B. Sc. I Year CHEMISTRY
SEMESTER WISE SYLLABUS

SEMESTER I
Paper—1
Chemistry - |
Unit-l (Inorganic Chemistry) 15 h (1 hr/week)
$1- I-1. Chemical Bonding 8h

lonic solids- lattice and solvation energy, solubility of ionic solids, Fajan’s rule, polarity and polarizability of
ions. VSPER Theory - Common hybridization- sp, sp’, sp>, sp’d, sp’d® and sp’d®, shapes of molecules.
Molecular orbital theory: Shapes and sign convention of atomic orbitals. Modes of bonds. Criteria for
orbital overlap. LCAO concept. Pi and Sigma overlapping. Concept of Types of molecular orbitals-
bonding, anti-bonding and non- bonding. MOED of Homo nuclear diatomics - H2, N2, 027, 02, F2
(unhybridized diagrams only) and hetero nuclear diatomics CO, CN”, NO, NO* and HF. Bond order, stability
and magnetic properties.

S1-1-2. P-Block Elements 1 7h

Group-13: Structure of Diborane and higher Boranes (B4H10 and B5H9), Boron nitrogen compounds
(B3N3H6 and BN) Lewis acid nature of BX3. Group — 14: Carbides-Classification — ionic, covalent, interstitial
— Structures and reactivity. Industrial applications. Silicones — Classification — straight chain, cyclic and
cross-linked. Group — 15: Nitrides — Classification — ionic, covalent and interstitial. Reactivity — hydralysis.
Reactions of hydrazine, hydroxyl amine, phosphazenes.

Unit - Il (Organic Chemistry) 15h (1 hr/week)
S1-O-1: Structural Theory in Organic Chemistry 5h

Bond polarization: Factors influencing the polarization of covalent bonds, electro negativity — inductive
effect. Application of inductive effect (a) Basicity of amines (b) Acidity of carboxylic acids (c) Stability of
carbonium ions. Resonance - Mesomeric effect, application to (a) acidity of phenol. (b) acidity of carboxylic
acids and basicity of anilines. Stability of carbo cations, carbanions and free radicals. Hyper conjugation
and its application to stability of carbonium ions, free radicals and alkenes.

S1-0-2: Acyclic Hydrocarbons 6h
Alkanes— Methods of preparation: From Grignard reagent, Kolbe synthesis. Chemical reactivity

- Inert nature, free radical substitution, Halogenation example- reactivity, selectivity and orientation.

Alkenes - Preparation of alkenes (with mechanism) (a) by dehydration of alcohols (b) dehydrohalogenation of
alkyl halides (c) by dehalogenation of 1, 2 dihalides, Zaitsev's rule. Properties: Anti-addition of halogen and its
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mechanism. Addition of HX, Markonikov’s rule, addition of H20, HOX, H2504 with mechanism and addition of
HBr in the presence of peroxide (Anti ~ Markonikov’s addition). Oxidation (cis —

additions) — hydroxylation by KMnO4, 0s04, Anti addition- per acids (via epoxidation) hydroboration,
ozonolysis — location of double bond. Dienes — Types of dienes, reactions of conjugated dienes — 1, 2 and
1,4 addition of HBr to 1,3 — butadiene and Diels — Alder reaction,

Alkynes— Preparation by dehydro halogenation of vicinal dihalides, dehalogenation of tetrahalides.
Physical Properties: Chemical reactivity — electrophilic addition of X2, HX, H20 {tautomerism), Oxidation
{formation of enediol, 1, 2 diones and carboxylic acids) and reduction (Metal-ammonia reduction, catalytic
hydrogenation).

Aromatic Hydrocarbons 4h

Introduction to aromaticity: Huckel’s rule — Benzene, Naphthalene and Anthracene. Reactions - General
mechanism of electrophilic substitution, mechanism of nitration, sulphonation and halogenation, Friedel
Craft’s alkylation and acylation. Orientation of aromatic substitution - Definition of ortho, para, and meta
directing groups. Ring activating and deactivating groups with examples. Orientation — (i) activating groups:
Amino, methoxy and alkyl groups. (ii) Deactivating groups - nitro, nitrile, carbonyl, carboxylic acid,
sulphonic acid and halo groups.

