivity (σopt). 
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Abstract: 
Supercapacitors, due to their high-power density and long cyclic life, have their promises 
for smartphones, smart laptop, computers, media players and hybrid vehicles. However, the 
prospective applications of a supercapacitor remain a far-reaching reality for portable 
miniature electronics due to their large size and heavyweight. Therefore, there is always a 
search for lightweight and flexible supercapacitors by designing active materials. Owing to 
extraordinary physicochemical properties, the two-dimensional (2D) graphene oxide (GO), 
multiwalled Carbon nanotubes (MWCNT), polypyrrole (PPy) are being considered as 
unique materials for flexible supercapacitors and other energy storage devices. Herein, we 
have developed a two-step process for the synthesis of nitrogen doped reduce graphene 
oxide (NrGO), MWCNT and PPy nanocomposite (NrGO-CNT-PPy) using wet chemical 
and hydrothermal route.  The structural, morphological and optical evaluation of prepared 
material have been performed using XRD, SEM, and Raman spectroscopy. The cyclic 
voltammetry (CV), galvanostatic charge–discharge (GCD), and electrochemical impedance 
spectroscopy (EIS) were used for electrochemical characterization. The CV for NrGO, 
NrGO-CNT, NrGO-CNT-PPy indicate the consecutive enhancement in the conductivity 
and rectangularity of the CV curve near to ideal supercapacitor behaviour.  This may be 
attributed to the delocalisation of nitrogen lone pair in the π conjugated carbon system in 
the composite. Further, the enhanced cyclability of the synthesized nanocomposite is also 
due to reduction in the PPy network degradation. The overall results indicate the potential 
applications of NrGO-CNT-PPy nanocomposite for designing flexible supercapacitor.  
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Abstract 

The widespread usage of commercial antimicrobial drugs nowadays, which are frequently 

utilized in the treatment of infectious diseases, has led to the development of multiple drug 

resistance. In addition to this issue, antibiotics can occasionally cause negative side effects 

on the body, such as allergic responses. One of the herbal plants, Justicia zylanica is a rich 

source of various sorts of medicines and could provide a new supply of antimicrobial agents 

because they produce a wide variety of bioactive compounds including vasicinol, 5-hydroxy 

vasicine, vasicine, vasicine glycoside, deoxy-vasicine, vasicinone. In this study, we 

successfully synthesized the leaf extraction of J. zylanica and developed the PCL/GEL 

hybrid composite mats loaded with natural herbal extract (J. zylanica) to prevent bacterial 

infection. Synthesized extract of J. zylanica showed excellent antimicrobial properties. The 

prepared electrospun mats show excellent antibacterial properties against gram-positive and 

gram-negative bacteria strains and also exhibited good wettability. 

Keywords: Electrospinning Technique, antimicrobial activity, Justicia Zylanica, Vasicine. 
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Symmetry S3   
and AZtecCrystal 

The market’s leading EBSD detector 
coupled with powerful data-
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materials characterisation.
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EBSD analysis requirements, go to nano.oxinst.com   
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data interrogation, with high-end 
features such as parent grain 
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analysis and new pattern-matching 
data enhancement tools. Symmetry 
S3 and AZtecCrystal – an EBSD 
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Active Janus Kinase dimer complexed with 
cytokine receptor intracellular domain 

2022 – 3.60 Å 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

10 nm 
 
 

Capture 4D STEM data with sharper detail and less background noise 
 
4D STEM collected with the Metro™ counting camera and STEMx® from a 3D NAND sample. Data was 
processed via a Python script in DigitalMicrograph® to produce a map of crystalline regions. 
 
 

Gatan.com/Metro 
for further details, please contact:  West & Southern India : I.Nagabhusan          / PH: +91 93805 34674 / email: Nag.Bhusan@ametek.com 
                                                      North & Eastern India  : Shibasis Chatterjee / PH: +91 80889 03354 / email: Shibasis.Chatterjee@ametek.com  
                                                      India & Middle East     : Arjun Dalvi              / PH: +91 98336 75624 / email: Arjun.Dalvi@ametek.com  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Velocity Ultra – The ultimate speed to drive your analysis 
The Velocity™ Ultra is the fastest EBSD detector in the world, with speeds up to 6,700 
indexed points per second. The high-speed EBSD mapping and acquisition increase 
collection time by up to 50% to improve your productivity. 

 
 
 

edax.com/velocity 
for further details, please contact:  West & Southern India : I.Nagabhusan         / PH: +91 93805 34674 / email: Nag.Bhusan@ametek.com 
                                                      North & Eastern India  : Shibasis Chatterjee / PH: +91 80889 03354 / email: Shibasis.Chatterjee@ametek.com  
                                                      India & Middle East      : Arjun Dalvi             / PH: +91 98336 75624 / email: Arjun.Dalvi@ametek.com  





SEM SPUTTER COATER is used to deposit ultrathin coatings of conducting materials such 
as Gold, Gold/Palladium, Platinum and other noble materials on non-conducting or poorly 
conducting specimen prior to observation in Scanning Electron Microscope (SEM).

