
  

 
INDICATIVE SYLLABUS FOR LAB ASSISTANT CHEMISTRY TRAINEE 

 
INORGANIC CHEMISTRY-1 

Atomic Structure 

Review of: Bohrs theory and its limitations, dual behaviour of matter and radiation,  de-Broglies 

relation, Heisenberg Uncertainty  principle.  Hydrogen atom spectra. 

What is Quantum  mechanics ?  Time independent Schrodinger equation and meaning of various 

terms in it.  Significance of ψ and ψ2, Schrdinger equation for hydrogen atom. Radial and angular 

parts of the hydogenic wave functions  (atomic orbitals) and their variations for 1s, 2s, 2p, 3s, 3p 

and 3d orbitals (Only graphical representation).  Significance of quantum numbers, orbital angular 

momentum and quantum  numbers ml and ms. Shapes of s, p and d atomic orbitals, nodal planes. 

Discovery of spin, spin quantum  number (s) and magnetic spin quantum  number (ms). Rules for 

filling electrons in various orbitals,  Electronic configurations of the atoms. Stability of half-filled 

and completely filled orbitals, concept of exchange  energy. Relative  energies of atomic orbitals, 

Anomalous electronic configurations.   
 

Chemical Bonding and Molecular  Structure 

Ionic Bonding: General characteristics  of ionic bonding. Energy considerations  in ionic bonding, 

lattice energy and solvation energy and their importance in the context of stability and solubility of 

ionic compounds.  Statement of Born-Land equation for calculation of lattice energy, Born-Haber 

cycle and its applications, polarizing power and polarizability.  Fajans rules, ionic character in covalent 

compounds, bond moment, dipole moment and percentage ionic character. 

Covalent bonding: VB Approach: Shapes of some inorganic  molecules and ions on the basis of 

VSEPR and hybridization with suitable examples of linear, trigonal  planar, square planar, tetrahedral, 

trigonal  bipyramidal and octahedral arrangements.Concept of resonance and resonating structures 

in various inorganic and organic compounds. 

MO Approach:  Rules for the LCAO method, bonding and antibonding MOs and their characteristics 

for s-s,  s-p and p-p combinations of atomic orbitals, nonbonding combination  of orbitals, MO 

treatment of homonuclear diatomic  molecules (N2, O2) and and heteronuclear diatomic  molecules 

(CO, NO). Comparison of VB and MO approaches.  
 

Organic Chemistry-1   

Fundamentals of Organic Chemistry 

Physical Effects, Electronic  Displacements:  Inductive  Effect, Electromeric Effect, Resonance and 

Hyperconjugation.   Cleavage of Bonds: Homolysis and Heterolysis. 

Structure, shape  and reactivity of organic  molecules:   Nucleophiles  and electrophiles. Reactive 

Intermediates:   Carbocations,  Carbanions and free radicals. Strength of organic  acids and bases: 

Comparative study with emphasis  on factors affecting pK values. Aromaticity: Hckels rule.   

 
 
 
 
 
 
 
 
 
 



  

Stereochemistry 

Conformations with respect to ethane, butane and cyclohexane. Interconversion of Wedge Formula, 

Newmann,  Sawhorse and Fischer representations.  Concept of chirality (upto two carbon atoms). 

Configuration: Geometrical and Optical isomerism;  Enantiomerism,  Diastereomerism  and Meso 

compounds).  D and L; cis-trans nomenclature; CIP Rules:  R/S (for one chiral carbon atoms) and 

E/Z Nomenclature (for up to two C=C systems).  
 

Aliphatic  Hydrocarbons 

Functional  group approach for the following reactions (preparations & reactions) to be studied  in 

context to their structure. Alkanes: (Upto 5 Carbons). Preparation: Catalytic hydrogenation, Wurtz 

reaction, Kolbes synthesis, from Grignard reagent. Reactions: Free radical Substitution:   Halogena- 

tion. 

