PRT SYLLABUS NANOTECHNOLOGY & NANOSCIENCE

Paper | — Fundamentals of Physics, Chemistry and Biochemistry&Biotechnology.

Paper Il — (Optional) (Select any one)

v PHYSICS
0] Solid State Physics &Electronics
(i) Classical & Quantum Mechanics
(iii) Thermodynamics & Statistical Physics and Atomic and Molecular Physics

v CHEMISTRY
0] Physical chemistry
(i) Inorganic chemistry
(iii) Organic chemistry

v BIOCHEMISTRY&BIOTECHNOLOGY
0] Biochemistry
(i) Biotechnology
(iii) Plant & Animal Biotechnology

v'Syllabus for Physics

Solid State Physics: Elements of crystallography; diffraction methods for structure determination;
bonding in solids; elastic properties of solids; defects in crystals; lattice vibrations and thermal
properties of solids; free  electron theory; band theory of solids; metals, semiconductors and
insulators; transport properties; optical, dielectric and magnetic properties of solids; elements of
superconductivity.

Electronics: Semiconductor devices; Bipolar Junction Transistors, Field Effect Transistors, Amplifier
and oscillator circuits; Operational amplifier, Negative feedback circuits, Active filters and oscillators;
rectifier circuits, regulated power supplies; basic digital logic circuits, sequential circuits, flip  -flops,
counters, registers, A/D and D/A conversion.

Classical Mechanics: Conservation laws; Central forces, Kepler problem and planetary motion;
collisions and scattering in laboratory and centre of mass frames; mechanics of system of particles;
Variational principle; Lagrange s and Hamilton s formalisms; equation of motion, Cyclic coordinates,
Poisson bracket; periodic motion, Small oscillations, Normal modes; special theory of relativity
Lorentz transformations, relativistic kinematics, mass-energy equivalence.



Quantum Mechanics: Physical basis of quantum mechanics; Uncertainty principle; Schr dinger
equation; one, two and three dimensional potential problems; particle in a box, harmonic oscillator,
hydrogen atom; linear vectors and operators in Hilbert space; angular momentum and spin; addition
of angular momenta; time independent perturbation theory; elementary scattering theory.

Thermodynamics and Statistical Physics: Laws of thermodynamics; macrostates and
microstates; phase space; probability ensemb les; partition function, free energy, calculation of
thermodynamic quantities; classical and quantum statistics; degenerate Fermi gas; black body
radiation and Planck s distribution law; Bose -Einstein condensation; first and second order phase
transitions, critical point.

Atomic and Molecular Physics: Spectra of one - and many -electron atoms; LS and jj coupling;
hyperfine structure; Zeeman and Stark effects; electric dipole transitions and selection rules; X -ray
spectra; rotational and vibrational spectra o f diatomic molecules; electronic transition in diatomic
molecules, Franck-Condon principle; Raman effect; NMR and ESR; lasers.

v'Syllabus for Chemistry

PHYSICAL CHEMISTRY

Structure: Quantum theory: principles and techniques; applications to a particle in a box, harmonic oscillator, rigid
rotor and hydrogen atom; valence bond and molecular orbital theories, H ckel approximation; approximate
techniques: variation and perturbation; symmetry, point groups; rotational, vibrational, electronic, NMR, and ESR
spectroscopy

Equilibrium: Kinetic theory of gases; First law of thermodynamics, heat, energy, and work; second law of
thermodynamics and entropy; third law and absolute entropy; free energy; partial molar quantities; ideal and non -
ideal solutions; phase transformation: phase rule and phase diagrams one, two, and three component systems;
activity, activity coefficient, fugacity, and fugacity coefficient; chemical equilibrium, response of chemical equilibrium
to temperature and pressure; colligative properties; Debye -H ckel theory; thermodynamics of electrochemical cells;
standard electrode potentials: applications corrosion and energy conversion; molecular partition function
(translational, rotational, vibrational, and electronic).

Kinetics: Rates of chemical reactions, temperature dependence of chemical reactions; elementary, consecutive, and
parallel reactions; ste ady state approximation; theories of reaction rates collision and transition state theory,
relaxation kinetics, kinetics of photochemical reactions and free radical polymerization, homogeneous catalysis,
adsorption isotherms and heterogeneous catalysis.

INORGANIC CHEMISTRY

Main group elements : General characteristics, allotropes, structure and reactions of simple and industrially
important compounds: boranes, carboranes, silicones, silicates, boron nitride, borazines and phosphazenes.
Hydrides, oxides and oxoacids of pnictogens (N, P), chalcogens (S, Se & Te) and halogens, xenon compounds,
pseudo halogens and interhalogencompounds.Shapes of molecules and hard- soft acid base concept. Structure and
Bonding (VBT) of B, Al, Si, N, P, S, Cl compounds. Allotrop  es of carbon: graphite, diamond, C . Synthesis and
reactivity of inorganic polymers of Si and P.

Transition Elements: General characteristics of d and f block elements; coordination chemistry: structure and
isomerism, stability, theories of metal - ligand bonding (CFT and LFT), mechanisms of substitution and electron
transfer reactions of coordination complexes. Electron  ic spectra and magnetic properties of transition metal



complexes, lanthanides and actinides. Metal carbonyls, metal - metal bonds and metal atom clusters, metallocenes;
transition metal complexes with bonds to hydrogen, alkyls, alkenes and arenes; metal car benes; use of
organometallic compounds as catalysts in organic synthesis. Bioinorganic chemistry of Na, K. Mg, Ca, Fe, Co, Zn, Cu
andMo.

