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Name of the Programme: B. Tech. (Common to all) Year: III   Semester: V 

Course Name: Introduction to Nanotechnology Course Code: PHUL560 Credit: 3 

Max Marks: 100 CIE: 40 SEE: 60 

End Term Exam Time: 3 Hrs. Teaching Scheme: CI (45) + TW & SL(45) = 

90 hrs. per semester 

 

Module 

No. 
Contents 

Classroom 

Instruction 

(CI) Hours 

1 Introduction: Objective, Scope, Outcome of the Course and Prerequisite. 1 

2 

Unit–1: Fundamentals of Nanoscience and Nanotechnology: Introduction to 

nanoscience and nanotechnology, Historical background and scientific revolutions 

leading to nanotechnology, Size scale and classification of nanomaterials, Surface-

to-volume ratio and its significance, atomic structure, molecules, and phases at 

nanoscale, Energy considerations at atomic and molecular scale, Quantum effects 

in nanomaterials, Dimensionality (0D, 1D, 2D, 3D nanostructures), Size and shape 

dependent properties: Electronic, electrical, Magnetic, dielectric, Optical, ferroelectric 

and Mechanical properties 

8 

3 

Unit–2: Basic Synthesis Techniques for Fabrication of Nanomaterials 

Top-down Approaches: Ball milling, Physical vapor deposition (PVD), Sputtering 

techniques: DC, RF, Magnetron sputtering, Pulsed laser deposition (PLD), Ion 

sputtering, E-beam lithography. 

Bottom-up Approaches: Sol-gel method, Solvothermal synthesis, Photochemical 

synthesis, Electrochemical synthesis, Chemical reduction methods (metal 

nanocrystals) 

8 

4 

Unit–3: Basic Characterization Techniques of Nanomaterials 

Structural Characterization: X-ray diffraction (XRD), Electron diffraction, Neutron 

diffraction, Microscopy Techniques: Optical microscopy, Scanning Electron 

Microscopy (SEM), Transmission Electron Microscopy (TEM), Scanning 

Tunneling Microscopy (STM),  

Spectroscopic Techniques: UV–Visible spectroscopy, Infrared (IR) and Fourier 

Transform Infrared (FTIR) spectroscopy, Raman spectroscopy, Photoluminescence 

(PL) spectroscopy. 

9 
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5 

Unit–4: Functional Nanomaterials and Nanostructures 

Hybrid nanomaterials: core-shells, nanoshells, Self-assembled nanostructures and 

superlattices, Nanocomposites: polymeric and ceramic, Nanoporous materials and 

nanofluids, Nanolayers and thin films 

Carbon-based Nanomaterials: Fullerene: structure, properties, applications, Carbon 

nanotubes (CNTs): types, properties, applications, Graphene: structure, properties, 

applications 

Bio-inspired Nanomaterials: Biomimetic and bioinspired nanomaterials, Self-

assembly in biological systems 

10 

6 

Unit–5: Nanomaterials, Devices, and Applications 

Nanomaterials in healthcare and drug delivery, Biosensors and nanosensors, 

Coatings and surface engineering, Environmental applications (water purification, 

pollution control), Catalysis and green chemistry, Applications in agriculture, 

Automotive and aerospace applications, Nanoelectronics and photonics, 

Information technology and quantum computing, Energy applications (solar cells, 

batteries, supercapacitors) 

9 

Total 45 
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Prerequisite:  

1. Basic knowledge of materials’ physical properties 


