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PREAMBLE FOR THE ‘CERTIFICATE COURSE ON INSTRUMENTATION’ 

 

The Central University of Tamil Nadu (CUTN), Thiruvarur, has established a diverse range of 

state-of-the-art scientific instruments over the past decade to support advanced research across 

multiple disciplines. Leveraging this strong infrastructure and the expertise of its faculty and 

technical staff, the University proposes a ‘Certificate Course on Instrumentation’ with three 

specialized streams - Physical Sciences, Biological Sciences, and Earth Sciences.  

This programme is designed to provide learners with essential theoretical knowledge and 

hands-on experience in modern instrumentation. The course serves as a unique 

interdisciplinary platform that enhances analytical skills, promotes research aptitude, and 

strengthens professional competencies in laboratory and industrial environments. 

With an emphasis on practical training, standardized laboratory procedures, ethical practices, 

and software-based data analysis, the programme prepares students to meet contemporary 

scientific and industrial demands. As an outreach initiative of CUTN, the course is offered at 

an affordable fee structure to ensure broader access for science and engineering graduates from 

diverse academic backgrounds. 

Overall, the Certificate Course on Instrumentation aims to create job-ready professionals, foster 

research excellence, and build stronger academia-industry linkages by equipping learners with 

the knowledge and skills required to operate, analyze, and interpret data from advanced 

scientific instruments. 

 

PROGRAMME OBJECTIVES & GOALS 

 

Objectives 

1. To impart fundamental and advanced knowledge of modern analytical and imaging 

instruments. 

2. To develop skills in sample preparation, calibration, analysis, and interpretation of 

instrumental data. 

3. To introduce interdisciplinary applications of instrumentation in science and 

technology. 

4. To train students in software-based data processing and visualization. 

5. To promote safe laboratory practices and ethical professional conduct. 

Goals 

• To create job-ready instrumentation professionals. 

• To strengthen research and analytical capabilities. 

• To enhance industry–academia linkage through applied instrumentation training. 

 

This certificate course also serves as an outreach initiative from CUTN, offering access to 

quality training at a very minimal fee structure. 
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PROGRAM STRUCTURE 

 

• The program will be conducted for six months with 4 courses (2 Theory Courses + 2 

Practical Courses) and 16 credits. One Credit is equivalent to 14-15 periods of 60 

minutes each, for theory, or 28-30 periods of 60 minutes for labs (NEP 2020).  

• The enrolled candidate under this program can choose one of the streams (as mentioned 

in the Annexure), which consists of SIX different instruments/techniques. 

• The schedule for this hands-on training will be after working hours and at the weekends, 

depending on the availability of the experts from various departments of CUTN. 

• The hands-on sessions shall be given by experts who may be academic staff, research 

scholars, and lab technicians available at CUTN. 

• The course shall have a fixed fee of Rs. 10,000/- (rupees ten thousand) per course per 

student. 

• CUTN shall provide an appropriate honorarium to the expert or the resource person 

conducting the hands-on training. 

• CUTN shall supply the consumables for handling the hands-on sessions with different 

instruments. 

• The number of students to be admitted for this course in a given semester shall be fixed 

at a minimum of 5 and a maximum of 15 per stream. 

• Admission to this course is open to all science/engineering graduates, and there are 

no special privileges to students from CUTN. 

 

 

Programme Educational Objectives (PEOs) 

 

Upon completion of the programme, the learners will be able to: 

PEO1: Establish careers as skilled laboratory analysts, instrumentation technicians, or 

research assistants. 

PEO2: Apply advanced instrumentation knowledge in interdisciplinary scientific research. 

PEO3: Utilize instrumentation software and analytical tools in professional environments. 

PEO4: Demonstrate leadership, teamwork, and ethical responsibility in laboratory and 

industrial settings. 

PEO5: Pursue higher education and research in science, engineering, and technology 

disciplines. 

 

 

Programme Outcomes (POs) 

 

After successful completion of the programme, learners will be able to: 

PO1: Operate advanced scientific instruments for analytical, imaging, and monitoring 

applications. 

PO2: Apply standard laboratory procedures for sample preparation, calibration, safety, and 

quality control. 

PO3: Use instrumentation software for data acquisition, processing, and visualization. 
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PO4: Interpret analytical results for scientific, industrial, and environmental investigations. 

PO5: Demonstrate professionalism, ethical laboratory practices, teamwork, and 

employability skills. 

 

Programme Specific Outcomes (PSOs) 

  

After completing the programme, learners will be able to: 

PSO1: Apply spectroscopic, chromatographic, molecular, and diffraction techniques for 

scientific analysis. 

PSO2: Operate advanced analytical instruments such as NMR, GC-MS, XRD, ICP-MS, 

PCR, XRF, UAV, and Field Spectroradiometer. 

PSO3: Integrate laboratory and field data for material, biological, and environmental studies. 

PSO4: Interpret multi-instrument analytical data using appropriate software tools. 

PSO5: Demonstrate laboratory safety, ethical practices, quality control, and professional 

competency for employability. 

 

ELIGIBILITY 

 

All students pursuing first year of 2-year PG program after completing 3 year UG degree, 

pursuing PG diploma after 3 year UG degree, completed 3 year UG degree program after 12th, 

pursuing 4th year UG (in case of 4-year UG with honours/honours with research) in a 

science/engineering discipline are eligible for this program. Admission to this program 

prioritizes senior students among undergraduate degree holders who have enrolled for post-

graduation studies. 

 

EVALUATION AND CERTIFICATION 

 

The assessment of a student pursuing the ‘Certificate Course on Instrumentation’ shall be 

based on his/her performance in the theory and practical examinations. For the theory exam, 

40 marks will be awarded based on the performance in the assignment/quiz/viva, and the 

remaining 60 marks based on the performance in the exit exam. The practical exam will be 

evaluated for 100 marks based on continuous assessment. The candidate must score a minimum 

of 50 marks in both theory and practical exams to pass a course and obtain the certificate. To 

attend the examinations, 75 % attendance is mandatory. The grade will be awarded as per the 

CUTN norms. Upon completion of the program, the qualified candidate will be awarded a 

certificate on ‘Certificate Course on Instrumentation’ with the specialization (Physical 

Sciences, Biological Sciences, and Earth Sciences) by CUTN.  

