LEVEL 2

C 2013   PHYSICAL CHEMISTRY (45 hrs)
1.	Classical Chemical Thermodynamics II (12 hrs)
1.1	Review of basic concepts of thermodynamics

1.2	Isoenthalpic processes

1.3	Free energy functions




Need for a free energy function, Helmholtz free energy (A) and Gibbs free energy (G), maximum and net work function,  and  as criteria for equilibrium and spontaneity, spontaneous endothermic processes, significance of free energy function in relation to energy functions, the four fundamental thermodynamic equations, temperature, volume and pressure coefficients of  and , Maxwell relationships, thermodynamic equation of state, variation of isochoric and isobaric thermal capacities with pressure and volume, GibbsHelmholtz equation, standard free energies.

1.4	One component systems
Clapeyron equation; ClausiusClapeyron equation.
JouleThompson effect, inversion temperature, variation of JouleThompson coefficient with pressure.

1.5	Colligative properties

1.6	Chemical changes



Derivation for equation for free energy change in an ideal gaseous reaction in terms of partial pressures, equilibrium constants ,  and , relationship between standard free energy change and equilibrium constant, influence of temperature on equilibrium constant.

1.7	Some industrial applications of chemical thermodynamics
Industrial boilers; water to steam conversion, boiler efficiency
Surface coating; paints
Bubble chemistry and technology; polyurethane foams

2.	Molecular Spectroscopy 	(18 hrs)
2.1	Introduction
Absorption of electromagnetic radiation by matter, definition and importance molecular spectroscopy.

2.2	Electromagnetic radiation
The wave nature of electromagnetic radiation, separation of monochromatic components in a beam of non-monochromatic radiation, units of c, ν and λ., intensity of a beam of electromagnetic radiation, the particulate nature of electromagnetic radiation, intensity and the number of photons crossing unit area in unit time in a monochromatic beam, intensity and the number density of photons in a monochromatic beam, electromagnetic spectrum, regions of the electromagnetic spectrum

2.3	Absorption of radiation as a macroscopic phenomenon
Beer-Lambert law, variation of the molar extinction coefficient as a function of frequency (or wavenumber), definition of a spectrum, how to obtain an absorption spectrum of a molecule.

2.4	Electric dipole moment of a molecule
Definition of electric dipole moment, calculation of the dipole moment of a molecule using the dipole moments of individual bonds, transition dipole moment.

2.5	Absorption of radiation as a microscopic phenomenon
Origins of an absorption spectrum and positions of absorption peaks, decomposition of total energy of a molecule into components.

2.6	Absorption peak heights and widths
Microscopic processes that determine the absorption peak height, selection rules, peak widths, doppler broadening, life time broadening.

2.7	Pure rotational spectra of diatomic molecules — Rigid rotor approximation
Rotational energy of a diatomic molecule, pure rotational spectrum of a diatomic molecule, microwave selection rules for a diatomic molecule, positions of peaks in the microwave absorption spectrum of a diatomic molecule, height of peaks in the microwave absorption spectrum of a diatomic molecule.

2.8	Pure vibrational spectra of diatomic molecules — Harmonic oscillator approximation
Classical simple harmonic oscillator, simple harmonic oscillator approximation for a diatomic molecule, populations of vibrational energy levels, vibrational spectrum of a diatomic molecule in harmonic oscillator approximation.

2.9	Anharmonicity of vibrations of a diatomic molecule
	The shortcomings of the harmonic oscillator approximation, Morse potential and the anharmonic oscillator approximation, vibrational energy levels of a diatomic molecule in anharmonic oscillator approximation, selection rules in IR spectroscopy in anharmonic oscillator approximation, hot bands, estimation of the force constant of a bond and dissociation energy using the IR spectrum.

