
 

 

        B.Sc. FIRST YEAR-2023 

PAPER - I 

Paper I CH-101 Inorganic Chemistry     

UNIT: I 

Chemical Bonding-Covalent bond 

Valence bond theory and its limitation, Directional characteristics of 

covalent bond, Hybridizations-sp, sp2, sp3, dsp2, sp3d, dsp3, sp3d2 and 

d2sp3 with suitable examples.  Shapes of inorganic molecules and ions. 

Valence shell election pair repulsion (VSEPR) theory and its application 

to study the geometry of NH3, H2O, H3O+, SF4, ICl-2, ClF3, ICl-4, XeF4, 

XeF6, molecules. Molecular orbital theory and molecular orbital 

diagrams for homo and heterodiatomic molecules-H2, H2
+,He2

+,HHe+, 

Li2, Be2, B2, C2, N2, O2, F2, O2
+, O-

2, O2
2-, O2

2+ ,CO and NO. 

Bonding in diborane (3c-2e bonding). 

UNIT: II 

Chemical Bonding- Ionic Bond 

Lattice energy and Born-Haber cycle. Solvation energy, solubility of 

ionic solids, Fajan’s rule, polarizing power and polariziblity of ions. 

 Structures of ionic solids, radius ratio effect and co-ordination 

number. Limitations of radius ratio rule. 

Hydrogen bonding and vander-waal’s forces of attractions. 

UNIT: III 

s-Block elements 

Periodicity in properties of alkali and alkaline earth metals. 

Complexation tendency, Solvation tendency, stability and solubilities of 

carbonates, bicarbonates and sulphates of Magnesium and Calcium, 

Synthesis and applications of important hydrides: NaH, NaBH4, LiH, 

LiBH4, LiAlH4 and CaH2. 

Cement: Composition and types of Cement, Manufacture of Portland 

cement. 

Lime:  Industrial preparation, Properties and Uses. 

UNIT: IV 

p-Block elements 

Periodicity in properties of III A, IV A, V A, VI A and VII A group 

elements. 



 

 

Silicates, oxides of nitrogen, phosphorous and sulphur- their structure 

and preparations.  

Glass: Types and properties of glasses, coloring agents, Industrial 

manufacturing of glass. 

Nitrogen fixation- Natural and Artificial fixation. Role of nitrogenase in 

biological nitrogen fixation. 

UNIT: V 

Qualitative Analysis 

Theoretical basis of qualitative analysis, Systematic analysis of Acidic 

and Basic radicals (including interfering radicals). Chemical reactions 

involved. 

 Common- ion effect, solubility product & their applications. Oxidizing  

and reducing agents and buffers used in analysis.  

 

Books Recommended: 

1. Inorganic Chemistry by Satya Prakash 

2. Inorganic Chemistry by R.C. Agarwal 

3. Inorganic Chemistry by B.R. Puri and L.R. Sharma 

4. Inorganic Chemistry by P.L. Soni 

5. Inorganic Chemistry by G.C. Shivhare and V.P. Lavania 

6. Practical Chemistry by Giri, Bajpai and Pandey 

 

 



 

 

PAPER-II 

CH-102 Organic Chemistry      

UNIT: I 

Mechanism of Organic Reactions      

Classification of organic compounds their general characteristics. 

Types of reagents – electrophiles and nucleophiles.  Types of organic 

reactions.    Reactive intermediates – carbocations, carbanions, free 

radicals, carbenes, arynes and nitrenes (with examples).  Assigning 

formal charges on intermediates and other ionic species. Methods of 

determination of reactions mechanism (product analysis, 

intermediates, isotope effects, kinetic and stereochemical studies). 

UNIT: II 

Stereochemistry of Organic Compounds     

Concept of isomerism.  types of isomerism  

Optical isomerism – elements of symmetry, molecular chirality, 

enantiomers, stereogenic center, optical activity, properties of 

enantiomers, chiral and achiral molecules with two stereogenic centers, 

diastereomers, threo and erythro diastereomers, meso compounds, 

resolution of enantiomers, inversion, retention and racemization. 

Relative and absolute configuration, sequence rules, D & L and R & S 

systems of nomenclature. 

Geometric isomerism : Determination of configuration of geometric 

isomers.  E & Z system of nomenclature, geometric isomerism in 

oximes and alicyclic compounds. 

Conformational isomerism :Newman projection and Sawhorse 

formulae, Fischer and flying wedge formulae. Difference between 

configuration and conformation. 

conformational analysis of ethane and n-butane; conformations of 

cyclohexane, axial and equatorial bonds, conformation of mono 

substituted cyclohexane derivatives.   

UNIT: III 

Alkanes , Cycloalkanes,  Dienes and Alkynes    

Mechanism of free radical halogenation of alkanes: orientation, 

reactivity and selectivity Cycloalkanes – nomenclature, methods of 

formation, chemical reactions, Baeyer’s strain theory and its 

limitations.  Ring strain in small rings (cyclopropane and cyclobutane), 

theory of strainless rings.  The case of cyclopropane ring: banana 

bonds. 



