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COURSE CONTENTS 

 

MNT 6101 FOUNDATION OF NANOSCIENCE: QUANTUM &STATISTICAL 

MECHANICS 

 
The question paper for end-semester examination will consist of seven questions of equal marks, 

viz. 10. The first question will be compulsory and will consist of several short 

questions/problems covering the entire syllabus. The rest of the questions shall be distributed 

evenly over the whole syllabus, such that there are at least three questions from each unit. The 

candidates will attempt five questions in all, selecting at least 02 questions from each section and 

the compulsory question. The books indicated as text-book(s) are suggestive of the level of 

coverage. However, any other book may be followed. 

 
Section A 

 
Introduction to quantum mechanics: Failure of classical mechanics,brief discussion of general 

ideas such as wave particle duality, uncertainty principle, superposition principle, solutions of 

Schrödinger equation for 1-D and 3-D square wells and potential barriers, H-atom problem, 

operators, eigen values and eigen vectors, exchange operator and identical particles. Introduction 

to angular momentum operators, eigen values and eigen vectors of L
2
, LZ , J

2
, JZ. 

Approximation methods: Non degenerate and degenerate perturbation theory and applications 

and harmonic oscillator; variational method and its application to harmonic oscillator and 

hydrogen atom. 

Section B 

 
Theory of ensembles: The microcanonical ensemble theory and its application to ideal gas; the 

canonical ensemble and its thermodynamics, v12 Tf
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MNT 6103 FOUNDATION OF NANOSCIENCE: PHYSICAL CHEMISTRY ASPECTS 

 
The question paper for end-semester 
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MBE, MOCVD, self-assembly formation, membrane techniques using anodized alumina. Wet 
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Tools: Practical approach to learning operating systems (DOS, UNIX, Windows) and Graphical 

packages (Origin) 

Programming: C
++ 

programming: Character set, variables, constants, Data types and their 

declarations, relational operators, logical operators, arithmetical operations, built in functions, 

input output statements, functions, subroutine, Array handling. 

Numerical Methods I :Matrices, Solution of system of linear equations, direct methods, error 

analysis, curve fitting, iterative methods; Numerical differentiation and integration methods, 

quadrature formula, Numerical methods for ordinary equations, stability and convergence. 

 

 
Section B 

 
Numerical methods II: Interpolation, extrapolation, Numerical solution of partial differential 

equation, Initial value problems. 

Random numbers: Monte-carlo integral methods, importance sampling, fast fourier transform. 

Physical simulations: N body methods and particle simulations, Verlet algorithm, molecular 

dynamics and monte-carlo methods. Simulation of small system and Ab initio methods. 

 
Books and Suggested Readings: 

1. Numerical Methods for Scientific and Engineering Computation, M. K. Jain, S. R. K. 

Iyengar and R. K. Jain, Wiley Eastern 

2. Handbook of Theoretical and Computational Nanotechnology, Eds. Michael Rieth 

and 
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5. Novel Nanocrystalline Alloys and Magnetic Nanomaterials by Brian Cantor 

6. Nanoscale materials by Liz Marzan and Kamat. 

7. Polymer nanocomposites, edited by Yiu-Wing Mai and Zhong-Zhen Yu, First published 

2006, Woodhead Publishing Limited and CRC Press LLC, USA. 

8. Carbon Nanotubes: Properties and Applications by Michael J. O'Connell. 

9. Carbon Nanotechnology by Liming Dai. 

10. Nanotubes and Nanowires by C. N. R. Rao and A. Govindaraj, RCS Publishing 

11. CRC Handbook of Thermoelectrics, Ed. CR Rowe 

12. Microfabrication and Nanomanufacturing by Mark James Jackson 

13. Chemistry of nanomaterials: Synthesis, properties and applications by CNR Rao et.al. 

14. Nanoparticles: From theory to applications by G. Schmidt, Wiley Weinheim 2004 

16. Nanoscale Materials in Chemistry by Kenneth J. Khabhunde (ed.) Wiley Interscience. 

17. Nanotechnology – An introduction to nanostructure of technique by Michel Kohler 

and Wolfgang Frittsche 2004- Wiley VCH 

 

 

 

 
MNT 6202 NANOBIOTECHNOLOGY 

 
The question paper for end-semester examination will consist of seven questions of equal marks, 

viz. 10. The first question will be compulsory and will consist of several short 

questions/problems covering the entire syllabus. The rest of the questions shall be distributed 

evenly over the whole syllabus, such that there are at least three questions from each unit. The 

candidates will attempt five questions in all, selecting at least 02 questions from each section and 

the compulsory question. The books indicated as text-book(s) are suggestive of the level of 

coverage. However, any other book may be followed 

Section A 

 
Biophysics and bioengineering: Bioelectromagnetism-

-

willHowever,
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Introduction: Overview of nanoparticles in biomedical applications, limitations and challenges in 

using nanoparticles in biomedical fields, biocompatibility/toxicity of nanomaterials Bioconjugation: 