Alkenes: (Upto 5 Carbons) Preparation: Elimination reactions: Dehydration of alkenes and dehydro- 

halogenation of alkyl halides (Saytzeffs rule); cis alkenes (Partial  catalytic  hydrogenation)  and trans 

alkenes (Birch reduction). Reactions:  cis-addition  (alk.  K M nO4) and trans-addition (bromine), 

Addition of HX (Markownikoffs  and anti-Markownikoffs  addition),  Hydration,  Ozonolysis, Alkynes: 

(Upto 5 Carbons) Preparation:  Acetylene from C aC2 and conversion into higher alkynes; by de- 

halogenation of tetra halides and dehydrohalogenation  of vicinal-dihalides. 

Reactions: formation of metal acetylides, addition of bromine and alkaline K M nO4, ozonolysis.  

 

Physical Chemistry-1   

Chemical Energetics 

Review of thermodynamics and the Laws of Thermodynamics. Important principles and definitions 

of thermochemistry.  Concept of standard state and standard enthalpies of formations, integral and 

differential enthalpies of solution and dilution. Calculation of bond energy, bond dissociation energy 

and resonance energy from thermochemical data. Variation of enthalpy of a reaction  with temper- 

atureKirchhoffs equation. Statement of Third Law of thermodynamics  
 

 

Chemical Equilibrium: 

Free energy  change  in a chemical  reaction. Thermodynamic  derivation  of the law of chemical 

equilibrium.  Distinction  between G and Go, Le Chateliers principle.  Relationships between Kp, Kc 

and Kx for reactions involving  ideal gases.  

Ionic Equilibria 

Strong, moderate and weak electrolytes, degree of ionization,  factors affecting degree of ionization, 

ionization constant and ionic product of water. Ionization of weak acids and bases, pH scale, common 

ion effect. Salt hydrolysis-calculation of hydrolysis constant,  degree of hydrolysis and pH for different 

salts. Buffer solutions. Solubility and solubility product of sparingly soluble salts   applications  of 

solubility product principle.  



  

 

Organic Chemistry-2   

Functional  group approach for the following reactions (preparations & reactions) to be studied  in 

context to their structure. Aromatic  hydrocarbons:  Preparation  (Case benzene): from phenol, by 

decarboxylation, from acetylene, from benzene sulphonic  acid. Reactions:  (Case benzene):  Elec- 

trophilic substitution: nitration, halogenation and sulphonation.  Friedel-Crafts reaction (alkylation 

and acylation) (upto 4 carbons on benzene). Side chain oxidation of alkyl benzenes (up to 4 carbons 

on benzene).  

Alkyl  and Aryl  Halides 

Alkyl  Halides (Up to 5 Carbons) Types of Nucleophilic Substitution (SN1, SN2 and SNi) reac- 

tions. Preparation: from alkenes and alcohols. 

Reactions:  hydrolysis, nitrite & nitro formation, nitrile & isonitrile formation. Williamsons ether 

synthesis: Elimination  vs substitution. 

Aryl  Halides Preparation:  (Chloro,  bromo and iodo-benzene case): from phenol, Sandmeyer & 

Gattermann reactions. Reactions (Chlorobenzene):   Aromatic nucleophilic substitution  (replace- 

ment by OH group) and effect of nitro  substituent.  Benzyne  Mechanism: K N H2/N H3   (or 

N aN H2/N H3).  
 

Alcohols, Phenols and Ethers (Upto 5 Carbons) 

Alcohols: Preparation: Preparation of 1, 2 and 3 alcohols: using Grignard reagent, Ester hydroly- 

sis, Reduction  of aldehydes and ketones, carboxylic acid and esters. 

Reactions: With sodium, HX (Lucas test), esterification, oxidation (with PCC, alk. KMnO4, acidic 

dichromate, conc.  HNO3).  Oppeneauer oxidation  Diols: (Upto 6 Carbons)  oxidation  of diols. 

Pinacol-Pinacolone rearrangement. 

