Certificate Course /Professional Certificate Course
Advanced Instrumentation and Analytical Methods for Material Science
(Science and Engineering)
Duration: 48 Hours
Credit Score: 4 (PG & Research Scholars)
Credit Score: 2 (UG )
Objectives

1. To introduce undergraduate, postgraduate students, and Ph.D. scholars in Science and
Engineering disciplines to the fundamental principles and applications of advanced
instrumentation in materials science research.

2. To familiarize students with the analytical methods and techniques commonly employed
in the characterization of materials, including their principles, capabilities, and
limitations.

3. To provide students with hands-on experience and in-depth knowledge of sophisticated
instruments enabling them to effectively utilize these tools in their research endeavors.

4 credit modules
Unit 1: Microscopic Techniques
Microscopy (SEM, FESEM, TEM, USB Travelling Microscope, 3D Optical
Profilometer, AFM)- Principles, difference between SEM, FESEM and TEM, sample
preparation, handling, sputtering, Electron Diffraction Spectroscopy, elemental mapping-EDS,
interpretation of data of all the above techniques.

Unit 2: X-Ray Diffraction
Debye-Scherrer’s equation, Powder XRD and Crystalline XRD analysis, Principle-
Instrumentation-sampling - Operating procedures -interpretation of data

Unit 3: Spectral Techniques

UV Spectrophotometer, Spectrophotometer with color lab, Fourier-Transform Infrared
spectroscopy (FTIR), Atomic Absorption Spectroscopy (AAS), Inductively Coupled Plasma
Mass Spectrometry (ICP-MS), Photoluminescence & Raman Spectroscopy- Principle,
Instrumentation, Sample preparation, Instrument operating procedure, and Interpretation of data.

Unit 4: Surface and Thermoanalytical Techniques

Thermo Gravimetric Analysis (TGA), Differential Scanning Calorimeter, Contact angle,
Surface area analyzer (BET) and Ellipsometer - Principle, Instrumentation, Sample preparation,
Instrument operating procedure, and Interpretation of data.

Unit 5: Common Techniques

Design of Experiments, DLS and ZETA, Turbidity meter, Texture Analyzer, Nano spray
Drier, Plasma Coater, and Electrochemical Workstation — Principle, operation procedure and
application.

2-credit modules

Unit 1: Microscopic Technigques

Microscopy (FESEM, USB Trawvelling Microscope, 3D Optical Profilometer) -
Principles, Instrumentation and application.



Unit 2: Spectral Techniques

UV Spectrophotometer, Spectrophotometer with colour lab, Fourier-Transform Infrared

spectroscopy (FTIR), and Atomic Absorption Spectroscopy (AAS) - Principle, Instrumentation
and application

Unit 3: X Ray Diffraction, Thermal and Common Techniques

X-Ray Diffraction (XRD) and Thermo Gravimetric Analysis (TGA), Turbidity meter,

Texture Analyzer, Nano spray Drier, Plasma Coater, Contact angle, and Ellipsometer - Principle,
Instrumentation, and application.

Course Outcome

1. Comprehensive knowledge of Instrumentation principles and practices.

2. Proficiency in utilizing analytical methods for material analysis and interpretation.

3. Trained in sample preparation and proficient handling of sophisticated instruments in the
field of Instrumentation.

4. Understanding the intricacies of material science interpretation and its application in
research endeavors.
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