 

 

Nomenclature and classification of dienes: isolated, conjugated and 

cumulated dienes.  Structure of allenes and butadiene, methods of 

formation, polymerization.  Chemical reactions – 1, 2-and 1, 4-

additions, Diels-Alder reaction. 

Nomenclature, structure and bonding in alkynes.  Methods of 

formation.  Chemical reactions of alkynes, acidic nature of 1-alkynes.  

Mechamism of electrophilic and nucleophilic addition reactions, 

hydroboration-oxidation, oxidation and polymerization. 

 

UNIT: IV 

Arenes and Aromaticity 

Nomenclature of benzene derivatives. Aryl group.  Aromatic nucleus 

and side chain.  Structure of benzene: molecular formula and Kekule 

structure.  Stability and carbon-carbon bond lengths of benzene, 

resonance structure, MO picture. 

Aromaticity: the Huckel rule, aromatic ions. 

Aromatic electrophilic substitution – general pattern of the mechanism, 

role of 𝜎- and π- complexes.  Mechanism of nitration, halogenation, 

sulphonation, mercuration and Friedel-Crafts reaction.  Energy profile 

diagrams.  Activating and deactivating substituents, orientation and 

ortho/para ratio.  Side chain reactions of benzene derivatives.  Birch 

reduction. 

Methods of formation and chemical reactions of alkylbenzenes, 

Structure, preparation and properties of naphthalene.  

UNIT: V 

Alkyl and Aryl Halides       

Nomenclature and classes of alkyl halides, methods of formation, 

chemical reactions.  Mechanisms of nucleophilic substitution reactions 

of alkyl halides, SN2 and SN1 reactions with energy profile diagrams. 

Mechanism of elimination reactions of alkyl halides, regioselectivity in 

dehydrohalogenation, Saytzeff rule. 

Methods of formation of aryl halides, nuclear and side chain reactions.  

The addition-elimination and the elimination-addition mechanisms of 

nucleophilic aromatic substitution reactions. 

.Relative reactivities of alkyl halides vs allyl, vinyl and aryl halides 

towards nucleophilic-substitution reactions.  Synthesis and uses of 

DDT and BHC. 

 

Books Recommended: 

1. Advanced Organic Chemistry by Mukheri and Kapoor Vol. I & 

II 

2. A Text Book of Organic Chemistry by M.K. Jain 



 

 

3. A Text Book of Organic Chemistry by R.K. Bansal 

4. Organic Chemistry, R.T. Morrison and R.N.Boyd, Prentice-Hall 

 



 

 

PAPER – III 

CH-103 Physical Chemistry      

UNIT: I 

Mathematical Concepts        

Logarithmic relations, curve sketching, linear graphs and calculation of 

slopes, differentiation of functions like ax, ex,xn, sin x, cos x, tan x, log 

x; maxima and minima, partial differentiation. Integration of some 

useful functions; like xn, 1/ X, e
x, constant, sin x, cos x, integration by 

parts. Permutations and combinations.   Probability. 

UNIT: II 

Gaseous State        

Deviation from ideal behavior, Vander Waals equation of state and its 

discussion. 

Critical Phenomena: PV isotherms of real gases, critical phenomenon 

continuity of states,  relationship between critical constants and 

Vander Waals constants, the law of corresponding states, reduced 

equation of state. 

Molecular velocities: Root mean square, average and most probable 

velocities(No derivation).  Qualitative discussion of the Maxwell’s 

distribution of molecular velocities, collision number, mean free path 

and collision diameter.  Liquification of gases (based on Joule-Thomson 

effect). Numericals. 

UNIT: III 

Liquid  and Colloidal State  

Liquid State: Intermolecular forces, structure of liquids (a qualitative 

description). 

Structural differences between solids, liquids and gases. 

Liquid crystals:   Classification-nematic, smectic and cholestric phases. 

Theory of liquid crystal (Swarm theory). 

Colloidal State: Definition of colloids, classification of colloids. 

Solids in liquids (sols): properties – kinetic, optical and electrical; 

stability of colloids, Hardy-Schulze law, protective action, Gold number. 

Liquids in liquids (emulsions): types of emulsions, preparation, 

Emulsifier, Theory of Emulsion. 

Liquids in solids (gels): classification, preparation and properties, 

imbibitions and syneresis. General applications of colloids.   



 

 

UNIT: IV  

Solutions  

Types of liquid mixtures, ideal and non-ideal mixtures, vapour 

pressure of liquid mixtures, distillation of  immiscible liquid mixtures. 