2.10	Vibrations in polyatomic molecules
	Vibrational degrees of freedom, normal modes, triatomic molecules, representation of normal modes, polyatomic molecules with more than 3 nuclei, parallel and perpendicular vibrations.
2.11Effects of nonrigidity on the rotational spectrum of a diatomic molecule
	Energy expression for a nonrigid rotor, selection rules, calculation of rotational constant, centrifugal distortion constant and bond length of a diatomic molecule using its microwave spectrum.

2.12Vibrationrotation spectra of diatomic molecules
	Vibrationrotation energy levels of a diatomic molecule, approximate energy expressions, BornOppenheimer approximation, degeneracy of vibrationrotation energy levels, selection rules, spectrum, P, Q and R branches, estimation of the temperature using vibrationrotation spectrum. 

2.13The origin of an NMR spectrum
	Spin states of nuclei and the gross selection rule in NMR, Nuclear shielding and chemical shifts, Intensity of an NMR spectrum.

2.14	Effect of spinspin interactions through chemical bonds on NMR spectra
	Scalar coupling, Notation of spin systems, AX, AMX and AB spin systems, Intensity patters in multiplets due to AX, AMX and AB spin systems.

2.15	Experimental setup and a classical view of the NMR process
	Instrumentation in NMR spectroscopy, Why is a NMR signal very weak?, A classical view of the NMR process, Factors that affect the macroscopic magnetization, the rotating frame of reference

3.	Electrochemistry II  -  Conductivity of electrolytes in solution  (6 hrs)
3.1   Electrical quantities and their units
Charge, potential difference, current, current density, electric field strength.

3.2   Coulometry
Faraday’s laws, silver coulometer, experimental method and calculations.

3.3	Macroscopic quantities that characterise electrical flow through a solution
Resistance, resistivity, conductance and conductivity, measurement of    conductivity

3.4	Relationship between the conductivity and composition of a solution
Ionic mobility and limiting ionic mobility, experimental determination of ionic mobility

3.5	Transport number of an ionic species
Determination of transport number; Hittorf method.


3.6	Molar conductivity of an electrolyte
Relationship between the molar conductivity of an electrolyte and the constituent ions, concentration dependence of molar conductivity, limiting molar conductivity, Onsagar limiting law, determination of limiting molar conductivity of weak and strong electrolytes.

3.7	Introduction to electrotechnology
Metal finishing, electroplating, anodising, electrolysis, electrocatalysis.

4.	Surface and Colloid Chemistry (9 hrs)
4.1	Introduction to surface phenomena
Absorption and adsorption, surface tension, surface free energy, angle of contact, effects of solutes and temperature on surface tension, surface pressure.

4.2	The Kelvin equation and its applications
	Vapour pressure above curved surfaces, super cooling and super heating.

4.3	Comparative description of physisorption and chemisorption

4.4	Sticking probability and condensation coefficient

4.5	Adsorption theories
Adsorption isotherms, isobars and isosteres, Gibbs adsorption isotherm and its application, Langmuir adsorption isotherm and its application, introduction to multilayer adsorption.

4.6	Determination of surface areas and molecular cross sections
Use of Langmuir trough method, monomolecular films, equation of state for an ideal surface film, molecular areas, use of Gibbs adsorption isotherm, use of Langmuir adsorption isotherm.

4.7	Colloidal systems
Classification, physical properties of colloids, macromolecules and micelles, lyophilic and lyophobic colloids, stability of colloids, foams and emulsions.

4.8	Electrophoresis and isoelectric point

4.9 	Industrial applications such as coagulation in the rubber industry









C 2023 INORGANIC CHEMISTRY (45 hrs)

1.	Structural Chemistry (15 hrs)
1.1 	Introduction to solids, types of crystalline solids – ionic, covalent, molecular and metallic crystals, crystal texture, unit cell, crystal systems, Miller indices and their significance.
		