Phenols: (Phenol case) Preparation:  Cumene hydroperoxide method, from diazonium salts. Reac- 

tions: Electrophilic substitution: Nitration, halogenation and sulphonation.  ReimerTiemann Reac- 

tion, Gattermann-Koch Reaction, 

Ethers (aliphatic  and aromatic):  Cleavage of ethers with HI. 

Aldehydes and ketones (aliphatic  and aromatic):  Formaldehye, acetaldehyde, acetone and benzalde- 

hyde 

Preparation: from acid chlorides and from nitriles. 

Reactions  Reaction with HCN, ROH, N aH SO3, N H2 − G derivatives. Iodoform test. Aldol Con- 

densation,  Cannizzaros reaction,  Benzoin condensation.   Clemensen reduction  and Wolff Kishner 

reduction 
 
 

Physical Chemistry-2   

 
Solutions 

Thermodynamics of ideal solutions:  Ideal solutions and Raoults law, deviations from Raoults law 

non-ideal solutions.  Vapour pressure-composition and temperaturecomposition  curves of ideal and 

non-ideal solutions.  Distillation of solutions.  Lever rule. Azeotropes. 

Partial miscibility of liquids: Critical solution temperature; effect of impurity on partial miscibility 

of liquids. Immiscibility of liquids- Principle of steam distillation.  Nernst distribution law and its 

applications, solvent extraction.   

 
 



  

 
Phase Equilibrium 

Phases, components  and degrees  of freedom of a system,  criteria  of phase  equilibrium. Gibbs 

Phase Rule and its thermodynamic derivation.  Derivation of Clausius  Clapeyron equation and its 

importance in phase equilibria.  Phase diagrams of one-component systems (water and sulphur) and 

two component systems involving eutectics, congruent and incongruent melting points (lead-silver, 

F eC l3 − H2O and Na-K only).  

 
Conductance 

Conductivity, equivalent and molar conductivity and their variation with dilution for weak and strong 

electrolytes. Kohlrausch law of independent migration of ions. Transference number and its experi- 

mental determination using Hittorf and Moving boundary methods. Ionic mobility. Applications of 

conductance measurements: determination of degree of ionization of weak electrolyte, solubility and 

solubility products of sparingly soluble salts, ionic product of water, hydrolysis constant of a salt. 

Conductometric titrations (only acid-base).  

Electrochemistry 

Reversible and irreversible cells. Concept of EMF of a cell. Measurement of EMF of a cell. Nernst 

equation and its importance.  Types of electrodes.  Standard  electrode potential. Electrochemical 

series.  Thermodynamics  of a reversible  cell, calculation of thermodynamic  properties:  G, H and 

S from EMF data. Calculation of equilibrium constant from EMF data. Concentration  cells with 

transference and without transference. Liquid junction potential and salt bridge. pH determination 

using hydrogen electrode and quinhydrone electrode.  Potentiometric  titrations -qualitative treat- 

ment (acid-base and oxidation-reduction  only).  
 

 

Amines and Diazonium  Salts 

Amines (Aliphatic and Aromatic): (Upto 5 carbons) Preparation:  from alkyl halides, Gabriels Ph- 

thalimide  synthesis, Hofmann bromamide reaction.  Reactions:  Hofmann vs. Saytzeff elimination, 

Carbylamine test, Hinsberg test, with HNO2, Schotten Baumann Reaction. Electrophilic substi- 

tution (case aniline): nitration, bromination, sulphonation. Diazonium  salts: Preparation: from 

aromatic amines. Reactions: conversion to benzene, phenol, dyes 
 
 
Amino Acids, Peptides and Proteins: 

Preparation of Amino Acids: Strecker synthesis using Gabriels phthalimide  synthesis.  Zwitterion, 

Isoelectric point and Electrophoresis.  Reactions of Amino acids: ester of COOH group, acetylation 

of NH2 group, complexation with Cu2+ ions, ninhydrin test. 

