LEVELS 3 & 4
COMPULSARY THEORY COURSES
C 3013 SPECIAL TOPICS IN CHEMISTRY (45 hrs)

1. Organotransition Metal Chemistry (8 hrs)
1.1	Introduction: 
Importance of organotransition metal chemistry, Classification of ligands according to the number of electrons donated; the 18 and 16 electron rule coordinative unsaturation; oxidation state formalism; hapticity (n), geometry of  transition metal complexes vs coordination number and electron configuration (dn)

1.2	Metal - ligand bonding 
 	Ligands include carbon monoxide; dinitrogen; olefins; acetylenes; nitric oxide; group VB donors; isocyanides, carbenes carbynes, allyls, cyclobutadienes, cyclopentadienes and benzene.
                                                                         
1.3	Reactivity Patterns 
 	Oxidative additions (d7, d8, d10, systems); insertion reactions (migratory insertions-migrations to carbon monoxide, thiocarbonyls, carbenes, olefins); reductive eliminations (mononuclear systems reaction forming C-C bonds & C-H bonds); association; dissociation, substitution, elimination (, , , , ) and oxidative coupling.

Homogeneous Catalysis 
General remarks, olefin isomerization, olefin hydrogenation, hydroformylation reaction; Monsanto acetic acid synthesis, water gas shift reaction, hydrosilation and hydrocyanation of unsaturated compounds, hydration of alkenes,  Polymerization of olefins, olefin metathesis.
 
2. Introduction to Quantum Mechanics	(10 hrs)
2.1	Wave-like properties of matter: de Broglie's   postulate - wave particle duality; Electron diffraction and electron microscope; Heisenberg  uncertainty principle.
                                                                                                         
2.2	Schrodinger time-independent wave equation

2.3		Essential mathematics:  Operators (Linear and nonlinear operators, Hermitian Operators, commutative and noncommutative operators); Eigen value equation and its solutions (Eigenfunctions and eigenvalues, Schrodinger equation as a eigenvalue problem)

2.4	Postulates of quantum mechanics: Postulate 1– wave function and probability (Interpretation of the wave function, probability of finding a particle, normalization of the wave function); Postulate 2 - observables in classical mechanics and operators in quantum mechanics (Hamiltonian operator); Postulate 3 – eigenvalue equation; Postulate 4 - average value of an observable.   

 2.5  		Application of Schrodinger equation to simple systems: Particle  in a one-dimensional box (Hamiltonian operator, boundary conditions, quantization of energy and quantum number, probabilistic interpretation  of the wave function)

3. Structure Reactivity Relationships  (9 hrs)
3.1 	Substituent effects in organic reactivity - resonance, inductive and field effects.

3.2 	Hammett equation as a linear free energy relationship (LFER); significance of sigma and rho values. Use of rho values in estimating reaction rates.

3.3 	Application of Hammett equation to solvolysis of substituted cumyl chlorides; failure of Hammett sigma values.

3.4 	Reasons for the development of sigma plus values for electrophilic aromatic reactivities.

3.5	Reasons for the development of sigma minus values for ionization of substituted phenols.

3.6 	Yukawa-Tsuno equation and its applications, significance of r values.

3.7 	Application of LFER in aromatic electrophilic and nucleophilic reactivities; partial rate factors.

3.8 	Separation of inductive, resonance and steric effects; Taft equation: sigma sta'f and Es values, steric effects in organic reactivity.

 4. Thermogravimetry         (5 hrs) 
Thermogravimetry (TG) and derivative thermogravimetry DTG), differential thermal analysis (DTA) and  differential scanning calorimetry (DSC). Some applications of thermal methods in ceramics, cements, polymers etc.
                                            								                                                                                                                            
5.  Non Aqueous Solvents 	(2 hrs)

Classification of solvents, acid – base equilibria in non aqueous solvents, leveling effect, titrations in non aqueous solvents. Solubility in non aqueous solvents, sodium in liquid ammonia. The acid base theory of non-aqueous solvents required for titrimetry. Titration of water in liquid ammonia and in anhydrous ethanoic acid. The determination of moisture content in industry


6.  Introduction to Statistical Thermodynamics  (6 hrs)
6.1 	Introduction
	The scope of statistical mechanics.
6.2 	Definitions of basic concepts
	Quantum mechanical picture of  system of non-interacting particles, definition of configuration, weight of a configuration, distinguishable and indistinguishable particles, definition of weight function of a configuration, Boltzmann, Fermi-Dirac and Bose-Einstein weight functions, relationship between the macroscopic properties of a system and its possible configurations.								
6.3 	Derivation of distribution functions
	Probability of occurrence of a configuration in an isolated system, definition of dominating configuration, Stirling’s approximation, identification of the dominating configuration os a system, derivation of the Boltzmann distribution, Fermi-Dirac and Bose-Einstein  distributions. the classical limit (where Fermi-Dirac and Bose-Einstein  distributions tend to Boltzmann distribution).

6.4 	Molecular partition function
	Definition of molecular partition function, physical interpretation of the molecular partition function, factorization of molecular partition function

6.5 	Translational and vibrational partition functions
	Translational partition function, molecules in a one-dimensional box, molecules in a three-dimensional box, vibrational partition function of a diatomic molecule

6.6 	Isolated systems and molecular partition function
	Relationship between the internal energy of an solated system and the molecular partition function, statistical entropy of an isolated system

7. Introduction to Retrosynthesis	   (5 hrs)
7.1 	Principles in organic synthesis: Functional groups, classification of organic compounds, Terms used in retrosynthetic analysis, disconnection approach, synthon, key reactions (1hr)

 7.2 	Synthesis of aromatic compounds, the order of disconnection approach,  
        	Nucleophilic aromatic substitution, Nucleophilic substitution of halides, Ortho and para product mixtures (2 hrs)

General Strategy: Choosing a disconnection, Greatest simplification reactions, Symmetry, High  yielding steps, Recognizable starting material (2 hrs)				
ELECTIVE/OPTIONAL (NON PRACTICAL) COURSES
AT LEVELS 3 & 4

C 3023/4023 ENERGETICS AND KINETICS (45 hrs)
  

1. Special Topics in Chemical Thermodynamics (10 hrs)
Extensive review of basic thermodynamic principles dealt with at level 1 & 2.

Open system: partial molar properties, Gibbs–Duhem equation, Determination of partial molar properties by alternate methods.

Chemical potential, its variation with temperature and pressure, application of free energy change for a general reaction in terms of standard free energy change and activities of reactants and products.

Fugacity with special reference to gaseous system; Determination of fugacity of (i) a real gas (ii) a real gas in a gaseous mixture; activities & activity coefficients.

Experimental & other evidence leading to the third law; the Third Law of thermodynamics.

Determination of third law entropies; Debye T3 law; Comparison of spectroscopic and calorimetric properties.

The molecular basis of entropy; Entropy as a measure of probability and disorder; Boltzmann–Planck equation.(These aspects will be done more completely and correlated under statistical thermodynamics.)
 
2. Statistical Thermodynamics (5 hrs) 
2.1	Non-isolated systems

	Quantum mechanical picture of a closed system of molecules with interactions, concept of an ensemble, microcanonical, canonical and grand canonical ensembles, definition of extensive properties, internal energy, entropy, a system of non-interacting molecules, a closed system of indistinguishable molecules which is in thermal equilibrium with the surroundings, a monatomic ideal gas, evaluation of Lagrange multiplier, , relationship between the partition function Q and thermodynamic variables other than U and S.

2.2	Calculation of equilibrium constants for reactions

2.3	Examples of statistical thermodynamics to realistic systems




3. Special topics in kinetics and reaction dynamics (10 hrs)
3.1	Theories of Elementary Reactions and Reaction Dynamics (7 hrs)
3.1.1	Collision Theory
		 	Collision Theory for Bimolecular Reactions
	 	Collision Theory for Termolecular Reactions
                 	Collision Theory for Unimolecular Reactions  
                 	(Lindermann Theory)

3.1.2     	The Transition State Theory
  	Potential Energy curves and surfaces
  	The Activated Complex				
  	Statistical Formulation of Rate constants 4
  	Thermodynamic Formulation of Rate constants				
 3.1.3    	Theories of Unimolecular Reaction                  
 	Lindermann – Hinshelwood Theory
 	RRK and RRKM Theory      
                                            
3.2	Reactions in Solutions (3 hrs)
3.2.1    	Collisional Encounters of Molecules in Solutions
3.2.2	Diffusion controlled and Activation controlled Reactions
3.2.3	Effects of solvation, pressure, ionic strength etc. on the rate of reactions; Kinetic salt effects etc.

4. Experimental Methods for the Study of Reaction Kinetics (5 Hr) 
4.1	Review of conventional methods (1hr) such as Chemical methods (titrimetry & gravimetry) and physical methods (Pressure changes, volume changes, spectroscopy & colorimetry, polarimetry, electrochemical methods, dialatometry and light scattering)

4.2	Detection techniques 
	Spectroscopy
       	Laser induced fluorescence
           	Resonance fluorescence
	Mass spectroscopy
	Laser magnetic resonance
  
4.3  	Flow methods 
	Stirred flow reactor
	Continuous flow method
	Stopped flow method
	Gaseous discharge flow method
				
4.4	Relaxation Methods 

5.  Special Topics in Electrochemistry    (10 hrs)
5.1	Ion - solvent interactions (2 hrs) 
Non structural and structural treatment of ion - solvent interactions; solvation numbers; thermodynamics of solvation.
					