1.2	Structures of metals: hcp,ccp,fcc,bcc and simple cubic structures.

1.3 	Crystal and molecular structures. Crystal types such as simple cubic (c), body centered cubic (bcc),face centered cubic (fcc/ccp), hexagonal close packed (hcp) etc. Tetrahedral and octahedral holes. Determination of the number of formula units in the unit cell, coordination number and the distance to the nearest neighbours. Packing efficiency (formula units/ volume ratio).

1.4 	The ionic lattice: lattice energy, Madelung constant, Born exponent, Born –Lande’ equation and Born-Mayers equation.

1.5 	The structural types of inorganic compounds: with two and three different elements: giant structures, layer structures, discrete molecules; CsCl, NaCl (rock salt), ZnS (zinc blende & Wurtzite), CaF2 (fluorite), Na2O (antifluorite), TiO2 (rutile), Ilmenite, spinel, Perovskite structures. Layer structures: CdI2, CdCl2, NiAs.

1.6 	The atomic, covalent, vander Waalls and ionic radii and their determinations. The radius ratios and their determinations for coordination numbers, 3, 4, 6 & 8. 

1.7 	Diffraction methods in the study of solids, Bragg equation, the use of x-rays in structural studies, single crystal and powder diffraction methods in the determination of crystal system, unit cell parameters, number of formula units in the unit cell, application of powder diffraction data. 

1.8 	Crystal defects: stoichiometric, non-stoichiometric, Schottky and Frenkel defects. Conductors, Semiconductors and Insulators. 

2. 	Co-ordination Chemistry (15 hrs)
2.1 	Definition of terms:- central metal atom/ion, ligands, donor atom, co-ordination sphere, structural isomerism (co-ordination, linkage & ligand) and stereoisomerism (geometrical & optical)

2.2 	Structures of co-ordination compounds:- Geometric shapes and hybridization of central atom.
2.3 	Bonding in co-ordination compounds: valence bond theory, crystal field theory – splitting of d orbitals by octahedral and tetrahedral fields, measurement of crystal field splitting () 
( = 10  Dq) in an octahedral environment, crystal field stabilization energy (CFSE), pairing energy, factors affecting the magnitude of ,  spectrochemical series, evidence for crystal field stabilization energy – variation of lattice energy and ionic radii of divalent metal halides of first transition series, magnetism in coordination compounds, tetragonal distortion, Jahn-Teller effect, square planer coordination, absorption spectra of d1 and   d9  system, hole formation, colours of transition metal complexes. 

2.4 	Stability of complex ions in aqueous solution: formation constants of complexes: stepwise & overall formation constants, thermodynamic & kinetic stability, chelate effect, macrocyclic effect. Introduction to molecular orbital theory and    bonding in octahedral complexes.

3.  Nuclear Chemistry, Radiochemistry, and f-block Elements (15 hrs)
3.1   	Nucleonics  (3 hrs)
3.1.1 	Structure of the atomic nucleus; elementary particles, fundamental forces of matter stability of the atomic nucleus.   
3.1.2 	Properties of the atomic nucleus: charge size, binding energy (BE), variation of   BE/A vs. A (A= mass number), neutron –proton ratio of nuclides, units of energy, BE.
3.1.3 	Models of atomic nucleus; liquid drop and shell models in brief 
		
3.2    	Nuclear reactions and nuclear phenomena   (3 hrs)
3.2.1 	Nuclear reactions with charged particles, particle accelerators; linear and cyclic types, (linear, cyclotron, synchrocyclotron, betatron accelerators in brief).
3.2.2 	Compound nucleus formation, nuclear cross section, atomic transmutation, types of nuclear reactions based on the processes including fission and fusion. Calculation of the energy (Q) released.
3.2.3 	Nuclear phenomena: natural and artificial radioactivity, nuclear isomerism
				
3.3    	Radioactivity (3 hrs)
3.3.1 	Radioactive decay law, relationships among the decay constant λ, half life t1/2, average life , and their experimental determination. The units of measurements of radioactivity, Becquerel (BQ), Curie (Ci)
3.3.2 	Natural radioactivity, decay series 4n, 4n+1, 4n+2, 4n+3. Transient and secular equilibrium, radioactive equilibrium law
3.3.3 	Detection and measurement of radiation. A brief description of radiation counters and chambers: ionization chamber, proportional counter, Geiger-Muller counter (G.M), Scintillation, and solid state counters. 			