Solids: Crystal systems and lattices, miller planes, crystal packing, crystal defects; Bragg s Law, ionic crystals, band
theory, metals and semiconductors, Different structures of AX, A%, ABX3; compounds, spinels.

Instrumental methods of analysis : Atomic absorption and emission spectroscopy including ICP -AES, UV- visible
spectrophotometry, NMR, mass, Mossbauer spectroscopy (Fe and Sn), ESR spectroscopy, chromatography
including GC and HPLC and electro -analytical methods (Coulometry, cyclic voltammetry, polarography
amperometry, and ion selective electrodes).

ORGANIC CHEMISTRY

Stereochemistry: Chirality of organic molecule s with or without chiral centres. Specification of configuration in
compounds having one or more stereogeniccentres. Enantiotopic and diastereotopic atoms, groups and
faces.Stereoselective and stereospecific synthesis.Conformational analysis of acyclic and cyclic
compounds.Geometrical isomerism.Configurational and conformational effects on reactivity and selectivity/specificity.

Reaction mechanism: Methods of determining reaction mechanisms. Nucleophilic and electrophilic substitutions and
additions to mult iple bonds.Elimination reactions. Reactive intermediates - carbocations, carbanions, carbenes,
nitrenes, arynes, free radicals. Molecular rearrangements involving electron deficient atoms.

Organic synthesis: Synthesis, reactions, mechanisms and selectivity  involving the following - alkenes, alkynes,
arenes, alcohols, phenols, aldehydes, ketones, carboxylic acids and their derivatives, halides, nitro compounds and
amines. Use of compounds of Mg, Li, Cu, B and Si in organic synthesis.Concepts in multistep synth esis-
retrosynthetic analysis, disconnections, synthons, synthetic equivalents, reactivity umpolung, selectivity, protection
and deprotection of functional groups.

Heterocyclic compounds: Structure, preparation, properties and reactions of furan, pyrrole,  thiophene, pyridine,
indole and their derivatives.

Biomolecules: Structure, properties and reactions of mono - and di-saccharides, physicochemical properties of
amino acids, chemical synthesis of peptides, structural features of proteins, nucleic acids, ste roids, terpenoids,
carotenoids, and alkaloids.

Spectroscopy: Principles and applications of U\tvisible, IR, NMR and Mass spectrometry in the determination of
structures of organic molecules.

v'Syllabus for Biochemistry &
Biotechnology

BIOCHEMISTRY

Biochemistry: Biomolecules and their conformation; Weak inter  -molecular interactions in biomacromolecules;
Chemical and functional nature of enzymes; Kinetics of single substrate and bisubstrate enzyme catalyzed reactions;
Bioenergetics; Metabolism (Glycolysis, TCA and Oxidative phosphorylation); Membrane transport and pumps; Cell
cycle and cell growth control; Cell signaling and signal transduction.

Metabolism and Bioenergetics: Generation and utilization of ATP. Metabolic pathways and their regulation:
glycolysis, TCA cycle, pentose phosphate pathway, oxidative phosphorylation, gluconeogenesis, glycogen and
fatty acid metabolism. Metabolism of Nitrogen containing compounds: nitrogen fixation, amino acids and
nucleotides. Photosynthesis: the Calvin cycle.



DNA as Macromolecule: DNA replication, transcription and translation. Biochemical regulation of gene
expression. Recombinant DNA technology and applications: PCR, site directed mutagenesis and DNA-
microarray.

BIOTECHNOLOGY

Microbiology: Prokaryotic and eukaryotic cell structure; Microbial nutrition, growth and control; Microbial metabolism
(aerobic and anaerobic respiration, photosynthesis); Nitrogen fixation; Chemical basis of mutations and mutagens;
Microbial genetics (plasmids, transformation, transduction, conjugation); Microbial diversity and characteristic
features; Viruses.

Molecular Biology and Genetics: Molecular structure of genes and chromosomes; DNA replication and control;
Transcription and its control; Translational processes; Regulatory controls in prokaryotes and eukaryotes; Mendelian
inheritance; Gene interaction; Complementation; Linkage, recombination and chromosome mapping;
Extrachromosomal inheritance; Chromosomal variation ; Population genetics; Transposable elements, Molecular
basis of genetic diseases and applications.

Recombinant DNA Technology: Restriction and modification enzymes; Vectors: plasmid, bacteriophage and other
viral vectors, cosmids, Ti plasmid, yeast artifcial chromosome; cDNA and genomic DNA library; Gene isolation; Gene
cloning; Expression of cloned gene; Transposons and gene targeting; DNA labeling; DNA sequencing; Polymerase
chain reactions; DNA fingerprinting; Southern and northern blotting; In-situ hybridization; RAPD; RFLP; Site-directed
mutagenesis; Gene transfer technologies; Gene therapy.

PLANT & ANIMAL BIOTECHNOLOGY

Plant and Animal Biotechnology: Special features and organization of plant cells; Totipotency; Regeneration of
plants; Plant products of industrial importance; Biochemistry of major metabolic pathways and products; Autotrophic
and heterotrophic growth; Plant growth regulators and elicitors; Cell suspension culture development: methodology,
kinetics of growth and production formation, rutrient optimization; Production of secondary metabolites by plant
suspension cultures; Hairy root cultures and their cultivation. Techniques in raising transgencies.