Partially miscible liquids mixtures-phenol-water, triethylamine-water, 

nicotine-water-systems, consolute temperature-lower and upper, Effect 

of impurity on consolute temperature-Phenol-water system, immiscible 

liquids, Principle and Methodology of steam distillation. Numericals 

UNIT V 

Chemical Kinetics              

Rate, order, molecularity and stoichiometry of a reaction, Derivation of 

Integrated rate law and characteristics of zero, first and second order 

reactions, Pseudo-first order reaction, Determination of the order of 

reaction-differential method, method of integration(hit and trial 

method), half-life method and isolation method. 

 

Theories of Reaction Rate:  Simple collision theory and its limitations, 

transition state theory (equilibrium hypothesis) and derivation of the 

rate constant, Thermodynamical formulation of rate constant, 

Comparison of collision theory and transition state theory, Numericals.  

Books Suggested: 

1. The Elements of Physical Chemistry, P.W. Atkins, Oxford. 

2.  Physical Chemistry Through problems, S.K. Dogra and S. 

Dogra, Wile      Eastern  Ltd. 

3. Principles of Physical Chemistry, B.R. Puri, L.R. Sharma and 

M.S. Pathania, Shobhan Lal Naginchand & Co. 

4.  Physical Chemistry, Bahl and Tuli, S. Chand & Co.(P) Ltd. 

5. Physical Chemistry, Vol. I & II, S. Pahari, New Central Book 

Agency (P) Ltd. 

6.  Bhotic Rasayan, K.R. Genwa, RBD Jaipur 

    



 

 

B. Sc. I Year (Practicals) 

CH – 104 Laboratory Course I     

1. Inorganic Chemistry:            [20]  

Qualitative analysis of inorganic mixture containing 5-radicals (anions 

and cations), separation and identification of (group 0, I, II, III, IV, V 

and VI) and anions including interfering radicals and special 

combination of acidic radicals (CO3
2-, SO3

2-; NO3
-,NO2

-; NO3
- , Br-;   Cl- , 

Br- , I-;  S2- , SO3
2-, SO4

2-)   

2. Physical Chemistry:               [15] 

(a) Viscosity: 

(I)  To determine the viscosity of the given organic liquid by Ostwald 

Viscometer  

(II) To determine the % composition of a binary solution by Viscosity 

measurement. 

(b) Surface Tension: 

(I) To determine the surface tension of a given organic liquid by 

Stalagmometer. 

(II) To determine the % composition of a binary solution by surface 

tension measurement. 

3. Volumetric analysis             [15] 

Redox Titrations:  

 (i) To determine the strength of given unknown copper sulphate 

solution iodometrically using starch as indicator. 

 (ii) To determine the strength of given unknown potassium dichromate 

solution iodometrically using starch as indicator. 

4. Organic Models (Using Ball and Stick Model Box):   [5] 

R and S configuration of optical isomers 

D and L configuration of optical isomers 

E/Z configuration of geometrical isomers 



 

 

Conformation isomerism of ethane and n-butane   

  

Viva-Voce                                                                                    [5] 

Sessional/Record                                                                      [15] 

Books Suggested (Laboratory Courses): 

1. Practical Chemistry by  S.Giri, D.N.Bajpai and O.P.Pandey  

Publ. S. Chand 

 

 

Examination & Marking Scheme 

 

Time: 5 hours Max. Marks: 75 Min. Pass Marks: 27 
 Regular Student Ex- Student 

Inorganic Mixture 20 20 
Volumetric Exercise 15 15 
Physical Experiment 15 15 

Organic Models  05 05 
Viva- Voice 05 05 

Sessional and Record 15 ---- 
Total   75 60* 
  *To be converted out of 75 

Inorganic qualitative mixture for 5 radicals: Correct 

Identification of group- 1 mark each, correct radical reporting- 2 marks 

each and proper reporting of observations- 1 marks. 

1. Volumetric Exercise: An error up to 0.1% carries full marks. 

For each subsequent 0.1% error deduct 1 mark, 8 marks 

reserved for procedure. 

2. Physical Experiment: Correct Observations- 6 mark, 

Calculation and Formula-5, Correct Result-4 marks. 
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B.Sc. II YEAR-2023 
 

PAPER - I 
 
CH-201 Inorganic Chemistry – II      
 
UNIT I 
 
Chemistry of Transition Elements 
General Characteristics and Periodicity in  properties with emphasis on their electronic 
configuration and multiple oxidation states of 3d, 4d and 5d series elements. 
Colored ion formation, magnetic, catalytic properties and complex formation tendency 
in 3d series elements. 
 
UNIT II 
 
Coordination compounds 
Werner’s coordination theory and experimental verification,  Effective Atomic Number 
concept, chelates, nomenclature of coordination compounds, stereoisomerism in 
complexes of coordination number 4 and 6. Complexometric titrations and theory of 
metallochrome indicators. 
 
UNIT III 
  
f-Block elements 
Chemistry of Lanthanides: Electronic structure, oxidation state, ionic radii, colors, 
spectral and magnetic properties. Lanthanide contraction and its consequences. 
Chemistry of actinides: General characteristics, comparative treatment of actinides and 
lanthanides  with respect to ionic radii, oxidation states, Magnetic behavior and 
spectral properties. 
 