 

REVISION OF CURRICULUM 
 

The University shall revise and amend the regulations in the curriculum based on the 

feedback received from the stakeholders. 
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Streams of this certificate course (Details of instruments and the offering department)  

 

Stream A: Certificate Course on Instrumentation – Physical Sciences  

1. NMR (Chemistry) 

2. HRMS (Chemistry) 

3. GC-MS (Chemistry) 

4. XRD (Physics) 

5. Confocal Microscopy (Physics) 

6. ICPMS (Geology) 

 

Stream B: Certificate Course on Instrumentation – Biological Sciences 

1. Animal Cell Culture (Microbiology) 

2. Plant Tissue Culture (Horticulture) 

3. Flow Cytometry (Bio-Technology) 

4. PCR (Microbiology) 

5. RTPCR (EPH) 

6. ICPMS (Geology) 

 

Stream C: Certificate Course on Instrumentation – Earth Sciences  

1. Table Top XRF (Geology) 

2. UAV (Geology) 

3. ICPMS (Geology) 

4. GC-MS (Chemistry) 

5. Field Spectroradiometer (Geography) 

6. XRD (Physics) 
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Programme Structure 

 

SNO 
Course 

Code 
Course Title Type Credits 

Marks 

Int Ext 

Stream A: Certificate Course on Instrumentation – Physical Sciences (CUTNCCI001) 

1 PSC001 

Molecular Structure Analysis 

using NMR and Mass 

Spectrometry 

T 4 40 60 

2 PSC002 
Hands-on Training in NMR, 

HRMS and GC-MS Instruments 
P 4 100 

3 PSC003 
Material Characterization using 

XRD, Confocal and ICP-MS 
T 4 40 60 

4 PSC004 

Hands-on Training in XRD, 

Confocal Microscopy and ICP-

MS Instruments 

P 4 100 

Stream B: Certificate Course on Instrumentation – Biological Sciences (CUTNCCI002) 

1 BSC001 
Plant and Animal Cell Culture 

Techniques 
T 4 40 60 

2 BSC002 

Hands-on Practicals in Cell 

Culture and Flow Cytometry 

Techniques 

P 4 100 

3 BSC003 
Molecular and Ionomics 

Techniques 
T 4 40 60 

4 BSC004 
Hands-on Training in PCR, RT-

PCR and ICP-MS Instruments 
P 4 100 

Stream C: Certificate Course on Instrumentation – Earth Sciences (CUTNCCI003) 

1 ESC001 

Modern Analytical Techniques: 

XRF, ICP-MS, and UAV 

Technology 

T 4 40 60 

2 ESC002 
Hands-on Training in XRF, ICP-

MS  and UAV Applications 
P 4 100 

3 ESC003 

Mass Spectrometry, Field 

Spectroradiometer and XRD 

Techniques 

T 4 40 60 

4 ESC004 

Hands-on training in GC-MS, 

Field Spectroradiometer, and 

XRD Instruments 

P 4 100 
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Stream A 

Certificate Course on Instrumentation – Physical Sciences 

 

 

Name of the Instruments/Techniques 

 

1. NMR  

2. HRMS  

3. GC-MS  

4. XRD  

5. Confocal Microscopy  

6. ICPMS  

 

 

 

 

 

Programme Code : CUTNCCI001 

Duration   : Six Months  

Mode    : Lectures + Practical 
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Course 

Code 
Couse Title Type Credits Hours/week 

PSC001 
Molecular Structure Analysis using 

NMR and Mass Spectrometry 
Theory 4 4 

 

Course Outcome 

CO1 Explain the fundamental principles of ¹H and ¹³C NMR spectroscopy, including 

nuclear spin behavior, chemical shifts, relaxation processes, coupling patterns, and 

the interpretation of first-order spectra. 

CO2 Apply 1D and 2D NMR techniques (COSY, HSQC, HMBC, DEPT, APT) to 

analyze spectral data and deduce structural features of organic molecules. 

CO3 Demonstrate understanding of NMR instrumentation and operational procedures, 

including spectrometer components, shimming, tuning, sample preparation, and 

safety practices in an NMR laboratory. 

CO4 Apply these techniques for compound identification, purity testing, and structural 

elucidation. 

CO5 Use mass spectrometric and chromatographic tools in pharmaceutical and  

environmental applications. 
 

UNIT 1 
1H NMR Spectroscopy: Introduction to nuclear magnetic resonance - Nuclear spin, magnetic 

moment, gyromagnetic ratio - Zeeman splitting and resonance condition - Larmor precession - 

Population difference (Boltzmann distribution) - Relaxation processes: T1 and T2 - Chemical 

shift: shielding & deshielding - Reference standards (TMS) - Deuterated solvents and sample 

preparation basics - Proton chemical shift: factors affecting it - Spin–spin coupling, n+1 rule - 

Coupling constant (J value) and significance - Integration and proton counting - First-order and 

second-order spectra introduction - Interpretation of simple organic molecules using ¹H NMR 

data 

 

UNIT 2  
13C NMR and 2D NMR Spectroscopy: 13C chemical shifts and typical ranges - Broad-band 

decoupling - Off-resonance decoupling - DEPT experiments (DEPT-45, DEPT-90, DEPT-

135): CH, CH2, CH3 identification - APT spectra introduction - Applications of ¹³C NMR in 

structure analysis. 

