Structure of the PGDAC Programme 
	S. N
	Course Title
	Codes
	Credits

	1
	Basic Analytical Chemistry 
	MCH-001
	6

	2
	Separation Methods 
	MCH-002
	6

	3
	Spectroscopic Methods 
	MCH-003
	6

	4
	Electroanalytical and Other Methods 
	MCH-004
	6

	5
	Basic Analytical Chemistry  Lab
	MCHL-001
	2

	6
	Separation Methods Lab
	MCHL-002
	2

	7
	Spectroscopic Methods Lab
	MCHL-003
	2

	8
	Electroanalytical and Other Methods Lab
	MCHL-004
	2


Syllabi of Theory Courses
COURSE – 1 
 BASIC ANALYTICAL CHEMISTRY
       
 CREDITS: 6
BLOCK 1: BASIC ASPECTS

Unit 1:
Analytical Chemistry - General Perspective




Classification of Different Techniques; Criteria for Evaluating the Utility of Analytical Techniques; Emerging Needs and Recent Trends.

Unit 2:
Evaluation of Analytical Data I






Accuracy and Precision; Types of Errors and their Characteristics; Detection of Errors; Minimization of Errors; Reporting of Results, Significant Figures.

Unit 3:
Evaluation of Analytical Data II




       

Gaussian Distribution of Data; Standard Deviation, Relative Standard Deviation and Coefficient of Variance; Precision of Computed Results; Tests of Significance: Student t-test, F-test, Chi2 test; Confidence Limit; Criteria for Rejection of Data; Regression Analysis: Least Square Method, Correlation Coefficient, Control Charts.

BLOCK 2
: INITIATION INTO ANALYTICAL LABORATORY
Unit 4:
Sampling









Factors Relevant to Sampling; Sampling Methods; Preservation of Samples; Dissolution of Samples.

Unit 5:
Safety in Chemical Laboratory     

      

Classification of Hazardous Materials; Safety Aspects in the Design of Chemical Laboratory; Safe Handling of Glassware; Safety in Storage and Handling of Materials; Precautions for Specially Hazardous Laboratory Operations; Emergency Procedures.

Unit 6:
Introduction of Analytical Instruments     

Basic Structure of Analytical Instruments; Evolution of Analytical Instruments; Role of Various Subsystems in Analytical Instrumentation; Role of Computers in Analytical Instruments.

BLOCK 3:  ESTIMATIONS BASED ON KINETIC AND ACID – BASE EQUILIBRIA STUDIES

Unit 7:
Kinetic Methods of Analysis  






Types of Kinetic Methods; Measurement of Reaction Rates; Mathematical Basis of Kinetic Methods; Nonenzymatic and Enzymatic Methods; Comparison of Graphical Logarithmic Extrapolation Methods and Method of Proportional Equations; Some Applications.

Unit 8:
Acid-Base Equilibria








Acid-Base Concept; Autoprotolysis and Leveling Effect; Monoprotic Acids and Monoacidic Bases; Polyprotic Acids and Polyacidic Bases; Buffers and Buffer Capacity.

Unit 9:
Neutralization Titrations I






Basic Concepts of Titrimetry, Primary and Secondary Standards; Titration Curves; Theory of Indicators; Colour Change Range of an Indicator; Selection of Indicator and Indicator Error.

Unit 10: 
Neutralization Titrations II



      
         

Non-aqueous Titrations; Role of Solvents in Acid-Base Reactions; Solvent Systems, Differentiating Ability, Importance of Dielectric Constant; Hammett’s Acidity Functions; Titrants and End Point Detection; Some Applications.

BLOCK 4: ESTIMATIONS BASED ON REDOX AND COMPLEXATION EQUILIBRIA STUDIES

Unit 11:
Redox Titrations - I







Redox Reaction and Redox Potential; Electrochemical Cells; Nernst Equation; Redox Equilibrium Constant; Redox Titration Curves; Redox Indicators.

Unit 12:
Redox Titrations -II

Non-aqueous Redox Titrations; Some Applications.