UNIT IV 
 
Concepts of acids and bases: Arrhenius, BrÖnsted-Lowry, Lewis and Usanovich 
concept. Acid base titrations, Theory of indicators, Redox titrations 
Non aqueous solvents: Physical properties of solvent, types of solvents and their 
general characteristics. Reactions in non aqueous solvents with reference to  
liquid NH3  and  liquid SO 2 

 
UNIT V 
 
Quantitative analysis 
 Types of quantitative analysis: Gravimetric and volumetric analysis. 
 Precipitation, Co-precipitation and Post precipitation.  
 Errors in chemical analysis: types of error and their minimization;  
 Accuracy, Precision, Standard Deviation.  
 
Books Recommended: 
 

1. Inorganic Chemistry by Satya Prakash 
2. Inorganic Chemistry by B.R.Puri & L.R. Sharma 
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3. Inorganic Chemistry by Sangeeta Loonkar , Ramesh Book Depot, Jaipur 
 

 
PAPER - II 
 
CH-202 Organic Chemistry 
 
UNIT : I 
 
Electromagnetic Spectrum : Absorption Spectra     
Ultraviolet (UV) absorption spectroscopy – absorption laws (Beer-Lambert law), molar 
absorptivity, presentation and analysis of UV spectra, types of electronic transitions, 
effect of conjugation.  Concept of chromophore and auxochrome.  Bathochromic, 
hypsochromic, hyperchromic and hypochromic shifts.  UV spectra of conjugated enes 
and enones.UV applications including identification of groups  
 
UNIT : II 
 
Alcohols          
Classification and nomenclature. 
Monohydric alcohols – nomenclature, methods of formation by reduction of aldehydes, 
ketones, carboxylic acids and esters.  Hydrogen bonding.  Acidic nature.  Reactions of 
alcohols. 
Dihydric alcohols – nomenclature, methods of formation, chemical reactions of vicinal 
glycols, oxidative cleavage [Pb(OAc)4 and HIO4] and pinacol-pinacolone 
rearrangement. 
Trihydric alcohols – nomenclature and methods of formation, chemical reactions of 
glycerol. 
 
Phenols          
Nomenclature, structure and bonding.  Preparation of phenols, physical properties and 
acidic character.  Comparative acidic strengths of alcohols and phenols, resonance 
stabilization of phenoxide ion.  Reactions of phenols – electrophilic aromatic 
substitution, acylation and carboxylation.  Mechanisms of Fries rearrangement, Claisen 
rearrangement, Gatterman synthesis, Hauben-Hoesch reaction, Lederer-Manasse 
reaction and Reimer-Tiemann reaction. 
 
UNIT : III 
 
Aldehydes and Ketones        
Nomenclature and structure of the carbonyl group.  Synthesis of aldehydes and ketones 
with particular reference to the synthesis of aldehydes from acid chlorides, synthesis of 
aldehydes and ketones using 1,3-dithianes, synthesis of ketones from nitriles and from 
carboxylic acids.  Physical properties. Mechanism of nucleophilic additions to carbonyl 
group with particular emphasis on benzoin, aldol, Perkin and Knoevenagel 
condensations.  Condensation with ammonia and its derivatives.  Wittig reaction.  
Mannich reaction. Use of acetals as protecting group.  Oxidation and reduction of 
aldehydes and ketones, Baeyer-Villiger oxidation, Cannizzaro reaction.  MPV, 
Clemmensen, Wolff-Kishner, LiAIH4 and NaBH4.  
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UNIT : IV 
 
Reactive methylene compounds and Carboxylic Acid     
 
Reactive methylene compounds: malonic ester and acetoacetic ester – preparation and 
synthetic applications. Mechanism of Claisen condensation  
Nomenclature, structure and bonding, physical properties, acidity of carboxylic acids, 
effects of substituents on acid strength.  Preparation of carboxylic acids.  Reactions of 
carboxylic acids.  Hell-Volhard-Zelinsky reaction.  Reduction of carboxylic acids.  
Mechanism of decarboxylation, esterification and hydrolysis of esters (acidic and 
basic). 
         
UNIT : V. 
 
Organic Compounds of Nitrogen       
Preparation of nitroalkanes and nitroarenes.  Chemical reactions of nitroalkanes.  
Mechanisms of nucleophilic substitution in nitroarenes and their reductions in acidic, 
neutral and alkaline media.  Picric acid. 
Alkyl and Aryl amines : Reactivity, structure and nomenclature of amines, physical 
properties.  Stereochemistry of amines.  Separation of a mixture of primary, secondary 
and tertiary amines.  Structural features effecting basic nature of amines.  Amine salts 
as phase-transfer catalysts.  Preparation of alkyl and aryl amines (reduction of nitro 
compounds. nitriles), reductive amination of aldehydic and ketonic compounds.  
Gabriel-phthalimide reaction, Hofmann bromamide reaction. Reactions of amines, 
electrophilic aromatic substitution in aryl amines, reactions of amines with nitrous acid.  
Synthetic transformations of aryl diazonium salts, azo coupling. 
 