			 
3.4    	Isotopes, Radiochemistry and radiation	(3 hrs)    
3.4.1 	Isotopes: stable and radioactive. General methods of production and isolation. Merits of using radioisotopes, minimum detectable mass and specific activity.
3.4.2 	Radioactivity and applications
          	Isotopes as tracer elements, isotope dilution analysis, neutron activation analysis, radio element dating. Applications in Chemistry, Agriculture, Engineering, Medicine etc. 
3.4.3 	Radiation, interaction with matter, dosimetry and units. Biological effects of radiation. 
3.4.4 	Radiation and environment, nuclear wastes and its management
														
3.5    	Chemistry of actinides. (3 hrs)
The actinides (5f), occurrence, electronic configuration, valence states, actinide contraction, spectral and magnetic properties, radioactivity, separation and isolation with special reference to thorium and uranium, general properties of actinides, industrial uses
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C 2033 ORGANIC CHEMISTRY (45 hrs)

1. Introduction to Organic Synthesis  (12 hrs)
1.1   C-C bond formation.
 
1.2   C-N bond formation.

1.3   Use of P, B, S and Si in organic synthesis.

1.4    Use of rearrangement reactions in organic synthesis	
					
2. Introduction to Aromatic Heterocyclic compounds   (8 hrs)
2.1. Comparative study of electronic structure, properties and chemistry of five membered heterocyclic compounds (furan, pyrrole and thiophene) and six membered aromatic heterocyclic compounds ( e.g. pyridine) compare the basicities of these with that of amines, ammonia etc.

2.2. Comparative study of electronic structure, properties and chemistry of quinoline, isoquinoline, benzofuran, indole. 
Structures and important features of some naturally occurring heterocyclic compounds. (e.g. heme, chlorophyll, purines, pyrimidines, and some useful alkaloids)

3. Application of analytical Methods to Organic Molecules  (15 hrs)
3.1. Introduction:
	Brief introduction to use of spectroscopic methods in structure elucidation, Introduction to electromagnetic radiation and absorption spectroscopy

3.2. Ultraviolet -Visible spectroscopy: electronic excitations of molecules, effect of conjugation, chromophores, auxochromes and solvent effects, Woodward rules, Beer Lambert law

3.3. Infrared spectroscopy: Molecular vibrations and absorption characteristics  of functional groups 

3.4. Nuclear Magnetic Resonance spectroscopy: Magnetic properties of nuclei and nuclear excitation
3.4.1. 1H NMR spectra of compounds. Chemical shifts, factors affecting Chemical shifts, spin-spin coupling and coupling constants. 1st order spectra, deuterium exchange and NMR spectrometer 
3.4.2. 13C NMR, chemical shifts, double irradiation techniques and signal enhancement

3.5. Mass spectrometry: Molecular ion, important fragmentation pathways, rearrangements of molecular ions, isotopic peaks, metastable peaks and mass spectrometer

3.6. Structure Elucidation: Structure elucidation of organic compounds using the above spectral data

4. Introduction to Natural Products   (10 hrs)
4.1 Introduction to primary and secondary metabolites, principal Biosynthetic pathways (leading to fatty acids, aromatic compounds such as quinones, orcellinic acid etc, terpenoids, cholesterol, flavonoids, alkaloids). Studies on biosynthetic pathways. 