Unit 13:
Complexometric Titrations






Metal Complex Equilibria; Formation Constants and Stability of Complexes; Equilibria involved in EDTA Titrations; Metal – EDTA Titration Curves; Metallochromic Indicators; Types of EDTA Titrations; Masking Agents; Applications.

BLOCK 5:   ESTIMATIONS BASED ON PRECIPITATION AND GRAVIMETRY
Unit 14:
Precipitation Titrations






Feasibility of Precipitation Titrations; Indicators for Precipitation Titration; Titration Curves; Mohr’s Titration; Volhard’s Titration; Fajan’s Titration; Applications.

Unit 15:
Gravimetric Analysis - I






Supersaturation and Nucleation; Rate of Precipitation; Purity of Precipitates, Coprecipitation, Postprecipitation; Precipitation from Homogeneous Solution; Washing of Precipitates. 

Unit 16:
Gravimetric Analysis – II

Different types of Gravimetric Estimations; Corresponding Methods of Filtration, Drying and Ignition of Precipitates; Organic Precipitants, their Advantages and Disadvantages.
COURSE-2
                        SEPARATION METHODS


    CREDITS: 6


BLOCK 1:    CLASSICAL METHODS




Unit 1:
BASIC ASPECTS OF SEPARATION METHODS                        

Importance of Separation Methods; Classification; Choice of Separation Methods and their limitations; Distribution Equilibria.

Unit 2:
Solvent Extraction – I 





General Principles and Terminology: Partition Law and its Limitations, Distribution Ratio, Percentage Extraction and Separation Factors; Classification of Extraction Systems; Factors Influencing Solvent Extraction.

Unit 3:
Solvent Extraction – II 





Extraction Equilibria of Metal Chelates; Extraction by Solvation and Ion Pair Formation; Extraction Equilibria for Ion Pair Formation; Methods of Extraction – Batch, Continuous, Counter Current; Variables affecting Metal Ion Extractions; Applications.  
BLOCK 2:
CHROMATOGRAPHIC METHODS - I 


Unit 4
General Principles of Chromatography



Classification of ChromatographicMethods; Theoretical Aspects of Chromatographic Separations.


Unit 5
Paper Chromatography




Stationary and Mobile Phases; Paper Chromatography: Development and Detection, Applications; Thin Layer Chromatography: Stationary Supports; Applications.

Unit 6:
Liquid Column Chromatography




Solid-Liquid Chromatography; Liquid-Liquid Chromatography; Choice of Stationary and Mobile Phases; Development Techniques.

BLOCK 3:  CHROMATOGRAPHIC METHODS - II
Unit 7:
Gas Chromatography

Theory of Gas Chromatography; Instrumentation: Stationary and Mobile Phases, Types of Columns, Detectors; Sampling Methods; Applications.

Unit 8: 

HPLC

Basic Concepts of HPLC, Applications

BLOCK 4:    CHROMATOGRAPHIC METHODS - II

Unit 9:
Ion Exchange Chromatography I




Ion Exchange Resins and their Characteristics; Ion – Exchange Equilibria; Techniques; 

Unit 10:
Ion Exchange Chromatography II



Inorganic Ion  Exchangers and Chelating Resins. 

BLOCK 5
    OTHER SEPARATION METHODS
Unit 11:

Membrane Separation 





Classification of Membrane Processes; Mechanism of Separation; Osmosis and Reverse Osmosis; Dialysis and Electrodialysis; Applications.  

Unit 12
Electrophoresis






Theory of Electrophoresis; Classification; Applications.

COURSE-3
                        SPECTROSCOPIC METHODS 

     CREDITS:6                              OF ANALYSIS

BLOCK 1: 
SPECTROSCOPIC METHODS -I


Unit 1:
Properties of electromagnetic Radiation

Electromagnetic Radiation; Quantisation of Energy; Electromagnetic Spectrum; Interaction of Radiation with matter.

Unit 2:
Ultraviolet – Visible Spectroscopy

Principles; Instrumentation: Sources, Monochromator(prism, grating, filters), Detectors (photocells, photoamplifiers); Qualitative Analysis; Quantitative Analysis: Beer Lambert’s law, Nature of absorbing species – organic & inorganic, Sampling Techniques, Interference and Method of Elimination, Photometric Titrations; Application in Real Sample Analysis (e.g., in soil, alloys, minerals, etc.).