Unit ~ I (Physical Chemistry) 15h (1 hr/week)
S1-P-1: Atomic structure and elementary quantum mechanics 3h

Black body radiation, heat capacities of solids, Rayleigh Jeans law, Planck’s radiation law, photoelectric
effect, Limitations of classical mechanics, Compton Effect, de Broglie’s hypothesis. Heisenberg’s
uncertainty principle.

S1-P-2: Gaseous State
Sh

Deviation of real gases from ideal behavior. van der Waals equation of state. Critical phenomenon. PV
isotherms of real gases, continuity of state. Andrew’s isotherms of CO2. The van der Waal's equation and
critical state. Derivation of relationship between critical constants and van der Waal’s constants. The law of
corresponding states, reduced equation of states. Joule Thomson effect and inversion temperature of a gas.
Liquifaction of gases: i) Linde’s method based on Joule Thomson effect ii) Claude’s method based on
adiabatic expansion of a gas.

S1-P-3: Liquid State and Solutions 4h
Liquid State

Intermolecular forces, structure of liquids (qualitative description). Structural differences between solids,
liquids and gases. 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).
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Solutions 3h
Liquid - liquid mixtures, ideal liquid mixtures, Raoult’s and Henry’s laws. Non ideal systems,

Azeotropes: HCI-H,0 and C,H;OH - H,0 systems, Fractional distillation, Partially miscible liquids: Phenol -
Water, Trimethyl amine — Water and Nicotine — Water systems.

Unit - IV (General Chemistry) 15h (1 hr/week)
S1-G-1. General Principles of Inorganic Qualitative Analysis 6h
Anion analysis: Theory of sodium carbonate extract,classification and reactions of anions- C03%,

Cl, Br, 4%, P04*, BO;*, CH;C00 , NO3. Interfering ions. Cation Analysis: Principles involved -
Solubility product, common ion effect, general discussion for the separation and identification of group |
individual cations (Hg*", Ag®, Pb™) with flow chart and chemical equations. Principle involved in
separation of group Il & IV cations. General discussion for the separation and identification of group I
(Hg*, Pb™, Bi*, cd®, Sb¥), W (A, Fe™), IV (Mn*, Zn*) individual cations with flow chart and
chemical equations. General discussion for the separation and identification of group V individual cations
(Ba®, §r**, Ca**) with flow chart and chemical equations. Theory of flame test. Identification of Group
VI cations (Mg*', NH4").

h

th

S1-G-2. Isomerism

Isomerism: Definition of isomers. Classification of isomers: Constitutional and Stereoisomers - definition
and examples. Constitutional isomers: chain, functional and positional isomers. Stereoisomers:
enantiomers and diastereomers — definitions and examples. Representation of sterecisomers — Wedge,
Fischer projection, Sawhorse, Newmann formulae.

Conformational analysis: Classification of stereocisomers based on energy. Definition and examples
Conformational and configurational isomers. Conformational analysis of ethane, n- butane, 1, 2-
dichloroethane,2-chloroethanol .Cyclic compounds: Baeyer’s strain theory, Conformational analysis of
cyclohexane, Cis-trans isomerism: E-Z-Nomenclature

S1-G-3: Solid state Chemistry 4h

Laws of Crystallography: (i) Law of Constancy of interfacial angles (ii) Law of Symmetry- Symmetry
elements in crystals (iii) Law of rationality of indices. Definition of space lattice, unit cell. Bravais Lattices
and Seven Crystal systems (a brief review). X-ray diffraction by crystals: Derivation of Bragg’s eguation.
Determination of structure of NaCl, KCl and CsCl (Bragg’s method and Powder method).
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Laboratory Course
[ Practical (Inorganic Chemistry)
Paper I - Qualitative Analysis - Semi micro analysis of mixtures 45h (3 b/ week)
Analysis of two anions (one simple, one interfering) and two cations in the given mixture.
Anions: CO3%, $03%, §=, CI', Br™, I', CH;C00™, NO3", PO4¥, BO3™, S04,
Cations: ng’, Ag', Pb*
Hg2*, Pb2*, Bi3*, Cd2*, Cudt, as3H/5, sp3+/5+, sn2 /4

A, crY, Fe*
Zn®, Ni*t, Co™, Mn®*
Ba®', sr™, Ca*
M gz\lr N H
II. Inorganic quantitative Analysis-Inorganic Preparations

1. Tetraamine Copper (II) Sulphate
2. Potash alum KAl (SO4)2. 12H20,




B.Sc | Yr CHEMISTRY SEMESTER WISE SYLLABUS SEMESTER |l

Paper—1i
Chemistry — I

Unit-I ( Inorganic Chemistry) 15 h (1 hr/week)
S2-1-1 P-block Elements -1l 7h

Oxides: Types of oxides (a) Normal- acidic, basic amphoteric and neutral (b) Mixed

(b) sub oxide d) peroxide e) superoxide. Structure of oxides of C, N, P, S and CI - reactivity,
thermal stability, hydrolysis.