Overview of Primary,  Secondary, Tertiary and Quaternary Structure  of proteins. Determination of 

Primary structure of Peptides by degradation Edmann degradation (Nterminal)  and Cterminal (thio- 

hydantoin and with carboxypeptidase enzyme).  Synthesis of simple peptides (upto dipeptides) by 

N-protection (t-butyloxycarbonyl and phthaloyl) & C-activating  groups and Merrifield  solid-phase 

synthesis.  

 

 

 

 



  

 

Carbohydrates:   Classification,  and General Properties,  Glucose and Fructose (open chain and 

cyclic structure), Determination of configuration of monosaccharides, absolute configuration  of Glu- 

cose and Fructose,  Mutarotation, ascending and descending in monosaccharides. Structure of dis- 

acharrides (sucrose, cellobiose, maltose, lactose) and polysacharrides (starch and cellulose) excluding 

their structure elucidation. 
 

General Principles of Metallurgy 

Chief modes of occurrence of metals based on standard electrode potentials.  Ellingham diagrams for 

reduction of metal oxides using carbon as reducing agent.  Hydrometallurgy,  Methods of purification 

of metals (Al, Pb, Fe, Cu, Ni, Zn): electrolytic,  oxidative refining, Parting  process, van Arkel-de 

Boer process and Monds process.  

s- and p-Block Elements 
 

Periodicity in s- and p-block elements with respect to electronic configuration, atomic and ionic size, 

ionization enthalpy, electronegativity (Pauling & Mulliken scales). Allotropy in C, S, and P. 

Oxidation states with reference to elements in unusual and rare oxidation  states like carbides and 

nitrides), inert pair effect, diagonal relationship and anomalous behaviour of first member of each 

group.  
 

Compounds of s- and p-Block Elements 

Hydrides and their classification (ionic, covalent and interstitial), structure and properties with 

respect to stability of hydrides of p- block elements. Concept of multicentre bonding (diborane). 

Structure, bonding and their important properties like oxidation/reduction,  acidic/basic nature of 

the following  compounds and their applications in industrial,  organic and environmental chemistry. 

Hydrides of nitrogen (N H3, N2H4, N3H, N H2OH ) 

Oxoacids of P, S and Cl. 

Halides and oxohalides:  P C l3, P C l5, SOC l2. (15 Lectures) 

Physical Chemistry-3   

Kinetic  Theory of Gases 

Postulates of Kinetic Theory of Gases  and derivation of the kinetic gas equation. Deviation of 

real gases from ideal behaviour,  compressibility  factor,  causes of deviation.  van der Waals equation 

of state for real gases. Boyle temperature  (derivation  not required). Critical phenomena, critical 

constants and their calculation from van der Waals equation. Maxwell Boltzmann distribution  laws 

of molecular velocities and molecular energies (graphic  representation   derivation  not required) and 

their importance. 

Temperature  dependence of these distributions. Most probable,  average and root mean square 

velocities (no derivation). Collision  cross section,  collision  number,  collision  frequency,  collision 

diameter and mean free path of molecules. Viscosity of gases and effect  of temperature and pressure 

on coefficient of viscosity (qualitative treatment only).  

Liquids 

Surface tension and its determination  using stalagmometer.  Viscosity of a liquid and determination 

of coefficient of viscosity using Ostwald viscometer.  Effect of temperature on surface tension and 

coefficient of viscosity of a liquid (qualitative treatment only).  
 



  

Solids 

Forms of solids.  Symmetry  elements, unit cells, crystal systems, Bravais lattice types and identifi- 

cation of lattice planes.  Laws of Crystallography - Law of constancy of interfacial  angles, Law of 

rational indices. Miller indices. XRay diffraction  by crystals, Braggs law. Structures of NaCl, and 

CsCl (qualitative treatment only). Defects in crystals.  

