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About Conference 

 

Building on the grand success of RAMAN-2020, 2022, and 2024, which attracted 

over 200 participants and led to indexed publications in Materials Today 

Proceedings (Elsevier) and the Journal Interactions (Springer Nature), the 3rd 

International Conference on Recent Advancements in Materials Science and 

Nanotechnology (RAMAN)-2026, will be held on January 30–31, 2026, at the 

Institute of Technology, Nirma University, Ahmedabad, Gujarat, India. The 

conference offers a premier platform for academicians, researchers, technocrats, 

and students to showcase cutting-edge research in Materials Science and 

Nanotechnology. With peer-reviewed presentations, keynote lectures by eminent 

scientists, and invited talks from global experts, RAMAN2026 aims to foster 

collaboration between academia and industry, driving innovation and advancing 

the frontiers of science and technology. 

 

About Electronics and Communication Engineering  

Department of Electronics and Communication Engineering is one of the major 

departments of the Institute of Technology since its inception. Its strength lies in 

the well-equipped laboratories, meritorious students and industrial connection. It 

focuses on providing the right mix of academic, technical, leadership and 

communication skill-set to help students transform into industry professionals. 

 

About Faculty of Physics  

The Faculty of Physics is a vibrant section engaged in theoretical and 

experimental condensed matter research, spanning ferrite and magnetic materials, 

and computational studies of 2D nanomaterials for NEMS, solar cells and 

sensors. holds two patents, has awarded eight PhDs, and currently guides six 

research scholars. also manages four funded projects from GUJCOST, GSBTM 

and UGC-DAE-CSR worth ₹90 L. 
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Dr. R. N. Patel 
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Greeting to all the delegates of RAMAN 2026!   

  

The 3rd International Conference on Recent Advancements in Materials Science 

and Nanotechnology (RAMAN-2026) aims to promote research-driven 

innovation in the rapidly evolving domains of materials science and 

nanotechnology. The conference provides an excellent platform for 

academicians, researchers, technologists, and students to interact, share 

knowledge, and exchange innovative ideas. 

This conference is being organized at a highly opportune time, as the demand for 

advanced materials and nanotechnology-based solutions continues to grow across 

industries and research sectors. Such academic forums not only highlight 

emerging technological trends but also foster collaboration by enabling 

researchers to present their findings, validate results, and explore meaningful 

partnerships. 

I congratulate the Department of Electronics and Communication Engineering for 

taking this commendable initiative in organizing an international conference on 

research areas of contemporary relevance. I also extend my sincere appreciation 

to all the committee members, contributors, reviewers, and volunteers for their 

dedicated efforts and support in making this event possible. 

I wish RAMAN-2026 a grand success and hope that the conference proves to be 

intellectually stimulating, educative, and impactful in all respects. 

Wishing the Conference a grand success and that it proves to be educative and 

effective in all respects. 
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Journal Trends & Editorial Insights on Scientific Publishing 

 

Dr. Jayita Patwari 

Deputy Editor, Physical Sciences, Wiley 

Email: jpatwari@wiley.com 

 

In today’s rapidly evolving research landscape, understanding the academic publishing process 

is more important than ever for advancing careers, increasing research visibility, and 

contributing meaningfully to the global scientific dialogue. In this talk, I will try to shed some 

light on the often opaque "editorial black box” by unfolding the intricacies behind editorial 

decisions and the importance of understanding how to make your paper stand out in a 

competitive environment. This talk will highlight Wiley’s Material Sciences and Physics 

portfolio, our ongoing award and recognition initiatives, and collaboration opportunities such 

as conference sponsorships and special collections. Attendees will gain insights into Wiley’s 

editorial processes, including peer review, editorial checks, manuscript writing tips, and ethical 

guidelines, particularly regarding ethical AI use in publications. The presentation will also 

discuss India-specific submission and acceptance trends and invite feedback on Wiley journals 

and development plans. Additionally, the session will shed light on editorial career paths, with 

a special emphasis on Wiley’s growing presence in India. This talk aims to provide a clearer 

understanding of the academic publishing landscape and practical strategies for enhancing 

research visibility and success.  
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Mechanical and Transport Properties of Ca-Based Binary Bulk 

Metallic Glasses: (Dental) Bone Grafting 

 
 

N. K. Bhatt*a 

 

a Department of Physics, Maharaja Krishnakumarsinhji Bhavnagar University, Bhavnagar – 364001, 

Gujarat 
*Corresponding author: abhattnisarg@hotmail.com, nkb@mmkbhavuni.edu.in  

 

 

ABSTRACT 

Atomic mass transport in Ca-based bulk metallic glasses (BMGs) plays a decisive role in 

governing their thermodynamic and mechanical response in view to their dental bone grafting 

application. In this study, interdiffusion behavior in binary Mg2Ca, Al2Ca, and Al4Ca BMGs is 

analyzed using MD simulations in conjunction with the non-equilibrium thermodynamic 

Darken–Manning framework. Composition-dependent interdiffusion coefficients reveal 

pronounced deviations from ideal Darken behavior, arising from strong chemical short-range 

order and correlated atomic motion inherent to the glassy phase. The Manning correction factor 

is found to be significant, indicating non-random atomic jumps and enhanced collective 

diffusion mechanisms. Diffusion is dominated by non-phononic modes and localized 

rearrangements. These diffusion characteristics directly correlate with enhanced mechanical 

stability and thermophysical performance of Ca-based BMGs. The present analysis establishes 

DM theory as an effective framework for interpreting diffusion in Ca-based BMGs and 

provides fundamental insights into the coupling between atomic transport and glassy structure, 

where Stochastic forces ignite the diffusion process in the glassy state. The free-volume theory-

based analysis proposes that in the glass-phase, holes behave as vacancies where migration is 

controlled by the nature of interatomic forces, while for the liquid-phase holes are fluctuating 

cavities with very short life-time. 
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Illuminating Structure and Function: Neutron Diffraction and 

Scattering Techniques in Advanced Materials Research and 

Industrial Applications 

 

Sudhindra Rayaprol 

 

UGC-DAE Consortium for Scientific Research Mumbai Centre, CFB, BARC Campus, Trombay, 

Mumbai - 400085, INDIA 

Email: sudhindra@csr.res.in; rayaprol@gmail.com 

 

Neutron diffraction and allied scattering techniques have emerged as indispensable tools for 

unraveling the structural, magnetic, and dynamic properties of materials across diverse 

domains. Unlike conventional probes, neutrons offer unique advantages: deep penetration, 

sensitivity to light elements, and direct coupling to magnetic moments. These attributes enable 

comprehensive insights into crystalline order, local distortions, and magnetic ground states, 

complementing synchrotron X-ray and electron-based methods.   

This talk will highlight recent advances in applying neutron diffraction and scattering to multi-

functional materials, including high-entropy oxides, double perovskites, and energy-relevant 

compounds. Case studies will demonstrate how academic research leverages these techniques 

to design and understand emergent phenomena, while industrial applications exploit them for 

alloy development, residual stress mapping, and quality assurance in engineering components.   

By integrating examples from collaborative experiments at international neutron sources with 

modeling approaches such as pair distribution function analysis and relaxation dynamics, the 

presentation will emphasize the synergy between fundamental science and technological 

innovation. The discussion will also address challenges in accessibility, data interpretation, and 

the growing role of computational tools in maximizing the impact of scattering techniques.   

Ultimately, neutron diffraction and scattering provide a bridge between academic curiosity and 

industrial necessity, offering a powerful lens to engineer the next generation of functional 

materials. 
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Ultra-light-weight sustainable carbon-based microwave 

absorbing / shielding material made from sustainable pyrolysed 

cork wastes 
 

Robert C. Pullar 1*, Rui M. Novais 2, Ana. P. F. Caetano 2, Kuzhichalil P. 

Surendran 3 

1 Department of Molecular Sciences and Nanosystems (DSMN), Ca’ Foscari University of Venice, 30172 

Venezia Mestre, Italy  

2 Department of Engineering of Materials and Ceramics / CICECO – Aveiro Institute of Materials, University of 

Aveiro, Campus Universitário de Santiago, 3810–193 Aveiro, Portugal  

3 Materials Science and Technology Division, CSIR-NIIST, Industrial Estate, Trivandrum 695019, India 

*Corresponding author: robertcarlyle.pullar@unive.it 

ABSTRACT 

Carbon is well-known to be an effective microwave absorber, suitable for EMI shielding and 

radar-absorbing materials (RAM) for stealth technologies, from the high MHz to millimetre 

wave frequencies. However, it is usually produced from environmentally unsustainable 

precursors in the form of a nanomaterial (nanopowders, CNTs, graphene) or carbon fibre, with 

expensive processing and often used as a composite with other materials. Cork is a renewable 

and sustainable material extracted from the outer bark of the cork oak tree, and it is a fully 

sustainable / renewable resource. The bark is harvested every 10 years, without harming the 

tree, which continues to live on as a carbon sink, with a productive lifetime of >200 years. Cork 

is highly porous and lightweight in nature, due to its microstructure of honeycomb-like ~20 

mm hexagonal cells with 1 mm thick cell walls. This makes it an exceptional thermal, acoustic 

and vibrational insulator. Cork powder is the main cork industry waste from fabrication, 

producing over 50,000 t / year of this low economic value waste and, hence, its valorisation 

would be of great benefit. Here we present the capabilities of pyrolysed cork wastes (cork-

carbon) as an economic and sustainable microwave absorber over the X-band (8-12 GHz), used 

without a binder or other additives. Furthermore, it has an exceptionally low density (0.03 

g/cm3) comparable to aerogels, which gives it the lowest ever reported specific shielding 

effectiveness (SEE) of up to 1200 dB cm3 g-1 over the entire X-band range, depending on 

thickness. The high SSE is also partly due to multiple reflections of the EM wave per unit 

volume within the ultra-porous cork microstructure. It has also been shown that the pyrolysed 

cork-carbon is thermally stable up to 400 ºC, making it an excellent ultra-light-weight 

microwave / EMI shielding material. 
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Impedance Spectroscopy for Next-Generation Photovoltaics 

 

Ritesh Kumar Chourasia* 

Post-Graduate Department of Physics, Samastipur College, Samastipur-848134, (A constituent unit of 

L.N.M.U., Darbahnga-8460004), Bihar, India 

Corresponding Author: riteshphyzics@gmail.com; dr.riteshchaurasia@gmail.com  

 

ABSTRACT 

Impedance spectroscopy has long been a powerful tool for investigating electrochemical 

systems and solid-state devices. In recent years, it has become increasingly important for 

studying emerging photovoltaic technologies, where unusual material properties and complex 

device architectures introduce new experimental and interpretational challenges. In this invited 

talk at RAMAN-2026, I will provide a practical introduction to impedance spectroscopy for 

researchers working on modern photovoltaic devices and related fields. I will begin by 

outlining key guidelines for performing reliable measurements and for avoiding common 

experimental artifacts. I will then briefly review the essential mathematical framework and 

introduce the circuit elements most relevant for photovoltaic systems. Next, I will discuss 

strategies for collecting high-quality impedance spectra and highlight frequent sources of 

misinterpretation. Finally, I will survey widely used analysis approaches, including equivalent 

circuit modelling, capacitance–frequency analysis, and mobility extraction methods, 

emphasizing their underlying assumptions, advantages, and limitations. By combining 

practical advice with physical interpretation, this talk aims to help researchers use impedance 

spectroscopy more effectively to extract meaningful insights from next-generation photovoltaic 

devices. 
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Solid-state supercapacitors based on fast ionic ceramics 

 
Anshuman Dalvi 

 

Department of Physics, Birla Institute of Technology and Science, Pilani (RJ) India-333031 
*Corresponding author: aadalvi@pilani.bits-pilani.ac.in  

 

ABSTRACT 

Batteries and supercapacitors are two widely used energy storage devices. Batteries offer high 

energy density, whereas supercapacitors deliver high power density. Therefore, 

supercapacitors are used in applications requiring rapid charge-discharge cycling, e.g., in 

electric vehicles. There has been considerable attention to developing supercapacitors with a 

‘solid-state electrolyte.’ This is because the use of liquids or gels limits mechanical and thermal 

stability and device flexibility. Fast-ionic ceramics have been explored for solid-state batteries; 

therefore, for a hybrid device, it is inevitable to develop supercapacitors using fast-ionic 

ceramics. We have been consistently working on this new generation of liquid-free, solid-state 

supercapacitors (SSCs) for more than a decade. Using composites of NASICON, Garnet and 

perovskite-structured Li+/Na+ ion conductors combined with ionic liquids or solid polymer 

electrolytes, our group has developed various fast-ionic hybrid composites for electrolytic 

applications in these ceramic ASSCs. Using these composite electrolytes, we have assembled 

supercapacitors using (i) high-surface-area activated carbon and (ii) carbon aerogels. These 

SSCs demonstrate excellent thermal stability, long cycling, low ESR, and are useful for high-

power applications. The interface was modified successfully using a microgel layer approach.  

Their performance parameters are comparable to those of the liquid electrolyte-based 

supercapacitors. Fundamentals and recent exciting results relevant to the topic will be 

presented. 
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Electronic Structure and Chemical State Determination in Oxides 

through X-ray & Ultraviolet Photoelectron Spectroscopy 

 

Amish G. Joshi 

CSIR-Central Glass & Ceramic Research Institute, Naroda Centre, 168-169 GIDC Industrial Estate, Naroda, 

Ahmedabad – 382 330 

Email: amish.cgcri@csir.res.in 

 

ABSTRACT 

Oxide materials exhibit diverse electronic and chemical functionalities that arise from mixed 

valence cations, defect chemistry and strong coupling between lattice, charge and spin degrees 

of freedom. In this talk, I will present a detailed overview of how X-ray and ultraviolet 

photoelectron spectroscopy (XPS/UPS) can be employed for electronic structure and chemical 

state determination in complex oxide systems. Emphasis is placed on methodologies for 

extracting quantitative and semi-quantitative information including elemental composition, 

oxidation state, valence charge transfer, work function and valence band density of states. 

Core-level peak deconvolution, atomic sensitivity factor-based quantification and 3s exchange 

splitting are discussed as essential tools for valence estimation in transition-metal oxides. UPS 

measurements are shown to reveal the Fermi level position, band tails and contributions from 

O 2p and transition-metal 3d states. A series of case studies involving electrochromic WO₃ 

films, Prussian Blue analogues, ZnO–graphene composites, (R-Go) reduced graphene oxide 

and mixed-valence manganites demonstrate how intercalation, reduction and thermal 

processing alter electronic structure and induce functional responses. The talk emphasizes 

methodological aspects of valence quantification and highlights the relevance of surface-

sensitive spectroscopy in correlating oxide chemistry with functional properties. 
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ABSTRACT 
 

Double perovskites are emerging materials with fascinating physical properties, attracting 

growing interest from both experimentalists and theoreticians. Given that over 60% of primary 

energy is lost as waste heat, their potential for thermoelectric and spintronic applications has 

driven extensive research in recent years [1]. The double perovskite oxide system 

Ca₂₋ₓPrₓMnTiO₆ (0 ≤ x ≤ 1.0) has been investigated to explore the correlation between its 

magnetic behavior  and thermoelectric response, particularly the Seebeck coefficient. Structural 

analysis confirms that all compositions crystallize in an orthorhombic structure, with Pr 

substitution inducing subtle lattice distortions that influence electronic transport and magnetic 

ordering. Magnetic measurements reveal a transition from complex magnetic interactions in 

Ca₂MnTiO₆, characterized by spin frustration and negative magnetization, to antiferromagnetic 

ordering with increasing Pr concentration. The Néel temperature (Tₙ) is found to increase 

systematically with Pr content, indicating enhanced magnetic exchange interactions. The 

Seebeck coefficient (S) exhibits negative values throughout, suggesting dominant electron type 

conduction, and its magnitude shows a strong dependence on temperature and magnetic ordering. 

The observed correlation between the magnetic transitions and anomalies in the Seebeck 

coefficient highlights the role of spin–charge coupling and carrier scattering mechanisms in 

governing thermoelectric performance. These findings demonstrate that controlled magnetic 

tuning through rare-earth substitution can effectively modulate thermoelectric properties, 

offering new insights into the design of magneto-thermoelectric materials based on double 

perovskite oxides. 

Keywords: Double perovskite oxides, Thermoelectric materials, Mixed valent system. 
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ABSTRACT 

The Ce–Fe–Al intermetallic compounds are expected to exhibit fascinating properties due to 

strong 4f–3d electron correlations and magnetic ordering since both Ce and Fe are magnetic ions. 

Magnetization M(T) measurements of Ce2FeAl3 show a magnetic transition near 280 K, 

indicating long-range magnetic ordering with an additional transition taking place around 17 K. 