Mascotek SEM sputter coaters are available in two versions:

SC-180R: 
Rotary pump version sputter coater capable of reaching ultimate vacuum of 8x10-3 mbar 

SC-180T: 
Turbo pump version sputter coater capable of reaching ultimate vacuum of 5x10-5 mbar

Features:

���� Manual or Automatic sequential operation  

���� Film thickness can be monitored using high precision quartz crystal film thickness monitor

���� Electronically controlled fast actuating shutter

���� Electronically controlled gas purge and vent  

���� Optional rotation of specimen stage with adjustable height

�����������������������R�������R���������������S���������S
�f�����R���/�����������������������������������R�������R�������S������

SEM SPUTTER COATER
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> Fluorescence Microscopy

> Micromanipulation

> Zebrafish Research

> DNA Analysis

> 3D STED Nanoscopy

> Cryo Electron Tomography

Visit us or scan to know more about Coral Cryo from Leica Microsystems

����	�����
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���
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PRECISION
You can count on

PERFORMANCE
For your imaging

PRODUCTIVITY
For your lab

PRECISE 3D TARGETING FOR 
EM IMAGING WITH CORAL CRYO

Access what matters

Access 3D targeted structures with ease in their native context.
Enjoy the imaging performance of the STELLARIS the confocal platform. 
Boost your productivity with a seamless workflow and minimize training effort. 

CONNECT
 WITH US!









Hysitron PI 89

TM

industronnano.com

Bruker has developed a comprehensive suite 

of nanomechanical and nanotrobological 

test instruments that operate in conjuction 

with powerful microscopy techniques & 

standalone systems

The Hysitron PI 89 SEM 

PicoIndenter leverages the 

advanced imaging capabili-

ties of scanning electron 

microscopes (SEM, FIBSEM, 

PFIB), making it possible to 

perform quantitative nano-

mechanical testing while 

simultaneously imaging.

Industron is the scienti!c instrumentation company based in Trivandrum, India dealing with Nanomechanical 

Tests Instruments. We manufacture as well as manage Bruker’s surface characterization products such as AFM 

& Nanoindenter for India, SriLanka & Bangladesh region.

A design is only as good as the execution, and our team includes mechanical, electrical, software and materials 

scientist working together to bring your product from concept to production. We can provide: Precision mechanical 

design, part and assembly CAD databases, Finite Element Analysis (FEA), electro-mechanical system design,   

mechatronic sensors and actuators, and embedded system hardware and software integration. We can do it all or 

work with you to o"er support during the development process.

Our nanomechanical research lab is housed with Nanomechanical Test 

Instruments along with environmental test capability. This lab is dedicated 

for contractual and collaborative material testing to support research 

community from both industry and academia.

We are the manufacturer of educational Nanomechanical Test Instruments and channel 

partner of Bruker to manage the pre-post sales activities of Bruker’s Hysitron Nanome-

chanical test Instruments

Se
rv

ic
es

For futher enquiries please contact
Pratyank : pratyank@industronnano.comindustronnano.com



HI-SEM SU3800 
Fungus 

TABLETOP TM4000  
Copper Crystal 

COLD FE-SEM SU8600  
Low kV RHO-Type Zeolite  

A RELIABLE RESOURCE  
PROCESS, MEASURE & ANALYZE  

FOREVISION INSTRUMENTS (INDIA) PVT.LTD 
KOTHAPET,  HYDERABAD , TELANGANA STATE – 500035 

TEL: +91 (40) 4012 3686 /3691;  +91 90000 92908 
www.forevision.in ; fipl@forevision.in  

BEST COMPLIMENTS TO THE  
 

EMSI 2023 DELEGATES 

SCHOTTKY FE-SEM SU8700         
Titanium Oxide  

ROTARY MICROTOME & CRYO 
MT990 & CR1000  

   AFM - NTEGRA II   
DNA origami scanned in liquid  

AFM - SOLVER NANO 
Silver Nanowires  

NTEGRA SPECTRA II  
 (AFM and Raman microscopy)  

PC-PVAC film  

ION MILLING  IM4000  
Au Bonding 

POWERTOME  
ULTRA-MICROTOME with  

CRYO attachment 

GLASS KNIFE MAKER 

FOREVISION INSTRUMENTS  with 25 years of trademark business in India, by providing sales, after sales services 
to hundreds of Scanning Electron Microscope (SEM) & Atomic Force Microscope (AFM) and Microtome users,     
continues to constitute more product portfolio for the nation’s research and development with superior                       
technologies.          

FOREVISION manpower enhances with a group of 10 highly qualified expertise in Hyderabad, Bangalore, Kolkata 

http://www.forevision.in
mailto:fipl@forevision.in


Wayne Kerr Electronics 
Wayne Kerr Electronics is acknowledged worldwide for the quality,                                               

accuracy and the capability of its component Measurement products 

 
PRECISION IMPEDANCE ANALYZER 
 

 
 

The 6500B range  of  Precision Impedance Analyzers provide users a  
comprehensive set of functions for characterizations /research/  
analysis etc. The color user-friendly touch screen allows easy 
representation of the graphical results. Basic accuracy of 0.05%  
enables measurements to be made with confidence. 
 
