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Research Overview


Prof. Tripurari Prasad Sinha has been associated with the design and synthesis of advanced materials, particularly complex perovskite (ABO3-type) oxides with their novel electronic properties (such as dielectric, ferroelectric, ferromagnetic, multiferroic). Various perovskite oxides (such as Sr2CeSbO6,  Ba(Zr0.25Ti0.75)O3 etc.)  have been synthesized and their structures are investigated by Rietveld refinement of XRD data. The dielectric relaxation (a conduction process)  of these synthesized perovskite oxides in frequency and time domains has been investigated by impedance spectroscopy at different temperatures. The activation energy of the system is obtained and the transport mechanism for the conduction process has been proposed. The conduction process is modelled by Cole-Cole, Davidson-Cole and Havriliak-Negami equations. 


The relaxor (ferroelectric) behaviour of complex perovskite oxides such as Pb(1-x)Bax(Fe1/2Ta1/2)O3 (x= 0, 0.05, 0.1, 0.15) has been investigated. The evidence of Vogel-Fulcher type relaxational freezing has been observed. The analysis of real and imaginary parts of the dielectric permittivity with frequency has been performed assuming a distribution of relaxation times as confirmed by Cole-Cole plots. 


A soft chemical route is developed for the synthesis of pure and transition metal (Mn and Fe) doped II-VI semiconductor (such as ZnO, CdS, CdSe, CdTe, ZnTe etc.) nano-particles. The effect of particle size with the doped magnetic particles on the dielectric constant of the materials has been realized. Raman spectroscopy has been used to explore the structural and vibrational aspects of the materials. The process has also been extended to synthesize the nanoparticle of perovskite oxide. 

Double perovskite oxide (DPO) Ln2NiMnO6 (Ln=La, Eu, Dy and Lu) synthesized by sol-gel method has been used to fabricate FTO/TiO2/ Ln2NiMnO6/CuI/Au type thin film solar cells by simple spin coating technique. Its photovoltaic performance has been investigated by measuring I-V characteristic using solar simulator. The band gap of some wide band gap multiferroic perovskite oxides (like BiFeO3) is reduced using suitable dopant to enhance their photovoltaic performance with an aim to produce cheaper solar cells using the simple fabrication technique and low cost source materials. 


Various narrow band gap perovskite materials like AB'1-xB"xO3 or A2B'B"O6 (where A = Eu3+, Sm3+, Gd3+,Ba2+, Sr2+, Ca2+etc.; B'/B"=Fe3+, Cr3+, Mn3+etc.) have been synthesized to perform the degradation experiment of different dye solutions (e.g.: Rhodamine B, Methylene Orange etc.) using the material as a photocatalyst in the presence of light. The UV-visible absorbance spectra of the solution have been investigated to obtain the photocatalytic efficiency of the material.

The antiferromagnetic (AFM) behaviour of Y2AlCrO6 has been investigated by the temperature dependence of the magnetization measurements. It has been proposed that the magnetic coupling in YAC may arise from (-superexchange mediated by the overlap of Cr-dt2g and O-p and Al p-orbitals, where the Cr-cations and Al-cations interact with each other through O-anion giving the super-exchange path as Cr–O–Al–O–Cr. To investigate the exact nature of AFM, the electronic band structure calculations have been performed in A-AFM, C-AFM and G-AFM orderings incorporating the onsite Coulomb energy of 4 eV and exchange interaction energy of 1 eV for the localized d-orbitals of Cr assuming a strong electron correlation effect due to its half filled d-band.


The 57Fe Mössbauer Spectroscopy has been extensively used as a sensitive microscopic probe to study various physical phenomena like magnetic ordering, spin-flop, magnetic relaxation, electrostatic and lattice dynamical interactions etc. in a wide range of materials including metals, alloys, insulators, superconductors, organo-metallic compounds and biological complexes. The observed parameters such as isomer shift (IS), quadrupole splitting (QS) and magnetic hyferfine field (HF) have been used to theoretically visualise the various interactions affecting the electro-nuclear (electron + nucleus) system of the Fe-ions in the given material, which in turn contributes towards our understanding of the physical properties of materials. The orbit-lattice interaction (or dynamic crystal field potential) formalism has been used to explain consistently the observed temperature dependence of quadrupole splitting of Fe2+ ions in various compounds.


The electronic structure and ground state properties of various perovskite oxides have been investigated using density functional theory in its generalized gradient approximation. The energy dependent inter-band optical conductivity including the dipole matrix effect is calculated using the Kubo-Greenwood formula. From the conductivity function, the imaginary part of the dielectric function has been extracted and the real part of the dielectric function has been obtained from the usual Kramers-Kronig analysis. The inter-band contribution to the optical properties of simple and double perovskite oxides have been explored. The calculated eigen vectors have been used to assign the origin of vibrational modes in these materials observed by Raman spectroscopy. The calculated density of states have been applied to explain the experimentally observed X-ray photoemission spectra of the materials. The total static dielectric constant (electronic dielectric constant from the Born effective charges of the constituent atoms + ionic dielectric constant from the individual contribution of different phonon modes) for DPO are calculated.
Lectures delivered in Universities/ Seminars/ Conferences/ Symposia/ Workshops


Prof. Tripurari Prasad Sinha has delivered at least thirty invited talks in national and international conferences. A few among them are: a key-note address in UGC-Refresher Course on Analytical Instruments: Techniques and Applications at Jadavpur Univsersity, Kolkata in February 2013, a seminar at University of Paderborn, Paderborn (Germany) in June 2009, a talk in the International Conference on Advanced Materials Modelling at University of Nantes, Nantes (France) in July 2010, a seminar at Institute for Molecules and Materials, Radboud University, Nijmegen (The Netherlands) in July 2010, Materials Research Society of India Medal lecture at Indian Institute of Science, Bangalore in February 2014, a seminar at National Institute of Standards and Technology, Gaithersburg (USA) in June 2015, a talk in the International Conference on Advances in Functional Materials at Stony Brook University, New York (USA) in June 2015, an invited talk in the International Conference on Nanotechnology for Better Living at National Institute of Technology in May 2016.
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