The magnetic irreversibility is observed in this compound below ~ 250 K. Magnetization, M(H), 

at various temperatures show spontaneous moment for initial fields which then increases almost 

linearly with increasing field showing no signatures of saturation. Specific heat measurements 

show a weak feature below ~ 20 K and no observable feature at high temperatures. The interesting 

observations made in the magnetism of this compound is that the magnetic ordering around 250 

K, could be a short-range order or due to cluster dynamics. Analysis of specific heat (Cp) 

measurements show that, , the electronic contribution is ~ 250 mJ/mol K2, which is in the range 

of heavy-fermion systems. Therefore, it can be summarized that Ce2FeAl3 exhibits complex 

magnetism with exotic features of heavy fermion, Kondo behavior and magnetic frustration. 

Results of the physical property studies will be presented and discussed in the light of influence 

of structural symmetry.  

Keywords: Magnetization, Heat Capacity, Structure, Magnetic frustration, Intermetallics 

              
        

Temperature dependence of magnetization M(T) measured in an 

applied magnetic field of H = 0.01 T (ZFC) and (FCW) conditions. 
Heat capacity as a function of temperature in zero field. Inset 

shows low T fit for Cp/T vs T2 graph. 
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ABSTRACT 

This study presents a device-level, physics-based multi-objective optimization framework for a 

PV–Wind–Biomass Hybrid Energy System designed for a semi-urban region in western India. 

Material- and device-dependent performance models for photovoltaic modules, wind turbine 

aerodynamics and biomass gasification kinetics are directly embedded into a Multi-Objective 

Genetic Algorithm-based optimization routine to determine the optimal sizing of the three 

renewable subsystems. The objectives are to minimize the Levelized Cost of Energy and to 

maximize the Human Development Index, thereby coupling techno-economic performance with 

socio-developmental impact. The algorithm explores device-interaction dynamics under hourly 

solar irradiance, wind-velocity and biomass-availability profiles, while enforcing a selective 

dispatch strategy where the biomass gasifier operates only when solar and wind generation are 

insufficient. The optimized configuration demonstrates significant improvements in cost 

effectiveness, renewable penetration and social benefit, achieving a balanced trade-off that 

reflects the physical behaviour of each energy-conversion device. The results highlight how 

material efficiencies, conversion characteristics and capacity factors influence hybrid system 

performance and show that incorporating device-level physics provides clearer insight into the 

operational synergy of multi-resource systems. This framework offers a scientifically grounded 

approach for designing advanced hybrid renewable systems with enhanced economic and societal 

value.  

Keywords: renewable energy-conversion devices, evolutionary multi-objective methods, 

socio-techno-economic assessment, optimization trade-off analysis 
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ABSTRACT 

In our study, based on density functional theory (DFT), we have investigated Ag4 cluster 

decorated on a graphene sheet to explore their CH4 dissociation. The study examines the 

structural stability and electronic characteristics of Ag4 cluster. After confirming the stability of 

these clusters, they were decorated on a graphene layer, followed by an investigation of the CH4 

dissociation mechanism. The adsorption characteristics and energetics of CH4, its intermediates 

(CHX, X = 0-3), and hydrogen atoms were analyzed to understand the underlying reaction 

mechanism. Both adsorption and co-adsorption behaviors were explored. he transition states 

corresponding to each elementary C-H bond cleavage were determined using the Climbing Image 

Nudged Elastic Band (CI-NEB) method. Transition state calculations reveal that the dissociation 

of CH4 into CH3 and H exhibits a lower energy barrier, indicating that Ag4 decorated graphene 

are promising candidates for CH4 dissociation applications. 
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ABSTRACT 
 

In this era of industrialisation and pollution, it is essential to have sensors capable of detecting 

toxic and pollutant gases. In this study, density functional theory was employed to explore HfS2 

monolayer as a gas sensor for CO, H2S and NH3 gases. The structure of HfS2 monolayer is 

confirmed to be both thermodynamically and dynamically stable using calculated cohesive 

energy and phonon dispersion curve with no imaginary frequencies. This monolayer is a 

semiconductor with indirect bandgap of 1.07 eV. The adsorption energies for CO, H2S and NH3 

after adsorption onto the monolayer are -0.29 eV, -0.32 eV and -0.29 eV, respectively with 

corresponding recovery times of 83.84 ns, 220.64 ns and 79.49 ns, respectively. The optical 

bandgap of monolayer shifted after the adsorption of each gas. There are notable shifts in 

absorption coefficient spectra after adsorption of gases. Overall the results of the study suggest 

that HfS2 monolayer is a promising reversible gas sensor for CO, H2S and NH3 gases. Moreover, 

this work fulfils Sustainable Development Goal 3 and 13. 

 

Keywords: Density functional theory, Two-Dimensional monolayers, Gas sensor, SDG 3, SDG 

13 
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ABSTRACT 

Although pure GeTe is non-magnetic, doping it with magnetic ions such as Fe can induce 

ferromagnetism and improve its magnetic properties, making Fe-doped GeTe a promising 

material for spintronic applications. In this study, dilute quantity of Fe (0.05) doped GeTe bulk 

alloy was synthesized using a vacuum-sealed melting technique and the sample was 

systematically characterized to understand their structural and magnetic behavior. X-ray 

diffraction (XRD) confirmed a mixed crystal structure consisting of rhombohedral and 

orthorhombic phases of GeTe. Raman spectroscopy showed two main peaks at 116.32 cm⁻¹ and 

140.59 cm⁻¹, with the latter attributed to Te–Te vibrational modes [1]. Temperature-dependent 

magnetic measurements showed that the material behaves paramagnetic below 250 K and above 

250 K there is a slight increase in the magnetization value. This indicates a ferromagnetic 

behavior above this temperature. Magnetization curves at 50 K, 150 K, and 300 K displayed 

paramagnetic characteristics, with reduced magnetic moment alignment as temperature 

increased. These findings indicate that Fe doping introduces a temperature-dependent magnetic 

ordering transition in GeTe, demonstrating the strong effect of Fe on its magnetic properties. 

Overall, the results will provide useful insights into the thermally sensitive magnetism of Fe-

doped GeTe and support its potential use in thermomagnetic and spintronic device applications 

[2]. 

Keywords: Alloy, Magnetization 
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ABSTRACT 

Biodegradable polymer composites have emerged as promising alternatives to expanded 

polystyrene (EPS), which persists in the environment due to its hydrophobicity, high crystallinity, 

and thermal stability. This study presents the fabrication and solid-state analysis of a sustainable 

biofoam derived from cassava starch, polyvinyl alcohol (PVA), sorbitol, and lignocellulosic 

fibers using a thermo-pressing route. The cassava–PVA matrix forms a semicrystalline polymer 

network, while sorbitol acts as a plasticizer enhancing chain mobility, and natural fibers provide 

reinforcement and porosity control. The foam was prepared at 100 °C followed by ambient aging, 

enabling moisture removal, pore stabilization, and partial recrystallization within the polymeric 

structure.Solid-state characterization focuses on crystallinity evolution, hydrogen-bonding 

interactions, pore architecture, and thermal transitions relevant to packaging and insulation 

applications. The composite is expected to exhibit reduced crystallinity relative to native starch 

due to PVA incorporation, with enhanced microstructural stability contributed by polymer–fiber 

interactions. Thermal analysis reveals multi-stage degradation typical of biopolymers, while the 

porous morphology facilitates low density and cushioning behavior. Biodegradation observations 

further indicate favorable environmental performance.Overall, the cassava-based biofoam 

demonstrates a balance of microstructural, mechanical, and thermal properties, supporting its 

potential as a biodegradable replacement for conventional thermocol in sustainable materials 

applications. 

Keywords: Biopolymer composite, Cassava starch, Crystallinity, Porous polymer foam, PVA, 

Solid-state characterization, Thermal analysis. 
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ABSTRACT 

Investigation of oxygen vacancy modulated magnetic and dielectric characteristics led by 

coupling between them has been reported in this paper. Pb2+ tailored PrFeO3 antiferromagnetic 

insulator (PbxPr1-xFeO3, where x = 0.1, 0.2 & 0.3) solid solutions have been reported for magneto-

dielectric coupling.   Orthorhombic crystal phase signature for successful synthesis of PbxPr1-

xFeO3 magneto-dielectric ceramic synthesized via solid state reaction method. Microstructural 

analysis led by grain size calculation as well grain growth estimated from porosity has been 

carried out from scanning electron microscopy whereas elements as per according to 

stoichiometric formula confirmed from XPS spectroscopy. Structural modifications led 

formation of additional oxygen vacancies which alter Fe–O–Fe superexchange pathways 

resulting in strengthened spin canting and improved weak ferromagnetism. Magnetic 

enhancement has been studied from magnetic hysteresis recorded by Vibrating Sample 

Magnetometer and S-shaped curve between magnetization vs. Magnetic field shows magnetic 

ordering in prepared magneto-dielectric solid solutions. The existence of multivalence state of 

Fe (Fe2+ & Fe3+) due to increase in concentration of oxygen vacancies led by Pb2+ substitution at 

Pr3+ at A-site in PrFeO3 has been confirmed from XPS spectral data. Dielectric analysis showed 

improved dielectric polarization, increased permittivity, and reduced dielectric loss due to 

vacancy-induced polaronic hopping and space-charge contributions. Notably, the Pb-substituted 

samples exhibited a pronounced magneto-dielectric effect, arising from the strong coupling 

between magnetic ordering and defect-mediated dielectric relaxation. These findings 

demonstrate that controlled Pb²⁺ substitution is an effective route to tailor the multifunctional 

magnetic and magneto-dielectric properties of PrFeO₃, making the material a promising 

candidate for spintronic, magneto-electric, and multifunctional device applications. 

 

Figure: Graphical abstract shows enhancement in magnetic order due to oxygen vacancies 

created due to Charge Imbalance and Magneto-Dielectric Coupling 
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ABSTRACT 

Water scarcity and aquatic pollution from industrial and household wastewater discharge pose 

critical global challenges, creating a need of advanced purification solutions. While membrane 

filtration is highly effective in contaminant separation, conventional polymeric membranes are 

often limited by inherent downsides such as hydrophobicity, fouling and insufficient mechanical 

strength. Polymeric nanocomposite membranes (PNCMs), formed by adding various nano-

entities (nanofillers) into the polymer matrix, represent a sustainable, promising and energy-

efficient approach to overcome these limitations. This review examines the recent progress in 

PNCM technology for wastewater purification, mentioning preparation methods such as phase 

inversion and interfacial polymerisation. Key nanofillers discussed include carbon-based 

nanoparticles (like graphene oxide and carbon nanotubes) and various metal/metal oxide 

nanoparticles (e.g., TiO2, Ag, ZnO). The strategic inclusion of these nanofillers enhances 

membrane properties, notably improving hydrophilicity, mechanical strength, water flux, 

selectivity, and anti-biofouling performance. PNCMs demonstrate exceptional efficacy in 

removing a wide spectrum of pollutants, specifically focusing on industrial dyes, organic 

micropollutants, and toxic heavy metal ions like Cr(VI) and Pb(II). We analyse the governing 

separation mechanisms and critical issues, outlining future research imperatives required for full-

scale industrial implementation of these high-performance materials. 

 

Keywords: Polymeric Nanocomposite Membranes; Wastewater Treatment; Nanofillers; 

Antifouling; Thin-Film Nanocomposite. 
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ABSTRACT 

An alternative to the conventional platinum (Pt) counter electrode catalyst in dye-sensitized 

solar cells (DSSCs) has been developed by synthesizing interconnected carbon nanosheets 

(ICNS) derived from hemp, a common weed plant. The detailed synthesis process of ICNS is 

presented, with structural and morphological analysis conducted using SEM, XRD, and Raman 

spectroscopy to confirm the formation of the conductive carbon network. Electrochemical 

performance of the ICNS as the counter electrode was evaluated through electrochemical 

impedance spectroscopy (EIS) and cyclic voltammetry, benchmarked against Pt electrodes. Pure 

ICNS electrodes on fluorine-doped tin oxide (FTO) substrates showed a solar-to-electric 

conversion efficiency of 4.01%, significantly lower than 12.3% efficiency achieved by Pt 

electrodes. Incorporating Pt into ICNS at different weight ratios (12, 16, and 18 w/w%) 

progressively enhanced efficiency to 5.49%, 5.74%, and 6.56% respectively, attributed 

primarily to increases in fill factor as corroborated by J-V characteristics. Further studies 

emphasize the influence of counter electrode coating thickness and contact angle on 

performance, with non-ionic surfactants facilitating uniform film formation on FTO. This ICNS-

Pt composite system demonstrates a cost-effective and environmentally friendly counter 

electrode alternative for DSSCs, providing a promising route to reduce Pt reliance while 

maintaining reasonable device efficiency. 

Keywords: Dye-sensitized solar cells (DSSCs); Platinum counter electrode; Interconnected 

carbon nanosheets (ICNS); Hemp-derived carbon; Power conversion efficiency 
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ABSTRACT 

This study examines the evolution of electronic, mechanical, and relativistic magnetothermal 

behavior in armchair nanoribbons of graphene and attempts to further correlate the analysis to 

similar two-dimensional materials such as silicene, germanene, stanene, and phosphorene. This 

work draws on established insights on dimer-dependent electronic and mechanical variations 

from tight-binding modeling, Fermi-velocity-based dispersion, and electron-phonon interaction 

approaches with the electrically adjustable bond-strength concepts of BOLS theory [1]. It 

additionally uses the magneto-thermal framework for relativistic two-dimensional systems, 

providing a unified, flexible approach that connects confinement-driven electronic behavior, 

mechano-electronic coupling, and oscillatory magnetocaloric response [2]. In conclusion, we 

evaluated the correlation and dependency of the attributes by revising the governing equations 

using common variables while maintaining coherence across materials. The main improvement 

is the recognition of carrier density as a universal control parameter that concurrently regulates 

electronic transitions, magnetocaloric operating temperature, and the magnetic field needed for 

thermal inversion. The findings of the current study indicate that electrical gating can 

simultaneously adjust several features, allowing atomically thin nanoribbons to serve as 

mechanically stable, electrically versatile, and thermally sensitive platforms. This broad 

viewpoint offers a design framework for adaptable sensors, electrically modifiable thermal 

modulators, and intermediate-temperature cooling apparatus via two-dimensional nanoribbons. 

Keywords: 2D Nanoribbons, Magnetocaloric Effect, Band-Gap Engineering, Mechano-

Electronic Coupling, Carrier-Density Tunability 
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ABSTRACT 

MXenes are two-dimensional transition-metal carbides and nitrides whose experimental 

feasibility is governed by energetic stability. Relative energy with respect to the lowest-energy 

structure within a compositional family provides a direct measure of thermodynamic favorability. 

However, systematic evaluation of this quantity using density functional theory becomes 

computationally demanding when large numbers of MXene structures are involved. In this work, 

a machine-learning-based framework is developed to predict the relative energetic stability of 

functionalized MXenes using a high-throughput first-principles dataset comprising more than 

4000 structures. Compositional, structural, and electronic descriptors are employed to train and 

evaluate multiple regression models. Tree-based ensemble models demonstrate superior 

accuracy, highlighting the strongly nonlinear nature of MXene stability relationships. Feature-

importance analysis indicates that lattice parameters and transition-metal identity play a dominant 

role in governing relative energetic stability. To further improve predictive reliability, ensemble 

strategies based on model stacking and inverse-variance weighting are implemented. The 

uncertainty-weighted ensemble achieves the best overall performance, with a coefficient of 

determination of 0.961 on the independent test set. The proposed framework enables rapid and 

physically interpretable screening of energetically viable MXenes. 

Keywords: MXene materials, uncertainty quantification, materials informatics, stability 

descriptors, data-driven materials design 

  

mailto:shebaz.memon@nirmauni.ac.in
mailto:shebaz.memon208@gmail.com


    Recent Advancements in Materials Science and Nanotechnology  

(RAMAN-2026) 

13 

 

Performance, Emissions, and Durability Assessment of Ethanol-

Blended Flex Fuels with Emphasis on India’s Transition to E20 

 

Maunil Modia, Darshit S. Upadhyaya* 
a Department of Mechanical Engineering, Nirma University, Ahmedabad, India 

* Corresponding Author: Darshit S. Upadhyaya*: darshit.upadhyay@nirmauni.ac.in 

 

 

ABSTRACT 
 

The growing need for sustainable transportation fuels and reduced dependence on conventional 

gasoline has accelerated the adoption of ethanol–gasoline blends in spark ignition engines. 

Ethanol offers a high octane rating and inherent oxygen content, which significantly influence 

combustion characteristics, engine efficiency, emissions, and material durability. This work 

examines the effects of E10, E15, and E20 blends on engine performance parameters, including 

brake thermal efficiency, fuel consumption, and power output, as well as exhaust emissions such 

as carbon monoxide, hydrocarbons, nitrogen oxides, particulate matter, and carbon dioxide. 