Chemical Kinetics 

The concept of reaction rates.  Effect of temperature,  pressure, catalyst and other factors on reac- 

tion rates. Order and molecularity of a reaction. Derivation of integrated rate equations for zero, 

first and second order reactions (both for equal and unequal concentrations  of reactants).  Halflife 

of a reaction. General methods  for determination of order of a reaction. Concept of activation 

energy and its calculation from Arrhenius equation. Theories of Reaction Rates: Collision theory 

and Activated Complex theory of bimolecular reactions. Comparison of the two theories (qualitative 

treatment only).  

 Introduction  and history of polymeric materials: 

Different schemes of classification of polymers, Polymer nomenclature, Molecular forces and chemical 

bonding in polymers, Texture of Polymers 

Functionality  and its importance: 

Criteria for synthetic polymer formation, classification of polymerization  processes, Relationships 

between functionality,  extent of reaction and degree of polymerization.  Bi-functional  systems, Poly- 

functional  systems.  
 

Kinetics of Polymerization:  Mechanism and kinetics of step growth, radical chain growth, 

ionic chain (both cationic and anionic) and coordination polymerizations, Mechanism and kinetics 

of copolymerization, polymerization techniques.  

Crystallization and crystallinity: 

Determination of crystalline melting  point and degree  of crystallinity, Morphology of crystalline 

polymers, Factors affecting crystalline melting point. 

Nature  and structure of polymers-Structure  property relationships.  
 
Determination of molecular weight of polymers 

(Mn, Mw, etc.) by end group analysis, viscometry,  light scattering  and osmotic pressure methods. 

Molecular weight distribution  and its significance. Polydispersity index.  

Glass transition  temperature  (Tg)  and determination  of Tg 

WLF equation, Factors affecting glass transition  temperature (Tg).  
 
Polymer Solution 

Criteria for polymer solubility, Solubility parameter, Thermodynamics of polymer solutions, entropy, 

enthalpy,  and free energy change of mixing of polymers solutions.   

Properties of Polymers 

(Physical, thermal & mechanical properties). Brief introduction to preparation, structure,  prop- 

erties and application of the following  polymers:  polyolefins, polystyrene and styrene copolymers, 

poly(vinyl chloride) poly(vinyl acetate), polyacrylamide, fluoro polymers (Teflon),  polyamides (nylon- 

6 and nylon 6,6). Phenol formaldehyde resins (Bakelite,  Novalac), polyurethanes, silicone polymers 

(polysiloxane), Polycarbonates, Conducting Polymers, (polyacetylene, polyaniline).   
 

 



  

 
Industrial  Gases and Inorganic Chemicals 

 

Industrial  Gases:  Large scale production,   uses, storage and hazards in handling of the 

following gases: oxygen, nitrogen,  argon, neon, helium, hydrogen, acetylene, carbon 

monoxide, chlorine, sul- phur dioxide.  Inorganic Chemicals: Manufacture,  application and 

hazards in handling the following chemicals: hydrochloric acid, nitric acid, sulphuric acid, 

caustic soda, common salt, bleaching pow- der, sodium thiosulphate,  hydrogen peroxide, 

potash alum, potassium dichromate  and potassium permanganate by Industrial metallurgy 

Preparation of metals (ferrous and nonferrous) and ultrapure metals for semiconductor 

technology.  
 

Environment and its segments 

Ecosystems. Biogeochemical cycles of carbon, nitrogen and sulphur. Air Pollution: Major regions of 

atmosphere.  Chemical and photochemical reactions in atmosphere.  Air pollutants: types, sources, 

particle size and chemical nature; Photochemical smog: its constituents and photochemistry.  Envi- 

ronmental effects of ozone. Major  sources of air pollution. Pollution by SO2, C O2, C O, N Ox, and 

H2S and control procedures. Effects of air pollution on living organisms and vegetation.   

Greenhouse effect and global warming,  Ozone depletion by oxides of nitrogen,  chlorofluorocarbons  

and halogens, re- moval of sulphur from coal.  
 