Books Recommended: 
 

1. Advanced Organic Chemistry by Mukherji, Singh & Kapoor 
2. Organic Chemistry by Bahal and Bahal 
3. Advanced Organic Chemistry by Morrison & Boyd 
4. Carbanic Rasayan By K.M Gangotri RBD 
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PAPER  - III 
 
CH-203 Physical Chemistry      
 
UNIT I 
 
Thermodynamics – I        
First Law of Thermodynamics: statement, definition of internal energy and enthalpy.  
Joule-Thomson Effect, Joule – Thomson coefficient and inversion temperature.  
Calculation of w, q, dU & dH for the expansion of ideal gases under isothermal and 
adiabatic conditions for reversible process.  Second Law of Thermodynamics: need for 
the law, different statements of the law. Carnot cycle and its efficiency, Carnot 
theorem. Numericals. 
 
UNIT II 
 
Thermodynamics – II 
Entropy: Concept of Entropy, entropy as a state function, entropy as a function of V & 
T, entropy as a function of P & T, entropy change in physical change, Clausius 
inequality, entropy as a criteria of spontaneity and equilibrium. Entropy change in ideal 
gases and mixing of gases. Gibbs and Helmholtz function as thermodynamic quantities, 
Gibbs – Helmholtz equation. Equilibrium constant and free energy. Reaction isotherm 
and reaction isochore. Clapeyron equation and Clausius – Clapeyron equation, 
applications. Third law of thermodynamics: Nernst heat theorem, Statement of third 
law and evaluation of absolute entropy from heat capacity data. Numericals. 
     
UNIT III 
 
Phase Equilibrium        
Statement and meaning of the terms – phase, component and degree of freedom, Gibbs 
phase rule, phase equilibria of one component system –    water and  sulphur systems. 
Phase equilibria of two-component system: simple eutectic systems,– Pb-Ag system, 
desiliverisation of lead. 
Two Component Systems– compound formation with congruent melting point (Mg-
Zn) and incongruent melting point, (FeCl3-H2O)system.  Freezing mixtures. 
Nernst distribution law, deviations from Nernst Law, applications to study of complex 
ion and solvent extraction. 

 
UNIT IV 
 
Electrochemistry – I        
Conductance, Specific conductance and equivalent conductance. Activity, activity 
coefficient and ionic strength. Debye-Huckel-Onsager’s equation for strong 

electrolytes (elementary treatment only).  Transport number, definition and 
determination by Hittorf method and moving boundary method. 
Applications of conductivity measurements: determination of degree of dissociation, 
determination of Ka of acids, determination of solubility product of a sparingly soluble 
salt, Conductometric titrations and their types. 
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UNIT V 
 
Electrochemistry – II.       
Nernst equation, derivation of cell E.M.F. and single electrode potential, standard 
hydrogen electrode, reference electrodes, standard electrode potential, sign 
conventions. Electrolytic and Galvanic cells – reversible and irreversible cells, 
conventional representation of electrochemical cells. EMF of a cell and its 
measurements.  Computation of cell EMF. Calculation of thermodynamic quantities of 
cell reactions (∆G, ∆H and K).  Concentration cell with and without transport 
(mathematical treatment), liquid junction potential, application of concentration cells, 
valency of ions, solubility product and activity coefficient. 
Potentiometric titrations, Determination of pH using hydrogen, quinhydrone and glass 
electrodes. Numericals. 
 
Books Suggested: 

1.   The Elements of Physical Chemistry, P.W. Atkins, Oxford. 
2.   Physical Chemistry Through problems, S.K. Dogra and S. Dogra, Wiley    
      Eastern Ltd. 
3.   Principles of Physical Chemistry, B.R. Puri, L.R. Sharma and M.S. Pathania,  
      Shobhan Lal Naginchand & Co. 
4.   Physical Chemistry By K.R. Genwa RBD 
5.   Physical Chemistry, Bahal & Tuli, S. Chand & Co. Ltd. 
6.   Physical Chemistry, R.C. Saraswat and A.K. Goswami, RamPrasad & Sons. 
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CH–204 Laboratory Course – II                                          
 
Inorganic Chemistry:                        [20] 
Gravimetric analysis ( by using Silica / Sintered Crucible) 

(i) To estimate Barium as barium sulphate.   
(ii) To estimate   copper as cupric oxide/ copper (I) thiocynate.  
(iii)  To estimate   Zinc as Zinc oxide.  

Organic Chemistry:            [20] 
(i) Calibration of Thermometer: - The following compounds may be used for the 

calibration purpose 800-820 (Naphthalene), 113.50-1140 (Acetanilide), 132.50-1330 
(Urea) and 1220 (Benzoic acid). 