5.2   Ion - ion interactions (4 hrs) 
         Debye - Hückel theory of ion-ion interactions; activity coefficients and ion- ion interactions; the limitations of Debye - Hückel theory of activity coefficients; temporary ion associations in electrolytic solutions.

5.3   Structure and theories of the electrical double layer (4 hrs) 
The Helmholtz model; the Gouy - Chapman theory; the Stern modification of the Guoy – Chapman theory & further development of the double layer theory. 

6.  Experimental methods for the study of Electrochemistry (5 hrs)
6.1	Ideal polarizable interface (2 hours) 
        Thermodynamics of the double layer; electrocapillary equations; experimental evaluation of surface excesses; charge density and capacity of interfaces.

6.2	Elctrode kinetics & electrode polarization (3 hrs)
	Bulter - Volmer equation: types of overpotential; theories of concentration, activation and ohmic overpotentials; factors affecting rates of electrode processes; diagnosis of reaction mechanisms										
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C 3033/4033 SPECIAL TOPICS IN PHYSICAL CHEMISTRY (45 hrs)

1.  Special Topics in Molecular Spectroscopy (10 hrs)
1.1	Classification of molecules according to moment of inertia; microwave spectroscopy of linear polyatomic molecules. Intensity of rotational transitions.  Symmetric-top molecules, effect of nuclear quadrupole on microwave spectroscopy.  Effect of electric field in microwave spectroscopy, dipole moments.
1.2	Anharmonic oscillators, fundamental vibrations and overtones, hot bands, comparison of spectroscopic and thermodynamic dissociation energies. 
1.3	Vibration-rotation spectroscopy of triatomic (linear & non-linear) molecules, origin of P,Q & R branches, selection rules for parallel are per particular vibrations, effect of nuclear spin on linear molecules with centre of symmetry.
1.4	Analysis and assignment of normal modes of vibration, Determination of structure of molecules.
1.5	Raman spectroscopy, Classical and quantum theory of polarization; vibrational analysis using  both IR and Raman data. 
1.6	Electronic spectra of diatomic molecules, vibrational curve structure; Rotational fine structures; Franck- Condon principle. Determination of bond dissociation energies. General principles of instrumentation, Fourier Transformation methods.  Spectroscopic determination of structure of molecules.

2.  Special Topics in Surface Chemistry (10 hrs)

2.1	Draw–backs and inadequacy of the Langmuir and other simple adsorption models.
2.2  	Variation of the enthalpy of adsorption with coverage.
2.3	Multilayer physical adsorption; Brunauer–Emett–Teller adsorption isotherm; determination of surface area from multilayer adsorption data.
2.4	Other experimental aspects of surface chemistry.
2.5	Determination of enthalpies of adsorption using isosteric, calorimetric (film and filament calorimetry) and desorption energy methods. The use of Leonnard–Jones potential energy diagram in understanding adsorption and desorption phenomena.
2.6	Need for a good vacuum in surface work; Measurement of pressure in vacuum systems using Mcleod Gauge, Pirani Gauge & Ion–Gauge.
Measurement of dose size in vacuum system using Calibrated volume and calibrated Leak methods; Molecular flow of gases through fine capillaries, Knudsen Number.

3.  Surface Analytical Techniques (5 hrs)
      	Typical Surface analytical techniques: Low Energy Electron diffraction (LEED); 
	Auger Electron Spectroscopy (AES); Photoectron Spectroscopy (UPS, XPS); Field Ion Microscopy (FIM); Field Emission Microscopy (FEM); Secondary Ion Mass Spectroscopy (SIMS).
														
4. Quantum Chemistry (10 hrs) 
Many Electron Atoms, Electronic Hamiltonian, Difficulty in Solving the Schrödinger Equation, Independent Particle Model, Product wave function,  Spin orbitals
4.2	Symmetry requirements on the wave function, Pauli Exclusion (Antisymmetry) Principle, Permutation Operators, Slater determinant.
4.3	Approximate methods, Variation Principle and (Linear) variation methods Perturbation method, Trial wave function, Application to a particle in a One Dimensional Box. 1-D-Box)								
4.4	Hartree-Fock self consistent Field (HF-SCF) Method, Hartree - Fock equation, Matrix of the HF equation
4.5	Molecules – Diatomics, Born - Oppenheimer Approximation,  Electronic Hamiltonian, linear variation Method, trial functions as a LCAO, Molecular orbitals, Slater determinant        
4.6	Applications in Chemical bonding, hybridization, molecular orbital        diagrams for simple molecules (H2O, CH4 etc), and for octahedral molecules
4.7	Huckel Molecular Orbital Theory (HMOT).

5    Emerging Frontiers in Chemistry (10 hrs)
5.1	Sonochemistry 	    (2 hrs)
	Properties of sound waves & ultra sonic waves and their chemical applications such as bubble chemistry, surface cleaning, kinetics, materials technology & biomedical applications  						
5.2	Nano chemistry 	    (3 hrs)
	Fundamental concepts, larger to smaller: a materials perspective, simple to complex: a molecular view, molecular nanotechnology, nano materials: application in chemistry, physics,   engineering and biology, risk from nano particles: health and environmental issues                      
5.3	Lasers                      (4 hrs)
   	Principles of laser operations: The nature of stimulated emission, resonators and pum ping processes, coherent radiation, standing waves and modes, the kinetics  of laser emission, rate equations, threshold conditions, pulsed vs. continuous emissions, transitions, lifetimes, and linewidths, three-level and four-level lasers, properties of laser light and their applications. Laser Sources: Optically-pumped solid lasers, semiconductor lasers, atomic and ionic lasers, molecular gas lasers, dye lasers. 
5.4	Liquid Crystals 	       (1 hrs)
       	Mesophase:  an intermediate between liquid and solid phases, comparative description of smetic, nematic and cholestic phases applications of liquid crystals
C 3043/4043 SPECIAL TOPICS IN INORGANIC CHEMISTRY (45 hrs)

1.  Physical Methods in Inorganic Chemistry 	(15 hrs)
1.1	Applications of UV, Visible & IR spectroscopic techniques in inorganic chemistry.	
1.2	Applications of Nuclear Magnetic Resonance (NMR) spectroscopy (to include 19F, 13C, 1H, 31P, 11B, and 14N nuclei) in inorganic, organometallic and bioinorganic chemistry. 
1.3	Theory and applications of Electron-Spin Resonance spectroscopy (ESR) including Nuclear Quadruple Resonance (NQR).
1.4	Theory and applications of Mössbauer spectroscopy
1.5	Magnetochemistry: Paramagnetism and Diamagnetism, Ferro, Ferri and Antiferromagnetism, Curie and Neel points.  Determination of magnetic moments from magnetic susceptibility data, Pascal’s constants, orbital contribution and spin-orbit coupling, magnetic crossovers.

2.  Electronic Spectra of Coordination Complexes 	(10 hrs)
2.1	Energy levels of atoms, Russell. Saunders coupling, energies and term symbols. Fine structure, Zeeman and Stark effects.
2.2	Ligand Field Theory: Term symbols and energies for dn ions. Derivation of ligand field theory from group theoretical considerations.  Construction of Orgel diagrams. Molecular orbital theory, Complexes with  - bonding ligands.
2.3	Electronic spectra of transition metal complexes; number and intensitites of bands in electronic spectra from Orgel and Tanabe-Sugano diagrams, Jahn-Teller theorem and its applications, nephalauxetic effect, charge-transfer spectra 
2.4	Structural effects:  Application of crystal field stabilization energy to predict structural effects, spinel and inverse-spinel structures

3. Inorganic Reaction Mechanisms 	(10 hrs)
3.1	Introduction: Kinetics and Mechanism; Stoichiometric mechanisms (Associative (A), Dissociative (D) and Interchange (I)) and intimate    mechanisms (A,D, Ia, Id) of substitution reactions, kinetic and thermodynamic aspects of reactivity of complexes (labile; inert stable & unstable).Activation parameters (S, H , V )
3.2	Substitution reactions of octahedral complexes: water exchange reactions, hydrolysis( acid & base) anation reactions Rate laws and their interpretation, Eigen-Wilkins mechanism, Leaving and entering group effects, effects of spectator ligands, steric effects, effect of charge, Stereochemical effects (racemization, isomerization etc.) Base hydrolysis, Mechanism of isomerization (Bailor and Ray-Dutt twists)				
3.3	Substitution reactions of square planar complexes
	General rate law, Intimate mechanisms, Factors affecting rates of square planar substitution – nature of entering group, leaving group, other ligands, steric effects, solvent effect and type of metal.

3.4	Electron transfer reactions between octahedral complexes
	Inner sphere and outer sphere mechanism, Franck-Condon principle, Marcus equation.

4.  Symmetry and Diffraction Methods (10 hrs)

4.1	Point symmetry and determination of point groups, Schoenflies and Hermann-Mauguin notations.  Molecular symmetry and space symmetry; glide planes and screw axes.

