





BSc., Honors in Nanotechnology
(Effective from 2023-24 Onwards)

PREAMBLE

The study of Nanoscience sand Nanotechnology involves basic and applied research at
the micro and nano levels across a variety of disciplines including chemistry, biology,
bioengineering, physics, electronics, clinical and medical science, chemical engineering, and
materials science. Globally ‘Nanotechnology” is now recognized to be among the few most
impacting of sciences that will revolutionize the world in almost every area. Nanotechnology
has grown, extensively in the last decade and continues to march ahead in shaping the R&D
sector for diverse societal benefits. This advanced ‘interdisciplinary’ branch has a tremendous
networking potential with modern cutting-edge technology. Nanotechnology has already
started expanding and growing in the context of its societal impact on global healthcare,
agriculture and food security, electronic and automobile industry, providing solutions for
environmental issues, renewable energy, space, etc. This has given it a separate status in
fundamental research as well as in modern industrial enterprise. Global and local focus has
slowly shifted to not only current “Century of Knowledge” but also on to technology
development and application in diverse sectors of basic and applied sciences. In the milieu of
research and industrialization for economic development and social change, Nanotechnology is
an ideal platform to work in. The interdisciplinary nature of Nanotechnology involves many
fundamental research fields from material sciences, physics and electronics to devices and
sensors, cell biology to molecular biology, from biochemistry to biophysics, from genetic
engineering to stem cell research, from bioinformatics to genomics-proteomics, from
environment and to biodiversity, from bioremediation to /n silco drug discovery and so on.

The proposed credit-based NEP-2020 curriculum will add even much more to the
existing interdisciplinary nature of Nanotechnology and will also offer many courses to the other
branches of Material & Physical Sciences and Life Sciences. The generative power of data at
microscale and nanoscale levels is effectively harnessed by Nanotechnology like no other field
with relevance and application being extensively covered across diverse areas. Economic and
social revolution is significantly staged on Nanotechnology especially, since it’s biomedical and
cutting-edge technological applications are tremendously powerful in shaping this century and
an exciting nano-future. Material science, Life science, IT industries and Research institutes are
now on a lookout for trained Nanotechnologists across different disciplines as an efficient work
force in fundamental & applied research and industries. Education and research sectors require
such interdisciplinary trained workforce to develop future generations of science leaders who
will be a part of new age scientific revolution.
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BSc., Honors in Nanotechnology
(Effective from 2023-24 Onwards)

’ NTY123J1
Semester I (Major Course) (4+2 Credits) Theory: 04 (60 hrs);
Lab: 02 (60 hrs/30L)

Essentials of Physics in Nanotechnology

COURSE OBJECTIVES COURSE OUTCOME

The students should be able to understand | After the completion of the course the students
fundamental concepts in physics to be | would be equipped with knowledge of fundamental
applied in multidisciplinary subjects and be | concepts and practices in physics. It will help the
able to design and conduct experiments. The | students to study different courses in
students should be able to identify, | Nanotechnology and will act as foundation stone
formulate, and solve physical and | for higher studies in Nanosciences and its various
technological problems and use the methods, | applied areas.

techniques, skills, and modern scientific tools
necessary for different practices in the field
of Nanosciences and Technology.

Unit I (15 hrs)
Atomic Physics and Molecular Physics: Black body radiation: Plank’s Radiation law (only
concept, no derivation), quantization of energy.

Atoms and molecules: J. J. Thomson model, Rutherford’s model of atom, Bohr model,
drawbacks of Bohr model, hydrogen spectra, excitation potential, ionization potential, electron
spin, Pauli’s exclusion principal, Zeeman effect, Stark effect. Rotational energy levels,
vibrational energy levels, Raman Effect.

UNIT II (15 hrs)

Solid State Physics: Bonding in solids, Types of solids and arrangement of atoms in solids,
Bravais lattices and their types, Crystal planes and directions, Crystal symmetry, Miller indices,
Simple cubic, BCC and FCC crystal structures, Direct and reciprocal lattice, Concept of
Brillouin zones.

Schrodinger’s wave equations (Time-independent), free particle, particle in one
dimensional box, Sommerfeld free electron model, drawbacks of Sommerfeld model.

Unit I (15 hrs)
Band Theory of Solids: Motion of electrons in a periodic potential, Kronig Penney model, Bloch
theorem, nearly free electron model, Tight binding approximation, Fermi surface of solids;
experimental methods, effective mass concept. Band theory of solids, classification of solids on
the basis of energy band theory. Doping, Intrinsic and extrinsic semiconductors, direct and
indirect band gap semiconductors (GaAs, CdS, Si, Ge), Hall-Effect.
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BSc., Honors in Nanotechnology
(Effective from 2023-24 Onwards)

Unit 11X a5 h!‘s)
Basic Concepis in Organic Chemistry: Inductive and Electromeric effects. Conjug?llon,
Resonance and Hyperconjugation. Reactive intermediates: Structure, generation and stability of
Carbocations, Carbanions, Free radicals,

Carbenes, Benzynes and Nitrenes. A
Concept and types of stereoisomerism. Geometrical Isomerism: Configuration of geometrical
isomers. E and Z system of nomenclature. Optical Isomerism: Elements of symmetry, mqlecular
chirality, chiral and achiral molecules with two stereogenic centers. Enantiomers,
diastereoisomers and Meso compounds. Resolution of enantiomers. Inversion, retention and
racemization. Relative and absolute configurations. D, L and R, S systems of nomenclature.