(ii) Qualitative Analysis: - Identification of organic compounds (one liquid one solid) 
through the functional group analysis (containing only one functional group). 

 
Physical Chemistry:            [15] 
 Chemical Kinetics: 

(i) To study the hydrolysis of an ester catalyzed by an acid and determine the rate 
constant and order of reaction. 

(ii) To study saponification of ester and determine the rate constant and order of 
reaction. 

(iii) To study the reaction b/w acetone and iodine with respect to iodine and determine 
the rate and order of reaction. 

 Viva              [5] 
 Record           [15] 
Books Suggested (Laboratory Courses): 

1. Experimental Organic Chemistry Vol I & II, P.R. Singh, D.S. Gupta and K.S. Bajpai, 
Tata McGraw Hill. 

2. Practical Chemistry, S.Giri, D.N.Bajpai and O.P.Pandey  Publ. S. Chand 
3. Laboratory Manual in Organic Chemistry, R.K. Bansal, Wiley Eastern. 
4. Experiments in General Chemistry, C.N.R. Rao and U.C. Agarwal, East-West Press. 
5. Advanced Practical Physical Chemistry, J.B. Yadav, Goel Publishing House. 
6. Advanced Experimental Chemistry, Vol. I-Physical, J.N. Gurtu and R. Kapoor, S. 

Chand & Co. 
7. Selected Experiments in Physical Chemistry, N.G. Mukherjee, J.N. Ghose & Sons. 

 
 
Examination & Marking Scheme 
 
Time: 5 hours      Max. Marks: 75  Min. Pass Marks: 27 
 

Regular   Ex 
Student   Student 

Gravimetric Exercise    20    20 
Qualitative Organic Analysis   20    20 
Physical Experiment    15    15 
Viva- Voice     5   5 
Sessional and Record    15   … 
             --------                          ----------- 

Total   75    60* 
 

                                    *To be converted out of 75 
Gravimetric Exercise- An error up to 0.5% carries full marks. For each subsequent 0.1% error 
deduct 1 mark, 8 marks reserved for procedure. 
Qualitative Organic Analysis: Two organic compounds (one solid and one liquid) 2 mark each  
for correct identification of functional group, 2 marks each for element detection, 4 marks each 
for identification and 2 mark each for systematic work and proper record. 
Physical Experiment: Observations- 6 mark, Calculation and Formula-5, Result-4 marks. 
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B.Sc. III YEAR-2023 

 
PAPER - I 

 
 
CH – 301 Inorganic Chemistry – III     
 
UNIT I 
Metal-Ligand bonding in transition metal complexes: 
Valence bond theory of complexes and its limitation, Crystal field theory, Crystal field 
splitting of energy levels in octahedral, tetrahedral and square planer complexes, 
crystal-field stabilization energy of  octahedral complexes (Calculation Only). 
 
UNIT II 
Hard and soft Acid Base Concept (HSAB): Classification of acid and base as hard and 
soft. Pearson’s HSAB concept and its application. 
Magnetic properties of transition metal complexes: Types of magnetic behaviour, 
magnetic properties of metal complexes, spin only formula, methods of determining 
magnetic moment and magnetic susceptibility. 
 
UNIT III 
Stability of metal complexes: A brief outline of thermodynamic stability of metal 
complexes and factors affecting the stability. Kinetic stability, labile and inert 
complexes, colour of transition metal complexes, effective atomic number (EAN), pi 
accepter ligands, experimental determination of stability constant and composition of 
complex      ( Job’s Method and Bjerrum’s Method). 
 
UNIT IV 
Organometallic Chemistry: Defination, nomenclature and classification of 
organometallic compounds, bonding, preparation, properties and application of 
organometallic compounds of Li, Al, Hg and Sn (alkyls and aryl). 
Bioinorganic Chemistry: Essential and trace elements in biological processes, 
Biological role of alkali (Na, K, Li) and alkaline earth (Mg, Ca) metals.  

 
UNIT V 
Basic principles of Metallurgy and metallurgical processes. 
Metallurgy of Copper, Zinc, Platinum and Uranium from their main ores. 

 
Books Recommended: 
 

1. Inorganic Chemistry Part I and part II by N.C.Sogani, M.L.Sharma, 
G.K.Rastogi 

2. Inorganic Chemistry by G.C.Shivhare, V.P.Lawania 
3. Text Book of Inorganic Chemistry by P.L.Soni 
4. Text Book of Inorganic Chemistry by Satya Prakash, Tuli & Madan 

 
 
 

 
 
 

PAPER – II 
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CH-302 Organic Chemistry 
 
UNIT : I. 
 
Spectroscopy          
Nuclear magnetic resonance (NMR) spectroscopy. 
Proton magnetic resonance (1H PMR) spectroscopy , nuclear shielding and deshielding, 
chemical shift and molecular structure, spin-spin splitting and coupling constants, areas 
of signals, interpretation of PMR spectra of simple organic molecules such as ethyl 
bromide, acetaldehyde, 1,1,2-tribromoethane, ethyl acetate, toluene and acetophenone. 
 