Basic principles of 2D NMR acquisition - Pulse sequences, Homonuclear 2D NMR: COSY, 

TOCSY, NOESY (through-space interactions) - Heteronuclear 2D NMR: HSQC, HMQC, 

HMBC (long-range correlations) - Structure elucidation using combined 1D + 2D NMR 

 

UNIT 3 

NMR Instrumentation and Operation: Components of an NMR spectrometer - 

Superconducting magnet (cryogens, field strength) - Probe, RF coils - Shim coils and shimming 

- Transmitter, receiver - Lock system - FT-NMR: principles and advantages - Sample 

preparation, tube selection, concentration guidelines - Safety and handling in NMR labs - 

Maintenance basics: cryogen refilling, tuning & matching - Introduction to solid-state NMR 

(MAS) 
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Unit IV 

Introduction to mass spectrometry, history and evolution, basic instrumentation – components 

of mass spectrometer, working principle, different ionisation techniques (ESI, APC, MALDI) 

and detectors (quadrupole, orbitrap, TOF), different types of mass spectrometry techniques 

(MS/MS), mass spectrum and its interpretation, calibration methods, fragmentation and 

adducts, applications of mass spectrometry in structure determination of small molecules, 

resolution and accuracy, scope and applications of mass spectrometry in different  fields 

(pharmaceutical, chemical etc.) 

Unit V   

Introduction to chromatography, principle, types of chromatographic techniques, basics of gas 

chromatography, components of GC instrument (injection port, oven, different types of 

columns, detectors) and its role, introduction to gas chromatography and mass spectrometry – 

components, working principle, sample injection and detection techniques, GC-MS data and 

interpretation, data analysis, resolution of GC-MS peaks – techniques for resolving peaks and 

increasing accuracy, role of column, oven and detectors, calibration methods, GC-MS in 

qualitative and quantitative analysis of small molecules and applications in other fields 

(research, food industry, etc.), scope and limitations of GC-MS. 

 

References:  

1. Nuclear Magnetic Resonance: Volume 50 (Specialist Periodical Reports), Paul 

Hodgkinson; Josep Sauri, RSC (2024)  

2. Nuclear Magnetic Resonance: Volume 49, Edited by Paul Hodgkinson, RSC, (2023) 

3. Understanding NMR Spectroscopy – James Keeler, Wiley, 2nd Edition (2010) 

4. Principles of Nuclear Magnetic Resonance in One and Two Dimensions – Richard R. 

Ernst, G. Bodenhausen, A. Wokaun, Oxford University Press, 1st Edition (1987) 

5. Spectrometric Identification of Organic Compounds (6th edition), R. M. Silverstein, F. 

X. Webster, John Wiley & Sons (1997) 

6. Mass Spectrometry - A Text Book, J. H. Gross, Springer (2017) 

7. Fundamentals of Analytical Chemistry (10th Edition), D. A. Skoog, D. M. West, F. J. 

Holler, S. R. Crouch, Cengage Learning India Pvt. Ltd (2022) 

8. Gas Chromatography–Mass Spectrometry: How Do I Get the Best Results, D. C. 

Turner, M. Schäfer, S. Lancaster, I. Janmohamed, A. Gachanja, J. Creasey, RSC, 

(2019) 

9. Basic Gas Chromatography, H. M. McNair, J. M. Miller, N. H. Snow, John Wiley & 

Sons (2019) 

10. Handbook of GC‐MS: Fundamentals and Applications, Hans-Joachim Hübschmann, 

John Wiley & Sons (2015)  

11. Practical Gas Chromatography: A Comprehensive Reference, K. Dettmer-Wilde, W. 

Engewald, Springer (2014). 
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COs \ POs PO1 PO2 PO3 PO4 PO5 

CO1 3 1 1 2 1 

CO2 3 3 1 1 1 

CO3 1 1 2 3 1 

CO4 2 1 2 3 1 

CO5 2 1 1 3 2 

Scale: 3–Strong, 2–Moderate, 1–Low   
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Course 

Code 
Couse Title Type Credits Hours/week 

PSC002 Hands-on Training in NMR, HRMS 

and GC-MS Instruments 

Practical 4 8 

 

Course Outcome 

CO1 Perform sample preparation for NMR, HRMS, and GC-MS analysis 

CO2 Operate NMR, HRMS, and GC-MS instruments 

CO3 Acquire and process instrumental data using software 

CO4 Interpret spectra and chromatograms 

CO5 Follow safety, documentation, and quality protocols 
 

NMR  

1. Introduction to NMR Data Processing Software 

• Overview of major NMR processing tools: TopSpin and MestReNova 

• NMR data formats: FID, processed spectra, vendor-specific directories 

• Importing, exporting, organising and managing datasets 

2. Fundamentals of 1D NMR Data Processing 

• Fourier Transform (FT): basic principles and execution 

• Phase correction: zero-order and first-order (manual and automatic) 

• Baseline correction: polynomial fitting, smoothing 

• Window functions: exponential, Gaussian, apodization, zero-filling 

• Chemical shift referencing and calibration using TMS, DSS or internal standards 

3. 1D Spectral Analysis & Interpretation Tools 

• Peak picking and multiplet identification 

• Integration: manual, automatic, normalization techniques 

• Measurement of coupling constants (J values) 

• Spectral annotations, labels, and formatting 

• Handling DEPT, ¹H, and ¹³C spectra 

4. 2D NMR Data Handling & Processing 

• Importing and processing 2D datasets 

• Fourier transformation in F1 and F2 dimensions 

• Phase and baseline correction for 2D spectra 

• Cross-peak detection and creating correlation tables 

5. 2D NMR Interpretation & Structure Elucidation 

• Interpretation of 2D spectra 

• Homonuclear: COSY, TOCSY 

• Heteronuclear: HSQC, HMQC, HMBC 

• Assigning proton and carbon signals 

• Building fragments using 1D + 2D correlations 

• Matching predicted vs. experimental spectra 

• Troubleshooting incorrect or ambiguous assignments 

6. Reporting, Documentation & Practical Applications 

• Exporting spectra, correlation diagrams, and tables 

• Generating automated reports (PDF, Word, Excel) 

• Creating publication-ready spectral outputs 
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• Practical exercises: 

• Processing raw ¹H/¹³C FIDs 

• Processing full 2D datasets (COSY, HSQC, HMBC) 

• Interpreting spectra of unknown compounds 

• Preparing final structural reports 

HRMS 

7. HRMS components and instrument handling, sample preparation, sample and selecting of 

solvents for HRMS, instrument start-up and login procedures, setting up of HRMS parameters 

and data acquisition, HRMS data of small molecules and structure determination. 