Unit IV (15 hrs)
Essential Concepts in Physical Chemistry: Order of reaction; derivation of rate equations for
second and third order reactions (one reactant only). Determination of order of reaction by
differential rate, integration, half-life period and isolation methods. Temperature dependence of
reaction rates: Arrhenius equation, concept of activation energy.

Thermodynamic functions: State and path functions and their differentials. Thermodynamic
processes. Concept of heat and work. Heat capacity, heat capacities at constant volume and
constant pressure and their relationship. Joule's law, Joule-Thomson coefficient and inversion
temperature.

Equilibrium: Concept of Free energy, Equilibrium constant and free cnergy change. Reaction
isotherm and reaction isochore, Clapeyron equation and Clausius-Clapeyron equation,
applications. Phase rule: Meaning of the terms: phase, component and degree of freedom,
statement of Gibbs phase rule, phase diagrams of one component system — water.
Electrochemistry: Arrhenius theory of electrolyte dissociation and its limitations. Migration of
jons and Kohlrausch’s law, Debye-Huckel-Onsager's equation for strong electrolytes
(elementary treatment).

Practicals (2 credits) 60 Hours
1. Preparation of solutions of different concentrations; Standardization of solutions (acids
and bases).
. Volumetric estimation of oxalic acid by titrating it with KMnOj.
. Determination of ferrous ions by dichromate method using titrimetric method.
. Purification of organic compounds by crystallization (from water and alcohol) and
sublimation.
Detection of N, S and halogens in organic compounds.
. Measurement of density and relative density of various liquids using pyknometer/density
bottle.
. Determination of heat capacity of calorimeter for different volumes.
. Determination of enthalpy of neutralization of hydrochloric acid with sodium hydroxide

Books and References:
1. Basic Inorganic Chemistry; F.A. Cotton, G Wilkinson & P.L. Gauss; 3rd ed.; Wiley; 2002.
2. Concise Inorganic Chemistry; J.D. Lee; 5th ed.; ELBS; 2003
3. Inorganic Chemistry; D.E. Shriver; P.W. Atkins & C.H. Langford; 4th ed.; Oxford; 2006
4. Principles of Physical Chemistry; Puri, Sharma and Pathania; S. Nagin Chay(d & Co; 2011
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BSc., Honors in Nanotechnology
(Effective from 2023-24 Onwards)

T\ NTY423J1 (3 +1Credits)
Semester IV (Major Course) Theory: 03 (45 hrs); Tutorials: 01 (15hrs)

Mathematical Methods for Nanoscience
COURSE OUTCOME:

COURSE OBJECTIVES:
This course aims to focus on the mathematical | After the successful completion of l!“S| col;f'se)
techniques to deal with the problems of | students shall be able to SpplLate s 100§1|0
nanomaterials. The course will help the students to | understand allpcauon. rate of Fhangc of materials
understand  properties and  applications  of | and concentration of nanomaterials.

nanosciences with optimal conditions.

(Theory-3 Credits
) : (15 hrs)

Unit I ]
Matrix theory: Algebra of matrices, types of matrices, adjoint of a matrix, inverse of a matrix.

Transpose of a Matrix, Conjugate Transpose of a Matrix, Symmetric and skew-symme'tnc
matrices, Hermitian and skew-Hermitian matrices, Matrix polynomials: Characteristic eql{aslon,
Eigenvalues and eigenvectors; Cayley-Hamilton Theorem (statement only). minimal

polynomials, stablity of systems using eigenvalue concepts.

Unit II o (15'hr<.s)
Functions, limits and continuity. derivative of a function, rules for differentiation, applications

of the derivative, maxima and minima, increasing and decreasing functions. Basic idea of
definite integrals. area of a bounded region. Differential equations and their solutions, variables
separable method, exact differential equations, homogeneous form, linear differential equations
of the form dy/dx + py = Q. applications of differential equations in radioactive decay, growth

and related systems.

Unit 111 (15 hrs)
Basic statistics: mean., median, mode standard deviation, correlation, regression methods &
techniques, Measures of central tendency: Arithmetic, geometric and harmonic mean. Measures
of dispersion, skewness and kurtosis. Correlation and regression. Introduction to probability
theory: sample space, event. probability of an event. Conditional probability. Independence of
events. Random variables and probability distributions. Basic idea of Binomial and normal
distributions. Estimation of population parameters from sample data.

Unit IV (Tutorial) (15 hrs)
Review of matrix algebra, Gauss elimination method, Gauss-Siedal iterative method, Numerical
differentiation and numerical integration: Newton’s forward and backword difference methods,

Trapezoidal method, simpson 1/3 and 3/8'" methods.

Books and References:

1. Erwin Kreyszig, Advanced Engineering Mathematics, John Wiley & Sons, 2019,

2. Shanti Narayan and PK Mittal, A Text Book of Matrices, S. Chand and company Ltd, 2010.
3.S.D. Chopra and M.L. Kochar, Integral Caleulus, Kapoor Publications, 2021 edition.

5. M.R. Spiegel, Theory and Problems of Probability and Statistics (Schaum Series), 2003

6. S.S. Sastry, “Introductory methods of Numerical Analysis, 5™ Editions, PHI, New Delhi, 2012
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