4.2	Determination of space groups from X-ray diffraction patterns. Structure determination, phase problem, Patterson maps and Direct methods, refinement, Electron and Neutron diffraction.
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C 3053/4053 FURTHER TOPICS IN INORGANIC CHEMISTRY (45 hrs)

1.  Molecular Polyhedra (10 hrs)
1.1	Boron hydrides – neutral boron hydrides, hydro borate anions and carboranes 
1.2	Metal Clusters
Isolobal analogy

2.  Bioinorganic Chemistry (13 hrs)				
2.1  	Introduction 	 
       	Composition and structure of living systems, metals in   biological     systems, metals and human health, Role of metal ions in biological systems, speciation and specificity of metal complexes in vivo.
2.2  	Metalloproteins and Metalloenzymes, representative metalloenzymes, types  and properties of metalloenzymes.
2.3	Dioxygen Carriers  
       	Dioxygen complexes of transition elements, haemoglobin, myoglobin, heamocyanins, heamerythrins, aemovanadins, nature of haem dioxygen binding, model system.
2.4	Transition Metals in Biological Redox Reactions	 
        	General mechanism of electron transfer, blue copper proteins, iron Sulphur proteins (rubredoxines & ferredoxins), cytochromes, photosynthetic pathway.
2.5	Distribution and Functions of Metals Invivo    	 
         Storage & transport of iron, chemistry & biochemistry of nitrogen fixation, mechanisms & action of zinc, copper, cobalt & molybdenum containing enzymes, enzyme containing vanadium, chromium & nickel.
2.6  	Environmental Bioinorganic Chemistry                    
      	Delivery of trace elements to human, therapeutic uses of metal ligands & complexes, metal induced    toxicity & chelation therapy, dietary and environmental aspects.

Inorganic Materials (10 hrs)
Comparison with organic polymers, chains, rings, cross linking
Silicon based chemistry, preparation and applications of : silicates, aluminosilicates,  silicones 
Host and guest chemistry ; special reference to intercalation compounds
Boron nitrides, sulphur nitrides, phosphor nitrides
Degradation of inorganic materials

4.  Solid State Chemistry (12 hrs)
Crystalline state, isotropy and anisotropy, piezo and pyro electricity Laue symmetry, optical properties, refractive index, crystals under the polarizing microscope, dispersion, pleochroism, twinning.
Solid state, solid solutions and alloy systems high temperature methods, hydrothermal and high pressure methods, thermal analytical methods.
C 3063/4063 – SPECIAL TOPICS IN ORGANIC CHEMISTRY (45 hrs)

1. Synthetic Organic Chemistry   (15 hrs)
Retro-synthetic analysis – disconnection, functional group interchange, transform, synthons, chemo-selectivity, stereo-selectivity, regional-selectivity, stereo-specificity; Types of disconnection – one group and two group disconnections; amine synthesis; strategies and control in carbonyl condensation – 1,3-dicarbonyl compounds, alpha hydroxyl carbonyl compounds, αβ-unsaturated carbonyl compounds, specific enolates, intramolecular aldol condensations, 1,5-dicarbonyl compounds, strategies in ring synthesis. Modern synthetic reagents not covered elsewhere.

2. Concerted Reactions (Pericyclic Reactions) (10 hrs) 
Classification of reactions: electro-cyclic, sigma-tropic, cycloaddition and chemotropic reactions, molecular orbitals of  conjugated polyenes and allyl systems, concept of HOMO and LUMO, Woodward-Hofman treatment of electrocycle systems, conrotation and disrotation, stereo-specificity, thermal and photochemical reactions. 1,3; 1,4; 1,5 sigma-tropic shifts, suprafacial and antrafacial rearrangements, cycloadditions of 2+4 (Diels-Alder), 2+2 systems, correlation diagrams for electrocyclic and cycloadditions, 1,3-dipolar additions, Dewar-Huckel-Zimmerman aromatic transition state concept. Fuki frontier orbital approach.

3. Spectroscopic methods Theory (15 hrs) 
Non-first order spectra; simplification of complex spectra (shift reagents in INDOR); 13C NMR and signal intensities, pulse techniques, DEPT, gated decoupling; 2D-NMR (COSY, HETCOR, INADEQUATE etc); MS and GC-MS and LC-MS.

4. Spectroscopic methods - Problem Solving Exercises (5 hrs) 
 NMR, IR, UV, COSY etc

		
											









									
C 3073/4073 SELECTED TOPICS IN ANALYTICAL CHEMISTRY (45 hrs)


1. Thermal Analysis (5 hrs)
1.1	Thermometric titrimetry 
		The theoretical aspects of Thermometric titrimetry (TT). Thermometric titration in non-aqueous systems.  Aqueous system and the application in   analysis of coloured industrial effluents.   
1.2		 Direct injection enthalpimetry
      	Unfavourable kinetics and the  development  direct injection enthalpimetry (DIE) Application of DIE in clinical area.
1.3	 Thermoluminescence 							
          The use of thermoluminescence in analysis

2. Conditional Constants (5 hrs) 
2.1  	Conditional formation constants
	Conditional formation constants with emphasis on the reaction between a metal ion and EDTA.  Derivation of equations to calculate M based on (i) the step-wise formation complexes with the metal    ion and an auxiliary complexing agent and (ii) the step-wise hydrolysis of the metal ion.

2.2  	Complexometric titrations
	Complexometric titrations with an emphasis on EDTA titration. Titration curves, Gibbs free energy   change and selection of suitable indicators. Applications of EDTA titrimetry. 

2.3  	Masking: 


        		Explanation on the phenomenon of masking. Derivation of an equation for in the selective titration of Mn+ in the presence of a metal ion Nm+. Derivation of an equation for in the selective titration of Mn+ in the presence of two metal ions Nm+ and Rp+. -coefficients and the selection of masking agents, demasking. Sequestration in industry. Chelation therapy.

3. Metal ion speciation (3 hrs)
Metal ion speciation in biology and in environment.  Bioavailability and toxicity of metal ions.
       
4.  Precipitation Methods of Analysis (05 hrs)
4.1  	Precipitation titrations						
	Solubility products, principles of argentometry.  Indicators in argentometry. (Möhr  and Volhard methods) The use of adsorption indicators.
4.2 	Gravimetry
      	Factors affecting the solubility of a gravimetric precipitate 

4.3 	Conditions affecting the particle size of a precipitate 
	Nucleation and von Weimarn’s theory, possible application in the treatment of some industrial effluents.

4.4	Co-precipitation and post precipitation which affect the purity of a gravimetric precipitate.  Methods to minimize.

4.5  	Precipitation from homogeneous solutions (PFHS):  Some examples of the use of  PFHS.                                                 

5.  Reagent Design  (03 hrs)
Physicochemical principles in the selection of reagents for analysis e.g. titrimetry, gravimetry,  spectrophotometry, solvent extraction.  Sensitivity and selectivity.

6.   Spectroscopic Methods of Analysis  (07 hrs)
6.1 	Instrumentation: sources, monochromators, detectors, errors, source of noise and noise types, FT methods.  
6.2 	Analytical atomic spectroscopy: atomic absorption spectroscopy (AAS): absorption line widths, hollow cathode lamps, atomizers, interference in AAS. 				
	6.2.1 	Atomic emission spectroscopy: flame photometry, emission       spectrograph, inductively coupled plasma emission spectroscopy (ICP).  
Luminescence in analysis: fluorometry and spectrofluorometry, sensitivity and specificity, interferences.
Atomic fluorescence spectroscopy.  X-ray method, Energy disperse X-ray analysis, X-ray  fluorescence (XRF).
         
7.  Electroanalytical Techniques (12 hrs)
7.1	Voltammetry, linear sweep voltammetry, anodic stripping voltammetry, polarography, rotating disk electrode techniques.
7.2	Electrogravimetry, coulometry, steady state amperometry, flow-injection analysis.
7.3	Conductometry.
7.4	Electrophoresis and capillary electrophoresis.
7.5	Membrane electrode system, ion selective electrodes.

 8.  Recent Advances in Instrumental Analysis   (5 hrs)
GC-MS: introduction to the technique, block diagram of a mass spectrometer, instrumentation, ionization sources, mass analyzers, applications of GC MS, ICP-MS  




					
				
C3083/4083 BIOCHEMISTRY II  (45 hrs)

Enzymes: mechanism of action of ribonuclease, lysozyme.	(2 hrs)
Biomolecular reaction mechanisms of enzymes. 	(2 hrs)
Enzyme kinetics of enzyme inhibition, Ki value, Dixon, 
	Crnish Bowden plots, Examples with applications 	(4 hrs)
Hormones : Insulin, glucagons, thyroid hormones, cortisol, 
	prolactin – Their metabolic effects and mechanism of action	(5 hrs)
Vitamins – Their role in metabolism & deficiency disorders	(4 hrs)
Selected microbial carbohydrate metabolic pathways:-
	Glyoxalate cycle, Etner Duodoroff pathway, Acetone–Butanol 	   
	fermentation, Distinguishing pathways of glucose utilization 	(3 hrs)
Lipid metabolism – Synthesis of fatty acids,  - oxidation,
	carnitine cycle, eicosanoid metabolism	(3 hrs)
Amino acid metabolism Transaminations, oxidative 
	Deamination, Urea cycle	(3 hrs)
Nucleotide biosynthesis and degradation	(2 hrs)
Integration of metabolism – in starve – feed cycle, Diabetes,
        exercise, Pregnancy, Trauma, acidosis/ alkalosis	(5 hrs)
Photosynthesis : Hill & bendal scheme, Calvin cycle, 
	C – 3 and C – 4 plants	(3 hrs)
Mutations : metabolic disorders	(2 hrs)
Mechanism of action of antibiotics	(2 hrs)
Molecular physiology – Haemoglobin & Oxygen transport
        blood groups, neurotransmission, muscle contraction 	(5 hrs)
												









											
C 3093/ 4093 ANALYTICAL/INDUSTRIAL BIOCHEMISTRY (45 hrs)

Analytical laboratory practices        	(1 hr)

Principles of enzyme assaying         	(1 hr)

Assay of serum parameters: ALT, AST, Acid Phosphatase, Alkaline phosphatase, isoenzymes, Troponins, Cholesterol, lipoproteins (lipid profile), glucose,uric acid Urea, bilirubin, urobilinogen creatinine, electrolytes & proteins (electrophoresis)                            	(8 hrs)