Oxy acids: Structure and acidic nature of oxyacids of B, C, N, P, S. Cl and I. Redox properties
of oxyacids of Nitrogen: HNO: (reaction with FeSO4, KMnQOa, K2Cr207), HNOQj3 (reaction with
HzS, Cu), HNO;4 (reaction with KBr, Aniline), HoN20> (reaction with KMnOy). Redox properties
of oxyacids of Phosphorus: H3POz (reaction with HgCla), H3POj3 (reaction with AgNQO3, CuSOq) .
Redox properties of oxyacids of Sulphur: H.SO. (reaction with KMnO,, K.Cr,0,), H,SO4 (reaction
with Zn, Fe. Cu), H28:0; (reaction with Cu, Au), H2SOs (reaction with KI, FeSO4). H2S205
(reaction with FeSOq, KI). Redox properties of oxy acids of Chlorine.

Interhalogens- Classification- general preparation- structures of AB, AB3, ABsand AB7type and
reactivity.

Pseudohalogens: Comparison with halogens.

S2-I-2: Chemistry of Zero group elements 2h
[solation of noble gases, Structure, bonding and reactivity of Xenon compounds — Oxides,
Halides and Oxy-halides. Clatherate compounds and Anomalous behaviour of He (1I)

S2-1-3: Chemistry of d-block elements 6h

Characteristics of d-block elements with special reference to electronic configuration, variable
valence, ability to form complexes, magnetic properties &catalytic properties. Stability of
various oxidation states and standard reduction potentials. Comparative treatment of second and
third transition series with their 3d analogues. Study of Ti, Cr and Cu triads. Titanium triad —
electronic configuration and reactivity of +3 and +4 states — oxides and halides. Chromium triad
—reactivity of +3 and +6 states. Copper triad — reactivity of +1, +2 and +3 states.
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Unit - II (Organic Chemistry) 15h(1 hr/week)
$2-0-1: Halogen compounds 4h

Classification: alkyl (primary, secondary, tertiary), aryl, aralkyl, allyl, vinyl, benzyl.
Chemical reactivity - reduction, formation of RMgX, Nucleophilic substitution reactions —
classification into Sn1 and Sn2. Mechanism and energy profile diagrams of Sn1 and Sx2
reactions. Stereochemistry of Sy2 (Walden Inversion) 2-bromobutane, Sy1 (Racemisation) 1-
bromo-1-phenylpropane Structure and reactivity — Ease of hydrolysis - comparison of alkyl,
vinyl, allyl, aryl, and benzyl halides.

§2-0-2: Hydroxy compounds and ethers 6h

Alcohols: Preaparation: 1°, 2° and 3° alcohols using Griganard reagent. Reduction of Carbonyl
compounds, carboxylic acids and esters. Physical properties: H-bonding, Boiling point and
Solubility. Reactions with Sodium, HX/ZnCly (Lucas reagent). esterification, oxidation with
PCC, alk. KMnQy, acidic dichromates, conc. HNO3 and Oppenauer oxidation (Mechanism).

Phenols: Preparation: (i) from diazonium salts of anilines, (ii) from benzene sulphonic acids and
(iii) Cumene hydroperoxide .

Properties: Acidic nature, formation of phenoxide and reaction with R-X, electrophilic
substitution; halogenations, Riemer Tiemann reaction (Mechanism). Kolbe reaction
(Mechanism), Gattermann-Koch reaction, Azo-coupling reaction, Schotton-Boumann raction,
Houben-Hoesch condensation, .