Emphasis is placed on wear, corrosion, and material compatibility issues associated with higher 

ethanol concentrations in engine and fuel system components. Reported experimental evidence 

indicates that E10 ensures stable combustion and acceptable durability in existing engines. At the 

same time, E20 provides improved knock resistance and efficiency potential in optimized 

engines, accompanied by increased fuel consumption and higher wear and corrosion risks in non-

adapted systems. The discussion is presented in the context of India’s Ethanol Blending 

Programme, which targets nationwide E20 adoption, highlighting the need for engine calibration 

and material upgrades to ensure long-term reliability. 

 

Keywords: Ethanol blending; E20; performance; Emissions; Wear and corrosion 
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ABSTRACT 

The rapid rise in global energy demand and the shift toward renewable sources have intensified 

research into solar energy systems. Solar thermal collectors, in particular, benefit significantly 

from the use of nanofluids, which enhance heat transfer performance due to their superior 

thermophysical and optical properties compared to conventional fluids. This work provides an 

in-depth examination of this technology, examining how custom-made fluids perform across all 

major collector types, from traditional flat-plate collectors to massive parabolic troughs. 

Preparation techniques, stability enhancement strategies, and comparative performance 

improvements of nanofluids are discussed. The study also highlights current challenges and 

future prospects, emphasize hybrid nanofluids, advanced stabilization methods, concentration 

optimization, and the need for comprehensive techno-economic and environmental assessments. 

Overall, nanofluids demonstrate strong potential to improve efficiency in solar thermal 

technologies, but commercialization requires further research on stability, cost-effectiveness, and 

environmental safety. 

Keywords: Nanofluids, Solar Thermal Collectors, Performance, Challenges, Environmental 

Impacts 
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ABSTRACT 

 

Zirconium carbide (ZrC), known for its high melting point and exceptional mechanical strength, 

plays a crucial role in various applications, including nuclear reactors and heavy machinery. In 

our previous study [S. Chaudhari et al., ICMTP 2024, SPPHY 311, pp. 438–444, 2025], we 

applied the Universal Equation of State (UEOS) in conjunction with the Mie-Grüneisen 

hypothesis to examine the temperature dependence of the isothermal equation of state for ZrC. 

Building on this, the current work explores additional thermodynamic properties of ZrC, 

including the Grüneisen parameter, Poisson's ratio, and the melting curve, providing a deeper 

understanding of its behavior under varying temperature conditions. 

 

Keywords: ZrC, Melting curve, UEOS 
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ABSTRACT 

Strontium niobate (SrNbO₃) is a conductive perovskite oxide with significant potential in 

optoelectronics and energy-related device applications. In this study, we perform a first-principles 

investigation of La-doped SrNbO₃ using density functional theory (DFT) within the WIEN2k 

framework. The pristine SrNbO₃ structure was obtained from the Materials Project database, and 

a 2×2×2 supercell was constructed to model dilute A-site substitution. La doping was introduced 

by replacing a single Sr atom in the supercell, and the resulting structure was fully initialized for 

self-consistent field (SCF) calculations. Volume optimisation was carried out for both pristine 

and doped structures to determine the equilibrium lattice parameters and assess structural 

stability. The electronic properties were subsequently examined through band structure, total 

density of states (DOS), and partial DOS (PDOS) analyses. These calculations reveal the 

modifications in electronic behaviour induced by La substitution and provide insight into the role 

of dopants in tailoring the functional properties of perovskite oxides. 

 

Keywords: SrNbO₃, La doping, Density Functional Theory (DFT), Electronic structure, 

WIEN2k 

 

  

 

 

 

 

 

 

 

Figure: 2 × 2 × 2 SrNbO₃ supercell with La substituted at the A-site Sr position(0,0,0) 

corresponding to 12.5% La doping. Green spheres represent Sr/La atoms and red spheres 

represent O atoms, highlighting the NbO₆ octahedral framework used for subsequent DFT 

structural and electronic analyses. 
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ABSTRACT 

Recent advances in electro active polymers and smart material technologies have established 

di- electric elastomer actuators (DEAs) as a viable platform for lightweight, large-deformation 

soft actuation. This study presents a parametric investigation of dielectric elastomer bending 

actuators, focusing on the influence of actuator geometry and pre-stretch ratio (λ) on actuation 

performance. A series of bending actuators were designed and fabricated using 3M VHB 4905 

dielectric elastomer films with varying geometric configurations and stretch conditions. 

Experimental testing was conducted to evaluate bending behavior and to identify practical 

challenges encountered during fabrication and operation. 

In addition to experimental characterization, a data-driven approach was employed to assess 

actuation reliability. A support vector machine (SVM) model was developed to predict the 

success or failure of actuator bending based on geometric and material parameters. The model 

was trained using experimental data from around 40 fabricated actuators and incorporated 

nine key geometric features as inputs. The proposed framework achieved a prediction 

accuracy of approximately 83%, demonstrating its ability to capture nonlinear relationships 

governing actuation outcomes. The combined experimental and machine learning approach 

provides practical guidance for the design of dielectric elastomer bending actuators in 

applications such as soft grippers and prosthetic devices. 

 

Keywords: Dielectric Elastomer Actuators (DEAs), Bending Actuators, Soft Robotics, 

Support Vector Machine (SVM). 
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ABSTRACT 

Gas sensors are essential for safety, environmental surveillance, and industrial process regulation. 

In this work, carbon nanostructures synthesized from waste garlic peels, through a sustainable 

carbonization approach, were used to synthesize free-standing Carbon/TiO₂ composite thin films 

via a hydrothermal route. This provides a sustainable and environmentally friendly strategy for 

gas-sensing applications. The material exhibits formation of carbon nanostructures and pores like 

morphology. Carbon nanostructures are formed with a low degree of graphitization and have 

structural defects and disorder as displayed by X-ray diffraction and Raman study. The fabricated 

carbon nanostructure-based sensor is responsive to the NO2 gas in the concentration range of 100 

ppb to 100 ppm. Sensor exhibited a high sensitivity of 109% for a 10 ppm NO2 concentration 

with a reversible response. Over all the study advocate the potential of the fabricated sensor for 

NO2 sensing applications.  

Keywords: TiO2, Carbon, nanoflower, Composite 
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ABSTRACT 

A basic human diet surely consists of edible oils. We all use different types of market oil and as 

a key part of our diet we should examine the quality of these oils. The physiochemical 

characteristics of oils include acid value, saponification value, iodine value and peroxide value. 

This study shows the comparison between the physiochemical properties of different oils such as 

peanut, almond, coconut and sunflower oil brought from market and pure oil extracted from 

machines. Due to its crucial importance in our day-to-day life, it has been easily prone to various 

kind of adulterants. The prime cause of the adulteration is the plain price variations and economic 

gain. Adulterants like argemone oil, rice bran oil, palm oil, linseed oil etc., are frequently used to 

adulterate the edible oils. The use of nanoparticles has significantly improved the detection of 

adulterants in edible oil. In the current study simple, rapid and reliable color test such as improved 

nitric acid, azo dye test, baudouin test, halpen’s test and solvent separation techniques have been 

used for detection of different adulterants. Nanoparticle-based sensors are better for detecting 

food adulteration, and offer high sensitivity compared with conventional methods of detecting 

adulteration in edible oils.  

Keywords: saponification value, iodine value, nanoparticles, Baudouin test, Halpen’s test 
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ABSTRACT 
 

This work presents a first-principles investigation of the all-inorganic two-dimensional (2D) 

CsPbBr₃ perovskite, as it’s 3D counterpart is already known to possess quite great optoelectronic 

properties [1] highlighting its potential for photovoltaic and optoelectronic applications. We have 

hence chosen to study it’s 2D counterpart. Using Density Functional Theory (DFT), we 

systematically analyze its structural, electronic, and optical properties. Compared with 

conventional hybrid perovskites, CsPbBr₃’s all- inorganic composition provides superior thermal 

and moisture stability[2], effectively addressing one of the most critical challenges in perovskite 

solar cell development. Our calculations demonstrate that this system possesses a direct bandgap 

suitable for efficient light absorption. The direct Bandgap of this CsPbBr3 Material is 2.49. 

There is a clear energy gap between the valence and conduction bands indicating semiconducting 

behaviour. Furthermore, electronic band alignment analysis demonstrates that 2D 

Heterostructures incorporating CsPbBr₃ can facilitate effective charge separation, which is 

essential for enhancing device efficiency. After measuring the electronic properties of CsPbBr3 

which is consistent with theoretical predictions. These findings suggest that 2D CsPbBr₃ 

combines long-term stability with strong optoelectronic performance, making it an attractive 

candidate for next-generation solar cells and related devices. 

Keywords: Density Functional Theory, CsPbBr₃, hybrid perovskites, stability, structural character. 
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ABSTRACT 

 
This work investigates the dielectric and electronic behaviour of bromopropane (BRP)–methanol 

(MeOH) binary mixtures, together with density functional theory (DFT) and thermodynamic 

analyses, to assess their relevance for electronic and energy-related material systems. Broadband 

dielectric spectroscopy (BDS) measurements were performed over the frequency range 20 Hz–2 

MHz at a constant temperature of 293.15 K to examine the influence of composition on dielectric 

permittivity (ε′), relaxation time (τ), electrical modulus (M′), electrical conductivity (σ′), 

impedance (Z′), and loss tangent (tan δ). The tan δ spectra reveal electrode polarisation loss peaks, 

from which the electrode polarisation relaxation frequency (fEP) and corresponding relaxation 

time (τEP) were determined, providing insight into ion build-up and interfacial polarisation 

effects. Increasing BRP concentration weakens the hydrogen-bonded network of MeOH, 

resulting in reduced ε′ and enhanced M′, indicative of nonlinear intermolecular interactions such 

as solvation and self-association. To understand molecular-level interactions, DFT calculations 

were employed to obtain optimised geometries, interaction energies, electron density 

distributions, molecular electrostatic potential (MEP) maps, and Mulliken charge distribution 

(MCD) analyses. Thermodynamic parameters were also evaluated using the DFT framework. 

The combined experimental and theoretical approach offers a comprehensive understanding of 

relaxation dynamics, intermolecular interactions, and charge-transport mechanisms in BRP–

MeOH mixtures, underscoring their potential applicability in dielectric devices, electronic 

materials, and solvent-engineered functional systems. 

Keywords: Broadband dielectric spectroscopy; Dielectric relaxation; Electrode polarisation; 

Density functional theory (DFT); Charge transport; Thermodynamic properties 
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ABSTRACT 

A thermocouple is a type of temperature sensor that measures temperature. Thin-film 

thermocouples, fabricated in flexible substrates, have advantages such as small size, light weight 

and flexibility [1]. In this study indium oxide and copper are used to make a thin-film 

thermocouple on a flexible PET substrate. Thin film of both indium oxide and copper is 

synthesized using RF magnetron sputtering. Thermoelectric properties of indium oxide thin film 

have been optimized by variation in deposition pressure and heat treatment. When the deposition 

pressure is increased from 3 × 10-3 mbar to 3 × 10-2 mbar, the thermopower of the In2O3 thin film 

increases significantly from -47 μV/K to -151 μV/K. After the heat treatment of In2O3 thin film, 

thermopower improve to -196 μV/K. Using these parameters, various thin-film thermocouples 

were fabricated, and increasing the deposition pressure enhanced their sensitivity from 36 μV/K 

to 77 μV/K. Subsequent heat treatment of the In2O3 leg further improves sensitivity from 77 

μV/K to 121 μV/K. 

Key words: Thermocouple, Flexible, Sensitivity 

 

Fig.1: Real Photograph of In2O3/Cu based thin-film 

thermocouple on  PET substrate. 
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ABSTRACT 

Recent work, we present a comprehensive first-principles investigation of a Janus TiVC MXene 

monolayer to elucidate its electronic, mechanical, and thermoelectric performance. The Janus 

TiVC exhibits a metallic character, while absence of imaginary frequency in phonon modes and 

the negative cohesive energy indicating robust dynamic stability. The thermal stability of the 

material was evaluated through ab-initio molecular dynamics (AIMD) at 300 K, which inherently 

account for anharmonic vibrational effects. Mechanical characterization, obtained through 

elastic-constant analysis and strain-energy fitting, reveals high in-plane stiffness, moderate 

Poisson’s ratio, and robust structural stability, confirming the ability of TiVC MXene to 

withstand anisotropic loading conditions. Thermoelectric transport properties, explored using the 

Boltzmann transport formalism, show an improved Seebeck coefficient, high electrical 

conductivity and a competitive power factor across a wide temperature range. Such favorable 

balance between seebeck coefficient and reduced total thermal conductivity boosts the figure of 

merit (ZT), thereby positioning the Janus TiVC MXene as a promising candidate for next-

generation thermoelectric and energy-conversion applications. 

Keywords: Thermoelectric performance, elastic-constant, figure of merit 
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ABSTRACT 

Density (ρ) and Refractive index (n) of the binary mixtures of n-butanol and benzonitrile across 

the entire concentration range (0.0 → 1.0) were measured experimentally for temperature ranges 

303.15 K to 323.15 K in the interval of 10 K. Various parameters were such as reduced free 

volume (Vm/Rm), molecular radii (r), polarizability (α), atomic polarization (PA), and internal 

pressure (Pint) evaluated from the experimentally measured data. Excess parameters such as 

excess refractive index (n)E, excess density (ρ)E, excess reduced free volume (Vm/Rm)E, excess 

molecular radii (r)E excess polarizability (α)E, excess atomic polarization (PA)E and excess 

internal pressure (Pint)
E were also determined. These parameters were fitted to Redlich-Kister 

polynomial equations using the least-square fit method to obtain fitting parameters. Different 

mixing models for refractive index have been validated and tested. Density functional theory 

(DFT) method was used to determine the optimized structures, dipole moment and frontier 

molecular orbits (FMO) analysis of both pure compounds and their binary mixtures along with 

Electrochemical parameters. The study confirms the stability and reactivity of molecules. These 

studies were analysed to elucidate the nature of hetero-interactions, specifically interactions 

between, unlike molecules, within the mixtures. 

Keywords: Binary mixture, Refractive Index and density, Hetero-molecular interactions, 

Electrochemical properties, DFT, Frontier Molecular orbitals (FMO) Analysis. 
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ABSTRACT 
 

Janus two-dimensional Si2XY (X, Y = P, As, Sb, Bi) monolayers are investigated as promising 

thermoelectric materials by systematically analyzing their structural, electronic, and transport 

properties under biaxial strain using first-principles calculations combined with Boltzmann 

transport theory. The optimized structures exhibit stable hexagonal lattices with pronounced 

Janus asymmetry and strong covalent bonding, characterized by Si–Si bond lengths of ~2.31–

2.36 Å, while hybrid HSE06 calculations predict wider and more accurate band gaps than PBE, 

increasing consistently with the atomic mass of the group-V elements. Thermoelectric properties 

are evaluated over a chemical potential range of −0.2 to +0.2 eV, temperatures from 300 to 900 

K, and biaxial strains between −10% and +10%. The electronic thermal conductivity (κₑ) varies 

from nearly zero to ~6 W m⁻¹ K⁻¹, showing a pronounced minimum near the charge neutrality 

point (μ ≈ 0 eV). The Seebeck coefficient exhibits a clear sign reversal around μ ≈ 0 eV, reaching 

peak magnitudes of approximately ±150 μV K⁻¹, while the electrical conductivity increases 

sharply away from charge neutrality, attaining values up to ~3 × 10⁵ S m⁻¹, particularly in Sb- 

and Bi-based systems. Consequently, the power factor reaches a maximum of ~6–8 × 10⁻⁴ W m⁻¹ 

K⁻² under moderate tensile strain (~+6% to +8%) at elevated temperatures. Overall, monolayers 

containing heavier elements, especially Si2PBi, Si2AsBi, and Si2SbBi, demonstrate superior 

thermoelectric performance, highlighting the combined effects of Janus asymmetry, atomic mass 

contrast, and strain engineering for next-generation thermoelectric devices. 
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ABSTRACT 

A study was undertaken to investigate the dielectric properties of whole cow’s milk, 

pasteurized cow’s milk, and buffalo milk in fresh form as well as after expiry, along with varying 

levels of water adulteration (WC). This was done using an LCR meter operating over 20 Hz - 2 

MHz frequency range. The measurements were taken at a uniform temperature of 25°C with the 

specific goal of determining the dielectric constant (ε’), dielectric loss (ε”), and loss tangent 

(tanδ) for the fresh, after expiry date, and water-adulterated milk samples. It was observed that 

ε’ exhibited a decreasing trend as frequency increased from 20 Hz up to 2 MHz, for all types of 

milk samples. Furthermore, the study shows that ε’ demonstrated a decreasing trend with a rise 

of WC in milk, at any specific frequency above 2 kHz. This indicates that the dielectric constant 

is significantly influenced by the WC present in the milk and underscores the sensitivity of 

dielectric properties to variations in milk sample composition. However, at frequencies less 

than 2 kHz, ε” exhibited an increasing trend, and for frequencies above 5 kHz, the decreasing 

trend as WC in milk increased. After the expiry date of milk, ε” increases in milk samples, which 

shows that milk undergoes microbial fermentation, mainly by lactic acid bacteria. A linear 

decreasing trend of ε’ and ε” with the increase of water content in the milk, for the milk samples 

at 100 kHz and 2 MHz, can be used to predict the % of additional water content in the milk.  