Assay of urine parameters : Glucose, Amino acids, bilirubin, urobilinogen 
	(2 hrs)

Assay of Dietary fibre, total carbohydrate, vitamins and co enzymes 	(6 hrs)

Use of immobilized enzymes in Biochemistry	(2 hrs)

Instrumentation in biochemical analysis, Densitometry, HPLC, FPLC, MPLC, spectrophotometry, spectrofluorometry, radioactivity counters	(8 hrs)

DNA based diagnostics
8.1 	Infectious diseases
8.2 	Genetic diseases
8.3 	Application in forensic sciences (legal applications)
8.4 	Applications in cancer 	(12 hrs)

Fermentation technology	(5 hrs)



















Advanced Instruments at the College
UV-Visible spectrophotometer
C 3103/4103 INDUSTRIAL CHEMISTRY AND TECHNOLOGY (45 hrs)


1.  	Metal Industry (07 hrs)
1.1 	Iron and Steel 		   
1.11	Allotropic forms of iron
1.12	Constituents of iron and steel
1.13	Iron - carbon equilibrium diagram
1.14	Types of cast iron Grey Cast Iron, White cast Iron, Malleable - Cast Iron and   Nodular cast Iron.
1.15	Types of steel
1.16	Mechanical properties of steel
1.17	Heat treatment of steel

1.2 	Light Metals and Properties of Alloys, Alloys for High Temperature Applications: 								
1.21	Aluminium, Alloying elements of aluminium
	Al - Cu alloys, Al - Si alloys
1.22	Magnesium, alloying elements of magnesium
	 Mg - Al alloy
 1.23	Beryllium and its alloys
 1.24	Titanium and its alloys
 1.25  	Nickel, Nickel based alloys, Monel, Cr - Ni alloys, Super alloys for high temperature applications

2. 	Petroleum  (04 hrs)
2.1	Petroleum deposits
2.2	Analysis of crude oil
2.3	Fractional distillation of petroleum
2.4	Refining
2.5	Cracking process
2.6	Reformation
2.7	Introduction to petrochemicals

3. 	Cement  (04 hrs)
3.1	Classification of cement
	Natural cement, Puzzolana cement, Slag cement,
	Portland cement and Special cement, masonry cement
3.2	Manufacture of Portland cement
3.3	Chemical composition of cement
3.4	Setting and hardening of Portland cement
  	{sequence of chemical reactions during setting and hardening of cement (including heat of hydration of cement)}



4. 	Ceramics and Glasses (04 hrs)
4.1   Types of Glasses, Soft glasses, potash lime, flint, pyrex, safety, insulating     glasses, wired glass, laminated glass, glass wool.
4.2	Manufacturing techniques of glass
4.3	Classification of clay products
4.4	Properties of clay
4.5	Glazing - purpose of glazing, methods of glazing
4.6  	General properties and applications
4.7  	Inorganic polymers containing boron, silicon, and phosphorous
													
5. 	Polymer industry (14 hrs)
5.1 	Latex based products manufacture (4 hrs)
5.2 	Dry rubber based products, manufacture (4 hrs)		
5.3  	Manufacture of plastic based products (4 hrs)
5.4  	Polyurethane chemistry and technology (3 hrs) 
6. 	Paint Industry (4 hrs) 
Raw materials, Process description (briefly), pigments, primer, lacquers, varnish, adhesives

7. 	Chemical aspects of Textile Industry (4 hrs)
     	Textile fibres, dyes and dying, spinning, yarn, printing of textiles 
      
8. 	Leather Industry (4 hrs) 
Raw materials, Process technology (briefly), preservation of skins, soaking, liming, unhairing, scudding, deliming, bathing, pickling, degreasing, tanning (vegetable and chrome), environmental considerations 

								
                                										

													










Poson Bhakthi Geetha on 29.06.2010
	C 3113/4113 NATURAL PRODUCTS (45 hrs)

1. 	Alkaloids (8 hrs) 
	Extraction from natural sources, chemistry and general properties, structure elucidation of some selected alkaloids, classification of alkaloids and examples from different classes, biosynthesis and synthesis of some important alkaloids such as nicotine, quinine, arecoline, cocaine, atropine etc.

2. 	Terpenoids (10 hrs) 
	Isolation, essential oils and their importance, general methods of structure elucidation, chemistry of some selected monoterpenoids, diterpenoids, sesquiterpenoids, triterpenoids. Biosynthesis of terpenoids

3. 	Steroids (6 hrs) 
	Conformation of steroids, important reactions of steroids, biosynthesis of cholesterol, chemistry of bile acids and hormones.

4. 	Oxygenated Heterocycles (10 hrs) 
	Flavonoids, xanthonoids, coumarins, and anthocyanins; (4 hrs)
 	Phenols, tea polyphenols and Quinones (2 hrs) 
 	Glycosides including cyanogenic glycosides and saponins (ginseng and soya   saponins) (4 hrs) 

5. 	Marine Natural products (6 hrs)

6. 	Natural Products from some selected Sri Lankan Medicinal Plants (5 hrs) 




					













Gas Chomoatography Service at Instrument Center
C 3123/4123 FOOD CHEMISTRY & TECHNOLOGY (45 hrs)


1.	Food Chemistry (28 hrs)
1.1	Food Carbohydrates (5 hrs)
Sugars and their derivatives: occurrence in food, structure and properties of glucose, lactose, maltose and sucrose
Starch: occurrence in food, properties of amylose and amylopectin, gelatinization of starch. Cellulose and hemicelluloses. 
Pectins:  occurrence in fruits and vegetables, physico- chemical properties, application in food industry. 
Food gums and their application in food industry
Determination of carbohydrates.

1.2	Food Lipids  (4 hrs)
1.2.1	Classification of lipids, properties of fatty acids, triglycerides and polar lipids.
1.2.2	Fats and Oils – rancidity, autoxidation of fats,
1.2.3	Analysis of food lipids

1.3 	Food Proteins  (5 hrs)
1.3.1 	Classification of proteins, amino acids and peptides, 
1.3.2	Denaturation of proteins
Enzymes
Meat protein, milk proteins, egg protein, wheat protein
Functional properties of protein
Determination of proteins in food.

Sensory properties – Flavour compounds and pigments in food  (2 hrs)

 Micronutrients  (2 hrs)

Food Additives (including legislation)	(8 hrs)
Preservatives
Antioxidants
Food colours natural and synthetic
Emulsifiers and stabilizers
Analysis of food additives 

1.7 	Water (2 hrs)

														

Food Process Technology  (17 hrs)
2.1	Food Spoilage  	(2 hrs)
Introduction
Microbial aspects
Natural toxins, preventive measures and tests

2.2	Principles of food preservation (5 hrs)
2.2.1	Introduction
Dehydration
Freezing
Canning
Chemical preservation
Curing and Smoking
Food fermentation – alcoholic and acidous fermentation

2.3	Food Packaging (1 hr)

Food Legislation & Standards (1 hr)

Technology of Processed Food Products (8 hrs)

Technology of cereals and pulses including bakery 
technology
Dairy technology
2.5.3	Fruit and vegetable product technology 			       (5 hrs)
Fish and meat product technology
Non alcoholic beverage technology including tea and coffee
Confectionery including chocolate

2.5.6 	Technology of spices, essential oils, flavour and fragrances … (3 hrs)
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Atomic absorption spectrophotometer
C 3132/4132 AGROCHEMICALS (30 hrs)

1. 	Introduction (2 hrs)
Definition, classification, need for use of pesticides, use and misuse of pesticides, world market of pesticides, use of pesticides in Sri Lanka, positive and negative impact of pesticides, legislations on the use of pesticides in Sri Lanka, development  & registration of   new pesticides, selectivity and resistance to insecticides.

2. 	Formulation & application of Pesticides (2 hrs)
Formulations, additives, spraying equipment, packaging & labeling

3. 	Toxicology of Pesticides (2 hrs)
Types of exposure, terminology used in toxicology studies, measurement of toxicity levels, classifications of pesticides according to toxicity levels.

4. 	Pesticide Classes (16 hrs)
4.1 	Synthetic Insecticides  (6 hrs) 	
Inorganic insecticides, synthesis, metabolism & mode of action of  organochlorines, organophosphates, carbamates, pyrethroids, formidines, synthetic pheromones   & growth regulation, chloronicotonyl & modern synthetic insecticides,  development of resistivity.
4.2 	Herbicides  (4 hrs)		
4.2.1      Introduction
4.2.2      Classification according to mode of action & uptake of herbicides, application of herbicides 
4.3 	Synthetic Herbicides  (4 hrs)     
        Synthesis, mode of action of herbicides & metabolism of herbicides, herbicide resistance
 4.4 	Fungicides (2 hrs)
      	Early use of fungicides, classification synthesis and mode of action and Metabolism of fungicides, resistance of fungicides.

5. 	Vertebrate Pest Control (2 hrs)
Outlive of chemicals used as rodenticides, pesticides, aricides & repellents.

6. 	Bio Pesticides (3 hrs)
Mode of action of pesticides from plants, animals & microorganisms, living system as insecticides.