8. Spectral interpretation, acquiring full scan, MS/MS spectra, data processing, spectral 

artefacts, data validation, result interpretations, identification of molecular ion peaks, isotopic 

distribution and adducts, troubleshooting and generating analytical reports, operational issues 

and solutions. 

GC-MS 

9. GC-MS components, instrument handling, precautions and maintenance, setting up of GC-

MS parameters, sample preparation, selection of solvent, column, detectors, introduction to 

software, method development, acquiring GC-MS data for simple mixtures, interpretation of 

data, use of MS library database. 

10. Qualitative and quantitative analysis of small molecules present in a mixture, resolution 

and accuracy in GC-MS data, referencing methods, generating analytical reports, 

troubleshooting common instrument issues. 

References:  

1. Solving Problems with NMR Spectroscopy (Revised, 2nd Edition), Atta-ur-Rahman 

with Muhammad Iqbal Choudhary, Academic Press, USA, 1996 (1st edition). 

2. Spectrometric Identification of Organic Compounds (6th edition), R. M. Silverstein, F. 

X. Webster, John Wiley & Sons (1997) 

3. Practical NMR Spectroscopy Laboratory Guide: Using Bruker Spectrometers by John 

S. Harwood & Huaping Mo 

4. Problems in Organic Structure Determination: A Practical Approach to NMR 

Spectroscopy by Roger G. Linington, Philip G. Williams & John B. MacMillan 

5. Handbook of GC‐MS: Fundamentals and Applications, Hans-Joachim Hübschmann, 

John Wiley & Sons (2015)  

6. Practical Gas Chromatography: A Comprehensive Reference, K. Dettmer-Wilde, W. 

Engewald, Springer (2014). 

 

COs \ POs PO1 PO2 PO3 PO4 PO5 

CO1 2 3 1 1 1 

CO2 3 2 1 1 1 

CO3 2 1 3 2 1 

CO4 1 1 2 3 1 

CO5 1 3 1 1 3 

Scale: 3–Strong, 2–Moderate, 1–Low 
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Course 

Code 
Couse Title Type Credits Hours/week 

PSC003 Material Characterization using XRD, 

Confocal and ICP-MS 

Theory 4 4 

 

Course Outcome 

CO1 Explain the principles of X-ray diffraction, confocal imaging, and elemental ion 

detection. 

CO2 Operate XRD for phase identification and crystal structure analysis. 

CO3 Use Confocal Microscopy for microstructure, surface, and biological imaging. 

CO4 Perform trace and ultra-trace elemental analysis using ICP-MS. 

CO5 Interpret diffractograms, confocal images, and ion spectra for material and 

chemical investigations. 
 

Unit I  

Fundamentals of Crystallite Systems: Lattice points - space lattice - The basis and crystal 

structure - Unit cell - lattice parameters - Crystal systems. Fundamentals of X-ray Diffraction: 

Bragg’s law - X-ray powder diffraction - Methods of diffraction. XRD Instrumentation: An 

X-ray source - Sample holder - X-ray detector - Recorder. 

Unit II  

Sample handling technique: Hands-on training on the sample preparation groundwork for 

XRD measurement. Methodology for analysis of XRD patterns: Peak indexing - Residual 

stress - strain analysis - Crystallite size determination. 

Unit III  

Fundamentals of Light Microscopy and Optical Principles: Basics of optical microscopy -

Resolution, contrast, and magnification - Point spread function (PSF) - Limitations of widefield 

microscopy - Introduction to fluorescence microscopyConfocal vs. conventional fluorescence 

microscopy - Optical sectioning and image formation - Components of a confocal microscope: 

laser sources, pinhole, detectors, and objectives - Types of confocal systems: laser scanning, 

spinning disk, multiphoton. Instrumentation and Setup: Overview of commercial confocal 

systems (Zeiss, Leica, Nikon, Olympus) - Laser safety and handling - Detector types (PMT, 

GaAsP, hybrid detectors) - Filters, dichroic mirrors, and beam splitters - Maintenance and 

calibration. Fluorescent dyes and labeling - Live-cell vs. fixed-cell imaging - Mounting media, 

coverslips, and antifade agents. 

Unit IV  

Introduction to ICP-MS and Fundamental Principles, Basic principles of plasma generation 

and ion formation, comparison with other analytical techniques (AAS, ICP-OES), Advantages 

and limitations of ICP-MS, Detection limits and dynamic range, Instrumentation and Sample 

Introduction Systems Theory: Sample introduction systems: nebulizers, spray chambers 

Plasma torch and RF generator, Interface region: sampler and skimmer cones, Ion optics and 

mass analysers 
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Unit V  

Sample preparation techniques: microwave digestion, Internal standard selection and use, 

Calibration approaches: Quality control: blanks, replicates, Method validation parameters: 

accuracy and precision, Interferences, Data Analysis, and Troubleshooting, Applications of 

ICP-MS in Various Fields: Environmental applications-water and soil/sediment analysis; trace 

metal monitoring, Geological and mining applications: ore analysis, mineral exploration. 

References:  

1. Elements of X-RAY Diffraction, B.D. Cullity, S.R. Stock, 3rd edition, Pearson New 

International Edition,(2014) 

2. Solid State Physics, S.O. Pillai, New Age International publishers, (2022) 

3. X-RAY Diffraction, A Practical Approach by C. Suryanarayana ,M. Grant Norton, 

Springer New York, NY,(1998). 

4. Fundamentals of Light Microscopy and Electronic Imaging, 2 nd edition, douglas b. 

Murphy, Michael W. Davidson. A John Wiley &amp; sons, inc., publication, (2012). 

5. Cell Biological Applications of Confocal Microscopy 2 nd edition, Leslie Wilson, Paul 

Matsudaira. Volume 70, 2 nd Edition. Academic Press, An Imprint of Elsevier Science, 

(2002). 

6. Thomas, R. (2008). Practical guide to ICP-MS: a tutorial for beginners. CRC press.  

7. Taylor, H. E. (2001). Inductively coupled plasma-mass spectrometry: practices and 

techniques. Academic press. 

8. Hill, S. J. (Ed.). (2008). Inductively coupled plasma spectrometry and its applications. 

John Wiley & Sons.  