Introduction to bioconjugation, interaction of biomolecules with nanoparticles, surface 

functionalization/modification of nanoparticles by ligand exchange or ligand modification; reactions 

of bioconjugation, types of cross linkers- homofunctional, heterofunctional, zero length; 

bioconjugation using covalent, non-covalent, biological approaches; examples of bioconjugation with 

metallic, semiconducting, magnetic nanoparticles and liposomes, modification and conjugation of 

antibody, enzyme, nucleic acid and oligonucleotide coupling reactions, fluorescent probes and their 

use in nanotechnology, ligand immobilization on chromatography supports, PEGylation and 

synthetic polymer modification, characterization of nanobioconjugates using electrophoresis, 

chromatography and various spectroscopic techniques. 
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Introduction: Review of physics and properties of semiconductor, formation of energy band 

diagram, intrinsic carrier concentration, donors and acceptors, nondegenerate and degenerate 

semiconductors, mobility, carrier diffusion, current density, recombination processes, continuity 

equation. 

Junctions: p-n junction diode, thermal equilibrium condition, depletion region, depletion 

capacitance current voltage characteristics and temperature effect, charge storage and transit 

behavior, junction breakdown. 

Transistors: Bipolar transistor, fabrication techniques of bipolar transistor, transistor action, 

static characteristics of bipolar transistor, frequency response and switching of bipolar transistor, 

heterojunction bipolar transistor. 

Hetero-structures: Metal semiconductor contacts, basic characteristics, Schottky barrier, ohmic 

contact, MOS structure, MIS diode, operation and its characteristics, MOSFET scaling and 
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MNT 6205 ADVANCED NANOMATERIALS AND CHARACTERIZATION 

 
 

The question paper for end-semester examination will consist of seven questions of equal marks, 

viz. 10. The first question will be compulsory and will consist of several short 

questions/problems covering the entire syllabus. The rest of the questions shall be distributed 

evenly over the whole syllabus, such that there are at least three questions from each unit. The 

candidates will attempt five questions in all, selecting at least 02 questions from each section and 

the compulsory question. The books indicated as text-book(s) are suggestive of the level of 

coverage. However, any other book may be followed. 

 

 
Section A 

 
Introduction to carbon nanotubes: Introduction to carbon based nanomaterials: CNTs, 

graphene, fullerenes, etc. 

Structure and properties: Basis of classifications, defects and their role, density of states, 

physical and chemical properties of carbon based nanomaterials. 

Preparation: Various preparation purification methods-growth model and growth mechanism. 

Functionalization: Functionalization of carbon based nanomaterials using chemical and 

physical methods. 

Characterizations: Various characterizations techniques and analysis

model 
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Electron based Surface probes: Electron-matter interaction, Low energy electron diffraction 
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MNT 6206: LABORATORY-II 

 
Each student is required to perform the following open-ended experiments. 

 
1. Thin film deposition and crystal structure and surface topography characterization. 

2. Synthesis of 1D-nanomaterisls by chemical methods and their characterization and 

analysis. 

3. Production of nanoparticles by physical methods and understanding crystal growth. 

4. Size determination of microbes/ nanoparticles 

5. Sequence analysis of proteins, prediction of protein secondary and tertiary structures, 

molecular docking. 

 

 

 
MNT 6207 SCIENTIFIC COMPUTATION AND SIMULATION IN NANOSCIENCE & 

TECHNOLOGY- II 

 

Twelve open ended experiments based on Mathematica or C
++ 

and on numerical methods. 

Books and Suggested Readings: 

1. Numerical Methods for Scientific and Engineering Computation, M. K. Jain, S. R. K. 

Iyengar and R. K. Jain, Wiley Eastern 

2. Handbook of Theoretical and Computational Nanotechnology, Eds. Michael Rieth 

and Wolfram Schommers, 2006 

3. Introductory Computational Physics Andi Klein and Alexander Godunov (Cambridge) 

4. Handbook of Mathematica 

5. Modelling Molecular Structures by Allan Hinchliffe (Wiley) 
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MNT 7101 SUPRAMOLECULAR AND SURFACE CHEMISTRY OF MOLECULAR 

DEVICES 

 
The question paper for end-semester examination will consist of seven questions of equal marks, 
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http://www.nsti.org/Nanotech2005/workshops/polymer_nanotechnology.html


21  

1. Fabrication of single and few-layer thick 2D-layerd material using liquid exfoliation 

method. 

2. Carbon based nano material production, characterization, and analysis. 

3. Experiments to understand the interacting nanomaterials, self-assembly, surface 

modifications by 