7. 	Degradation of Pesticides (3 hrs)
Degradation of pesticides and the environment, methods used in pesticide residue analysis.
C 3143/4143 POLYMER CHEMISTRY & TECHNOLOGY (45 hrs)

1. 	Characterization and Physical Chemistry of Polymers (15 hrs)
1.1	Determination of molar masses
1.2	End – group analysis
1.3 	Direct Measurements of Average Molar masses
1.4 	Virial Equations
1.5 	Membrane Osmometry
1.6 	Vapour Phase Osmometry
1.7 	Light scattering		
1.7.1 	Scattering from large particles
1.7.2 	Zimm method
1.7.3 	Low angle laser light scattering
1.8 	Viscosity measurements
1.9  	Mark – Houwink – Sakurada relationship
1.10 	Huggins and Kramer equations
1.11  	Gel Permeation Chromatography
1.12 	Instrumentation and experimental methods
1.13 	Universal Calibration
1.14 	Polymer Solutions
1.15  	Concept of Solubility Parameters
1.16  	Flory – Huggins Theory
1.17 	Compatibility of Polymer blends and Polymer Solutions
1.18 	Theta Conditions and Temperature
1.19 	Amorphous and Crystalline states of polymers
1.20  	Determination of Crystallinity
1.21	Determinations of Thermal Transitions
1.22 	Dialatometry
1.23 	Differential Thermal Analysis (DTA)
1.24 	Differential Scanning Calorimetry (DSC)
1.25 	Dynamic Mechanical Analysis (DMA)

2. 	Polymer Chemistry (15 hrs)
2.1	Introduction
2.2 	Classification
2.3   	Some basic definitions
2.4	Synthesis of Polymers including coordination polymers, conducting polymers 
2.5    	Nomenclature
2.6    	Average molar masses & molar mass distribution
2.7     	Size and shape of polymers
2.8    	The glass transition temperature & melting temperature
2.9     	Elastomers, Rubber: buna rubber, neoprene, SBR Rubber
2.10  	Fibres
2.11  	Plastics, polyethylenes, polypropylene, PVC, Polystyrene, Teflon 	  
2.11.1 	Thermosetting Plastics
2.11.2 	Thermoplastics
2.12 	Step – growth Polymerization
2.13  	General Reactions
2.14  	Reactivity of functional groups
2.15  	Carothers equation
2.16   	Control of molar masses
2.17  	Kinetics of Step – growth Polymerisation
2.18  	Characteristics of Step – growth Polymerisation
2.19  	Typical step growth reactions
2.20 	Ring formation
2.21 	Non Linear Step – growth Polymerisation
2.22  	Degradation of polymers
2.23	Thermostating
2.24  	Addition (Chain) Polymerisation
2.25   	Initiators 
2.26 	Free Radical Polymerisation
2.27   	Initiators, Propagation and Termination
2.28  	Kinetics
2.29  	Chain transfer reactions. Inhibitors and retarders
2.30  	Polymerisation Processes
2.30.1 	Ionic polymerisation
2.30.2 	Characteristics
2.30.3 	Cationic Polymerisation
2.30.4 	Initiation, Propagation Termination and Kinetics
2.30.5 	Anionic Polymerisation
2.30.6 	Initiation, Propagation Termination and Kinetics
 2.31  	Polymerisation Reactions initiated by metal   Catalysts
 2.32 	Nature of the catalyst and active centre
 2.33 	Monometallic and dimetallic mechanisms
 2.34 	Natural synthetic rubber, Monocyclic   monomers, Living Polymers, etc

3	Polymer Technology (15 hrs)
3.1	Chemistry and technology of manufacture of raw rubber grades, technically specified rubber crapes (2 hrs)
3.2	Manufacture and stability of centrifuged latex, concentrated latex, centrifuged, (creamed electrolytically) (2 hrs)
3.3	Theory of vulcanization (2 hrs)
3.4 	Types of plastics rubbers, chemical structure-property relationships (4 hrs) 
3.5 	Polyblending for special properties (1 hr)
3.6 	Materials used in polymer industry and compounding for special properties 
 3.6.1  	Processing oils						  
3.6.2  	Fillers							
3.6.3  	Reinforcing fillers						  
3.6.4  	Non - Reinforcing fillers   (4 hrs)                                                     
C 3153/4153 FUNDAMENTALS OF CHEMICAL AND PROCESS ENGINEERING (45 hrs)

1	Introduction to chemical and process engineering fundamentals and Concept of Unit operations (1hr) 
	                                        
2 	Mass transfer (3 hrs) 
Relationship between mass transfer and chemical processes, Introduction to Diffusion, Fick’s law, Mass transfer through a stationary phase, equimolecular counter diffusion, mass transfer across a phase boundary.

3     	Heat transfer (6 hrs) 
        	Introduction, modes of heat transfer, heat transfer coefficients, calculation of heat transfer rates, heat exchangers. 
					              
4      Fluid flow (6 hrs) 
        Rheology, Bernoulli’s equation, frictional loss, pipe flow calculations.

5     Energy (4 hrs) 
       Industrial energy sources, theory of combustion, energy management. 
                
6 	Drying (6 hrs) 
	Psychrometry, Theory of drying, drying time calculations, different types of    industrial dryers.  

7     	Mixing (3 hrs) 
       	Principles of mixing, mixer design 	
				
8     	Adsorption (4 hrs) 
       	Adsorption isotherms, different types of adsorbents, scaling up of adsorption columns, applications 
        	         
9     Absorption (4 hrs) 
       Basic theory, introduction to transfer units, estimation of packed bed height of    
       absorption columns, applications 								                                   

10   Distillation (4 hrs)
       Phase equilibrium, McCabe-Thiele method for binary distillation calculations,     
       introduction to multi-component distillation.							                      
11   Waste minimisation (4 hrs)
        Need for waste minimisation, waste audits and cleaner production techniques.       




C 3162/ 41632   MOLECULAR BIOLOGY AND BIOTECHNOLOGY (30 hrs)

Recall of Molecular biology and biotechnology (2 hrs)

Basic techniques used in Molecular Biology (15 hrs)
2.1     DNA isolation techniques (bacterial, plasmid & genomic)
2.2     Agarose & polyacrilamise gel electrophoreses and visualization of DNA
2.3     Enzymes in molecular biology
2.4     Theory of nucleic acid hybridization 
2.5     DNA labeling
2.6     DNA probes and their use
2.7     Splicing of DNA from different sources
2.8     Vectors used in cloning of DNA
2.9     Transformation techniques
2.10   DNA cloning
2.11   c DNA synthesis and its uses
2.12   DNA libraries
2.13   DNA sequencing
2.14   PCR techniques and their uses

Basic immunology and vaccines (3 hrs)

Useful applications of gene technology	 (10 hrs)
4.1     Transgenic animals and plants
4.2     Gene therapy
4.3     Preparation of vaccines
4.4     Genetically engineered proteins, eg: Insulin, growth hormone etc
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Annual Blood Donation Programme, 2009
C 3173/4173   ENVIRONMENTAL CHEMISTRY (45 hrs)


1.	Introduction to Environmental Chemistry (1 hr)

2.	Atmospheric Chemistry: (10 hrs)
2.1	Atmosphere: layer structure, barriers to mixing, atmosphere and weather 
changes, stratospheric chemistry: O3 and its significance, natural cycles: O2, P,      S,  N2 & CO2 
Atmospheric pollution: , sampling and analytical techniques for air
Interaction with water
Biogenic and anthropogenic organic chemicals in the atmosphere – origin and fate. (methane and non-methane hydrocarbons in the atmosphere;  organohalogens produced by terrestrial and marine organisms; halons); atmospheric benzene and toluene; petrochemicals in the atmosphere
Climate change related atmospheric variables 

3.	Aquatic Chemistry (10 hrs)
3.1	Environmental aquatic chemistry:   chemistry of water, the role of water in environment, hydrological cycle, ground water. 
3.2   Pollution of water: health aspects of pollution of water, analytical techniques for water quality.
3.3  	Interaction with soil (agricultural soil pollution and eutrophication) and measurements in water pollution (Biochemical Oxygen Demand; Total Suspended Solids, Electrical Conductivity and Chlorophyll etc) 
3.4    	Bioaccumulation: organochlorines (banned organochlorines such as DDT, PCBs & dioxins)
3.5    	Synthetic detergents – discharge problems into water bodies
3.6    	Pharmaceutical pollutants in water

4.	Environmental Soil Chemistry: (09 hrs)
 4.1	Soil formation factors soil minerals and organic fraction
 4.2 	Soil water content and oxidation reduction potential in soil water environment 
 4.3   	Key reactions governing fate of chemicals in soil-air-water environment (sorption, degradation and volatilization)

5.	Chemical Aspects of Solid Waste Management (5 hrs)
5.1    Types of solid waste: industrial, municipal, hazardous, radioactive & clinical 
5.2    	Treatment (processing) of solid waste: composting, biogas production.
5.3     Monitoring environmental impacts and quality assurance.

6.	Organic pollutants in the environment (7 hrs)
6.1  	Pesticides in the environment – organophosphates and dumping of banned chemical weapons of mass destruction 
6.2 	Indoor Pollution by organic chemicals – volatile organic compounds; environmental tobacco smoke
6.3 	Industrial Explosions and other the releases of chemicals to the environment–Bhopal disaster; Dioxin release (Sevesco, Italy); Minamata disease (methyl mercury). 

7.	Irrigation water quality: (3 hrs)
	Salinity/electrical conductivity, sodium absorption ratio (SAR), effect of adjusted sodium absorption ratio, adjusted RNa as the permeability of soil. Levels of chlorides, carbonates, nitrates/nitrogen, sulphates, borates, phosphates  		
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C 3182/4182 PHOTOCHEMISTRY (30 hrs)

1.	Principles of Photochemistry (15 hrs)
1.1	Review of Basic Principles: Thermal Chemistry and Photochemistry, Electromagnetic radiation, Absorption of Radiation, Excited States, Spin multiplicity, State diagrams.