9. Montaser, A. (Ed.). (1998). Inductively coupled plasma mass spectrometry. John Wiley 

& Sons.  

10. De Hoffmann, E., & Stroobant, V. (2007). Mass spectrometry: principles and 

applications. John Wiley & Sons. 

 

  

COs \ POs PO1 PO2 PO3 PO4 PO5 

CO1 2 1 1 2 1 

CO2 3 2 1 2 1 

CO3 3 1 1 2 1 

CO4 3 2 1 2 1 

CO5 2 1 2 3 2 

Scale: 3–Strong, 2–Moderate, 1–Low   

https://link.springer.com/book/10.1007/978-1-4899-0148-4#author-0-0
https://link.springer.com/book/10.1007/978-1-4899-0148-4#author-0-1


15 
 

Course 

Code 
Couse Title Type Credits Hours/week 

PSC004 
Hands-on Training in XRD, Confocal 

Microscopy and ICP-MS Instruments 
Practical 4 8 

 

Course Outcome 

CO1 Prepare samples for XRD, Confocal, and ICP-MS analysis 

CO2 Operate XRD, Confocal Microscopy, and ICP-MS 

CO3 Generate and process instrumental datasets 

CO4 Interpret diffraction, imaging, and elemental spectra 

CO5 Practice laboratory safety and reporting standards 
 

XRD  

1. To find the purity of the samples by identifying any additional, unwanted crystalline 

phases.   

2. To determine the crystallite (Grain) size of the sample. 

3. To find the Miller indices of the given powder X-ray diffraction pattern. 

4. To determine the defects in crystals, such as microstrain, dislocation density and 

residual stress of the given particles 

Confocal 

5. To record the 3D structure of materials/molecules.   

6. To analyze the non-destructive imaging of the surface and near-surface structures of 

materials. 

ICP-MS 

7. Hands-on demonstration of ICP-MS instrument components, Identification of major 

parts: sample introduction system, plasma torch, interface, mass analyzer, and detector 

8. Instrument start up and shutdown proceduresOptimization of instrument parameters 

(RF power, nebulizer gas flow, lens voltages),Tuning procedures and performance 

verification, Sample introduction system setup and optimization, Torch alignment and 

plasma observation 

9. Preparation of calibration standards and sample solutions, Sample digestion 

demonstrations for different matrices, Performing instrument calibration, Internal 

standard optimization, calculation of detection limits and method validation, 

Identification of interferences in sample analysis, Application of mathematical 

corrections; Troubleshooting exercises: low sensitivity, high background, drift issues, 

Data reporting, Statistical analysis of results 

10. Case studies of samples from different fields, Analysis of water and sediment samples 

for trace metals, Data reporting and validation. 
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References:  

1. Elements of X-RAY Diffraction, B.D. Cullity, S.R. Stock, 3rd edition, Pearson New 

International Edition,(2014) 

2. X-RAY Diffraction, A Practical Approach by C. Suryanarayana ,M. Grant Norton, 

Springer New York, NY,(1998). 

3. Fundamentals of Light Microscopy and Electronic Imaging, 2 nd edition, douglas b. 

Murphy, Michael W. Davidson. A John Wiley &amp; sons, inc., publication, (2012). 

4. Cell Biological Applications of Confocal Microscopy 2 nd edition, Leslie Wilson, Paul 

Matsudaira. Volume 70, 2 nd Edition. Academic Press, An Imprint of Elsevier Science, 

(2002). 

5. Thomas, R. (2008). Practical guide to ICP-MS: a tutorial for beginners. CRC press.  

6. Taylor, H. E. (2001). Inductively coupled plasma-mass spectrometry: practices and 

techniques. Academic press. 

7. Hill, S. J. (Ed.). (2008). Inductively coupled plasma spectrometry and its applications. 

John Wiley & Sons.  

8. Montaser, A. (Ed.). (1998). Inductively coupled plasma mass spectrometry. John Wiley 

& Sons.  

9. De Hoffmann, E., & Stroobant, V. (2007). Mass spectrometry: principles and 

applications. John Wiley & Sons. 

 
  

COs \ POs PO1 PO2 PO3 PO4 PO5 

CO1 2 3 1 1 1 

CO2 3 2 1 1 1 

CO3 2 1 3 2 1 

CO4 1 1 2 3 1 

CO5 1 3 1 1 3 

Scale: 3–Strong, 2–Moderate, 1–Low 

 

 

 

 

 

 

  

https://link.springer.com/book/10.1007/978-1-4899-0148-4#author-0-0
https://link.springer.com/book/10.1007/978-1-4899-0148-4#author-0-1
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Stream B 

Certificate Course on Instrumentation – Biological Sciences 

 

Name of the Instruments/Techniques 

 

1. Animal Cell Culture  

2. Plant Tissue Culture  

3. Flow Cytometry 

4. PCR  

5. RTPCR 

6. ICP-MS  

  

 

 

Programme Code : CUTNCCI002 

Duration   : Six Months  

Mode    : Lectures + Practical   
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Course 

Code 
Couse Title Type Credits Hours/week 

BSC001 
Plant and Animal Cell Culture 

Techniques 
Theory 4 4 

 

Course Outcome 

CO1 Explain the principles of animal cell culture, plant tissue culture, and flow 

cytometry. 

CO2 Perform aseptic culture, subculturing, and maintenance of cells and explants. 

CO3 Operate Flow Cytometer for cell counting, viability testing, and biomarker 

detection. 

CO4 Interpret flow cytometry outputs and culture growth responses. 

CO5 Apply cell culture and cytometry techniques in biotechnology, diagnostics, and 

pharmaceutical research. 
 

Unit I   

Introduction, basics and the history of Animal cell culture. aseptic techniques methods, 

Overview of cell culture laboratory, equipment, and applications. Cell culture Media and 

Reagent Preparation & Sterilization.  