Keywords: milk, water content, adulteration, dielectric constant, dielectric loss 
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ABSTRACT 

The identification of appropriate materials is a basic condition for the progress of hydrogen 

energy systems. The choice of materials for hydrogen storage is a complex problem that involves 

thermal, mechanical, and material-dependent factors, which are usually considered separately. 

However, recent advances in computational modeling and data-driven techniques provide 

possibilities for integrated approaches to material assessment. This research presents a 

generalized computational framework that combines physics-based modeling with machine 

learning concepts to facilitate the systematic exploration of hydrogen storage materials. In short, 

the study considers representative thermal and mechanical conditions to describe material 

responses under operationally relevant scenarios, and the obtained data are arranged for data-

driven analysis. Instead of concentrating on particular material systems or performance 

benchmarks, the framework features methodological flexibility and scalability, which make it 

possible to be transferred to different material classes and application contexts. The purpose of 

this investigation is to illustrate the potential of combining simulation-based insights with data-

oriented models to provide a structured material screening workflow for hydrogen storage and 

other energy applications. 

Keywords: Hydrogen storage, Material selection, Physics-informed modeling, Finite element 

analysis, Machine learning. 
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ABSTRACT 

 

The dielectric constant (𝜀′) and dielectric loss (𝜀′′) of orange, pomegranate, and cotton leaves 

were measured over 100 Hz − 2 MHz frequency range using a parallel plate capacitive solid test 

fixture (Agilent 16451-B) attached with a precision LCR-Meter (Agilent Make E 4980-A). It has 

been observed that the dielectric constant (𝜀′) and dielectric loss (𝜀′′) of leaves decrease with 

decrease in moisture content (MC) in the leaves. At given moisture content in the leaves 𝜀′and 

𝜀′′ both decrease with increase in frequency over the given frequency range. Further it has been 

observed that at 2 MHz the increase in 𝜀′and 𝜀′′with MC for the cotton leaves is maximum, 

followed by pomegranate leaves, and it is least for the orange leaves. The rapid increase in the 

values of  𝜀′and 𝜀′′with the increase in MC represents that there are more free water molecules 

per unit volume compared to bound water molecules in cotton leaves, which suggests that the 

internal structure of cotton leaves must be more porous, compared to the other two types of 

leaves. The study of dielectric properties in terms of  𝜀′and 𝜀′′with MC of the leaves can also be 

useful to check the freshness of leaves. 
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ABSTRACT  

 

In this study we have taken the Wheat, Pearl, and Jawar millet flours for the dielectric 

measurement. The complex permittivity (ε* = ε′ – j ε″) of Wheat, Pearl, and Jawar millet flour 

were measured using Precision LCR Meter (Agilent E4980A) with a parallel plate capacitive 

solid test fixture (Agilent 16451B) over 1 kHz to 2 MHz frequency range. It is observed that the 

dielectric constant (ε’) and dielectric loss (ε″) of the Wheat, Pearl, and Jawar flours are found to 

decrease with the increase in frequency. The dielectric constant (ε’) and dielectric loss (ε″) of the 

flours is found to increase as the density of the flour is increased, at a fixed frequency of 2 MHz. 

The variation of complex electric conductance, electric impedance, and electric modulus with 

frequency at two different densities for Wheat, Pearl, and Jawar millet were also calculated from 

the measured values of ε’ and ε″. It has been observed that there doesn’t exist any relaxation 

mechanism in any of the flours over the frequency range of measurements.  
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ABSTRACT 
 

In this study, graphite-based thin film transistors (TFTs) were successfully fabricated using a 

screen-printing technique, with graphite paint developed and synthesized in our laboratory. 

Several grades of graphite paint were formulated, each exhibiting distinct carrier concentration 

levels to investigate the influence of material properties on device performance. The TFTs 

produced with these various grades, along with an optimized paint composition, were 

systematically evaluated to understand how carrier concentration affects electrical behaviour. A 

detailed analysis of their transfer characteristics was conducted to assess device efficiency and 

field-effect mobility. For the gate dielectric layer, an insulating film of Al2O3 was deposited using 

RF sputtering. Additionally, silver was chosen as the material for the source, drain, and gate 

electrodes due to its excellent conductivity and compatibility with sputtering deposition. RF 

sputtering was employed for the electrode deposition to achieve uniform and adherent metallic 

contacts. The overall fabrication process highlights the integration of novel graphite paint 

materials with established thin-film deposition methods to advance printed electronics and 

optimize TFT performance. 

Key words: Graphite, TFT, Screen printing, dielectric 

 

 

Fig.1. Real Photograph of graphite paint based thin-film transistor on paper substrate. 
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ABSTRACT 

Mg-substituted SrZn2MgxFe16-xO27 (0.0 ≤ x ≤ 1.0) hexaferrites were synthesized through the 

citrate-gel technique (1300 °C for 5 h). XRD, FTIR, SEM with EDAX, Raman spectra, VSM, 

low (20 Hz - 2 MHz) and high frequency (0.2 -20 GHz) dielectric measurements were carried 

out to study the effect of Mg-substitutions on various properties of SrZn2MgxFe16-xO27. XRD 

analysis of x = 0.0 composition confirmed the formation of W-phase, while other samples (x = 

0.2 to 1.0) showed mixed phases of W and M-type. Five active Raman phonon modes are 

observed between 150–800 cm−1, characteristic of W-type hexaferrites as determined by 

symmetry and assigned polyhedra. The surface morphology revealed formation of agglomerated 

grains. The EDX spectra confirm the presence of Mg, Fe, Sr, and Zn elements. The coercivity of 

all samples was found in between 89.73 -123.81 Oe, implying soft magnetic nature. Both high 

and low frequency electrical parameters revealed the same charge transport dynamics. An 

aperture-coupled patch antenna using the x = 0.2 as substrate and a Rogers 4003C substrate was 

designed and simulated using Ansys HFSS, achieving a compact patch size, resonance at 10 GHz 

(S11 = -27.5 dB) frequency, 1.8 dBi gain, demonstrating suitability for reconfigurable 5G 

antennas.  

Keywords: Mg-substituted W-hexaferrites, XRD, Raman spectra, Hysteresis loops, Aperture 

Coupled Patch Antenna 
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ABSTRACT 

Poly(lactic acid) (PLA) is a semicrystalline, biodegradable, and biobased polymer whose 

functional properties are strongly driven by its solid-state structure and crystallization behavior. 

In the present study, PLA was synthesized using two different heating modes conventional 

thermal melt polycondensation and microwave-assisted polycondensation to evaluate the 

influence of energy input mechanisms on molecular weight development and chain ordering. A 

detailed investigation was further carried out to examine crystal phase formation, thermal 

transitions, and morphological characteristics of PLA synthesized via the microwave-assisted 

route. Microwave heating, driven by volumetric dipole rotation, resulted in PLA with increased 

molecular weight and enhanced chain mobility compared to conventional surface-conductive 

heating, as confirmed by gel permeation chromatography (GPC). X-ray diffraction (XRD) 

analysis was employed to explain the effect of microwave-assisted synthesis on the crystalline 

behavior of the biopolymer. Differential scanning calorimetry (DSC) provided additional insights 

into the thermal behavior of the synthesized materials, while Fourier-transform infrared (FTIR) 

spectroscopy was used to analyze structural conformation. Overall, microwave-assisted synthesis 

significantly accelerates polymer formation and influences the molecular weight of PLA. This 

study highlights the critical role of heating mode in tailoring polymer structure and offers 

valuable insights into structure–property relationships relevant to materials physics and polymer 

engineering. 
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ABSTRACT 
 

In the present study, polycrystalline fine powders of xBaTiO₃–(1−x)LaFeO₃ (abbreviated as 

xBTLF, where x= 0, 0.25, 0.5, 0.75, and 1.0) were synthesized using the solid-state reaction 

method. Extra-pure barium carbonate (BaCO₃), titanium dioxide (TiO₂), lanthanum oxide 

(La₂O₃), and iron oxide (Fe₂O₃) were used as starting materials. The prepared composites were 

characterized using X-ray diffraction (XRD), UV–visible spectroscopy, Fourier transform 

infrared (FTIR) spectroscopy, and dielectric spectroscopy. XRD analysis confirmed the 

formation of single-phase polycrystalline structures, with structural symmetry changing from 

orthorhombic to tetragonal as the BaTiO₃ concentration increased. FTIR spectroscopy confirmed 

the presence of characteristic metal–oxygen bonds such as Ti–O and Fe–O through their 

stretching and bending vibration modes. Optical properties were investigated using UV–visible 

spectroscopy, and the optical band gap values were estimated from the absorption. The dielectric 

properties were studied in the frequency range of 20 Hz to 20 MHz. The observed structural 

evolution, tunable optical band gap, and enhanced dielectric response suggest that the xBTLF 

composites are promising candidates for sensor applications and energy storage devices. 

Keywords: Perovskite oxides, X-ray diffraction (XRD), UV–visible spectroscopy, Dielectric 

spectroscopy, Ferroelectric composites  
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ABSTRACT 

Transforming carbon-rich biomass from forestry residues into mesoporous carbon represents an 

innovative and sustainable strategy for converting low-value waste into high-performance 

materials for environmental remediation. In the present study, walnut shells were transformed 

into a mesoporous carbon designed for the efficient removal of ibuprofen (IBU) from wastewater. 

A facile one-step carbonization route employing KOH as activators was adopted. Structural and 

surface analyses revealed that carbon synthesized at carbonization temperature of 700 °C showed 

a hierarchically porous carbon framework with an exceptionally high specific surface area of 

1236 m²/g and a pore volume of 0.843 cm³/g. Batch adsorption studies demonstrated outstanding 

performance, at 40 °C removal efficiency of 92.8% was achieved. Importantly, the mesoporous 

carbon maintained 89% of its initial capacity after five adsorption–desorption cycles, 

underscoring its structural robustness and reusability. The physicochemical characterization 

suggests that presence of carbon matrix and different oxygen functional groups supported the π-

π interactions and acid-base interactions, respectively. The adsorption process followed the 

Langmuir isotherm and pseudo-second-order kinetic models, indicating monolayer 

chemisorption-dominated behavior. 

Keywords: Mesoporous Carbon, Carbonization, Walnut shells, Ibuprofen, Adsorption 
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ABSTRACT 

Multilayer polymeric films have emerged as an innovative advanced materials and have 

established themselves as a critical component in material science by enhancing the performance 

limitations of monolayer by integrating different functional advantages of multiple polymers into 

a single polymeric film. These multilayer polymeric films combine the layers of different 

polymers with distinct characteristics such as high tensile strength, low water vapor transmission, 

reduced gas permeability, good elongation and various other applications to achieve performance 

levels that can’t be attained by monolayer polymeric film. The integration between polymers like 

polyvinyl alcohol (PVA), starch, polylactic acid and other biodegradable polymers enables films 

with optimized barrier behavior, improved toughness, and greater stability under environmental 

stress. The arrangement of hydrophilic and hydrophobic layers further enhances resistance to 

moisture while maintaining overall structural performance. Because of this multifunctionality, 

multilayer polymeric films are increasingly used across various sectors such as food packaging, 

pharmaceuticals, agriculture, and biomedical engineering. Here we will discuss about the film 

having good tensile strength and elongation property. 

Keywords: Multilayer bio-polymeric films, Barrier properties, elongation, Mechanical strength, 

Packaging and biomedical applications. 
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ABSTRACT 

 
Creating high-performance electrocatalysts for the oxygen evolution reaction (OER) and oxygen 

reduction reaction (ORR) is crucial for advancing energy storage and conversion technologies. 

In this work, we investigate transition-metal-doped (TM = Co, Rh, Ir, Ni, Pd, and Pt) aza-

triphenylene-based covalent organic frameworks (AT-COFs) as efficient bifunctional 

electrocatalysts using density functional theory (DFT). Among the studied systems, Pd-anchored 

AT-COF exhibits superior catalytic performance with low overpotentials of 0.49 V and 0.89 V 

for both OER and ORR. Partial density of states (PDOS) analysis reveals that Pd doping induces 

favorable electronic structure modulation, enhancing the adsorption of key reaction 

intermediates. To evaluate ORR kinetics, climbing image nudged elastic band (CI-NEB) 

calculations were performed for the OOH dissociation step, yielding an energy barrier of 1.62 

eV, indicating kinetically accessible O-O bond cleavage under operational conditions with 

sufficient overpotential. Furthermore, ab-initio molecular dynamics simulations confirm the 

thermal and structural stability of Pd@AT-COF. These results demonstrate that Pd-doped AT-

COFs are promising bifunctional electrocatalysts and provide valuable insights for the rational 

design of COF based catalysts for clean energy applications. 

Keywords: TM@doped AT-COF, Oxygen Reduction Reaction, Oxygen Evolution Reaction, 

first principles simulations, Ab initio molecular dynamics.  
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ABSTRACT 

The complex permittivity spectra of binary mixtures of n-butanol (n-BtOH) and valeronitrile 

(VN) were studied over the entire concentration range (0.0–1.0 mole fraction) using a vector 

network analyzer in the microwave frequency region of 200 MHz–20 GHz at 313.15 K. 

Dielectric relaxation parameters, namely the static dielectric constant (ε₀) and relaxation time 

(τ₀), were extracted from the experimental data using the LEVMW-CNLS fitting program. The 

nonlinear concentration dependence of ε₀, τ₀ and refractive index (n) indicates the presence of 

heteromolecular interactions between n-BtOH and VN molecules. Excess dielectric parameters, 

including excess static dielectric constant (ε₀)ᴱ and excess inverse relaxation time (1/τ₀)ᴱ, were 

evaluated to further quantify these interactions. Kirkwood correlation factors (geff, gF) were 

determined to assess dipolar orientation and molecular association. Microwave heating 

parameters at 2.45 GHz were also estimated. The results are relevant for microwave processing 

and solvent design applications. 

 

Keywords: Dielectric Constant, Kirkwood correlation factors, Binary Mixture 

 

References:  

[1] Garad, N. P., Saknure, S. H., Gubre, A. G., & Kumbharkhane, A. C., Study of dielectric 

relaxation and hydrogen bonding interaction of 1,4-butanediol–1,4-dioxane mixture using TDR 

technique, Indian Journal of Pure and Applied Physics, 61(3) (2023) 158-164.  

[2] Rana, V. A., & Pandit, T. R., Broadband dielectric relaxation spectroscopy and molecular 

dynamics simulation study of paracetamol–propylene glycol solutions, Journal of Molecular 

Liquids, 341 (2021) 117384. 