1.2 	Excited State: Production and Time-independent Properties:  Absorption and emission of light (Stimulated absorption, Stimulated emission, Spontaneous emission and Einstein coefficients),  Radiative lifetimes, The intensities of electronic  transitions, Spin and Selection rules, Oscillator strengths  and  forbidden  transitions,  Type  of  transitions:   Nomenclature,       *,  n  *,  n  *,  Charge-transfer (CT) transitions (MLCT, LMCT, LLCT, MMCT etc.). Identification of (n, *) and (, *) states.  Methods of Producing Excited States;  Electrical States; Electrical discharges, Ionizing radiation, Thermal activation, Chemical activation (chemiluminesence), Lasers (two, three and four level systems).  Dipole moments, Energies of Excited States: Singlet-triplet splitting, Singlets, triplets and biradicals, Solvent effects.
 
1.3    	Excited States:  Production and Time-dependent Phenomena:Dissipative pathways, Radiative transitions, Radiationless      (or non-radiative) transitions, Kinetics, Quantum yields, Quantum efficiencies and Lifetimes.  Radiative Transitions:  Methods, Fluorescence, Delayed fluorescence, Resonance fluorescence and Phosphorescence. Fluorescence vs. Phosphorescence; Relationship between excitation and emission spectroscopy.
	
1.4   	Properties of Excited states: Geometry, acid-base properties,   dipole moments.

1.5	Quenching of Excited States:  Excimers, Excimer structure and bonding, Exciplexes, The Kinetics of Quenching, Stern-Volmer equation.  Quenching Processes and Quenching Mechanisms: Electron transfer quenching, Heavy atom quenching, Quenching by oxygen and paramagnetic species, electronic energy transfer,  Quantitative methods of quantum yields and kinetics of quenching; detection techniques, stationary  state, time resolve. Triplet and singlet quenchers, Triplet       sensitizers, Direct and indirect sensitized irradiation





2.	Organic Photochemistry (10 hrs)
2.1	Introduction :  The interaction of electromagnetic radiation with matter, basic laws and selection rules for excitation, excited states, singlets and triplets, fluorescence and phosphorescence, energy transfer, sensitization and quenching
												
2.2	Experimental factors:  Excitation sources, discharge and filament lamps, lasers, filters: glass and solutions, immersion irradiation.

2.3	Photochemistry of carbonyl compounds:  -cleavage (Norrish type I), intramolecular H-abstractions with photo elimination (Norrish type II), intramolecular H-abstractions to pinacols, H-abstraction with electron transfer, photochemical deconjugation, photochemical additions to alkenes and alkynes with and without sensitizers, oxetane by  Buchi-Paterno reactions.

2.4	Photochemical reactions of compounds containing N, olefines, saturated and unsaturated hydrocarbons.

2.5	Photoisomerization of C=C, C=N, N=N compounds, photostationary states, photochromism

2.6	Photochemistry of aromatic compounds, photoisomerisation of benzavalene, fulvalene, 	Dewar benzene and prismane intermediates

3. 	Industrial Applications of Photochemistry (5 hrs)
Solar cells, screen printing, light as a depollutant, photochemical reactors, selective irradiation, filters, light sources: Hg, high pressure medium pressure and low pressure lamps. 
	Photoremovable protecting groups in organic synthesis, Industrial photochemical synthesis.
             
					















C 3191/4191 CHEMICAL SENSORS (15 hrs)

Photochemical Sensors: Luminescence fluorescence, phosphorescence factors affecting luminescence: rigidity, structure, electron transfer quenching, excimers , exciplexes. Photochemical sensors based on photoinduced electron transfer, quenching excimers and exciplexes. Application of fluorescence sensors in chemical analysis, immuno assays.
Electrochemical sensers: different types of sensors based on potentiometry, voltametry, conductometry, amperometry, coulometry, Clarke electrode. ISE, enzyme electrodes, glucose sensors, field effect tranrisions, semi conduction metal gas sensors.
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C 3203/4203 COMPUTATIONAL CHEMISTRY (45 hrs)

Introduction: What is computational chemistry? Quantum chemistry, molecular mechanics and molecular simulation.

 1.    	Quantum chemistry (20 hrs)
1.1     Postulates in quantum mechanics, Schrödinger equation for polyatomic                                                   molecules
1.2    	Solving the Schrödinger equation
1.2.1	Born Oppenheimer approximation
1.2.2 	Variation method	
1.2.3	Perturbation theory  
1.2.4	Hatree-Fock approximation
1.2.5	Ab initio and Semi-empirical methods
1.2.6	Basic sets(LCAO)
1.2.7	Hatree-Fock-Roothan equation
1.2.8	Self consistent field method
1.2.9	RHF, UHF, ROHF methods
1.3 	Post Hatree-Fock methods
1.4 	Chemical and physical properties 
                                                 
2.	Molecular mechanics (5 hrs)	
2.1	Force field of a molecular system
2.2	Optimization
Simplex method
Steepest decent method
Conjugate gradient method
Use of optimization in molecular systems                                     

Molecular simulation (20 hrs)    
 Introduction to molecular simulation
 Monte Carlo simulation
 Chemical and physical properties from MC
 Molecular dynamics simulation
 Chemical and physical properties from MD                                  
                          
                             										

										

C 3213 /C 4213 FURTHER MANAGEMENT, ECONOMICS & MARKETING (45 hrs)
(SPONSORED BY UNILEVER CEYLON LTD)

Course Objective: 
To provide overview knowledge of a business, its key processes and the challenges faced by today’s managers in a rapidly changing world.
Course Contents:
The course is a 30 hrs journey of gaining knowledge of business management through lectures, films, case studies and interactive learning sessions such as seminars and workshops. The journey is through five gateways.

1. 	Business Management in a Changing Environment (4 hrs)
	(lectures and discussion)
What is a business? – The “pull” effect of the mission, vision, values and the leadership and the “push” effect of people, culture and systems of an organization. Business as a set of value adding processes as opposed to functions
1.2 	Business environment - stakeholders of a business, changing stakeholder needs. Globalization, survival in a fast changing world through people in the business.
1.3 	Challenges facing management - The new workplace and the knowledge organization, an integrated approach to human resources, skills and competency building and working in business processes with the customer in the primacy.

2. 	Managerial Competencies in a Changing World (8 hrs)
     	[workshops / interactive learning]
2.1	Management process – Planning, Organising , Leading and Controlling, Managerial roles, Decision making and strategic management, Motivating for outstanding performance.

2.2	Managerial skills and competencies – Leadership, teams and teams work, communication (effective presentation skills through learning by doing, facing interviews with self confidence and integrity) .

3. 	Understanding Marketing and the Marketing Process (8 hrs)
      	[lectures, case studies / films ]
3.1 	What is marketing? – Understanding consumer needs, wants and demand value, experience and expectations and customer satisfaction, exchange, transaction and relationships and brands in markets, creating and keeping profitable customers 

3.2 	Marketing management  philosophies – Production, product , selling concepts and their deficiencies. The marketing concept, the marketing myopia. Markets as a function and a philosophy. The call for more ethics and social responsibility in marketing.

3.3	The Marketing process -  Segmentation, targeting and positioning for competitive advantage, developing the marketing mix, marketing research and forecasting demand, pricing, placing and promoting products.

4. 	Quality and Productivity Management (4 hrs).
    	[lectures, discussion ,films and industrial visit ]
Management of quality -  The nature and dimension of quality, quality control versus quality assurance , quality costs, installation of a quality management system, quality standards, quality improvement  programs, total quality management. 

Management of productivity - More than an input/output ratio. Delivering value for competitive advantage (improvement in PQCDSM), Japanese management practices, World Class Manufacturing /Supply Chain.
			
5.  	Managerial Finance (4 hrs)
      	[Lectures and case studies]							
	5.1 	Business Accounting - The accounting equation, balance sheet, profit and loss account.
Interpretation of accounts – accounting ratios, variance analysis 
Sources of finance 
Management of  working capital

6. 	Fundamentals of Managerial Economics (2 hrs) 
    	[lecture and case study]

6.1 	Micro Economics - demand/supply, elasticity, types of markets, pricing, income distribution.

6.2 	Macro Economics – national income, money supply, inflation unemployment, world economic trends  


7. 	Research Project component in Marketing (15 hrs)
    		

								
	
C 3222/4222 INFORMATION TECHNOLOGY (30 hrs)

Spread Sheet Application In Chemistry: 
Drawing  graphs, obtaining least square fit and equations of the straight line, Standard deviation, Detection  limit, standard error in the established concentrations/ values from a calibration plot, Analysis of variance and other statistical parameters . Use of computer packages for curve fitting and established analysis 

2. 	Solving Equation: 
Method of successive approximations Newton’s method, Bisection method, Application to Weak acid, Weak base dissociation, Acid - Base titration, complex equilibrium (Programming in Basic, Visual Basic, Fortran or C)

3. 	Numerical Integration Methods:
Trapezoidal rule, Simpson’s rule, Solution of differential equations and complex differential equation, Application in chemical kinetics and kinetic methods in analysis (programming in Basic, Visual Basic Fortran  or C)

4. 	Use of Computer Packages For:
Structural drawing, Computation Chemistry, Mopac, Gaussian Hyper chem., Titan, Spartan, obtaining molecular geometry, stable  configuration, reaction coordinate  and IR spectra, Ab initio calculations (briefly)