4.2 Occurrence, Separation, purification, isolation and identification of natural products. 
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2043  ANALYTICAL CHEMISTRY AND INSTRUMENTAL ANALYSIS   (45 hrs)

1. Complexometry and Separational  Methods (15 hrs)
1.1 Complexones: 
	EDTA, NITA, DCTA, EGTA and TTHA. The complex formation of EDTA with metal ion in aqueous medium. Thermodynamic formation constants.

1.2 Complexometric titrations:



 	Equivalence point pM and theoretical titration curves. Conditional formation constant, . Derivation of = . 

1.3 Effect of pH on conditional formation constant:


	Derivation of an equation to calculate .pH of the medium and  values.
 
1.4 Effect of complex formation and hydrolysis on conditional formation constant:




	Derivation of equations to calculate based on one step complex formation with an auxiliary ligand L. . Derivation of an equation for based on one step hydrolysis. 

1.5 	Titration curves: 

	Gibbs free energy change: Titration curve equivalence point pM values. Metallochromic indicators and selection of indicators based on 

1.6 	Solvent extraction: Distribution ratio, extraction constant, relationship between formation constant and extraction constant in a metal chelate extraction. pH1/2 values, selectivity.

1.7 	Ion exchange: organic ion exchangers and their applications in Industry. Ion exchange capacity and selectivity.
	
2.   Instrumental Analysis (15 hrs)
2.1 	Molecular spectroscopy 
Radiation sources, detectors, resolution, wavelength separation devices (monochromators) and defining the quality of the monochomators, Beer's Law limitations, matrix effects and background corrections, single and double beam instruments, fluorimetric instrumentation, harmonic and anharmonic oscillators for IR, S/N ratios for IR signals, Fourier Transform.



2.2 	Atomic Spectroscopy 
Instrumentation for AAS, flame and elctrothermal atomization, hollow cathode lamp, instrumentation for AES, flame, arc plasma emission sources, single and multi-channel monochromators, detection limits, performance comparison for AAS and AES

2.3 	Chromatography 
Introduction to separation, mobile phase, station phase, separation mechanisms, planar vs. column chromatography, chromatographic development, retardation factor, retention time, separation mechanisms, factors affecting retention, capacity factor, selectivity factor, efficiency, resolution, van Deemter equation, chromatographic analysis, sample preparation for GC, GC instrumentation and troubleshooting, selection of columns, detectors, sample preparation for HPLC, HPLC instrumentation and troubleshooting, normal and reversed-phase columns, detectors

3. Redox Systems (15 hrs)
 3.1 	Redox titrations: 
Redox titration curves, calculation of equivalence point potentials (Eep) values and the section of redox indicators. Iodometry. 

3.2.	Introduction to Electroanalytical Chemistry: 
Cathode, anode, cell potential, Gibbs free energy, Nernst equation, electrochemical interface, standard electrode potentials, cell currents, reference electrodes, membrane electrodes, gas sensing electrodes, molecule sensing electrodes, voltammetry, polarography


3.3 	Formal potential ( ):
Effect of pH on redox equlibria. Calculation of formal potential of systems involving cations and anions at different pH values. Effect of complex formation and precipitation etc. on redox equilibria. Effect of the side reactions on equivalence point potentials (Eep) and consequent influence on redox tirations including iodometry. 

3.4 	Redox reactions in the Environment: Gibbs free energy relationships and the concept of pE. pH – pE diagrams for some water bodies. Measurement of Eh  values and the prediction of the extent of water pollution. 
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C 2053  BIOCHEMISTRY I (45 hrs)