 

  

mailto:%20chaudharynavin2540@gmail.com%20


    Recent Advancements in Materials Science and Nanotechnology  

(RAMAN-2026) 

38 

 

Synthesis and characterization of UF PSF membrane modified 

with GO impregnated ZIF-11 nanohybrids for enhanced 

permeation and antifouling behaviors 

Sapna Gawalia, Manish Kumar Sinhaa, Balasubramanian Ragunathanb, Lakshman Rao Jeerub, Surendra 

Sasikumar Jampaa* 

a Department of Chemical Engineering, School of Energy Technology, Pandit Deendayal Energy 

University, Gandhinagar 382426, India 
b Department of Petroleum Engineering, School of Energy Technology, Pandit Deendayal Energy 

University, Gandhinagar 382426, India 

*Corresponding author. Tel: +91-7874034805. E-mail: surendra.sasikumar@sot.pdpu.ac.in  

 

ABSTRACT 

In this study, the performance of PSF ultrafiltration membranes was enhanced by incorporating 

ZIF-11 nanoparticles on graphene oxide (GO) sheets using an in-situ growth method. For the in-

situ growth method, the reaction time is crucial because increasing it may enable the crystallized 

ZIF-11 to fully cover the GO sheets, thereby reducing the excess of ZIF- 11 particles and 

maintaining the aspect ratio of the GO sheet. The reaction time will significantly change the 

morphology, affecting the composite's ability to absorb selective water molecules and, in turn, 

affect the foulant selectivity. The present work identifies the reaction time for the in-situ growth 

of ZIF-11 nanoparticles on GO sheets. The composite was synthesized at different reaction times 

of 1, 2, 3, 4, 5 and 6 h and incorporated into the PSF matrix. Key findings include the 

identification of an optimal reaction time of 5 hours for the in-situ growth of ZIF-11 on GO, 

resulting in improved membrane characteristics. The best-performing membrane, M5ZIF-

11@GO-5, demonstrated a significant increase in hydrophilicity, enhanced permeation flux 

(197.78 L/m².h), and notable oil-water rejection (97.9%). Furthermore, this membrane showed 

excellent antifouling properties with a flux recovery ratio of 96%, compared to 67% for the neat 

membrane.  
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ABSTRACT 

The by-product glycerol obtained in biodiesel production adds economic value to the overall 

biodiesel industry by converting it in to renewable hydrogen. This study focuses on synthesis of 

nickel based nano catalysts for hydrogen production from glycerol by steam reforming process 

using supports like alumina oxide, cerium oxide and silicon oxide. The steam reforming reaction 

is used in hydrogen synthesis because of low pressure and very endothermic in nature. By 

utilizing hydrogen as a clean fuel, the carbon dioxide emissions can be reduced which result in 

global warming reduction. Glycerol is a potential renewable feed stock to produce hydrogen since 

it contains higher hydrogen content and cheapest raw material. The catalysts were prepared by 

wet impregnation and coprecipitation methods. The prepared nano catalysts physio- chemical 

properties were investigated by SEM, BET, XRD, TGA techniques. Gas-solid atmospheric fixed-

bed catalytic reactor was used to evaluate the performance of catalysts. Various operating 

conditions like temperature, contact time, metal loading, steam to glycerol ratio, were 

investigated. The Nickel catalyst supported with γ- Al2O3 showed superior performance in terms 

of glycerol conversion, hydrogen yield, catalytic stability and better resistance to carbon 

formation which is due to higher surface area, strong metal support interactions and anticoking 

ability.  
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ABSTRACT 

A coupled atomistic–continuum modeling framework is developed to investigate the vibrational 

behavior and mass sensing performance of a graphene–germanene bilayer nano-resonator in a 

doubly clamped configuration. The effective Young’s modulus of the bilayer heterostructure is 

first evaluated using the atomic finite element method (AFEM), wherein interatomic interactions 

are explicitly accounted for to capture the intrinsic elastic response at the atomistic scale [1, 2]. 

The AFEM-derived elastic properties are subsequently incorporated into a continuum-based 

resonator model to analyze natural frequencies and mode shapes. Mass sensing characteristics 

are examined by introducing a concentrated mass at various locations along the resonator length, 

and the resulting resonance frequency shifts are quantified. The results reveal a pronounced 

position-dependent sensitivity governed by modal deformation characteristics, with maximum 

frequency shifts occurring when the added mass is located near vibration antinodes. Compared 

to monolayer resonators, the graphene–germanene bilayer exhibits enhanced mass detection 

capability due to the coupled effects of stiffness and mass density. The proposed multiscale 

framework provides a rigorous theoretical basis for the design and optimization of two-

dimensional heterostructure-based nano resonant mass sensors. 

Keywords: Graphene–germanene bilayer heterostructure, Atomistic–continuum coupling, 

Atomic finite element method (AFEM), Nano resonator vibration characteristics, Position-

dependent mass sensitivity 
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ABSTRACT 

 

The rapid growth of data-centric technologies and the saturation of Moore’s Law have 

accelerated the pursuit of next-generation memory architectures. In this work, a memristor device 

based on M-type hexaferrite thin films was fabricated via RF sputtering, using Barium 

(BaFe₁₂O₁₉) as the active switching materials. The device employed an ITO-coated PET substrate 

and silver top electrode in a Metal–Insulator–Metal configuration. Structural analysis confirmed 

the formation of highly crystalline hexaferrite phases through X-ray Diffraction (XRD), while 

current-voltage (I–V) characterization demonstrated stable bipolar resistive switching behavior 

with ON/OFF ratios in the range of 10²–10³ achieved under ±1.2 V sweeps. The device transitions 

from High Resistance State (depression) to Low Resistance State (potentiation) during positive 

bias (+1.2 V), and resets under negative bias (–1.2 V), enabling synaptic emulation. The influence 

of intrinsic magnetic properties on switching dynamics was also evaluated, suggesting potential 

for multifunctional operation. These findings position sputtered hexaferrite-based memristors as 

promising candidates for low-power, magnetically tunable memory and neuromorphic 

computing applications. 
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ABSTRACT 

The escalating global energy demand and environmental degradation necessitate sustainable 

energy harvesting technologies. This study presents a comprehensive investigation of lead-free 

piezoelectric materials for noise-to-electricity conversion. Through theoretical modeling and 

experimental validation, the mechanoelectrical characteristics of Bismuth Sodium Titanate 

(BNT), Potassium Sodium Niobate (KNN), and Barium Titanate (BaTiO₃) are analyzed to 

develop efficient energy harvesters. The optimized BT–BT system achieved a peak efficiency of 

42% and an output of 5.3 V, surpassing conventional PZT-based systems while eliminating lead 

toxicity. The frequency-distance model predicts exponential power decay from acoustic sources, 

with optimal conversion near resonance frequencies (750–1200 Hz). These findings highlight 

lead-free ceramics as eco-friendly alternatives for harvesting urban acoustic energy, enabling 

sustainable powering of low-power IoT devices and smart infrastructure. This work advances 

green nanomaterials for next-generation energy systems aligned with environmental safety and 

renewable-energy goals. 
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ABSTRACT 

 
Hexagonal boron nitride nanosheets (h-BNNS) have gained significant attention in recent years 

due to their close structural resemblance to the wonder material graphene, in which alternating 

boron and nitrogen atoms replace carbon atoms in a hexagonal lattice. Unlike graphene, bulk 

hexagonal boron nitride is an electrical insulator, which limits its direct application in micro- and 

nanoelectronic devices. However, when thinned to nanosheets and appropriately doped, h-BN 

exhibits promising semiconducting behavior. For instance, fluorine-doped h-BN nanosheets 

show markedly enhanced electrical properties. This has stimulated recent efforts toward 

controlled and constructive synthesis routes that enable the development of devices based on 

such advanced materials. These materials find potential applications in nitrogen fixation, gas 

adsorption, hydrogen storage, polymer composites, printable electronics, biosensors, water 

filtration, and gas sensing. In this context, the present study investigates the electronic transport 

properties, specifically electron mobility and effective mass, of carbon- and fluorine-doped h-BN 

nanoribbons. Calculations are performed considering electron–acoustical phonon interactions 

through deformation potential and polar acoustical phonon scattering mechanisms under low 

applied electric fields. The dependence of electron mobility and effective mass on carbon doping 

concentration is analyzed over a wide temperature range at a constant electric field of 

approximately 1 µV/nm. The results indicate that the acoustical phonon-limited electron mobility 

remains nearly independent of carbon doping concentration in carburized boron nitride 

nanoribbons. 

Keywords: Boron nitride nanoribbon, Acoustical Phonon interaction, electron mobility  
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ABSTRACT 

MgZn ternary alloys have attracted interest due to their lightweight character and tunable 

electronic properties. Our current work presents a density functional theory (DFT) study of 

MgZnX2 compounds, where X = Co, Rh, and Ir. Electronic band structures, electronic density of 

states, electronic charge density plots and Fermi surface of MgZnX2 (X = Co, Rh, Ir) have been 

computed using Density Functional Theory (DFT). The MgZnX2 (X = Co, Rh, Ir) display 

metallic character as shown and exhibits highly dispersive conduction bands. The present study 

demonstrates that MgZnRh2 and MgZnIr2 are non-magnetic, in contrast to MgZnCo2, which 

exhibits spin-polarized states. Electronic charge density plot reveals that Zn-X bonding 

dominates the electronic structure while Mg acts as an electron donor in the MgZnX2 (X = Co, 

Rh, Ir). Fermi surfaces grow in complexity with the increasing atomic number of the substituent 

element. Our results demonstrate that group-IX substitution effectively controls the magnetic and 

electronic properties of Mg–Zn–based ternary alloys, highlighting their potential for metallic and 

spin-dependent applications. 
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ABSTRACT 
 

 This study explores the intersection of computational biophysics and nanobiotechnology has 

opened new avenues for understanding the multifunctional activity of naturally occurring 

biomolecules. This study presents a comprehensive multiscale investigation into the structural, 

electronic, and vibrational properties of pentacyclic triterpenoids—specifically Lupeol, Morolic 

Acid, Hederagenin, and Quinovic Acid—focusing on their interactions with the Epidermal 

Growth Factor Receptor (EGFR; PDB ID: 1M17) and the amino acid Glycine. The research 

employs a tripartite computational protocol involving molecular docking, Density Functional 

Theory (DFT), and Molecular Dynamics (MD) simulations to bridge the gap between static 

binding predictions and time-dependent physical behavior. Detailed interaction profiling 

indicated that binding is predominantly governed by hydrophobic van der Waals and alkyl forces, 

with minimal polar contribution . Furthermore, Density Functional Theory (DFT) calculations at 

the B3LYP/6-31G(d) level were utilized to investigate the Lupeol-Glycine complex. Analysis of 

Frontier Molecular Orbitals (FMOs), Mulliken charge distributions, and Global Reactivity 

Parameters (GRP) provided deep insights into charge transfer mechanisms and electronic 

stability . The inclusion of a Polarizable Continuum Model (PCM) demonstrated the significant 

role of aqueous solvation on the complex’s electronic structure, revealing a trend in global 

reactivity parameters where the solvated complex exhibited the highest softness and 

electrophilicity . Finally, Molecular Dynamics (MD) simulations over a 60 ns window using 

GROMACS confirmed the structural stability of the Lupeol-1M17 complex. Radial Distribution 

Function (g(r)) analysis elucidated the solvent dynamics and local structural ordering around the 

complex . This integrated approach provides a robust physics-based framework for the rational 

design of these natural triterpenoids as potential therapeutic agents. 

Keywords: EGFR, Triterpenoids, Molecular Docking, DFT, Molecular Dynamics, Lupeol, 

Glycine 



    Recent Advancements in Materials Science and Nanotechnology  

(RAMAN-2026) 

46 

 

Realizing Piezoelectricity in 2D Janus Nanowire by Green’s 

Function Approach 
 

Sandeep Malhotra, Ankur Pandya 

Institute of Technology, Nirma University, Ahmedabad-382481, India. 

Corresponding Author: *ankur.pandya@nirmauni.ac.in 

 

ABSTRACT 

The concept of piezoelectricity has been realized by researchers as an electromechanical coupling 

between the pressure or stress applied to the active part of the electromechanical system (EMS) 

and the electric polarization produced thereof for more than three decades of years. Such a 

concept is effectively utilized by nanoelectromechanical systems (NEMS), the miniaturized 

counterpart of existing electromechanical systems, via which they are able to exhibit novel 

characteristics and applications [1-3]. The novel Green’s function approach is demonstrated to 

investigate the induced piezoelectricity in one of the 2D Janus materials MoSSe2 nanowire, by 

calculating the carrier transmission function of the system. Because MoSSe2 nanowire, as a 

material, exhibits non-centrosymmetric structure, and hence it is possible to realize the 

piezoelectric nature under the impact of an impulse. Green’s function is useful to capture the 

collection of impulsive responses under the impact of stimuli. Considering the shear modulus of 

graphene, the variation in density is investigated as a function of both compressive and elongated 

impulsive pressure. The results and the methodology adopted in the present work will pave the 

way to analyze the working and behavior of nanoelectromechanical systems (NEMS) at the 

nanoscale level. In the present work, Green's function-based mathematical modelling is proposed 

for a deeper understanding of the relation between impulse to the MoSSe2 nanowire and 

transmission function with different deflections at different positions. These calculations are able 

to provide further help to understand the mechanical vibrational properties of nano-resonators 

made of intercalated 2D Janus materials. The findings and methods used in this study will open 

up ways to examine how nanoelectromechanical systems (NEMS) function and behave at the 

nanoscale. 

Keywords: Green’s function, nanoelectromechanical system (NEMS), 2D Janus materials 
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ABSTRACT 

In the present, zinc oxide nanoparticles were synthesized by chemical route sol–gel method. The 

XRD pattern confirms that the ZnO nanoparticles (NPs) exhibit the hexagonal structure. From 

XRD, crystallite size (CS=0.9λ/βcosθ) is found to be ~17.52 nm. Rietveld refinements have been 

performed using FULLPROF software to verify the structural phase purity for ZnO NPs. The 

SEM images revealed that the spherical surface morphology of ZnO NPs. Energy dispersive X-

ray analysis (EDAX), carried out for elemental analysis for the studied of nanoparticles. The 

optical properties are investigated using UV–Visible absorption spectra. Moreover, the 

antibacterial activity of ZnO nanoparticles were investigated using the disk diffusion method. 

Frequency–dependent dielectric response, and a.c. conductivity have been carried out in the range 

of 20Hz to 2MHz frequency at room temperature.       
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ABSTRACT 

The structural, electronic, elastic, and thermodynamic properties of the half-Heusler alloy 

CrMnGe were investigated using Density Functional Theory (DFT) within the Generalized 

Gradient Approximation (GGA) and the Perdew–Burke–Ernzerhof (PBE) exchange correlation 

functional, implemented in the Quantum ESPRESSO code. Among the considered atomic 

configurations, the α-phase, where Cr, Mn, and Ge occupy the (0,0,0), (0.25,0.25,0.25), and 

(0.5,0.5,0.5) sites, respectively, is found to be the most stable. The calculated elastic constants 

indicate elastic anisotropy and ductile behavior, while compliance with the Born–Huang criteria 

confirms elastic stability. Structural stability is further supported by the negative cohesive energy, 

and dynamic stability is verified by the absence of imaginary phonon frequencies. Electronic 

band structure and total density of states analyses reveal that CrMnGe exhibits half-metallic 

behavior. The projected density of states shows that Cr-4s and Cr-3d states dominate the 

conduction band, whereas Mn-3d states mainly contribute to the valence band. The total magnetic 

moment is calculated to be 0.95 µB, close to 1 µB and consistent with the Slater–Pauling rule. 

These features suggest that CrMnGe is a promising candidate for spintronic applications. 

Keywords: Half-Heusler alloy, Density Functional Theory (DFT), Quantum ESPRESSO, 

GGA-PBE, Half-metallicity, Spintronics. 
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ABSTRACT 

Density (ρ), viscosity (η), and refractive index (nD) of binary mixtures of p-anisaldehyde (AN) 

and methanol (MeOH) were measured over the entire composition range at temperatures between 

293.15 and 323.15 K. From the experimental data, molar volume (Vm), excess molar volume 

(Vm
E ), excess viscosity (ηE), excess refractive index (nD

E ), and electronic polarizability (αe) were 

evaluated. The dependence of these parameters on temperature and concentration was analyzed 

to examine deviations from ideal mixing behavior. The results provide information on the nature 

of intermolecular interactions operating in the AN-MeOH system and demonstrate the influence 

of temperature on volumetric, viscometric, and optical properties of the mixtures. 
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ABSTRACT 

Manganese selenide (MnSe) thin films have attracted considerable attention due to their 

promising thermoelectric, optical, and electronic properties. In this study, pure and Zn- and Cd-

doped MnSe thin films were prepared using the thermal evaporation technique and systematically 

characterized using SEM, EDAX, XRD, UV–VIS absorption spectroscopy, and I-V 

measurements. XRD analysis confirmed the formation of a hexagonal phase with good 

crystallinity in all deposited films. Noticeable shifts in diffraction peaks were observed upon Zn 

and Cd doping, indicating successful incorporation of dopant ions into the MnSe lattice. SEM 

images revealed uniform and homogeneous surface morphology of the thin films. EDAX analysis 

verified the stoichiometric presence of Mn and Se, along with the dopant elements, confirming 

proper film composition. UV–VIS spectroscopy showed strong absorption in the visible region, 

and the direct band gap was found to vary due to Zn and Cd doping. Electrical characterization 

through I-V measurements exhibited nonlinear and frequency independent conduction behavior 

for both pure and doped MnSe films. The doped films displayed modified current transport 

properties compared to pure MnSe, demonstrating the influence of dopants on charge carrier 

concentration mechanisms. These results reveal that Zn and Cd doping effectively tunes the 

structural, optical, and electronic properties of MnSe thin films. Consequently, the prepared films 

are suitable for potential applications in thermoelectric devices, optoelectronic systems, and 

energy storage technologies. 
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ABSTRACT 

 

Low-dimensional nanoribbons offer a tunable platform in which electronic structure, mechanical 

stiffness, and thermal response can be engineered simultaneously through geometry and bonding. 

