
 

Course Type Course Code Name of Course L T P Credit 

DE NPHD301 
MATERIALS CHARACTERIZATION: FROM 

THEORY TO APPLICATION 
3 0 0 3 

 

Course Objectives 

 To make students acquainted with materials characterization tools required in scientific research, 
development, quality control and monitoring of newly developed or engineered materials, devices and 
products. 

Learning Outcomes 

Students will learn: 
 Basic principle, instrumentation, operation and applications of each technique. 
 Methodology of data recording, analysis and interpretation of observations. 
 How and when a particular technique needs to be used to get required information regarding the 

character or properties of a material or a device or a product. 
 Motivation: Academics, Research and development (materials, device, instrumentation, software), 

Engineering, Industry 

 

Unit 
No. 

Topics to be Covered 
Lecture 
Hours 

Learning Outcome 

1 
Introduction to characteristics of materials and 
techniques of their determination. 

1 

To introduce to several 
characterization techniques 
addressing various physical and 
chemical properties of materials 

2 

Microscopy: Historical background; Light microscopy 
- Bright field, Cross-polarized light, Dark field and 
Phase contrast illumination; Confocal microscopy, 
Scanning Electron Microscope (SEM), Transmission 
Electron Microscope (TEM); Scanning Probe 
Microscopies (SPM).   

6 

Unit wise Principle, operation, 
instrumentation, applications of 
each technique leading to the 
realization of -Morphological, 
topographical, microstructural and 
nanostructural properties 

3 
Crystallinity: X-Ray Diffraction (XRD), Transmission 
Electron Diffraction (TED). 

2 Crystalline structural properties 

4 

Spectroscopy: Spectrophotometry of Absorption, 
Transmission and Reflection, Luminescence, Time 
Correlated Single Photon Counting (TCSPC), Fourier 
Transform Infra-Red (FTIR), Raman, Surface Plasmon 
Resonance (SPR), Dynamic Light Scattering (DLS), 
Ellipsometry. Electron Paramagnetic Resonance, 
Nuclear Magnetic Resonance (NMR). 

8 

Spectroscopic, optical, chemical 
structural, electronic structural, 
plasmonic, particle size 
distribution properties 

5 

Composition and Distribution:  X-ray and Ultraviolet 
Photoelectron Spectroscopy (XPS and UPS), Energy 
Dispersive Analysis of X-ray (EDAX), X-Ray 
Fluorescence Spectroscopy (XRF), Rutherford 
Backscattering Spectroscopy (RBS),  Inductively 
Coupled Plasma Mass Spectroscopy (ICPMS), 
CHNSO Elemental analysis, Polymer 
Chromatography, Gas Sorption Analysis (GSA). 

6 

Compositional, electronic, 
chemical structural properties, 
Isotope identification, mass and 
components distribution, BET 
surface area, Pore analysis, 
Adsorption / Desorption isotherms 

6 

Electrical Properties:  Measurement of resistivity - 
four-probe techniques, Dielectric and ferroelectric 
measurements; Electrochemical Impedance 
Spectroscopy (EIS).   

5 
Electrical, dielectric, ferroelectric, 
electrochemical properties 



7 

Magnetic Properties: Vibrating Sample 
Magnetometer (VSM), Superconducting Quantum 
Interference Device (SQuID) magnetometer and 
Magnetic Properties Measurement System (MPMS), 
Magnetic Force Microscopy (MFM). 

4 

Measurement of magnetization, 
susceptibility, field distribution, 
magnetic domain, ultrasensitive 
macro to nanoscale measurements 
and imaging 

8 

Mechanical and Tribological Properties: Micro / 
Nano indenter, Vickers Hardness Tester, Tensile 
Testing,  Universal Testing Machine, Ball-on-Disk / 
Pin-on Disk Tribometer, Micro / Nano Tribometer, 
Scanning Probe Techniques.   

5 

Nanoindentation, scratching, 
frictional, physical properties in 
micro to nano scale at surface and 
bulk including imaging 

9 

Thermal Properties: Differential Thermal Analyzer 
(DTA), Differential Scanning Calorimeter (DSC), 
Thermo-Gravimetric Analysis (TGA),  Thermal 
Mechanical Analysis (TMA), Dynamic Mechanical 
Analysis (DMA). 

5 
Thermal, thermodynamical, 
thermogravimetric, 
thermomechanical properties 

 Total 42  

Textbooks: 
1. Materials Characterization: Introduction to Microscopic and Spectroscopic Methods: Y. Leng; 1st 

Edition, Wiley, 2008. 
2. ASM Handbook, Volume 10: Materials Characterization: G. F. Vander Voort (Ed.); 1st Edition, ASM 

International, 1986. 
3. Encyclopedia of Materials Characterization: Surfaces, Interfaces, Thin Films: C. R. Brundle, C. A. 

Evans, S. Wilson; 1st Edition, Elsevier, 1992. 
4. Surface Characterization Methods: Principles, Techniques and Applications: A. J. Milling (Ed.); 1st 

Edition, CRC Press, 1999. 
 
Reference Books: 

1. Microstructural Characterization of Materials: D. Brandon, W. D. Kaplan; 2nd Edition, Wiley, 2008. 
2. Characterization of Semiconductor Materials: Principles and Methods: G. E. McGuire; 1st Edition, 

Noyes Publications, 1989. 
3. Optical Techniques for Solid-State Materials Characterization: R. P. Prasankumar, A. J. Taylor; 1st 

Edition, CRC Press, 2011. 
4. Foundations of Spectroscopy: S. Duckett, B. Gilbert; 1st Edition, Oxford University Press, 2000. 
5. Frontiers of Molecular Spectroscopy: J. Laane; 1st Edition, Elsevier, 2008. 
6. Practical Handbook of Spectroscopy: J. W. Robinson; 1st Edition, CRC Press, 1991. 
7. Surface and Thin Film Analysis: A Compendium of Principles, Instrumentation, and Applications: G. 

Friedbacher, H. Bubert; 2nd Edition, Wiley-VCH, 2011. 
8. Elements of X-ray Diffraction: B. D. Cullity, S. R. Stock; 3rd Edition, Prentice Hall, 2001. 
9. Scanning Electron Microscopy and X-ray Microanalysis: J. Goldstein et al.; 3rd Edition, Springer, 2003. 
10. The Principles and Practice of Electron Microscopy: I. M. Watt; 2nd Edition, Cambridge University 

Press, 1997. 
11. Principles of Thermal Analysis and Calorimetry: P. J. Haines (Ed.); 1st Edition, Royal Society of 

Chemistry, 2002. 
12. Microscopy Techniques for Materials Science: A. R. Clarke, C. N. Eberhardt; 1st Edition, Woodhead 

Publishing, 2002. 
 
 
 
 
 
 
 
 
 
 
 
 


