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Course Outcomes (COs) 
CO1 To understand the importance of nanoscience and to differentiate between different Types 
of nanomaterials 
CO2 To understand and analyse structure-property relationship at nanoscale. 
CO3 To identify and compare nanomaterial synthesis techniques. 
CO4 To be able to interpret data from nanomaterial characterization techniques 
CO5 To understand the engineering application of Nanomaterials and to learn how to work 
safely with Nanomaterials and its environmental impact 
Course Contents 

1. Introduction:  
Introduction to Nanoscience & Nanotechnology (Evolution, Feynman's idea, 
interdisciplinary nature), Scale of Nanomaterials (Atomic/Molecular scale, 
surface-to-volume ratio), Nucleation theory, surface energy and stabilization,  magic 
numbers, modeling of nanoparticles, Quantum Nature of  Nanoworld: dots, wires, well. 
Classification of Nanomaterials- One, two and three-dimensional Nanomaterials 
(Quantum dots, nanowires, nanotubes, thin films), Carbon nanostructures: fullerenes, 
carbon nanotubes. Silicon nanostructures -nanoscale silicon forms nanoparticles, 
nanowires, quantum dots. Bulk nanostructured materials, solid disordered 
nanostructures, nanostructured multilayers, metal nanoclusters 
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2. Properties of Nanomaterials:  
Structure property relationship at nanoscale, Mechanical properties at nanoscale, 
Electrical, Optical, Chemical, Thermal and Magnetic properties, Comparison of bulk 
and nanomaterials. 
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3. Fabrication and characterization: 
Synthesis and Fabrication of Nanostructures: Top-Down Approaches Lithography- 
Patterning, Masks and Photolithography; High energy mechanical milling, melt mixing, 
Evaporation-condensation method 
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https://www.google.com/search?q=nanoparticles&sca_esv=b386a5f6b630f72d&ei=zy5FaaiIOZ_vseMPsOnSgQE&oq=silicon+nanostructure&gs_lp=&sclient=gws-wiz-serp&mstk=AUtExfD5RSlZ77VSO3ybHXFapdeGJcG7WsQTYgo26ROb_I3EP65kDWe9W9rHbsKefwJQoFhpuM7TUoJJF6f9RT1DDckz0Ll8Bk_88tMwoBf-gr889YOeOu50WDR7dznW-WKdKvz8bmBLJg-C51-grLs3FvTkLtqXgs3gGDGsZEG-uagWyYEcesz5biZrvc9v93EIKfta&csui=3&ved=2ahUKEwj5xYjqvsmRAxXeSmwGHUl5JMQQgK4QegQIARAE
https://www.google.com/search?q=nanowires&sca_esv=b386a5f6b630f72d&ei=zy5FaaiIOZ_vseMPsOnSgQE&oq=silicon+nanostructure&gs_lp=&sclient=gws-wiz-serp&mstk=AUtExfD5RSlZ77VSO3ybHXFapdeGJcG7WsQTYgo26ROb_I3EP65kDWe9W9rHbsKefwJQoFhpuM7TUoJJF6f9RT1DDckz0Ll8Bk_88tMwoBf-gr889YOeOu50WDR7dznW-WKdKvz8bmBLJg-C51-grLs3FvTkLtqXgs3gGDGsZEG-uagWyYEcesz5biZrvc9v93EIKfta&csui=3&ved=2ahUKEwj5xYjqvsmRAxXeSmwGHUl5JMQQgK4QegQIARAF
https://www.google.com/search?q=quantum+dots&sca_esv=b386a5f6b630f72d&ei=zy5FaaiIOZ_vseMPsOnSgQE&oq=silicon+nanostructure&gs_lp=&sclient=gws-wiz-serp&mstk=AUtExfD5RSlZ77VSO3ybHXFapdeGJcG7WsQTYgo26ROb_I3EP65kDWe9W9rHbsKefwJQoFhpuM7TUoJJF6f9RT1DDckz0Ll8Bk_88tMwoBf-gr889YOeOu50WDR7dznW-WKdKvz8bmBLJg-C51-grLs3FvTkLtqXgs3gGDGsZEG-uagWyYEcesz5biZrvc9v93EIKfta&csui=3&ved=2ahUKEwj5xYjqvsmRAxXeSmwGHUl5JMQQgK4QegQIARAG


Bottom-Up Approaches- Ionized cluster beam deposition, Sputter deposition, ALD, 
PVD, Chemical Vapor Deposition, pulse laser methods, Chemical Reduction Method, 
microemulsion, sol-gel method 
Green synthesis of nanomaterials 

4. Characterization of nanomaterials:  
Particle size and surface analysis 
Structural: XRD (X-ray Diffraction), Electron Diffraction. 
Microscopy: SEM (Scanning Electron Microscopy), TEM (Transmission Electron 
Microscopy), STM (Scanning Tunneling Microscopy). 
Spectroscopy: UV-Vis, FTIR, Raman, XPS (X-ray Photoelectron Spectroscopy).  
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5. Application of Nanotechnology: Existing and emerging applications in electronics 
and sensors, Energy, medicine and healthcare, automotives, textiles, construction. 
Nanodevices- Quantum dots and quantum well devices, plasmon waveguides (optical 
devices) space and defense, sports and cosmetics. 
Safety: Environmental impact  and nanotoxicology of nanomaterials, Safety protocols. 
Role of nanotechnology in sustainable development 
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