In this work, we develop a unified correlation-based framework to connect the energy band gap 

(Eg) and Young’s modulus (Y) and to extend this coupling to heat-capacity behaviour (Cp) 

through lattice-vibrational (phonon) considerations. The approach is applied consistently across 

five representative two-dimensional material families—graphene, silicene, germanene, stanene, 

and phosphorene nanoribbons—enabling cross-material comparison within a single modelling 

viewpoint.[1]We then introduce a thermo-mechanical extension by mapping the dimer-dependent 

stiffness to acoustic phonon characteristics, enabling estimation of a width-dependent Debye 

temperature and lattice heat capacity. This produces a parametric correlation between heat 

capacity and both Young’s modulus and bandgap, allowing Cp – Y and Cp – Eg design maps to 

be constructed at fixed temperature.[2] The resulting formulation supports the construction of 

design maps linking electronic, mechanical, and thermal metrics, and offers a practical guide for 

the coupled optimization of nanoribbon-based components in flexible electronics, 

nanoelectromechanical systems, and thermally constrained device architectures. 

 

Keywords: Nanoribbons, Band gap–Young’s modulus correlation, Phonons, lattice vibrations,  
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ABSTRACT 

Two dimensional (2D) MXenes have attracted considerable interest for gas sensing applications 

due to their large surface area and tunable surface terminations. Motivated by the experimental 

realization of Y2CF2, this work employs density functional theory (DFT) to evaluate acetone 

sensing on pristine and fluorine terminated Y2C MXenes for diabetes biomarker detection. The 

optimized pristine Y2C exhibits metallic behavior, whereas Y2CF2 displays semiconducting 

characteristics with a direct band gap of 1.12 eV. Acetone adsorption was studied in horizontal 

and vertical orientations on both structures, with most negative adsorption energies of −2.59 eV 

on Y2C and −0.40 eV on Y2CF2, respectively, indicating strong chemisorption on pristine and 

weaker physisorption on F-terminated surfaces. Also, charge transfer analysis reveals that 

acetone acts as an electron acceptor on pristine Y2C but as a donor on Y2CF2. Further, desorption 

time, work function, and projected density of states (PDOS) have been investigated to understand 

the sensing mechanism and surface interactions of acetone on both structures. These results 

indicate that Y2C and Y2CF2 MXenes are promising candidates for acetone biomarker detection, 

with tunable interaction strengths and favorable sensing properties. 

Keywords: Density functional theory (DFT), Sensing, MXenes, Projected density of states 

(PDOS) 
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ABSTRACT 

Nd-substituted M-type hexaferrites, Ba₀.₇₅Sr₀.₂₅Fe₁₂₋ₓNdₓO₁₉ with Nd content x varied from 0.0 

to 0.5, were synthesized using green synthesis approach employing Moringa oleifera leaf extract, 

followed by calcination at 1100 °C. The influence of Nd substitution was examined through a 

systematic study of the structural, microstructural, vibrational, thermal, magnetic, and dielectric 

properties. A well-developed hexagonal platelet morphology with grain size variation upon Nd 

incorporation was observed in the FESEM images. X-ray diffraction analysis confirmed single-

phase hexagonal M-type structures for all compositions, with lattice distortions consistent with 

Nd³⁺ substitution at Fe³⁺ sites. Raman spectroscopic analysis showed composition-dependent 

shifts in characteristic vibrational modes associated with cation substitution. Magnetic studies 

confirmed hard magnetic behavior accompanied by multi-domain structures in all samples. Cole–

Cole plots of frequency-dependent dielectric and impedance data indicate non-Debye relaxation 

governed by grain and grain-boundary effects. Nd substitution enabled tunable magnetic and 

dielectric properties, and the biogenically synthesized hexaferrites demonstrate potential for 

multifunctional applications in magnetic, microwave, and electronic devices. 
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ABSTRACT 

Laser-Induced Breakdown Spectroscopy (LIBS) has evolved into a versatile atomic emission 

based analytical technique capable of rapid, multi-element detection with minimal or no sample 

preparation. Driven by advances in laser sources, spectrometers, detectors, and data analytics, 

LIBS has transitioned from a primarily qualitative laboratory method to a semi-quantitative and 

increasingly standardized analytical platform. This paper critically evaluates the analytical 

credibility of LIBS in terms of accuracy, precision, sensitivity, reproducibility, and robustness, 

with particular emphasis on its comparison to established techniques such as inductively coupled 

plasma mass spectrometry and optical emission spectrometry (ICP-MS, ICP-OES), and X-ray 

fluorescence (XRF). Recent technological developments like double-pulse excitation, 

femtosecond LIBS and machine-learning-assisted spectral interpretation, are also discussed with 

special attention to forensic science applications, where LIBS has demonstrated strong potential 

for rapid screening and discrimination of trace evidence. Current challenges related to matrix 

effects, standardization, and quantitative reliability are analyzed, and future research directions 

toward hybrid systems, artificial intelligence integration, and international standardization are 

outlined. Overall, the paper positions LIBS as a credible next-generation analytical technique 

with expanding scientific, industrial, and forensic relevance. 

Keywords: Laser-Induced Breakdown Spectroscopy (LIBS); analytical credibility; next-

generation analytical techniques; forensic analysis; elemental analysis 
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ABSTARCT 

 

Dye-sensitized solar cells (DSSCs) are viewed as an affordable and eco-friendly option to 

traditional solar technologies, yet their broader adoption is constrained by effectiveness and 

material durability. This research involved the fabrication of a DSSC utilizing naturally sourced 

dyes and affordable electrode materials. A photoanode made of nanostructured metal oxide was 

used to improve dye absorption and facilitate efficient charge transfer, whereas the counter 

electrode allowed for stable redox reactions in the electrolyte. The device's performance was 

assessed under standard lighting conditions, and the physical, structural, and chemical 

characteristics of the active layers were analyzed to confirm high film quality and adequate dye 

interaction. The constructed DSSC exhibited distinct photovoltaic characteristics, reaching a 

maximum power conversion efficiency of 9.67%. The findings indicate that precise management 

of material structure and interfacial interactions is crucial for enhancing device performance. This 

study emphasizes the capability of natural dyes for effective and eco-friendly DSSCs and offers 

a pragmatic direction for additional optimization. 
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ABSTRACT 
 

This study presents a comprehensive first-principles investigation of the structural and electronic 

properties of the MnCo₂Si Heusler alloy using spin-polarized density functional theory (DFT).  

The calculations are carried out using the generalized gradient approximation (GGA) for the 

exchange–correlation functional. Structural optimization is achieved through total energy 

minimization, yielding equilibrium lattice. The optimized tetragonal structure was confirmed 

through total energy minimization and self-consistent field convergence. The thermodynamic 

stability of MnCo₂Si is evaluated via formation energy calculations. The electronic properties are 

examined by analyzing the spin-resolved band structure and density of states. The results indicate 

that the electronic characteristics are predominantly governed by the hybridization of Mn and Co 

3d states, while Si contributes mainly to band dispersion at lower energies. The electronic band 

structure and spin-resolved density of states revealed a half-metallic nature, characterized by a 

bandgap in the spin-up channel and metallic behavior in the spin-down channel, resulting in 

100% spin polarization at the Fermi level. The obtained first-principles insights of MnCo₂Si, 

suggesting its potential applicability in spin-dependent electronic (spintronic) and magneto 

optical devices.  
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ABSTRACT 

Cos-Gaussian beam (CG beam) is a structured beam from the family of exotic beams and is a 

preferred choice for studies and application of self-trapping, self-focusing and soliton formations 

[1],[2]. The Cosine Control Parameter changes the Cosine envelope structure, leading to petal 

formations for higher order beams. While self-trapping and soliton formation effects for Cos 

Gaussian beams are studied and well documented, the effect on the spatial propagation of the 

structured beam after introduction of a photonic lattice remains largely undocumented. For the 

current study, a novel Photonic Super-Lattice with double defect (PSDD) is considered to be 

embedded in a PMN-0.33PT photorefractive crystal, and we investigate the propagation 

characteristics of the cos Gaussian beam through this system. The linear and quadratic nonlinear 

coefficients are a direct function of the applied electric field and display an interesting interplay 

while leading to self-trapping effect. The introduction of the PSDD itself induces strong self-

trapping effects, which are not directly formed in their absence, but are formed by the scaling of 

the electric field thus the nonlinear coefficients. The research also focuses on asymmetrical 

PSDD where one defect is a positive defect while other is a negative defect. The work finds 

applications in optical communication, and interconnects.  

Keywords: Cos Gaussian beam, Photonic lattices, Structured beams, Defect Superlattice, 

Optical Soliton 
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ABSTRACT 

 

Vanadium-doped M-type Barium Hexaferrite (BaFe12-xVxO19, (V substitution levels of 0,0.1and 

1 at %)) was synthesized via solid-state reaction and investigated for structural, magnetic, and 

dielectric properties. XRD confirms the hexagonal BaM phase (P63/mmc), with minor secondary 

phases at higher doping. FTIR and Raman spectra revealed shifts and broadening of Fe-O 

vibrations, confirming lattice distortion induced by V doping. FESEM revealed hexagonal 

platelet morphologies, shifting from smooth edges in pure BaM to wedge-shaped features in V- 

doped samples, due to lattice strain. Magnetization remained stable at low doping but decreased 

significantly at higher substitution. Dielectric analysis (20Hz - 20GHz) shows reduced 

permittivity (ε’) and losses at high frequencies, enhancing stability, while AC conductivity 

increased with frequency due to electron hopping between Fe2+/Fe3+ ions at octahedral sites. 

Electromagnetic characterization using VNA-extracted dielectric parameters was employed to 

design and simulate a four-element dielectric resonator antenna (DRA) enabling wideband 

MIMO operation across C-K bands with efficiency >85%, isolation <-30dB, diversity gain 

>9.5dB, and envelope correlation coefficient <0.005. These results demonstrate the potential of 

V-doped BaM as a tunable magnetic-dielectric platform for compact, multiband, high-efficiency 

antennas in next - generation wireless communication. 

Keywords: V-doped BaM, Hexaferrite, VNA, MIMO Antennas. 
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ABSTRACT 

This study examines the physical and dielectric properties of Sabarmati River water across eight 

locations in Ahmedabad, using distilled water as a reference. Variation of pH, TDS, conductivity, 

density, viscosity, and refractive index for the water samples was measured. Acoustic properties, 

including adiabatic compressibility and impedance, were determined via an ultrasonic 

interferometer. Results show an increase in Total Dissolved Solids (TDS) from 105 ppm (Chiloda  

bridge)  to 826 ppm (Kamod Bridge), correlating with an increase in electrical conductivity from 

217 to 1762 µs/cm. Acoustic analysis using an ultrasonic interferometer revealed that ultrasonic 

velocity increased from 1511.66 to 1523.33 m/s, while adiabatic compressibility decreased from 

4.553×10-10  to  4.452×10-10 m2/N, with increase in TDS of water samples. Electrical 

characterization was performed using a precision LCR meter (Agilent E4980A) (20Hz–2MHz), 

analysing dielectric constant, losses, tan(δ), and complex impedance. Notably, the dielectric 

losses at 2 MHz increased from 276.5 from Nana Chiloda bridge water to 2411.49 in downstream 

samples due to increase in TDS content of water samples. Nyquist plots confirmed distinct 

relaxation mechanisms related to pollution levels. The integration of acoustic and dielectric 

measurements provides a sensitive, non-destructive method for monitoring urban river health. 

Keywords: Sabarmati River, Dielectric Constant, Water Quality, Dielectric Spectroscopy, 

Acoustic properties. 
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ABSTRACT 

In this study, the complex permittivity (ε* = ε′ -jε″) of the moist and fertilized moist soil was 

measured across different volumetric moisture contents (MC) within the frequency range 

from 0.5 to 10 GHz using a Vector Network Analyzer (VNA). The experiment was 

conducted to measure the complex permittivity of soil samples with varying moisture 

content (MC) of distilled water (DW), and fertilizer solutions. It is observed that dielectric 

constant ε′ and dielectric loss ε″ for the soil increases with the increase in MC in the soil. As 

compared to ε′, the dependency of ε″ on types of fertilizers present in the soil is clearly 

observed. The measured values of complex permittivity for the soil samples were compared 

with the calculated values using the DHG-ADV (Gadani-Vyas) model. A good agreement at 

5.35 GHz (C-band) and 9.5 GHz (X-band) frequencies have been observed between the 

measured values and calculated values using the model, and the results are reported. 

Keywords: Dielectric constant, Dielectric loss, Fertilizer, Soil moisture, Microwave. 
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ABSTRACT 

 

In this work, we present a comprehensive first-principles density functional theory (DFT) study 

of chiral magnons in tetragonal β-MnO₂, a collinear compensated altermagnet. Phonon and 

AIMD calculations confirm the dynamical and thermal stability of the tetragonal lattice and 

establish an antiferromagnetic ground state exhibiting momentum-dependent spin splitting, a 

hallmark of altermagnetic order. Using a DFT+Wannier approach, we extract Heisenberg 

exchange parameters and find that the magnetic interactions are dominated by nearest-neighbour 

antiferromagnetic coupling, leading to non-degenerate magnon modes. The spin-wave spectra, 

calculated within linear spin-wave theory, clearly reveal chiral magnon behaviour in the form of 

non-reciprocal dispersion and chirality-dependent magnon band splitting. This splitting 

originates from exchange anisotropy interactions allowed by the crystal symmetry, even in the 

absence of net magnetization. We further investigate the role of lattice strain on magnon 

excitations and demonstrate that compressive strain significantly enhances the magnon spin 

splitting, whereas tensile strain suppresses it. These results establish strain as an effective external 

knob to control chiral magnon properties. Overall, our findings identify β-MnO₂ as a promising 

altermagnetic material for spintronic and magnonic applications, offering field-free 

unidirectional spin transport and strain-tunable chiral excitations.  

 

Keywords: Altermagnetism, Spin-splitting, Exchange interaction, Spin-wave theory and Chiral 
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ABSTRACT 
 

Sweet Basil was cultivated hydroponically in a laboratory environment, under controlled 

atmosphere of lighting using LEDs of suitable wavelengths, and a nutrient solution containing 

NPK fertilizers. The complex permittivity (ε* = ε' – jε'') of the Basil leaves was measured over 

100 Hz to 2 MHz using a precision LCR-Meter in association with a parallel plate capacitive 

solid test fixture (Agilent 16451-B), and 0.5 GHz to 15 GHz using a semi-rigid coaxial probe 

connected with a vector network analyzer (Anritsu Shockline Model-MS46322A). The dielectric 

constant (ε') and dielectric loss (ε'') decrease as moisture content in the Basil leaves decreases. At 

a given moisture level, both (ε') and (ε'') decrease with increase in frequency from 100 Hz to 2 

MHz. In microwave frequency range it has been observed that, the dielectric loss decreases with 

increase in frequency, but at higher moisture contents in the leaves dielectric loss increases with 

increase in frequency from 5 GHz towards 14 GHz, which represents the presence of free water. 

The relative dielectric loss of the leaves with respect to that of drier leaves over the microwave 

frequency range provides clear distinction of bound water from free water in the leaves at 

frequency approaching towards 14 GHz. 

Keywords: Dielectric properties, Sweet Basil leaves, Moisture content, Bound/Free water, 
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ABSTRACT 
 

Microwave heating of materials fundamentally couples electromagnetic field distributions within 

the resonant cavity to volumetric heat generation and subsequent thermal transfer processes. This 

numerical investigation develops a 3D multiphysics model using COMSOL Multiphysics 6.2 to 

simulate the microwave heating behavior of Al/SiC metal matrix composites inside a multimode 

microwave cavity applicator. Symmetry boundary conditions are strategically applied to develop 

model geometry, significantly reducing mesh density and computational time. Key analyses 

examine electric field intensity patterns, sample heating rates , and spatial temperature 

uniformity, with systematic parametric studies quantifying the influences of variable microwave 

source power (500–1000 W range) and alternative sample mold materials on both temperature 

evolution and cavity field parameters. The coupled electromagnetic-thermal solver accurately 

predicts hotspot formation driven by SiC reinforcement's selective microwave absorption within 

the aluminum matrix. Experimental validation against infrared pyrometry measurements during 

controlled heating trials demonstrates excellent model fidelity, achieving temperature prediction 

errors below 5% across full ramp-up cycles. These findings advance fundamental understanding 

of complex multimode heating dynamics in Al/SiC composites and provide optimizing power 

profiles and mold configurations to maximize heating rates while minimizing thermal gradients, 

ultimately enhancing sintering uniformity. 

Keywords: Microwave Heating, Composites, Multiphysics Simulation, Heating Dynamics 
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ABSTRACT 
 

This study investigates the structural, optical, dielectric, magnetic and magneto-transport 

properties of Fe2(MoO4)3 synthesized via a solid-state reaction route. X-ray diffraction confirms 

a single-phase monoclinic structure with a Pnma symmetry. UV–Vis analysis yields a direct band 

gap of approximately 1.47 eV, indicating bandgap with direct transitions. Dielectric and 

impedance spectroscopy reveal strong Maxwell–Wagner interfacial polarization, non-Debye 

relaxation and hopping-type AC conduction dominated by resistive grain boundaries. 