Other Products :  
 

v HF LCR meter up to 120MHz 
v LCR meter up to 1MHz 
v Component Analyzers 
v Magnetic &Inductance Analyzer 
v DC Insulation Tester 
v High Speed DC resistance Bridge 
v Lockin Amplifier 

 
 
 
 
Accessories / options available:  

 
High & Low Temperature Setup: LN2 to ambient / 500degC, Ambient to 250degC, Ambient to 500degC, 
Ambient to 1000degC and above, ( custom built furnaces also available ) 
Cryo Industries of America, U.S Products: CCR’s, Cryostats, Cryocooler, Electromagnets and Microscopy 
Workstations for temperature ranges   2K ~ 325K / 800K, 4K ~ 325K / 800K, 10K ~ 325K / 800K 
Sample holders suitable for use with temperature controller furnaces: Solids & Liquids Sample holders,  
Di-electric Sample holder, Low temperature sample holders for LN2 to Ambient etc.                                                                                             
Software: For control, view, recording in tabular / excel form, graphical representation; Plot of Parameters 
vs Frequency / DC bias / AC level / Temperature and Data-Fitting software,  

 

 

Wayne Kerr Electronics Pvt. Ltd., 

410, KM Trade Tower, Hotel Radisson Building                
Sector - 14, Kaushambi, Ghaziabad, UP - 201010 
Phone : 0120 2642612 • Telefax : 0120 2641113 
Mob. No: 8800544566/9910339018 E-mail : sales@waynekerr.co.in 

 

Model 6505B 6510B 6515B 6520B 6530B 6550B 65120B 
Max. Frequency 5MHz 10MHz 15MHz 20MHz 30MHz 50MHz 120MHz 

Features: 
 

v Precise high frequency impedance 
measurements up to 120MHz 

v 0.05% basic measurement 
accuracy  

v Frequency resolution is   ≤ 1mHz               
v Measurement parameters: C, L, R, 

X, G, B, D, Q, Z, Y, Ø , Permittivity, 
Permeability  

v Five equivalent circuit Analysis 
models suit complex 3 element / 4 
element models 

v Polar and complex plot 
v DC bias + 40V / 0-40V&0-100mA 
v AC Drive Level 1Vrms 
v Source Impedance 50 ohm 
v Easy to use, with large TFT touch 

screen, built-in micro-controller 
computer  

v Traditional LCR Meter mode for 
single and repetitive 
measurements  

v Fully programmable over GPIB and 
LAN 

v VGA output allows screen to be 
displayed using a TV / projector 

v Keyboard and mouse control with 
Pen drive option for data storage 
 

 





Innovation with Integrity

NEW! XFlash® 7  
EDS detector

NEW! XFlash®   
FlatQUAD

The right angle for better analysis

Bruker’s unique range of analytical tools for electron microscopes gives 
researchers the ability to analyze the composition and structure of materials 
in great detail. Their range, including EDS for SEM and TEM, WDS, EBSD 
and micro-XRF on SEM, provides the most comprehensive compositional 
and structural analysis of materials available. In addition, the full integration 
of each tool with ESPRIT software allows data obtained across these 
complementary measurement techniques to be easily combined – allowing 
researchers to see the whole picture and get the best results. 

For more information please visit www.bruker.com/xflash7

ANALYZERS FOR ELECTRON MICROSCOPY



Sample-in-Volume Analysis 

Xradia Versa Crossbeam LaserFIB
High-resolution 3D X-Ray imaging From macro to nano in femtoseconds

Determine the likely nature of the defect (crack, void, short, non-wet, etc.)
Gain a sense of the size of the defect
Determine where and at what orientation to cut a physical cross section 

Before physically cutting open the sample and risking disturbing the region of interest,
use XRM to:

 

Identify Access Prepare Analyse

Rapid site-specific sample preparation
Large-volume removal for large cross sections with LASER
Optimal imaging quality and analytics via high vacuum and clean chamber conditions is
enabled by isolating laser ablation in a segregated chamber

A new approach for better and faster cross sections, followed with highest imaging
performance using LASER-FIB
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Total workfl ow solution from sample preparation to HRTEM imaging and analysis for material sciences:

Total workfl ow solutions from cryo-sample preparation to cryo-TEM imaging and analysis:

FIB-SEM DualBeam for
high-resolution imaging,

high-quality TEM sample preparation, 
3D characterization and analysis. 

Learn more

Scios 2 DualBeam

High-resolution (S)TEM
imaging and analysis for

materials characterization.

Learn more

Talos F200i TEM

Comprehensive cryo-EM sample preparation tool.

Total workfl ow solutions from cryo-sample preparation to cryo-TEM imaging and analysis:

The Tundra Cryo-TEM is cost effective and 
easy to use, bringing cryo-electron microscopy 

to every biochemistry laboratory.

Learn more

Tundra Cryo-TEM

Learn more

Aquilos 2 Cryo-FIB

Learn more

Vitrobot Mark IV System

HR-TEM and (S)TEM potassium tungsten niobate [001]

5 nm

5 nm

5 nm 5 nm

HR-TEM NBD

HAADF DF BF