UNIT : II 
 
Heterocyclic Compounds        
Introduction: Molecular orbital picture and aromatic characteristics of pyrrole, furan, 
thiophene and pyridine.  Methods of synthesis and chemical reactions with particular 
emphasis on the mechanism of electrophilic substitution.  Mechanism of nucleophilic 
substitution reactions in pyridine derivatives.  Comparison of basic nature of pyridine, 
piperidine and pyrrole. 
Introduction to condensed five and six – membered heterocycles.  Preparation and 
reactions of indole, quinoline and isoquinoline with special reference to Fisher indole 
synthesis, Skraup synthesis and Bischler-Napieralski synthesis.  Mechanism of 
electrophilic substitution reactions of indole, quinoline and isoquinoline. 
 
UNIT : III. 
 
Carbohydrates  
Classification and nomenclature.  Monosaccharides, interconversion of glucose and 
fructose, chain lengthening and chain shortening of aldoses.  Configuration of 
monosaccharides.  Erythro and threo diastereomers.  Conversion of glucose into 
mannose. , mechanism of osazone formation, Formation of glycosides, ethers and 
esters. Cyclic structure of D(+)-glucose. Determination of ring size of 
monosaccharides, Mechanism of mutarotation. Structures of ribose and deoxyribose. 
An introduction to disaccharides (maltose, sucrose and lactose) and 
polysaccharides(starch and cellulose)without involving structure determination. 
 
 
UNIT – IV. 
 
Amino Acids, Peptides, Proteins and Nucleic Acids 
Classification, structure and stereochemistry of amino acids;  Acid-base behavior, 
isoelectric point,  electrophoresis and separation of amino acids by chromatography.   
Preparation and reactions of -amino acids. Structure and nomenclature of peptides 
and proteins.  Classification of proteins. selective hydrolysis of peptides.  Classical 
peptide synthesis, solid-phase peptide synthesis. Peptide structure determination, end 
group analysis, Structures of peptides and proteins.  Levels of protein structure.  
Protein denaturation/renaturation. 
Nucleic acids: introduction.  Constituents of nucleic acids.  Ribonucleosides and 
ribonucleotides.  The double helical structure of DNA. 
 
UNIT –V: 
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Fats, Oils, Detergents and Synthetic Polymers : Natural fats, edible and industrial 
oils of vegetable origin, common fatty acids, glycerides, hydrogenation of unsaturated 
oils.  Saponification value, iodine value, acid value.  Soaps, synthetic detergents, alkyl 
and aryl sulphonates. Addition or chain-growth polymerization.  Free radical vinyl 
polymerization, ionic vinyl polymerization, Ziegler-Natta polymerization and vinyl 
polymers. Condensation or step growth polymerization.  Polyesters, polyamides, 
phenol formaldehyde resins, urea formaldehyde resins, epoxy resins and polyurethanes 
 
Books Recommended: 
 

1. Advanced Organic Chemistry by Morrisom & Boyd 
2. Organic Chemistry by Behal & Behal 
3. Text Book of Organic Chemistry by M.K.Jain 
4. Polymer Chemistry by P. Bahadur and N.V. shastri. 
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PAPER – III 
 

CH-303 Physical Chemistry – III     
 

UNIT I 
 

Elementary Quantum Mechanics     
Black-body radiation, Planck’s radiation law, photoelectric effect. Compton effect, De 
Broglie hypothesis, the Heisenberg’s uncertainty principle, Schrodinger wave equation 

and its importance, physical interpretation of wave function.  
Adsorption: Difference between adsorption, absorption and sorption, Chemisorption, 
adsorbent and adsorbate, reversible and irreversible adsorption, characteristics of 
adsorption, adsorption of gases by solids, factors affecting adsorption, types of 
adsorption, types of adsorption isotherms, Freundlich and Langmuir adsorption 
isotherms. Numericals 
 
UNIT II 
 
Spectroscopy         
Introduction: electromagnetic radiation, regions of the spectrum, Basic features of 
different Spectrometers, Born-Oppenheimer approximation, degrees of freedom. 
Rotational Spectrum: Diatomic molecules, Energy levels of a rigid rotator (semi-
classical principles), selection rules, spectral intensity, distribution using population 
distribution (Maxwell-Boltzmann distribution) determination of bond length, 
qualitative description of non-rigid rotator, isotope effect. Numericals. 
 
UNIT III  
 
Vibration and Raman Spectroscopy 
Vibrational Spectrum:Infrared spectrum: Energy levels of simple harmonic oscillator, 
selection rules, pure vibrational spectrum, intensity, determination of force constant 
and qualitative relation of force constant and bond energies, effect of anharmonic 
motion and isotope on the spectrum. 
Raman Spectroscopy: concept of polarizability, pure rotational and pure vibrational 
Raman spectra of diatomic molecules, selection rules. Numericals. 
 