Magnetoresistance measurements constitute a key result of this work, showing a small negative 

MR (up to ∼7%) at room temperature together with a field hysteresis between up- and down-

field sweeps. The slow and transient relaxation observed in current-time measurements under 

stepped magnetic fields signifies non-equilibrium transport beyond the scope of simple RH 

scaling. Notably, this behavior mirrors the resistive state switching observed with applied 

voltage, suggesting that Fe2(MoO4)3 may support field-tunable switching driven not only by 

electric fields but also by magnetic fields. Overall, synthesized sample exhibits complex charge 

dynamics and magnetic-field-dependent behavior, suggesting potential for magnetic sensing and 

multifunctional oxide-based electronic applications. 

Keywords: Fe₂(MoO₄)₃, Magnetoresistance, Field-induced switching, Sensing 
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ABSTRACT 
 

We present a comprehensive density functional theory (DFT) investigation of the structural, 

electronic and thermoelectric properties of bulk LiGeN and its two-dimensional (2D) monolayer 

forms. Structural optimization confirms the energetic stability of both phases. Bulk LiGeN 

crystallizes in a hexagonal structure with space group P6₃mc, characterized by strong Li–N and 

Ge–N bonding typical of nitride-based materials [1,2]. The electronic band structure reveals a 

semiconducting nature, with the valence band maximum and conduction band minimum located 

at distinct high-symmetry points, indicating an indirect band gap. Upon dimensional reduction to 

the monolayer limit, significant modifications in the electronic band dispersion are observed 

compared to the bulk phase. Thermoelectric transport coefficients, including the Seebeck 

coefficient, electrical conductivity, power factor, and dimensionless figure of merit (ZT), are 

evaluated using Boltzmann transport theory. The 2D LiGeN monolayer exhibits enhanced 

thermoelectric performance relative to its bulk counterpart, highlighting its promising potential 

for future thermoelectric applications. 
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ABSTRACT 

Carbon monoxide (CO) and ammonia (NH₃) are widely encountered neurotoxicant gases, with 

CO regarded as strong and NH₃ comparatively weaker, posing risks in the environment. In this 

work, the gas-sensing performance of Janus HfSeO monolayers toward CO and NH₃ is 

investigated using the density functional theory (DFT) framework, employing the GGA 

functional with vdW-D2 dispersion correction. Pristine HfSeO exhibits semiconducting behavior 

with a band gap of 1.6 eV. Adsorption energies are evaluated at five distinct sites: Hf-top, O-top, 

hollow, bridge, and Se-top, and the most energetically favorable configurations are analyzed. CO 

exhibits moderate physisorption at the Hf-top site with an adsorption energy of −0.41 eV. In 

contrast, NH₃ shows strong chemisorption at the Hf-top site (−1.1 eV), accompanied by 

spontaneous migration from less favorable sites. Löwdin charge transfer is higher for NH₃ (∼0.3 

|e|) compared to CO (∼0.1 |e|), leading to noticeable electronic structure modulation. Recovery-

time estimates indicate rapid desorption for CO (∼8 microseconds at 298 K) and longer recovery 

for NH₃ (∼106 s), suggesting enhanced sensitivity toward NH₃. Compared to strained HfSe₂[1] 

and Janus MoSSe[2], Janus HfSeO demonstrates superior NH₃ affinity due to its asymmetric Hf–

O polarity, establishing its candidature as a material for toxic gas-sensing. 

Keywords: Density Functional Theory; Adsorption; Janus Monolayers; 2D Materials; Toxic 

Gas Sensing 
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ABSTRACT 

We numerically analyze light propagation in a chalcogenide–polymer Bragg fiber incorporating 

a quasiperiodic Fibonacci cladding. The structure consists of a low-index core surrounded by 

alternating low- and high-index chalcogenide–polymer layers arranged according to fourth, fifth, 

and sixth-order Fibonacci sequences and periodically repeated to form supercell claddings, 

enabling systematic investigation of the effects of quasiperiodic order on the transmission 

response. A cylindrical transfer matrix formulation based on Bessel and Hankel functions is 

employed to model H-polarized wave propagation. High refractive-index contrast configurations 

are considered, and the incidence angle is varied to examine its influence on the transmission 

characteristics. The computed transmission spectra reveal distinct photonic bandgaps and 

multiple transmission windows arising from the quasiperiodic Fibonacci cladding, with enhanced 

spectral selectivity compared to periodic Bragg fibers. These findings highlight the potential of 

Fibonacci-based chalcogenide–polymer Bragg fibers for tailored light guidance and sensing 

applications. 

 

Keywords: Fibonacci quasiperiodic structures, Supercell claddings, Chalcogenide–polymer 

materials, Cylindrical transfer matrix method 

 

 

Fig. 1. Transmission spectrum of a sixth-order Fibonacci supercell chalcogenide–polymer Bragg fiber with high 

refractive-index contrast under         H-polarized excitation at a core incidence angle θ = 65°, illustrating quasi 

periodicity induced photonic bandgaps and transmission windows. 
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ABSTRACT 

The electronic structure of nanorings is highly sensitive to the choice of the basis set and hybrid 

functionals; however, systematic investigations of these effects remain limited. In the present 

work, we examine the influence of different basis sets and hybrid exchange–correlation 

functionals on the electronic and geometric properties of the well-known inorganic Al₉N₉ and 

B₉N₉ nanorings. Key properties including frontier molecular orbitals, HOMO–LUMO energies, 

band gaps, density of states, reactivity descriptors, and infrared spectra are computed and 

analyzed. Our results indicate that the ωB97X-D functional combined with the 6-311G++(d,p) 

basis set provides the most reliable description of these nanorings, as it incorporates correct long-

range exchange and dispersion interactions essential for capturing van der Waals forces. Based 

on this optimized computational framework, we further investigate the effect of a normal external 

electric field (0.01–0.05 a.u.) on both nanorings. Field-induced variations in electronic structure, 

geometry, and aromaticity are systematically examined. The results revels significant changes in 

ring diameters as well as in reactive parameters. The observed electric-field tunability highlights 

the potential of these nanorings for applications in nanoelectronic and optoelectronic devices. 

This study offers critical guidance for accurate theoretical modeling of inorganic nanorings and 

establishes a robust platform for the rational design of field-tunable nanomaterials.  

Keywords: Inorganic nanoring, external field, hybrid functional. 
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ABSTRACT 
 

The present work investigates the dielectric properties of spices like turmeric powder, coriander 

powder, and cumin powder over 1 kHz to 2 MHz frequency range for different densities. The 

complex permittivity (ε* = ε′ – j ε″) of pure spices was measured using a Precision LCR Meter 

(Agilent E4980A) with a parallel plate capacitive solid test fixture (Agilent 16451B). The 

dielectric constant (ε′) and dielectric loss (ε″) of pure spices are found to decrease with increase 

in the frequency. At a fixed frequency of 2 MHz, the dielectric constant and dielectric loss of pure 

spices is found to increase with the increase in the density of spices. The variations in complex 

electric conductance (𝜎), electric impedance (𝑍), and electric modulus (M), as a function of 

frequency, were calculated for all the spices at different densities. The results indicate the absence 

of any relaxation mechanism in all the dry spice samples across the studied frequency range. 

Keywords: complex permittivity, precision LCR meter, spices, density.  
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ABSTRACT 

Elastic constants of condensed cubic space group Pm3m of LaTMO3 (TM = Fe, Mn) have been 

calculated by density functional theory (DFT) under a plane-wave basis set with generalized 

gradient approximation with Perdew-Burke-Enzerhof functional exchange-correlation methods 

as implemented in the Quantum ESPRESSO suite. For structure optimization, the experimental 

lattice constant has been employed. Its pressure derivative, bulk modulus, and lattice constants 

are determined. The electronic profile shows a metallic nature. Fermi surface analysis, contour 

plots, and DOS provide a clear explanation for the decline of these physical parameters. Elastic 

constants, Debye temperature, Young's, bulk & shear modulus, Poisson's ratio, (n) and the 

anisotropic factor (A), all in Voigt-Reuss-Hill approximations, have been presented at 0 GPa. The 

thermodynamic properties include the Grüneisen parameter, specific heats, and thermal 

expansion coefficient have been examined for the entire pressure range of 0 GPa and temperature 

range of 0 to 1073 K.   

Keywords: Perovskites, Electronic properties, Mechanical properties, Thermodynamic 

properties, DFT. 
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ABSTRACT 

The aim of the present work is to develop processes for the production of bio-oil and bio-char 

from algae waste using the pyrolysis at controlled conditions. The pyrolysis was carried out at 

different temperatures 450-575 °C and different heating rates 10-40 °C/min. The algal waste, bio-

oil and bio-char were successfully characterized using Elemental analysis, Chemical 

composition, the samples were analysed by Fourier-transform infrared spectroscopy (FT–IR), X–

ray powder diffraction and gas chromatography–mass spectroscopy (GC–MS) for 

physicochemical properties of algal biomass, bio–char and bio–oil. The FT–IR study represents 

a reduction in the quantities of O–H (hydroxyl), C–H (alkanes), C=O (esters), –C–H (alkenes), 

and C–O (primary alcohol) groups, under algal biomass at the expanding pyrolysis temperatures. 

The GC–MS investigation showed the highest concentrations of 4–Methylpentanamide, n–

Heptadecane, 2–Methyl naphthalene and n–Hexadecanoic acids in bio–oil. A maximum yield of 

20.1% by weight of bio–oil outcome is reported at 575°C in 45 minutes.  Results show that the 

bio-oil cannot be used as bio-fuel, but can be used as a source of value-added chemicals. On the 

other hand, the bio-char is a promising candidate for solid fuel applications and for the production 

of carbon materials. 
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ABSTRACT 

Crude oil contamination remains a significant environmental concern, necessitating efficient and 

sustainable bioremediation approaches. This study investigated the isolation, screening, and 

characterization of indigenous hydrocarbon-degrading bacteria from oil-contaminated soil to 

evaluate their crude oil biodegradation potential. Four morphologically distinct bacterial isolates 

were obtained using enrichment culture techniques with crude oil as the sole carbon source. 

Primary screening using the 2,6-dichlorophenol indophenol (DCPIP) assay identified two highly 

efficient degraders, designated PDB-2 and PDB-4, which showed rapid decolorization rates of 

95.8% and 91.3%, respectively, within 72 hours. Molecular identification based on 16S rRNA 

gene sequencing confirmed PDB-2 as Pseudomonas aeruginosa and PDB-4 as Bacillus subtilis. 

Both strains were mesophilic (optimal growth at 30–37 °C), neutrophilic (pH 7.0), moderately 

halotolerant, and exhibited notable tolerance to heavy metals such as Pb²⁺ and Zn²⁺. Gravimetric 

analysis over a 21-day incubation period revealed crude oil degradation efficiencies of 65.7% for 

P. aeruginosa and 58.4% for B. subtilis. Notably, a defined bacterial consortium demonstrated a 

significant synergistic effect, achieving a higher degradation efficiency of 78.5% (p < 0.01). 

These findings highlight the strong potential of indigenous bacterial consortia for effective 

bioaugmentation-based remediation of oil-contaminated environments. 

Keywords: Phylogenetic Catabolic Profiling; Metabolic Pathway Complementation; 

Biosurfactant-Mediated Bioavailability; Heavy Metal Co-Tolerance; Enrichment Culture 

Selection. 
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ABSTRACT 
 

The complex permittivity of three soil samples with varying textures and moisture content (MC) 

was measured using an open-ended coaxial probe with the help of a vector network analyser over 

the frequency range 0.5 GHz to 8.0 GHz. We studied 3 soil samples for their dielectric behaviour. 

Soil sample 1 is natural soil with a texture 58.4% sand, 14.7% silt and 26.9% clay. Soil sample 2 

and soil sample 3 were prepared by manually adding pure sand to natural soil collected from the 

farm field of the Kheda district of Gujarat, India. This resulted in sandy loam (68.4% sand, 

11.11% silt, and 20.48% clay) and loamy sand (78.4 % sand, 7.52 % silt, and 14.06 % clay), 

respectively. The results show that the dielectric constant and dielectric loss increased as the 

MC increased. At a given MC, the dielectric constant and dielectric loss decrease as 

frequency increases. At higher MC the dielectric loss decreases as frequency increases above 

5 GHz, approaching towards relaxation frequency of free water. The measured values of the real 

and imaginary parts of permittivity were compared with the Wang and Schmugge, Hallikainen 

et al., and DHG-ADV models and found very good agreement with the models.  

Keywords: complex permittivity, soil moisture, Soil Texture, Microwave 
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ABSTRACT 
 

Lightweight materials with high mechanical strength are increasingly required in modern 

engineering applications. Fibre-reinforced polymer composites have gained strong attention due 

to their excellent strength-to-weight ratio, durability, and design flexibility. In this study, an 

environmentally friendly and cost-effective composite was developed using jute fibres as 

reinforcement and Karanja cake powder as filler. The fibres were subjected to alkali treatment to 

improve interfacial bonding with the polymer matrix. Composite specimens were fabricated 

using the hand-layup technique and evaluated for tensile, flexural, and impact characteristics 

following standard testing procedures. 

The optimum mechanical performance was achieved at a filler content of 6 wt.%, showing a 

tensile strength of 126 MPa, a flexural strength of 194 MPa, and an impact strength of 138 kJ/m². 

SEM analysis confirmed improved fibre–matrix adhesion, while FTIR analysis verified the 

presence of characteristic functional groups. Thermal analysis using TGA demonstrated 

enhanced thermal stability, with a final residual mass of 9.927% at 810°C, indicating improved 

resistance to thermal degradation. Overall, the results highlight the potential of the developed 

composite for both structural and non-structural applications across various industries. 
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ABSTRACT 
 

The search for novel chalcogenide materials with favorable optoelectronic characteristics is 

essential for the development of next-generation photovoltaic and optoelectronic devices. 

QUTERNARY chalcogenides based on Li have gained attention due to their structural diversity 

and tunable electronic properties. In this work, we present a first-principles investigation of the 

structural, electronic, and optical properties of Li₂BeTMSe₄ (TM = Fe, Cr) compounds. In order 

to analyze structural stability, density functional theory calculations are used to determine total 

energy minimization, band structure, density of states, and key optical parameters, such as 

absorption coefficients and dielectric functions This study indicates that incorporating transition 

metal elements significantly influences the bandgap of these materials, which is found to be 1.1-

2.6 eV, as well as the electronic states near Fermi levels, which leads to increased near-infrared 

and visible optical absorption. These features suggest the potential suitability of Li₂BeTMSe₄ 

materials for optoelectronic and photovoltaic-related applications. The work focuses on 

evaluating their solar-cell-relevant properties and assessing their applicability as absorber 

materials through further theoretical analysis and provides material-level insights and a screening 

framework for emerging quaternary chalcogenides with multifunctional characteristics.  

Keywords: Density functional theory, Quaternary Chalcogenides, Optoelectronic 

properties 
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ABSTRACT 
 

The development of graphene-based nanocarriers offers a promising pathway to overcome 

antibiotic resistance, yet the atomic scale interactions governing drug stability on these surfaces 

remain distinctively complex. In this work, we present a systematic Density Functional Theory 

(DFT) study of the adsorption mechanism of the fluoroquinolone antibiotic Ciprofloxacin on 

Graphene Oxide (GO) and Reduced Graphene Oxide (rGO) surfaces. Structural stability, binding 

energetics, and charge distribution at the drug-material interface are analysed using suitable basis 

set and functionals to accurately describe long-range non-covalent interactions. Our calculations 

reveal that Ciprofloxacin exhibits a preferential adsorption on rGO characterized by strong π-π 

stacking interactions, with a calculated adsorption energy significantly exceeding that of the GO 

surface. Electronic analysis such as Density of states (DOS) and charge transfer mechanism 

indicate modification in energy levels of graphene oxide upon drug adsorption suggesting a stable 

physisorbed complex. These theoretical insights provide a fundamental understanding of the 

interfacial electronic properties necessary for designing stable, rGO-based drug delivery systems 

for clinical applications. 

Keywords: GO/rGO, Ciprofloxacin, DFT, Non-Covalent Interactions, Density of States 

(DOS). 
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ABSTRACT 

 

In present study, we investigated the effect of various heating temperature on the structural, 

electrical, magnetic, and optical properties of nickel-substituted W-type (Ni2W) hexaferrites 

(SrNi2Fe16O27) synthesized in presence of Musa acuminata (banana) leaves extract as a chelating 

and fuel agent via a sol-gel auto-combustion method. A series of samples were prepared by 

varying temperature from 900°C to 1300°C and characterized using FTIR, XRD, dielectric, VSM 

and UV-Vis spectroscopic measurements. FTIR spectra shows two bands. XRD analysis 

confirms the formation of the pure W-type phase at 1300 °C, whereas W- type phase along with 

secondary phases (M type, spinel and α- Fe2O3) has been found at 900 °C to 1200 °C. Low 

frequency (20Hz-2MHz) dielectric measurements carried out at room temperature and dielectric 

constant found to decrease with frequency and explained using a Maxwell-Wagner polarization 

model and electron hopping mechanisms. Formed ferrites possess a soft magnetic characteristic 

with a maximum saturation magnetization of 63.22 emu/g. Optical properties shows that band 

gap varies from 1.52 to 1.54 eV. This study highlights the successful green synthesis of 

SrNi2Fe16O27 hexaferrite, demonstrating a sustainable alternative to conventional methods. The 

obtained material is promising candidate for high frequency and microwave applications.  