Water Pollution: Hydrological  cycle, water resources, aquatic ecosystems, Sources and nature 

of water pollutants, Techniques for measuring water pollution,  Impacts of water pollution on 

hydrological and ecosystems. Water purification  methods. Effluent treatment  plants (primary,  

sec- ondary and tertiary treatment). Industrial effluents from the following industries and their 

treatment: electroplating, textile, tannery, dairy, petroleum and petrochemicals, fertilizer. 

Sludge disposal.  In- dustrial waste management, incineration of waste. Water treatment  and 

purification  (reverse osmo- sis, ion exchange). Water quality parameters for waste water, 

industrial water and domestic water.  
 

Energy & Environment 

Sources of energy: Coal, petrol and natural gas. Nuclear fusion/fission,  solar energy, 

hydrogen, geothermal, tidal and hydel. Nuclear Pollution: Disposal of nuclear waste, nuclear 

disaster and its management.  

Biocatalysis:  Introduction to biocatalysis: Importance in green chemistry and chemical 

industry. 
 

 

Carbohydrates 

Classification of carbohydrates,  reducing and non reducing  sugars, General Properties  of Glucose 

and Fructose,  their open  chain structure. Epimers,  mutarotation and anomers. Determination 

of configuration of Glucose (Fischer  proof).  Cyclic structure of glucose.   Haworth  projections. 

Cyclic structure of fructose.  Linkage between monosachharides, structure of disacharrides (sucrose, 

maltose, lactose) and polysacharrides (starch and cellulose) excluding their structure elucidation.  
 

 
 
 



  

 
Amino Acids, Peptides and Proteins 

Classification of Amino Acids, Zwitterion structure and Isoelectric point.  Overview of Primary, 

Secondary, Tertiary and Quaternary structure of proteins. Determination of primary structure of 

peptides, determination  of N-terminal amino acid (by DNFB and Edman method) and Cterminal 

amino acid (by thiohydantoin and with carboxypeptidase enzyme). Synthesis of simple peptides 

(upto dipeptides) by N-protection (t-butyloxycarbonyl  and phthaloyl) & C-activating  groups and 

Merrifield  solid phase synthesis.  

Enzymes and correlation with drug action 

Mechanism of enzyme action, factors affecting enzyme action, Coenzymes and cofactors and their 

role in biological reactions, Specificity of enzyme action(Including stereospecifity) , Enzyme inhibitors 

and their importance,  phenomenon of inhibition(Competitive and Non competitive inhibition in- 

cluding allosteric inhibtion). Drug action-receptor theory. Structure activity relationships of drug 

molecules, binding role of OH group,−N H2  group, double bond and aromatic ring,  

Nucleic Acids 

Components of Nucleic acids: Adenine, guanine, thymine and Cytosine (Structure  only), other com- 

ponents of nucleic acids, Nucleosides and nucleotides (nomenclature), Structure of polynucleotides; 

Structure of DNA (Watson-Crick  model) and RNA(types of RNA), Genetic Code, Biological  roles 

of DNA and RNA: Replication, Transcription and Translation 

Lipids 

Introduction to lipids, classification.  Oils and fats: Common fatty acids present in oils and fats, 

Omega fatty acids, Trans fats, Hydrogenation, Saponification value, Iodine number. Biological im- 

portance of triglycerides, phospholipids, glycolipids, and steroids (cholesterol).  

Concept of Energy in Biosystems 

Calorific value of food. Standard caloric content of carbohydrates, proteins and fats. Oxidation of 

foodstuff  (organic  molecules) as a source of energy for cells. Introduction to Metabolism (catabolism, 

anabolism), ATP: the universal currency of cellular energy, ATP hydrolysis and free energy change. 

Conversion of food into energy. Outline of catabolic pathways of Carbohydrate- Glycolysis, Fermen- 

tation, Krebs Cycle. Overview of catabolic pathways of Fats and Proteins.  Interrelationships in the 

metabolic pathways of Proteins, Fats and Carbohydrates.   

 

*************** 