UNIT IV 
Electronic Spectrum: Origin of electronic spectrum, Selection rules, vibrational 
course structure and rotational fine structures considering no interaction of rotational 
and vibrational energies. qualitative description of selection rules and Franck-Condon 
principle. 
Photochemistry: Interaction of radiation with matter, difference between thermal and 
photochemical processes.  Laws of photochemistry: Grothus – Drapper law, Stark – 
Einstein law, Jablonski diagram depicting various processes occurring in the excited 
state, qualitative description of fluorescence, phosphorescence, non-radiative processes 
(internal conversion, intersystem crossing), quantum yield, photosensitized reactions – 
energy transfer processes ( simple examples). Numericals 
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UNIT V 
 
Solid State        
Crystal state, classification of crystals, space lattice, unit cell. 
Laws of crystallography – (i) Law of constancy of interfacial angles (ii) Law of 
rationality of indices (iii) Law of symmetry.  Symmetry elements in crystals. 
X-ray diffraction by crystals.  Derivation of Bragg equation.  Determination of crystal 
structure of NaCl, KCl and CsCl (Laue’s method and powder method). Numericals. 
 
Books Suggested: 
 

1.   The Elements of Physical Chemistry, P.W. Atkins, Oxford. 
2.  Physical Chemistry Through problems, S.K. Dogra and S. Dogra, Wiley Eastern       
      Ltd. 
3 Principles of Physical Chemistry, B.R. Puri, L.R. Sharma and M.S. Pathania,  
      Shobhan Lal Nagin Chand & Co. 
4 Physical Chemistry by S.C.Ameta, A.V.Singh, R.Ameta, R.Mathur 
5 Bhotic Rasayan, K.R. Genwa, RBD Jaipur 
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CH – 304 Laboratory Course – III      
 
Inorganic Chemistry: 
 
Preparations:  [5] 
Micro cosmic salt., Tetraammine copper(II) sulphate, Nickel ammonium sulphate, Sodium 
thiosulphate, Chrome Alum, Ferrous Sulphate, Ferrous Ammonium Sulphate 
Organic Chemistry: 

(a) Qualitative Analysis: - Analysis of an organic mixture is containing two solid 
components, using water, NaHCO3 and NaOH for separation.     [15] 

(b) Synthesis of organic compounds:-                                  [10] 
(i) Acetylation of salicylic acid, aniline and p-nitroacetanilide. 
(ii) Preparation of iodoform from ethanol and acetone. 
(iii) Diazotization/Coupling of primary aromatic amines (aniline). 
(iv) Preparation of methyl orange. 
(c) Thin Layer Chromatography                                                    [10] 

(i) Separation of dyes 
(ii) Separation of green leaf (Spinach) pigments. 

Physical Chemistry                                                                        [15] 
(a) Colloids: To determine precipitation value for the following sols and also verify 

Hardy’s Schultz law (i)As2S3 Sol  (ii)Fe (OH)3 Sol . 
(b) Distribution law: To determine the partition coefficient of benzoic acid  between 

water and benzene at R.T.  
(c) Adsorption: To study the adsorption of acetic acid by activated charcoal and verify the 

Freundlich  adsorption isotherm. 
 
Viva            [5] 
Record           [15] 
Books Suggested (Laboratory Courses): 

1. Practical Chemistry, S.Giri, D.N.Bajpai and O.P.Pandey  Publ. S. Chand 
2. Experimental Organic Chemistry Vol I & II, P.R. Singh, D.S. Gupta and K.S. Bajpai, 

Tata McGraw Hill. 
3. Laboratory Manual in Organic Chemistry, R.K. Bansal, Wiley Eastern. 
4. Vogel’s Textbook of Practical Organic Chemistry, B.S. Furniss, A.J. Hannaford, V. 

Rogers, P.W.G. Smith and A.R. Tatchell, ELBS. 
5. Experiments in General Chemistry, C.N.R. Rao and U.C. Agarwal, East-West Press. 
6. Experiments in Physical Chemistry, R.C. Das and B. Behra, Tata McGraw Hill. 
7. Advanced Practical Physical Chemistry, J.B. Yadav, Goel Publishing House. 
8. Advanced Experimental Chemistry, Vol. I-Physical, J.N. Gurtu and R. Kapoor, S. 

Chand & Co. 
 
Examination & Marking Scheme 
 
Time: 5 hours     Max. Marks: 75  Min. Pass Marks: 27 

Regular   Ex 
Student   Student 

Inorganic Preparation    05    05 
Qualitative Analysis    15    15 
Organic Synthesis    10   10 
Chromatography    10   10 
Physical Experiment    15    15 
Viva- Voice     5   5 
Sessional and Record    15   … 
             --------                          ----------- 

Total   75    60* 
 

                                    *To be converted out of 75 
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