Unit II  

Cell revival and Cell culturing, Cell counting. Passaging (sub-culture), Trypsinization. Cell 

line maintenance characterization and Cryo-storing, treatments, toxicity assays 

Unit III  

Introduction to Plant Tissue Culture: Principles and scope; Historical perspective; Laboratory 

setup and safety; Aseptic techniques; Types of culture (Callus, Organogenesis, Suspension) 

Unit IV  

Media Preparation and Sterilization: Composition of culture media (Macro, Micro, Iron, 

Vitamins); Plant Growth Regulators (Auxins, Cytokinins); Media preparation, pH adjustment, 

and gelling; Sterilization methods (Autoclaving, Filter sterilization). Basic Techniques and 

Micropropagation. 

Unit V  

Introduction to Flow cytometry: Overview of flowcytometry and its historical development; 

Principle of the technology; fluorescence and fluorochrome; multi-color panel. Instrumentation 

and Operation: Components of flow cytometry; Optics system; Fluidics system, Electronics; 

Cell sorter 

References:  

1. Animal Cell culture technology Principles and Application. R. Pinnamaneni, PK 
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2. Advanced mammalian Cell culture techniques, KM Ramkumar, R. Senthilkumar, Md 

Enamul Hoque, CRC Press, Edition I, (2024).  
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3. Culture of Animal Cells: A Manual of Basic Technique and Specialized Applications. 

R. Ian Freshney, John Wiley & Sons, Edition I, (2010).  
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New Delhi: Springer. 
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6. George, E.F., Hall, M.A. and De Klerk, G.J. (eds.), 2008. Plant Propagation by Tissue 

Culture: Volume 1. The Background. 3rd ed. Dordrecht: Springer. 

7. Smith, R.H., 2012. Plant Tissue Culture: Techniques and Experiments. 3rd ed. San 

Diego: Academic Press. 
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Instrumentations, and Applications. In: Sobti, R.C., Krishan, A., Agrawal, D.K. (eds) 

Flow Cytometry. Springer, Singapore 

 

COs \ POs PO1 PO2 PO3 PO4 PO5 

CO1 2 1 1 2 1 

CO2 3 3 1 1 1 

CO3 3 2 1 1 1 

CO4 2 1 2 3 1 

CO5 2 1 1 3 2 

Scale: 3–Strong, 2–Moderate, 1–Low 
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Course 

Code 
Couse Title Type Credits Hours/week 

BSC002 
Hands-on Practicals in Cell Culture 

and Flow Cytometry Techniques 
Practical 4 8 

 

Course Outcome 

CO1 Prepare media and perform aseptic techniques for plant and animal cell culture. 

CO2 Establish, maintain, and subculture plant and animal cells. 

CO3 Operate the Flow Cytometer for cell counting, viability, and marker analysis. 

CO4 Interpret flow cytometry data and cell growth responses. 

CO5 Follow biosafety, waste disposal, and laboratory documentation standards. 
 

Animal Cell Culture  

1. Aseptic media preparation & subculturing 

2. Cell counting(hemocytometer) 

3. MTTC assay  

4. Cryo storing (cryopreservation of cells) 

Plant Cell Culture 

5. Aseptic maintenance/sterilisation technique for plant tissue culture 

6. Media preparation for plant tissue culture ( macro, micro—nutrients& vitamins) 

7. Sample preparation, inoculation, and Subculturing of callus 

Flow Cytometry 

8. Sample preparation for flow cytometry 

9. Compensation, acquisition and calibration of cells 

10. Handling and  data analysis 
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4. Bhojwani, S.S. and Dantu, P.K., 2013. Plant Tissue Culture: An Introductory Text. 
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Culture: Volume 1. The Background. 3rd ed. Dordrecht: Springer. 
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COs \ POs PO1 PO2 PO3 PO4 PO5 
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CO4 1 1 2 3 1 

CO5 1 3 1 1 3 

Scale: 3–Strong, 2–Moderate, 1–Low   
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Course Code Couse Title Type Credits Hours/week 

BSC003 Molecular and Ionomics Techniques T 4 4 

 

Course Outcome 

CO1 Explain the principles of PCR, RT-PCR, and ionomics-based elemental detection. 

CO2 Perform DNA amplification and gene expression analysis using thermal cyclers. 

CO3 Analyze PCR and RT-PCR amplification results. 

CO4 Conduct trace elemental analysis of biological samples using ICP-MS. 

CO5 Apply molecular and ionomics techniques in medical diagnostics, biosciences, and 

environmental biology. 
 

Unit I 

Introduction to PCR, primers and Tag polymerase enzymes, thermal cycler conditions. 

Variants of PCR, annealing temperatures, DNA binding dyes, optimizations 

Unit II 

Introduction to real-time PCR - Conventional PCR versus Real-time PCR; Advantages of real-

time PCR; Components and Chemistries of real-time PCR: DNA template, primers, fluorescent 

dyes and types of probes; Real-time detection of fluorescence. 

Unit III 

Design and optimization of real-time PCR experiments. Sample preparation (DNA/RNA 

extraction).Inclusion of experimental controls. Setting up of reactions and optimization of PCR  

and  Design of Primers and Probes for real-time PCR. SNP Genotyping for allelic 

discrimination using Taqman Probes. Multiplex Real-time PCR. Digital PCR versus Real-time 

PCR. 

Unit IV  

Introduction to ICP-MS and Fundamental Principles, Basic principles of plasma generation 

and ion formation, comparison with other analytical techniques (AAS, ICP-OES), Advantages 

and limitations of ICP-MS, Detection limits and dynamic range, Instrumentation and Sample 

Introduction Systems Theory: Sample introduction systems: nebulizers, spray chambers 

Plasma torch and RF generator, Interface region: sampler and skimmer cones, Ion optics and 

mass analysers 

Unit V  

Sample preparation techniques: microwave digestion, Internal standard selection and use, 

Calibration approaches: Quality control: blanks, replicates, Method validation parameters: 

accuracy and precision, Interferences, Data Analysis, and Troubleshooting, Applications of 

ICP-MS in Various Fields: Environmental applications-water and soil/sediment analysis; trace 

metal monitoring, Geological and mining applications: ore analysis, mineral exploration. 
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COs \ POs PO1 PO2 PO3 PO4 PO5 

CO1 2 1 1 2 1 

CO2 3 2 1 2 1 
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CO4 3 2 1 2 1 

CO5 2 1 1 3 2 

Scale: 3–Strong, 2–Moderate, 1–Low 
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Course 

Code 
Couse Title Type Credits Hours/week 

BSC004 
Hands-on Training in PCR, RT-PCR and 

ICP-MS Instruments 
P 4 8 

 

Course Outcome 

CO1 Isolate nucleic acids and prepare samples for PCR and RT-PCR analysis. 