5. 	Use of internet to acquire information relevant to chemistry



Advanced research Instruments at College
Fluorescence Spectrophotometer
C 3233/4233 PHARMACEUTICAL AND MEDICINAL CHEMISTRY (45 hrs)

Basic Concepts (4 hrs)
Classification of Drugs
Physicochemical properties of drugs (ionization, solubility, absorption)
Dosage forms
Routes of Drug administration
Pharmacodynamics and Pharmacokinetics
Drug Latentiation
Therapeutic Index
Solubility of Drugs
Chemical nature of Drug molecules
Stereochemical and Pharmacological activity

2. 	Drug Discovery and Development (5 hrs) 
2.1   	Introduction
   	Lead Discovery and Development
   	Drug Latentiation
   	Therapeutic Index
2.5   	Combinatorial Chemistry
2.6   	Computer-aided Drug Design
 
3. 	Drug- Receptor Interactions (2 hrs) 
3.1   	Dose- Response curve
3.2   	Agonist, Antagonist and Partial Agonist
3.3   	Factors affecting drug-receptor interactions
3.4   	Theories of Drug Receptor Interactions

4.    	Analgesic agents (1 hr)
4.1 	Non steroidal and non-alkaloidal Analgesic agents
4.2 	Morphine and related compounds
4.3 	Anti-inflammatory Analgesics 

5. 	Central nervous system depressants and stimulants (2 hrs) 
5.1 	Neurotransmitters and transporters
5.2 	Anxiolytic, sedative and hypotonic agents, anesthetics
5.3 	Central nervous system depressants with skeletal muscle relaxant properties
5.4 	Central Sympathomimetic agents
5.5 	Monoamine oxidase inhibitors
5.6 	Tricyclic antidepressant compounds

6. 	Adrenergic and Cholinergic drugs (4 hrs)
6.1 	Adrenergic neurotransmitters
6.2 	Drugs affecting adrenergic neurotransmission
6.3 	Adrenergic receptor antagonist
6.4 	Cholinergic receptors
6.5 	Cholinergic neurochemistry
6.6 	Cholinergic blocking agents
6.7  	Solanaceous alkaloids and analogues
6.8 	Synthetic Cholinergic blocking agents
     
7. 	Steroids and Therapeutically related compounds ( 4 hrs)
7.1 	Steroid receptors
7.2 	Steroid biosynthesis
7.3 	Gonadotrophins 
7.4 	Sex hormones
7.5 	Antiestrogens and related compounds 
7.6 	Progestins
7.7 	Adrenal cortex hormones 							
7.8 	Steroids with other activities
7.9 	Commercial production

8. 	Anti infective agents (09 hrs) 
8.1 	Antibacterial Agents (3 hrs)
8.1.1 	Historical background
8.1.2 	Current status
8.1.3 	Sulfonamide, Sulfones and Folate reductase Inhibitors
8.1.4 	B-lactam antibiotics
8.1.5 	The aminoglycosides
8.1.6 	The tetracyclines
8.1.7 	The Lincomycins
8.1.8 	The polyene antibiotics
8.1.9 	Macrolide group of antibiotics
8.1.10  	Quinolone carboxycilic acids
8.2 	Antimalarials (2 hrs)
8.3 	Antiviral agents (2 hrs) 
8.3.1  	Properties of viruses
8.3.2 	Viral classification
8.3.3 	Prevention of viral infection by Chemoprophylaxis
8.3.4 	Agents under development for HIV infection
8.4   Anthelmentics (2 hrs for both 8.4 & 8.5)
8.5    Antiamoebics


9. 	Hypoglycemic Drugs (2 hrs) 
Oral hypoglycemic drugs and insulins

10. 	Metabolic Changes of Drug and Related Compounds (4 hrs)
10.1 	Phase I Transformations-General pathways of drug Metabolism of functional groups
10.2 	Phase II and III transformations

11. 	DNA interacting drugs (3 hrs) 
11.1 	Alkylating and intercalating agents and DNA strand breakers
11.2 	Intercalating agents
11.3 	DNA strand breakers
11.4 	Plant products

12. 	Pro drugs and Drug Delivery System (3 hrs) 
12.1 	Utilitzation of Prodrugs
12.2 	Carrier Linked Prodrugs- Bipartate, tripartite and mutual prodrugs
12.3 	Bio precursor Prodrugs
12.4 	Prodrugs for site specificity (special emphasis in crossing blood brain barrier)
12.5 	Prodrug approach for intravenous preparations
12.6 	Prodrugs approach to combat resistance to drugs

13. 	Agents for Diagnostic Imaging (2 hrs)
13.1 	Introduction to radiation
13.2 	Radionuclides and radiopharmaceutical for Organ imaging 
13.3 	Radilogic contrast agents
13.4 	Paramagnetic compounds
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Graduate Chemists receiving their certificates and medals at the Sixth Convocation 2010
													
C 3241/ 4241 ATOMIC ABSORPTION SPECTROPHOTOMETRY (15 hrs)
                         
1. 	Principles
Atomic energy levels and Boltzmann distribution law. Electronic transitions, transition probabilities and selection rules: absorption, emission and fluorescence processes. Collisional excitations and collisional de-excitations. Spectral lines and spectral line broadening processes : Doppler broadening and collisional broadening. Emission intensity profiles, absorption coefficient intensity profiles and spectral line widths. Beer – Lambert law and relative analysis. Stray light rejection and lock – in amplification. Background absorption and techniques for correction of background absorption : Continuum background technique, Zeeman background correction technique and self reversal background correction technique. Spectral interferences. Introduction to flame atomic absorption spectrometry, electro-thermal atomic absorption spectrometry, hydride generation and cold vapour atomic absorption techniques.
2. 	Instrumentation 
Radiation sources: line sources: hollow cathode lamp and electrodeless discharge lamp continuum sources: deuterium lamp and quartz halogen lamp.
Atom generation devices: flames and premixed burners, Furnaces, Massman and Lvov designs, graphite tube platform.
Wavelength selection: Monochromators and figures of merit for monochromators: angular, linear and reciprocal linear dispersions, resolving power, resolution and band pass of monochromators
Radiation detectors: photo-electric effect and photomultiplier tube.
3. 	Applications:
Optimization of instrumental parameters: lamp current and absorption cell positioning, fuel oxidant ratio in flames, heating programs for electro-thermal atomic absorption spectrometry, band pass of monochromators and gain for photomultipliers.
Calibration curves: Stock standards, calibration standards, continuous calibration standards and calibration verification standards. Linearity of calibration curve and product moment correlation coefficient.
Instrument detection limit (IDL), Limit of detection (LOD), Method detection limit (MDL) and practical quantitation limit (PQL). Sensitivity, linear range and linear dynamic range. Chemical and physical interferences in flame atomization and electro-thermal atomization. Matrix modification in furnace atomization. Standard addition technique for matrix compensation. Standard reference materials. Sampling for atomic absorption spectrometry: Cleaning procedure for sample containers. Liquid and solid sampling, Sampling procedures for total metals, dissolved metals and suspended metal in waters. Solvent extraction as a mean of pre-concentration and removal of interferences. Sapling storage. Control limits and warning limits for accuracy and precision. Percentage recovery in analysis. Final error in the analytical result and reporting of results.  
C 3252/4252 GEOCHEMISTRY (30 hrs)
Introduction to Geochemistry (10 hrs)

Geochemical classification of the elements, stable and radioactive isotopes, element abundances in the lithosphere and hydrosphere, Low temperature aqueous solution geochemistry, Thermodynamics, mineral stability diagrams; clay minerals, Organic materials in geochemistry, Oxidation-reduction reactions and Eh-pH diagrams, Isotope fractionation, Application of chemical and instrumental methods to the analysis of silicate rocks, minerals and related media; sampling problems in geochemistry, Applications of geochemistry; consequences of weathering; composition of waters

2. 	Introduction to Biogeochemistry (08 hrs)

A Model for the Earth as a Biogeochemical System, Global Biogeochemical Cycles; water, carbon, nitrogen, sulphur and  phosphorous cycles, Biogeochemical Reactions in the Lithosphere; rock weathering, soil chemical reactions, soil development, Biogeochemical Cycling on Land; land plants nutrient allocations and cycling in land vegetation, biogeochemical cycling in the soil, Calculating landscape mass-balance and responses to global change, Biogeochemistry in Freshwater; wetlands and lakes; primary production and nutrient cycling in lakes, lake budgets, and climatic change, Redox Potential: the basics redox reactions in natural environments,  Rivers and Estuaries; salt marshes and estuaries, The Oceans;  ocean circulation, composition of seawater, sediment diagenesis,. 
 