Keywords: Ni2W hexaferrites, Banana leaves extract; Structural properties, Dielectric 

properties, Optical properties 
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ABSTRACT 
 

Nobiletin, a polymethoxylated flavonoid with established antioxidant, anti-inflammatory, and 

anticancer activity, along with three of its derivatives, was investigated using a combined 

computational and experimental approach. Density Functional Theory (DFT) calculations were 

employed to analyze structural, electronic, and vibrational properties, with benchmarking 

performed using B3LYP, M06-2X, and PBE0 functionals in conjunction with 6-31++G(d,p), 

def2-TZVP, and cc-PVDZ basis sets. The B3LYP/6-31++G(d,p) level showed the best balance 

between accuracy and computational efficiency and was therefore selected for detailed analysis. 

Theoretical vibrational frequencies were correlated with experimental FTIR and Raman spectra, 

and mode assignments were validated through Potential Energy Distribution (PED) analysis. 

Solvent effects in water and dimethyl sulfoxide were examined using the IEF-PCM model, 

highlighting environment-dependent variations in molecular properties. Frontier molecular 

orbital analysis revealed enhanced electronic characteristics in the demethylated derivatives, 

including increased electron affinity, ionization potential, and electronegativity. Molecular 

electrostatic potential mapping identified carbonyl and hydroxyl-rich regions as dominant 

reactive sites. In addition, the electronic structure and polarizability trends observed for Nobiletin 

suggest its potential suitability for surface-enhanced Raman scattering (SERS) enhancement 

when interfaced with plasmonic nanostructures. 

 

Keywords: Nobiletin, Density Functional Theory, Vibrational Analysis, Solvent effects. 
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ABSTRACT 
 

M-type hexaferrite thin films of barium hexaferrite (BaFe₁₂O₁₉) and strontium hexaferrite 

(SrFe₁₂O₁₉) were fabricated on glass substrates using RF and DC magnetron sputtering, 

respectively, to investigate the influence of deposition time (film thickness) on their structural, 

linear, and third-order nonlinear optical properties. X-ray diffraction confirmed the formation of 

the hexagonal M-type phase in both systems, while SEM revealed thickness-dependent grain 

growth, surface smoothing, and film densification. Raman spectroscopy verified characteristic 

Ba–O/Fe–O vibrational modes in BaFe₁₂O₁₉ films. UV–Vis spectroscopy showed thickness-

dependent optical transmittance and absorption, with optical band gaps decreasing from 3.53 to 

3.16 eV for BaFe₁₂O₁₉ and from ~3.66 to 3.44 eV for SrFe₁₂O₁₉, attributed to quantum 

confinement, internal stress, and improved structural ordering. Third-order nonlinear optical 

parameters were evaluated using the Z-scan technique under CW Nd:YAG laser excitation (λ = 

532 nm). Both ferrite systems exhibited positive nonlinear refraction (self-focusing) and strong 

reverse saturable absorption, with thinner films showing enhanced nonlinearity. The results 

demonstrate that M-type hexaferrite thin films combine strong third-order nonlinearity with 

magnetic functionality, making them promising candidates for photonic, magneto-optical, and 

optical limiting applications. 

Keywords: Hexaferrites, M-type, Z-Scan, Nonlinear optics, Ferrite Films. 
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ABSTRACT 
 

Understanding the tunability of electronic properties under external perturbations is essential for 

the design of functional materials. PdBiS₂ is a layered metallic chalcopyrite that has attracted 

attention due to its robust metallicity and lattice stability. While its equilibrium electronic and 

vibrational properties have been previously investigated, the response of its electronic structure 

to lattice strain remains unexplored. In this work, we employ density functional theory to study 

the effect of biaxial in-plane strain on the electronic structure of PdBiS₂. Controlled compressive 

and tensile strains up to ±1% are applied in the basal plane to simulate realistic lattice deformation 

conditions relevant to epitaxial growth and residual stress. Our results reveal that the electronic 

bands near the Fermi level (𝐸𝐹) exhibit pronounced sensitivity to strain, with noticeable shifts in 

band dispersion and bandwidth under both compressive and tensile deformation. In particular, 

Pd-d and S-p derived states close to the 𝐸𝐹 show strain-induced modulation, indicating a tunable 

metallic response. The absence of structural instability within the considered strain range 

suggests that PdBiS₂ can sustain moderate lattice deformation while maintaining its metallic 

character. Strain-induced modulation of the electronic band structure reveals a tunable Van Hove 

singularity (VHS) in close proximity to the 𝐸𝐹. The relative shift of the nearest VHS with respect 

to 𝐸𝐹 under small biaxial strain indicates strong sensitivity of the density of states near the Fermi 

energy, which is expected to influence charge transport and thermoelectric response. The present 

study offers a useful framework for exploring strain-driven electronic tuning in layered metallic 

chalcopyrites. 

 

Keywords- Density of states,Van Hove singularity, Strain engineering, Fermi level tuning, 

First-principles calculations 
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ABSTRACT 
 

Cobalt-substituted X-type hexaferrites Ba2Zn2-xCoxFe28O46 (x = 0.0 – 2.0, step = 0.25) were 

synthesized via green sol-gel method using Phyllanthus emblica (Indian Gooseberry, amla) 

extract and calcined at 1300°C for 6 h. Phase purity was confirmed by XRD, revealing major X-

phase formation across all compositions. Minor lattice parameter variations arise from localized 

distortions due to slight ionic radius differences between Zn²⁺ (0.74 Å) and Co²⁺ (0.745 Å). 

Room-temperature VSM measurements showed soft magnetic behavior with narrow, smooth M-

H loops, saturation magnetization increasing from 47.5 to 65.07 Am²/kg with Co substitution, 

alongside measured remanence, squareness ratio, and coercivity. Frequency-dependent dielectric 

studies (20 Hz–2 MHz) revealed real dielectric constant values of 1–11 at low frequencies, 

becoming nearly frequency-independent above 10 kHz. Cole-Cole plots exhibited complete 

semicircles, indicating dominant grain boundary contributions to the dielectric response and 

confirming the single relaxation mechanism in these X-type hexaferrites. 

 

Keywords: Green synthesis, X-type hexaferrites, XRD, VSM, Dielectric measurement 
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ABSTRACT 
 

A series of Cr3+ substituted X-type hexagonal ferrite with composition Sr2Co2CrxFe28-xO46 (x = 

0.0, 0.25, 0.5, 0.75, and 1.0) has been prepared through the heat treatment method. The obtained 

precursors were heated at 1300 ºC for 6 h and then characterized using various instrumental 

techniques. FTIR investigation confirms the ferrite phase formation in all the samples. All 

samples display two absorption peaks in the range between 420 cm-1 and 580 cm-1, attributed to 

the Fe–O stretching bond. The XRD pattern of all the samples depicts the X-phase as a major 

phase with minor impurities. Magnetic parameters like saturation magnetization (MS), coercive 

field (HC), and remanent magnetization (Mr) were estimated from hysteresis loops of the samples. 

Magnetic analysis revealed that the prepared ferrite samples possess a multi-domain nature. 

 

Keywords: simple heat treatment; X-type hexaferrite; XRD analysis; magnetic properties 
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ABSTRACT 
 

Lutetium Nitride (LuN), a rare-earth nitride, has emerged as a promising candidate for 

optoelectronic and spintronic applications due to its unique electronic properties. In this work, 

we investigate the band structure of LuN in its three-dimensional crystalline form using ab initio 

density functional theory (DFT) calculations implemented in Quantum ESPRESSO. The study 

employs three exchange–correlation functionals: Local Density Approximation (LDA), 

Generalized Gradient Approximation (GGA), and the hybrid Heyd–Scuseria–Ernzerhof (HSE) 

functional. Our results demonstrate that LDA and GGA significantly underestimate the band gap, 

consistent with their known limitations, while the HSE function provides improved accuracy and 

better agreement with expected experimental trends. The comparative analysis highlights the 

importance of hybrid functionals in capturing the electronic behavior of LuN, particularly for 

applications requiring precise band gap engineering. This work contributes to the fundamental 

understanding of LuN’s electronic structure and underscores its potential for integration into 

advanced semiconductor and optoelectronic devices. 

Keywords: Lutetium Nitride, Band Structure, DFT, LDA/GGA, HSE 
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ABSTRACT 

NiCo₂O₄ (NCO) thin films have attracted significant attention due to their cubic spinel structure, 

high chemical stability, and potential applications in spintronic and energy-storage devices [1]. 

In this study, NCO thin films were deposited on Si (100) substrates using pulsed laser deposition 

(PLD). The as-deposited pristine film is referred to as S0, while post-deposition vacuum-

annealed films at 250 °C (S1), 350 °C (S2), and 450 °C (S3) were prepared to investigate the 

influence of annealing temperature on structural, morphological, and magnetic properties. 

Vacuum annealing plays a crucial role in tailoring oxide thin films by reducing defect density, 

relieving residual strain, and promoting grain growth. X-ray reflectivity analysis shows a gradual 

decrease in total film thickness from ~512 Å (S0) to ~465 Å (S3), indicating film densification 

with increasing annealing temperature. Grazing incidence X-ray diffraction confirms the 

formation of a phase-pure cubic spinel NCO structure with a pronounced (400) preferred 

orientation. An increase in crystallite size accompanied by a reduction in microstrain from S0 to 

S3 signifies improved crystallinity due to thermally activated atomic rearrangement. Atomic 

force microscopy reveals reduced surface roughness upon annealing, demonstrating enhanced 

surface smoothness. Magneto-optical Kerr effect measurements show a monotonic decrease in 

coercivity with increasing annealing temperature, indicating reduced magnetic pinning. Overall, 

vacuum annealing significantly improves the structural quality and magnetic performance of 

NCO thin films, making them suitable for spintronic and energy-storage applications. 

Keywords: NiCo₂O₄ ; thin film; Grazing incident X-ray diffraction, X–Ray Reflectivity 
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ABSTRACT 

Polymer nanocomposites attract significant interest due to enhanced mechanical, thermal, and 

functional properties at low filler contents. Polyvinyl chloride (PVC) is widely used because of 

its low cost, chemical resistance, flame retardancy, and processing versatility. Incorporation of 

silicon-based nanoparticles into PVC matrices influences structural ordering and thermal 

behavior. This study investigates the effect of cooling rate on PVC reinforced with porous silicon 

nanoparticles. Si–PVC nanocomposite films were prepared under slow cooling, iced water 

cooling, and quenching in liquid nitrogen. Structural and thermal properties were analyzed by 

XRD, SEM, and DSC [1]. XRD results show that slow cooling produces sharper Si-related 

diffraction peaks, indicating higher ordering and partial crystallinity. Water- and liquid-nitrogen-

cooled samples exhibit broader peaks, reflecting increased amorphous content. According to free-

volume theory, Si nanoparticles occupy interchain voids, reducing free volume and limiting 

polymer chain mobility, which suppresses crystallization during rapid cooling. DSC analysis 

shows that Tg depends strongly on cooling mode: 83 °C for slow cooling, 85 °C for water cooling, 

and 98 °C for liquid-nitrogen quenching. SEM images reveal that slow-cooled samples have a 

compact and ordered morphology, water-cooled samples are moderately homogeneous with 

localized amorphous regions, and liquid-nitrogen-cooled samples are highly disordered with 

extensive amorphous domains. 

 

Keywords: Polymer nanocomposites, Polyvinyl chloride (PVC), Silicon nanoparticles, Cooling 

rate effect, Thermal and structural properties 
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ABSTRACT 

An organic–inorganic hybrid metal halide, trimethylbenzylammonium tetrachloridocuprate, 

(C₁₀H₁₆N)₂[CuCl₄], was synthesized by the slow evaporation technique from an aqueous 1.0 M 

HCl medium through the reaction of trimethylbenzylammonium chloride and CuCl₂ in a 2:1 

molar ratio. Powder X-ray diffraction confirmed the phase purity and good crystallinity of the 

material, while single-crystal X-ray diffraction revealed a centrosymmetric crystal structure 

belonging to the monoclinic space group P2₁/n. Fourier-transform infrared spectroscopy verified 

the presence of the expected functional groups, and EDAX analysis corroborated the elemental 

composition and stoichiometry. Optical transmittance studies in the UV–Vis–NIR region showed 

high transparency in the ultraviolet region and very low transmittance across the visible window 

(≈500–750 nm), indicating suitability for optical-limiting applications, along with near-complete 

opacity in the infrared region. The optical band gap, estimated from a Tauc plot, was found to be 

approximately 2.2 eV. Thermogravimetric analysis demonstrated that the compound is thermally 

stable up to about 200 °C. To complement the experimental results, molecular electrostatic 

potential (MEP) analysis was carried out to examine the charge distribution within the molecule. 

The calculated MEP reveals significant charge asymmetry despite the centrosymmetric crystal 

packing, suggesting potential for nonlinear optical (NLO) activity. Open- and closed-aperture Z-

scan measurements were performed to investigate the third-order nonlinear optical response. The 

observed nonlinear transmission behaviour and measurable third-order nonlinearity further 

support the material’s applicability in optical-limiting and NLO device applications. Overall, the 

combined structural, optical, thermal, theoretical, and nonlinear optical investigations identify 

(C₁₀H₁₆N)₂[CuCl₄] as a promising candidate for future photonic and optoelectronic applications. 

Keywords: Trimethylbenzylammonium tetrachloridocuprate; Nonlinear optics; Z-scan; Optical 

limiting; Molecular electrostatic potential (MEP). 
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ABSTRACT 
 

U-type hexaferrites with composition ((Sr1-3xPr2x)4Co2Fe36O60), x = 0.0,0.05,0.10,0.15,0.20,0.25, were 

successfully synthesized using Syzygium aromaticum (clove) extract as a green and eco-friendly 

fuel. The plant-assisted route enabled phase formation at relatively lower processing conditions 

while avoiding toxic chemical reagents. Structural analysis confirmed the formation of the U-

type hexaferrite phase with good crystallinity, and microstructural features were found to be 

influenced by Pr substitution. Magnetic measurements revealed systematic variations in 

saturation magnetization and coercivity with increasing Pr content, attributed to cation 

redistribution and magnetocrystalline anisotropy. Dielectric studies showed frequency-dependent 

behaviour consistent with Maxwell–Wagner interfacial polarization and hopping conduction 

mechanisms. UV–visible spectroscopy indicated modified optical absorption characteristics and 

band gap variation due to rare-earth substitution. The results demonstrate that clove-assisted 

green synthesis is an effective approach for tailoring the multifunctional properties of U-type 

hexaferrites for potential applications in high-frequency, microwave, and electromagnetic 

devices. 

 

Keywords: ((Sr1-3xPr2x)4Co2Fe36O60) and clove and holy basil composites, Green synthesis 

technique, XRD, VSM, dielectric measurement. 
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ABSTRACT 

 

Heterostructures such as germanene-graphene present us with a promising pathway for the 

development of ultra sensitive nanoscale sensors because of their numerous properties such as 

high carrier mobility, complementary mechanical stiffness and other tunable electronic 

properties. In our present work, a doubly clamped germanene-graphene nanoresonator has been 

proposed by us as a seismic strain detector for a nextgeneration technology of early warning 

earthquake detection systems. The prediction of resonant behaviour of the heterostructure is 

done through the usage of a continuum mechanics framework which is based on Euler-Bernoulli 

beam theory. This framework incorporates both bending rigidity and built in axial tension. The 

induced axial strain and its resulting modulation of electrical conductivity through the 

piezoelectric effect is done in order to analyze the interaction taking place between the seismic 

acoustic waves and the nanoribbon used by us. Quantification if the conversion efficiency 

between incoming mechanical vibration energy and the electrical output is done through the 

development of an electromechanical coupling model. This enables the evaluation of device 

performance under extremely low amplitude seismic excitation. Our paper indicates high 

resonant frequency tunability and measurable conductivity shifts even under micro strain levels 

can be obtained through our germanene graphene bilayer. This study thus reveals the potential 

of our device as a compact, low cost, and a highly sensitive component in dense early warning 

sensor networks. Our aim is to lay out a groundwork for future fabrication and experimental 

validation of 2D materials based seismic NEMS sensors. 
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