CO2 Perform PCR and RT-PCR amplification using thermal cyclers. 

CO3 Analyze amplification results using gel documentation and software tools. 

CO4 Conduct elemental analysis of biological samples using ICP-MS. 

CO5 Apply safety, quality control, and proper documentation practices in molecular 

and elemental analysis. 
 

PCR  

1. Primer design. Using Primer Quest software and public software’s 

2. DNA isolation, PCR setup, and electrophoresis 

RT-PCR 

3. Probe designing 

4. RNA isolation and cDNA preparation 

5. qPCR setup for GFP/YFP and TaqMan probe chemistry 

6. Data analysis for qPCR (melt curve, gene expression, fold change) 

ICP-MS 

7. Hands-on demonstration of ICP-MS instrument components, Identification of major parts: 

sample introduction system, plasma torch, interface, mass analyzer, and detector 

8. Instrument start up and shutdown proceduresOptimization of instrument parameters (RF 

power, nebulizer gas flow, lens voltages),Tuning procedures and performance verification, 

Sample introduction system setup and optimization, Torch alignment and plasma 

observation 

9. Preparation of calibration standards and sample solutions, Sample digestion demonstrations 

for different matrices, Performing instrument calibration, Internal standard optimization, 

calculation of detection limits and method validation, Identification of interferences in 

sample analysis, Application of mathematical corrections; Troubleshooting exercises: low 

sensitivity, high background, drift issues, Data reporting, Statistical analysis of results 

10. Case studies of samples from different fields, Analysis of water and sediment samples for 

trace metals, Data reporting and validation. 
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Stream C 

Certificate Course on Instrumentation – Biological Sciences 

 

Name of the Instruments/Techniques 

 

1. Table Top XRF 

2. UAV 

3. ICP-MS 

4. GC-MS  

5. Field Spectroradiometer 

6. XRD 

  

 

 

Program Code  : CUTNCCI003 

Duration   : Six Months  

Mode    : Lectures + Practical   
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Course 

Code 
Couse Title Type Credits Hours/week 

ESC001 
Modern Analytical Techniques: XRF, 

ICP-MS, and UAV Technology 
Theory 4 4 

 

Course Outcome 

CO1 Explain the principles of XRF spectroscopy, UAV-based data acquisition 

CO2 Operate Table Top XRF for geochemical and material composition analysis. 

CO3 Acquire aerial spatial data using UAV platforms. 

CO4 Perform elemental analysis of geological and environmental samples using ICP-

MS. 

CO5 Apply UAV tools in mineral exploration, environmental monitoring, and disaster 

studies. 
 

Unit I: Fundamentals of XRF: Introduction to XRF; basic principles of X-ray generation; 

Instrumentation and Analytical Components: X-ray source, generation and interaction of X-

rays with matter; Sample Preparation and Analytical Procedures: Sample selection and 

collection; importance of sample homogeneity and effects of particle size; preparation 

techniques for different types samples. 

Unit II: Introduction to International Civil Aviation Organization (ICAO) and Director 

General of Civil Aviation (DGCA , Introduction for Unmanned Air Vehicle (UAV) – History, 

concepts of UAV, vertical and horizontal take-off, fixed-wing, single-rotor (helicopter-like), 

multi-rotor (like quadcopters), and hybrid VTOL (vertical take-off and landing) drones, Body 

of the UAV, frame (structure), propulsion system (motors, propellers, and Electronic Speed 

Controllers (ESCs)), and flight controller (the brain of the drone). 

Unit III: Pre-flight checks, proper licensing and registration, and adhering to regulations for 

take-off, flight, and landing. Checking for GPS lock, filing flight plans where required, and 

maintaining visual line of sight or a clear communication channel with authorities during flight. 

Direct General of Civil Aviation guidelines and Digital Sky zone classification. Drone practice 

for beginners, basic operations, and operation techniques, and piloting abilities, mastering 

control operations, and navigating real-life scenarios to enhance drone operating skills 

effectively. Mosaics the images – uncontrolled, semi controlled and controlled, Map 

composition using GIS or Drone image processing software. 

Unit IV: Introduction to ICP-MS and Fundamental Principles, Basic principles of plasma 

generation and ion formation, comparison with other analytical techniques (AAS, ICP-OES), 

Advantages and limitations of ICP-MS, Detection limits and dynamic range, Instrumentation 

and Sample Introduction Systems Theory: Sample introduction systems: nebulizers, spray 

chambers Plasma torch and RF generator, Interface region: sampler and skimmer cones, Ion 

optics and mass analysers 

Unit V: Sample preparation techniques: microwave digestion, Internal standard selection and 

use, Calibration approaches: Quality control: blanks, replicates, Method validation parameters: 

accuracy and precision, Interferences, Data Analysis, and Troubleshooting, Applications of 
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ICP-MS in Various Fields: Environmental applications-water and soil/sediment analysis; trace 

metal monitoring, Geological and mining applications: ore analysis, mineral exploration. 
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13.  Digital Sky: https://digitalsky.dgca.gov.in/home 

 

COs \ POs PO1 PO2 PO3 PO4 PO5 

CO1 2 1 1 2 1 

CO2 3 2 1 2 1 

CO3 3 1 2 2 1 

CO4 3 2 1 2 1 

CO5 2 1 1 3 2 

Scale: 3–Strong, 2–Moderate, 1–Low 
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Course 

Code 
Couse Title Type Credits Hours/week 

ESC002 
Hands-on Training in XRF, ICP-MS  

and UAV Applications 
Practical 4 8 

 

Course Outcome 

CO1 Prepare geological and environmental samples for XRF and ICP-MS analysis. 

CO2 Operate XRF and ICP-MS instruments for geochemical and environmental 

analysis. 

CO3 Conduct UAV-based aerial data acquisition for mapping and monitoring. 