1. Simple Biomolecules. (11 hrs)
1.1. Amino acids of proteins. (The 20 amino acids, charges of amino acids,                        types of side chains, Zwitter ions, isoelectric point  and tests for amino acids).
1.2. Simple sugars. (Glucose, fructose, galactose, sucrose lactose, maltose-sources  and tests for, simple sugars)
1.3. Lipids. (Fatty acids, triglycerides, phospholipids, sphingolipids, cholesterol and other important natural sources & tests for them, bilayers micelles etc.	
2. 	Macromolecules of the Biological World. (3 hrs)
2.1 	Proteins. (Structure, properties and functions of proteins, types of proteins - collagen, myoglobin, haemoglobin, keratins, IgG and their function tests for proteins and precipitation of proteins					
2.2 	Complex carbohydrates. (starch, glycogen cellulose)			
2.2 Glycoproteins and lipoproteins.
3. 	pH and Buffers and Biological Buffers  (2 hrs)	
4.   Enzymes (5 hrs)
(Special characters, classification, general mechanism of action, factors affecting rate of reaction Michaelis Menten kinetics, Lineweaver-Burk plot and inhibition (competitive/ non-competitive) of enzymes, isoenzymes & enzymes of diagnostic value, coenzymes)						
5. 	Structure and Function of Nucleic Acids  (6 hrs)
5.1 	(Nucleosides, nucleotides, DNA and RNA) 			
5.2 	Genetic code and the gene, DNA replication					
5.3 	Transcription and translation (prokaryotes)					
6. 	Biological Membranes and Transport across Membrane. (2 hrs)
7. 	Introduction to Carbohydrates and Energy Metabolism  (8 hrs)		
7.1 	Overview of metabolism and relationship between anabolism, catabolism               and energy harvesting Bioenergetics, Role of ATP
7.2	Introduction to glycolysis, TCA, gluconeogenesis, HMP, glycogen                                                                         metabolism, and alcoholic fermentation.
7.3 	Oxidative phosphorylation. Coupling electron flow to ATP formation, naming the complexes and illustration of electron flow in complex chemiosmotic theory and uncouplers.			
8.  Regulatory Principles in Metabolism Inhibition (4 hrs)
activation, alosterism, covalent modification, zymogens, induction repression, 
lac-operon, feed back inhibition, down regulation, suicide inhibition. 	
9. 	Separation Techniques in Biochemistry (4 hrs)
	Electrophoresis, chromatography, (TLC, paper, column) affinity, ion exchange isoelectric focussing, molecular seiving, ultra centrifugation, amino acid analysis, criteria of purity.     
C 2063 ELECTRONICS & INSTRUMENTATION FOR CHEMISTS (45 hrs)
 
1. Analog Electronics (15 hrs)
1.1. Diode as a circuit element
1.2. Rectifier circuits
1.3. Zener diodes
1.4. Voltage regulation and low voltage power supply
1.5. Seven-segment and other displays and their applications.
1.6. Bipolar transistors
1.7. Operation of an npn transistor in the active mode
1.8. Transistor biasing and transistor as an amplifier
1.9. Designing of a common emitter amplifier
1.10. Voltage gain
1.11. Transistor as a switch 
1.12. Operational amplifiers
1.13. Inverting and non-inverting amplifiers
1.14. Op-amp based electronic ammeters and voltmeters

2. Digital Electronics (10 hrs)
2.1. Basic logic gates
2.2. Designing of combinational logic circuits
2.3. Minimization of logic expressions using algebraic and Karnaugh map methods
2.4. Flip-Flop as a memory element
2.5. Sequential logic circuits, registers, Asynchronous counters

3. Upgrading and Maintenance of Personal Computer Systems (12 hrs)
3.1. PC Architecture
3.2. Main Components of a PC
3.3. PC Maintenance Strategy
3.4. PC Assembly and Disassembly Procedure
3.5. System Configuration/ Installation
3.6. Tools and Test Equipment
3.7. Trouble Shooting/ Preventing Maintenance
3.8. Viruses and Security
3.9. Viruses and Security

4. Computer Networking (8 hrs)
4.1. Network operating systems
4.2. Hardware requirements, configuring / troubleshooting
4.3. Network protocols, IP addresses, servers resource sharing
4.4. Modems/ Faxes/ Network cards installation & configuring
4.5. Connectivity to e-mail & internet
      Dialup connection, local area network
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