Unit 3:
Infra red Spectroscopy

Principle: Origin of Infra red spectra,  Instrumentation: Dispersive and FT IR, Instrumentation; Applications.

Unit 4 :     Raman Spectroscopy
Principle,  Origin of Raman spectra; Instrumentation, Applications

BLOCK 2:      SPECTROSCPIC METHODS -II
Unit 5:
Fluorimetry and Phosphorimetry I

Principle (laws governing phosphorescence and fluorescence); Instrumentation; 

Unit 6:
Fluorimetry and Phosphorimetry II
Quantitative Analysis; Application in Real Sample Analysis (e.g. in environment, biology, medicine, rock, minerals, etc.)

BLOCK 3:      SPECTROSCPIC METHODS -III
Unit 7:
Flame Photometry 

Principles; Instrumentation; Quantitative Analysis; Applications.

Unit 8:  Atomic Fluorescence

Principles; Instrumentation; Quantitative Analysis; Applications.

BLOCK 4:     SPECTROSCPIC METHODS -IV
Unit 9:
Atomic Absorption Spectroscopy

Principle; Instrumentation: Flame and Flameless Techniques; Quantitative Analysis; Qualitative Analysis: Interferences & their Elimination; 

Unit 10:
Atomic Emission Spectroscopy

Principle; Instrumentation: Atomic action sources – ICP, Arc, Spark, Induction; 

Unit 11: Applications of Atomic Absorption and Atomic Emission Spectroscopy

Contexts for using the two types; Applications of Atomic Absorption Spectroscopy in Real Sample Analysis (e.g., soil, water, minerals, ores, biological samples etc.); Applications of Atomic Emission Spectroscopy in Qualitative Analysis; Quantitative Analysis; Application in Real Sample Analysis.
BLOCK 5:   SPECTROSCOPIC METHODS - V
Unit 12:
Nuclear Magnetic Resonance Spectroscopy
Principle; Instrumentation; Application.

Unit 13:
Mass Spectrometry

Principle; Instrumentation; Application.

Unit 14:  Structure Elucidation by Integrated Methods  

Processing of various spectroscopic data stepwise to elucidate structure; examples to be drawn to illustrate the versatility of various techniques
COURSE-4

           ELECTROANALYTICAL AND
              CREDITS: 6                            OTHER METHODS

 BLOCK 1:
ELECTROANALYTICAL METHODS -I

Unit 1:
Introduction to Electroanalytical Methods

Classification of Electroanalytical Methods; Electrochemical Cells: Electrode Potential & Nernst Equation; Cell Potential.

Unit 2:
Potentiometry I

Potentials; Electrode Types: Reference and Indicator Electrodes; Potentiometric Titrations: Instrumentation and Application to be dealt with.

Unit 3:
Potentiometry II (pH metry)

Concept of pH; Glass Membrane Electrodes; pH Meter; Measurement of pH; pH Titrations.

BLOCK 2:  ELECTROANALYTICAL METHODS -II
Unit 4:
Conductometry

Electrolytic Conductance: Strong Electrolytes, Weak Electrolytes; Measurement of Electrolytic Conductance; Conductometric Titrations.

Unit 5:
Coulometry and Electrogravimetry, 

Faraday’s Laws; Coulometry at Constant Potential; Coulometry at Constant Current; Electrogravimetry.

Unit 6:        Applications of Conductometry, Coulometry and Electrogravimetry Studies

BLOCK 3:
ELECTROANALYTICAL METHODS -III

Unit 7:
Voltametry 

Current – Voltage relationship; Diffusion Current; Dropping Mercury Electrode; Ilkovic Equation; Half Wave Potential; 

Unit 8:
Polarography

Polarographic Maxima; Quantitative Analysis; Amperometric Titrations.

Unit 9:         Applications of Voltammetry and Polarography

BLOCK 4: OTHER METHODS 

Unit 10:
Thermogravimetric Analysis

Principle; Instrumentation; Factors Affecting Results; Applications.

Unit 11:
Differential Thermal Analysis and Differential Scanning Calorimetry

Principle; Instrumentation; Factors Affecting Results; Thermometric Titrations; Differential Scanning Calorimetry; Applications.