CO4 Interpret geochemical results and UAV-derived spatial data. 

CO5 Apply field safety, laboratory safety, and proper reporting practices. 
 

XRF  

1. Demonstration: XRF instrument components; sample chamber; and safety aspects in XRF 

handling and maintenance protocols. Instrument start up, software interface, and parameter 

selection and customizing methods for different materials. 

2. Instrument calibration, and standardization procedures; Hands-on practice of analysis of 

geological / environmental samples; data management, validation, interpretation and report 

generation. 

UAV 

3. Flying Procedure, Operations Flight planning and calculations 

4. Drone practice for beginners, basic operations, and operation techniques 

5. Mosaics the images – uncontrolled, semi controlled and controlled, 

6. Map composition using GIS or Drone image processing software. 

ICP-MS 

7. Hands-on demonstration of ICP-MS instrument components, Identification of major parts: 

sample introduction system, plasma torch, interface, mass analyzer, and detector 

8. Instrument start up and shutdown proceduresOptimization of instrument parameters (RF 

power, nebulizer gas flow, lens voltages),Tuning procedures and performance verification, 

Sample introduction system setup and optimization, Torch alignment and plasma observation 

9. Preparation of calibration standards and sample solutions, Sample digestion demonstrations 

for different matrices, Performing instrument calibration, Internal standard optimization, 

calculation of detection limits and method validation, Identification of interferences in sample 

analysis, Application of mathematical corrections; Troubleshooting exercises: low sensitivity, 

high background, drift issues, Data reporting, Statistical analysis of results 

10. Case studies of samples from different fields, Analysis of water and sediment samples for 

trace metals, Data reporting and validation. 
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Course 

Code 
Couse Title Type Credits Hours/week 

ESC003 

Mass Spectrometry, Field 

Spectroradiometer and XRD 

Techniques 

Theory 4 4 

 

Course Outcome 

CO1 Explain the principles of mass spectrometry, field spectral reflectance, and crystal 

diffraction. 

CO2 Operate Field Spectroradiometer for soil, vegetation, and mineral spectral 

analysis. 

CO3 Perform organic compound analysis using GC-MS for environmental and 

geological samples. 

CO4 Analyze mineralogical composition using XRD. 

CO5 Integrate spectral, chemical, and structural data for geospatial and environmental 

interpretation. 
 

Unit I   

Introduction to chromatography, principle, types of chromatographic techniques, basics of gas 

chromatography, components of GC instrument (injection port, oven, different types of 

columns, detectors) and its role, introduction to gas chromatography and mass spectrometry – 

components, working principle, sample injection and detection techniques, GC-MS data and 

interpretation, data analysis, resolution of GC-MS peaks – techniques for resolving peaks and 

increasing accuracy, role of column, oven and detectors, calibration methods, GC-MS in 

qualitative and quantitative analysis of small molecules and applications in other fields 

(research, food industry, etc.), scope and limitations of GC-MS. 

Unit II 

Introduction to field spectrometry; historical background and applications; Basic principles of 

EMR; absorption, reflectance, and transmittance 

Unit III 

Analytical Components of field spectrometry; Sensor Optimization, Dark Current; White 

Reference; cosine correctors 

Unit IV  

Fundamentals of Crystallite Systems: Lattice points - space lattice - The basis and crystal 

structure - Unit cell - lattice parameters - Crystal systems. Fundamentals of X-ray Diffraction: 

Bragg’s law - X-ray powder diffraction - Methods of diffraction. XRD Instrumentation: An 

X-ray source - Sample holder - X-ray detector - Recorder. 

Unit V  

Sample handling technique: Hands-on training on the sample preparation groundwork for 

XRD measurement. Methodology for analysis of XRD patterns: Peak indexing - Residual 

stress - strain analysis - Crystallite size determination. 
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Course 

Code 
Couse Title Type Credits Hours/week 

ESC004 
Hands-on training in GC-MS, Field 

Spectroradiometer, and XRD Instruments 
P 4 8 

 

Course Outcome 

CO1 Collect and prepare environmental and mineral samples for GCMS, Field 

Spectroradiometer, and XRD analysis. 

CO2 Operate GCMS, Field Spectroradiometer, and XRD instruments effectively. 

CO3 Generate spectral reflectance data, chromatograms, and diffraction patterns using 

software tools. 

CO4 Interpret organic compound data, spectral signatures, and mineralogical results. 

CO5 Maintain laboratory records and follow environmental, safety, and quality standards 

 

GC-MS  

1. GC-MS components, instrument handling, precautions and maintenance, setting up of GC-

MS parameters, sample preparation, selection of solvent, column, detectors, introduction to 

software, method development, acquiring GC-MS data for simple mixtures, interpretation of 

data, use of MS library database. 

2. Qualitative and quantitative analysis of small molecules present in a mixture, resolution and 

accuracy in GC-MS data, referencing methods, generating analytical reports, troubleshooting 

common instrument issues. 

Field Spectroradiometer 

3. Familiarization with the instrument setup: Detectors and Spectroradiometer components; 

and aspects in instrument handling and maintenance protocols 

4. Field spectra collection protocols: Sample selection and collection; source of errors and 

noise in field data; Controlling sensor saturation; choosing the IFOV based on targets 

5. Sample preparation protocols: Dark room environment; Choosing the illumination source; 

Laboratory spectra collection; Spectral resampling and smoothing techniques 

6. Analysis of spectral data using ViewSpec Pro software: Spectral feature extraction and 

classification; Spectral library  

XRD 

7. To find the purity of the samples by identifying any additional, unwanted crystalline 

phases.   

8. To determine the crystallite (Grain) size of the sample. 

9. To find the Miller indices of the given powder X-ray diffraction pattern. 

10. To determine the defects in crystals, such as microstrain, dislocation density and residual 

stress of the given particles 
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COs \ POs PO1 PO2 PO3 PO4 PO5 

CO1 2 3 1 1 1 

CO2 3 2 1 2 1 

CO3 3 1 3 2 1 

CO4 1 1 2 3 1 

CO5 1 3 1 1 3 

Scale: 3–Strong, 2–Moderate, 1–Low 
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