 3. 	Industrial Minerals (8 hrs)

Aggregates for construction, Industrial Clays,  Minerals for Agriculture and the chemical industry, Fired products, Raw materials for the glass industry, Cement and plaster, Clays for construction, heavy minerals, mine Assessment of mineral deposits

4. 	Basis of Natural Disasters with Emphasis to Chemistry (4 hrs) 
   
    	Earth quakes, land slides, tsunami 













C 3263/C 4263 CHEMICAL AND MOLECULAR TOXICOLOGY (45 hrs)

1. 	Fundamentals of Toxicology (9 hrs)
Definition and basic concepts , Description and terminology of toxic effects,
Concepts in toxicodynamics and kinetic parameters (toxicokinetics), Toxicokinetic processes, Toxicokinetic methods, Rate laws
Disposition of toxic compounds, ADME studies, Clearance of toxicological     materials, Apparent volume of distribution, Factors influencing toxicity,     Transport across the cell membrane
Dose-Response Relationship, Effective dose, margin-of-safety and the relationship of effective (ED) vs. toxic dose (TD), Therapeutic index (TI)

2.  	Analytical Applications in Toxicological Studies (4 hrs)
2.1   	Spectroscopic Methods in Analytical Toxicology
2.2   	Chromatographic techniques
2.3   	Electro-analytical methods

3.  	Role of Cytochrome P-450 Monoxygenases in Biotransformation (5 hrs)
Biotransformation of Xenobiotics 
Phase I and Phase II biotransformation reactions
Role of Monoxygenases in biotransformation reactions

4. 	Molecular Toxicology (10 hrs)
Oxidative stress, DNA Damage, DNA Repair, DNA methylation
Chemical Carcinogenesis, molecular carcinogenesis, role of drug metabolizing  enzymes in carcinogenesis
Genetic polymorphism and carcinogenesis, Cell cycle delay, Perturbations to the  Cell Cycle, Cell signaling & sensing toxicant stress
Perturbations to intra- and intercellular signaling, Apoptosis
Toxicogenomics and toxicoproteomics

Environmental Toxicology  (6 hrs)
Air, Aquatic and soil toxicology
5.2    	Environmental Hazard, Pesticides, Hazard evaluation and risk assessment
5.3    	Toxic substances of plant and animal origin
5.4    	Heavy metal toxicity
      
6. 	Treatment of Toxicity (11 hrs)
6.1   	Insecticides
6.2   	Heavy metals
6.3   	Food toxins
6.4   	Venums
													
C 3273/4273 RESEARCH METHODS IN CHEMISTRY (45 hrs)

1.   	Lectures (15hrs)
1.1 	Experimental design and writing research proposals (2 hrs)
1.2 	Literature searches (2 hrs)
1.3 	Scientific writing and evaluation of scientific papers (2 hrs) 
1.4 	Chemical safety (2 hrs) 
1.5 	Instrumentation (2 hrs) 
1.6 	Data Analysis    (5 hrs)

2.  	Project: Case Studies/ research/literature survey (30 hrs)
      	Project proposal, bench work/survey, research presentation, project report 
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C3281/4281 AGRO INDUSTRIES (15 hrs)

Spices & Essential oils (6 hrs)
Methods  of extraction of essential oils  and  isolation of economically important 
Processing of spices and production of oleoresins
Major constituents in local essential oils and spices
Quality evaluation of essential oils and spices 
Industrial applications

Medicinal plants (4 hrs)
Local  and global scenario,  prospects and constraints                                                                                    
Processing technologies  of medicinal  plants
Production of  Herbal medicines and  other products
Quality control of MPs and their products.
Regulations for herbal  products

3.	Tea (2 hrs)
Primary processing, production of black, green, CTC, instant, scented and bottled teas 

4.	Coconut Industry	(1.5 hrs)
Chemistry and technology of processing coconut oil
Manufacture of copra
Husk and shell products, 
Coconut sap products,
Non traditional kernel products

5.	Coffee (0.5 hr)
Primary processing, instant & decaffeinated coffee
   
Cocoa (1 hr)
Primary processing, chocolate and cocoa beverage
 







															
PRACTICAL COURSES

Please note that the Section A of the Practical Course content includes 100 hours of General Introductory Chemistry (Inorganic/Organic/Physical) usually followed in the first year of the programme

C 2703/3703 INORGANIC CHEMISTRY PRACTICAL COURSE 
(SECTION A 78 hrs)

Qualitative Analysis
To make observation on precipitation, colour reactions etc.  of solutions of cations and to assign the positions of the cations in the periodic Table based on the observations made.
The preparation of sodium carbonate extract (semi - micro scale) and tests for anions such as halides, sulphate, carbonate, nitrate nitrite, phosphate, arsernate etc.  Use of solubility product complex formation etc. to explain the observation.
The qualitative analysis of simple cations (semi-micro scale) and the interpretation of the results based on solubility product, complex formation, spectral emission etc. Use of 
         G0 =  -RT ln 1/Ksp/
         Ksp/ =   conditional solubility product, K/sp = Ksp/ ax

Quantitative Analysis

Titrimetry: Preparation of standard solutions and the selection of suitable indicators based on the respective titration curves of the following: 
2.1.1	Acid base titration of pH, pKa, pKb and pKn

2.1.2	Redox titration E0 values, 
2.1.3	Complexometry pM, log K MIn

Gravimetry
Direct weighing of precipitates
Ignition of precipitates
Dissolution of precipitates and titration.
Precipitation from homogeneous solution (PFHS).
	
Colorimetry 
The construction of Beer’s law calibration curve and the determination of concentration of unknown using the calibration curve.




C 3713/4813 INORGANIC CHEMISTRY PRACTICAL COURSE 
(SECTION B   75 hrs)

1.	Preparation of inorganic complexes and analysis for stoichiometry, absorption spectra.
2. 	Synthesis and reactions of organometallic complexes
3. 	Study of inorganic reaction mechanisms
4. 	Separation of cations and anions using solvent extraction and subsequent analysis using titrimetry, gravimetry or colorimetry.
5. 	Separation of cations and anions using Ion-exchange methods and the subsequent analysis using titrimetry, gravimetry or cololrimetry, atomic absorption spectrophotometry.
6.	  Use of reactor systems to assign oxidation states of transition metal ions
7.	Determination of indicator constant, formation constants, stoichiometry ect. Using colorimetric methods.
8.	Environmental analysis: Determination of dissolved oxygen, BOD, COD, tyoxic chemicals etc. 
9. 	Determination of sodium absorption ratio at AAS
10. 	Analysis of some of the following materials using titremetry, gravimetry, colorimetry, atomic spectrophotometry, flame photometry with a prior separation using either solvent extraction or/ ion-   exchange
          Eg. Eppawala apatite, Limestone, Industrial Materials, Pharmaceutical Materials, Industrial effluents

  			
C 2803/3803 ORGANIC CHEMISTRY PRACTICAL COURSE 
(SECTION A 78 hrs)

Tests for functional groups in organic compounds
Purification of solid organic compound by recrystalization and melting point determination
Use of single solvent systems
Use of mixed solvent systems
Melting point determination
Mixed melting points
Purification  of a liquid 
3.1  	Distillation
3.2		Boiling point determination (micro scale)
Separation of mixtures of Organic compounds
5   	Tests for carbohydrates and amino acids by paper chromatography	
6   	Identification of organic compounds by preparation of derivatives 
7   	One step syntheses of organic compounds
8   	Monitor the progress of an organic reaction using thin layer chromatography
9   	Deducing the structure of organic compounds using spectroscopy data	

C 3813/4813 ORGANIC CHEMISTRY PRACTICAL COURSE
(SECTION B 75 hrs)

1. 	Advanced techniques in organic synthesis separation and structure elucidation 
1.1    Advanced one step synthesis 
1.2    Synthesis of a heterocyclic compound (reflux technique)
1.3    Multi step synthesis (use of a protecting group)
1.4    Oxidation reaction
1.5    Photochemical reaction
1.6    A rearrangement reaction
1.8    Grignard synthesis
1.9    Separation of reaction products by chromatography

2. 	Extraction of Natural products
2.1 	Isolation of caffeine and purification 
2.2  	Isolation of piperine from black pepper- Soxhlet Extractor
2.3   	Isolation by steam distillation: volatile constituents Cumin, identification of major and preparation of derivatives
2.4   	Isolations of trimyristin from nutmeg and saponification to myristic acid

 3.	Biochemistry

3.1    Determination of KM and V max of an enzyme
3.2    Effect of Temperature and pH on enzyme activity.
3.3    Isolation of DNA from yeast and determination of Tm value
3.4    Determination of Cholesterol content in egg yoke 
     
4. 	Use of GC as a quantification technique: 
	Determination of % ethanol of alcoholic bevarages using GC 
 	
5.	Phytochemical screening of Ayurvedic herbs 	
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Inter-University Debating Competition 2010 at Adamantane House
Combined course content for 

C 2902/3902 PHYSICAL CHEMISTRY PRACTICAL COURSE
(SECTION A   50 hrs) &

C 3912/4912 PHYSICAL CHEMISTRY PRACTICAL COURSE
(SECTION B 50 hrs)

Introductory theoretical exercises
Calculations based on concepts in statistics and chemoetrics: errors and propagation of errors, error   analysis (calculus based method and graphical method), concept of accuracy and precision, standard deviation (sample and population)
Calculations based on concept of significant figures
Calculations based on advanced statistical concepts: correlation coefficient, tests of significance (Q, F and paired F tests)  
Calculations based on computer software packages (symmetry and group theory calculations, quantum mechanical calculations, use of software in quantitative analysis)   

Experimental Content:
Determination of physical constants and parameters in experiments involving equilibria, kinetics, electrochemistry, thermodynamic measurements, spectrophotometry, surface chemistry and molecular properties.  

Given below is a representative sample of the determinations that should be carried out :-
Solubilites and solubility products
Phase diagrams of one, two and three component systems.
Heats of solution, neutralisation and mixing.
Orders, rate constants and activation energies of zero, first and second order reactions.
Molecular masses by thermometry, cryoscopy and steam distillation.
Concentrations of solutions through potentiometry and conductometry.
Concentrations through spectrophotometry
Dissociation constants of polybasic acid through potentiometry
Kinetics of reactions through conductometry.
Specific surface areas of adsorbents.
Activity Coefficients in solutions through potentiometry.
Thermodynamic properties including partial molar properties.
Use of some industrially important equipment: Viscosity meter, polarimeter, refractometer, barometer, fluorescence spectrophotometer.  
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