BLOCK 5: 
RADIOANALYTICAL METHODS 

Unit 12: 
Radioanalytical Methods – I 
Radioactive Disintegration; Induced Radioactivity; Detection and Measurement of Radiation; 

Unit 13: 
Radioanalytical Methods – II 
Radiotracer Techniques; Isotopic Dilution Analysis; Activation Analysis.

Syllabi Lab Courses 
COURSE – 5 
 BASIC ANALYTICAL CHEMISTRY LAB
    CREDITS: 2

EXPERIMENTS

1.
Calibration of volumetric apparatus and weights, and Statistical treatment of data


2. Determination of percentage of tin in brass sample gravimetrically

3. Determination of nickel(II) in nickel steel gravimetrically using dimethylglyoxime

4. Determination of pK value of phosphoric acid titrimetrically


5. Determination of total alkalinity of 
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 of a water sample


6. Determination of ascorbic acid in a vitamin C tablet iodimetrically


7. Determination of hard water 


8.
Determination of available chlorine in a bleaching powder sample iodometrically 

9. Determination of zinc by K4Fe(CN)6 by precipitation titration

10.  Determination of silver by Mohr’s/Volhard’s/Fajan’s method


COURSE-6
                     SEPARATION METHODS LAB

    CREDITS: 2

EXPERIMENTS

	Experiment No.1
Experiment No. 2
Experiment No. 3
Experiment No.4
Experiment No.5
Experiment No.6
Experiment No.7
Experiment No.8
Experiment No.9
Experiment No.10
Experiment No.11
	Solvent Extraction Separation of Fe(III) from Mg with ethyl acetate in HCl medium
Anion Exchange Separation of Co(II) and Ni(II) and determination of Ni(I) with DMG
Anion Exchange Separation of Zn and Mg or Co and Ni from chloride solution
Anion Exchange Separation of Cl(  Br( and - from their mixture
Cation Exchange capacity of Ca and Mg on Na+ Cation Exchanger
Separation of Silver, Lead and Mercury by paper chromatography 
Separation of Amino Acids by paper chromatography 
Separation of Fatty Acids by TLC
Separation of Lead (II) and Mercury (II) by Partition Chromatography
Separation of Chlorophyll Pigments by Column Chromatography
Demonstration of HPLC/GC interpretation of Behavior by plots


COURSE-7
           SPECTROSCOPIC METHODS LAB 


 CREDITS: 2
 EXPERIMENTS

	Exp.1
Exp. 2
Exp.3
Exp.4
Exp. 5
Exp.6
Exp.7
Exp.8
Exp. 9
Exp. 10                      
	Spectrophotometric determination of Fe(II) using orthophenanthroline
Spectrophotometeric determination of Ni(II) using dimethylglyoxime
Spectrophotometric determination of Cr and Mn in a mixture of the two
Characterization of functional group in organic compounds using IR spectroscopy 
Characterization of functional group in organic compounds using NMR spectroscopy
Turbidometric determination of sulphate
Flame photometric determination of  Na & K or
Flame photometric determination of Ca & Mg
Ultraviolet spectroscopic determination of ethyl methyl ketone
Determination of pk value of indicators by photospectrometer
Interpretation spectroscopy (IR, NMR and Mass)


COURSE-8

               ELECTROANALYTICAL AND
              CREDITS: 6                        OTHER METHODS LAB


EXPERIMENTS
1. pH titration of a strong acid (battery acid)






2. pH titration of a weak acid – Determination of pKa , of acetic acid


3. Potentiometric titration of a strong acid with a strong base using quinhydone electrode

4. Potentiometric titration of Fe2+ with Cr2
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5. Potentiometric determination of Cl- content of common salt using AgNO3
6. Conductometric titration of a strong acid with a strong base

7. Conductometric determination of acetic acid content of vinegar

8. Conductometric titration of a mixture of a strong acid and weak acid with a base

9. Identification and determination of Cd2+/Pb2+/Zn2+ by polarography

10. Amperomertric Titration of Pb2+ with Cr2
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 11     Demonstration- solubility product
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