Ethers: Nomenclature, preparation by (a) Williamson’s synthesis (b) from alkenes by the action
of conc. HaSOs. Physical properties — Absence of Hydrogen bonding, insoluble in water, low
boiling point. Chemical properties — inert nature, action of conc. H2SO4 and HI.
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$2-0-3 Carbonyl compounds S5h

Preparation of aldehydes & ketones from acid chloride, 1,3-dithianes, nitriles and from carboxylic
acids. Special methods of preparing aromatic aldehydes and ketones by (a) Oxidation of arenes
(b) Hydrolysis of benzal halides Physical properties — absence of Hydrogen bonding. Reactivity
of the carbonyl groups in aldehydes and ketones. Chemical reactivity: Addition of (a) NaHSOs
(b) HCN (¢) RMgX (d) NHs (e) RNH; (f) NH,OH (g) PhNHNH: (h) 2,4-DNP (Schiff bases).
Addition of H20 to form hydrate , chloral hydrate (stable), addition of alcohols - hemi acetal and
acetal formation. Cannizaro reaction. Oxidation reactions — KMnQs oxidation and auto
oxidation, reduction — catalytic hydrogenation, mechanism of Clemmenson’s reduction, Wolf-
kishner reduction, Meerwein Pondoff Verly reduction. Reduction with LAH, NaBHa.

Unit - ITI (Physical Chemistry) 15h(1 hr/week)
S2-P-1: Electrochemistry 15h
Electrical transport — conduction in metals and in electrolyte solutions, specific

conductance and equivalent conductance, measurement of equivalent conductance, variation of
specific and equivalent conductance with dilution. Migration of ions and Kholrausch’s law,
Arrhenius theory of electrolyte dissociation and its limitations, weak and strong electrolytes,
Ostwald’s dilution law - its uses and limitations. Debye-Huckel-Onsagar’s equation for
strong electrolytes (elementary treatment only). Transport number. definition and determination
by Hittorf’s method for attackable electrodes. 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.

Electrolytic and Galvanic cells — reversible and irreversible cells, conventional representation of
clectrochemical cells. Electro motive force (EMF) of a cell and its measurement. Computation of
EMF. Types of reversible electrodes- the gas electrode, metal-metal ion, metal-insoluble

salt and redox electrodes. Electrode reactions, Nernst equation, cell EMF and Single
electrode potential, Standard Hydrogen electrode — reference electrodes (calomel electrode)

— standard electrode potential, sign conventions, electrochemical series and its significance.
Applications of EMF measurements. Calculation of thermodynamic quantities of cell
reactions (Gibbs free energy G, Helmholtz free energy and Equilibrium constant K).
Determination of pH using hydrogen electrode, glass electrode and quinhydrone electrode.
Solubility product of AgCl. Potentiometric titrations.




Unit — IV (General Chemistry) 15 h (1 hr/week)

S2-G-1: Theory of Quantitative Analysis 6h
Volumetric Analysis: Introduction, standard solutions, indicators, end point, titration curves,
Types of titrations: i) neutralization titration- principle, theory of acid base indicators, titration
curves and selection of indicators- strong acid - strong base, strong acid —weak base, weak acid-
strong base and weak acid —weak base. Theory of redox titrations - internal(KMnO4) and
external indicators — use of diphenylamine and ferroin indicators. Theory of complexometric
titrations — use of EBT, Murexide and Fast sulphone black indicators. Role of pH in
complexometric titrations. Precipitation titrations — theory of adsorption indicators.

Gravimetric¢ analysis- Introduction, nucleation, precipitation, growth of precipitate, filtration
and washing, drying and incineration of precipitate, coprecipitation and post precipitation.
Determination of Ni*

§2-G-2: Stereoisomerism 5h

Optical activity: Definition, wave nature of light, plane polarised light, optical rotation and
specific rotation, chiral centers. Chiral molecules: definition and criteria - absence of plane,

center and Sp axis of symmetry — asymmetric and dissymmetric molecules. Examples of
asymmetric molecules (Glyceraldehyde, Lactic acid, Alanine) and disymmetric molecules (trans-

.2-dichlorocyclopropane). Molecules with constitutionally symmetrical chiral carbons (Tartaric
acid) Molecules with constitutionally unsymmetrical chiral carbons (2.3dibromopentane). D, L
configuration — examples. R, S — configuration: Cahn-Ingold-Prelog rules, examples for
asymmetric and disymmetric molecules.

S2-G-3: Dilute Solutions & Colligative Properties 4h

Dilute Solutions, Colligative Properties, Raoult’s law, relative lowering of vapour pressure,
molecular weight determination. Osmosis - laws of osmotic pressure, its measurement,
determination of molecular weight from osmotic pressure. Elevation of boiling point and
depression of freezing point. Derivation of relation between molecular weight and elevation in
boiling point and depression in freezing point.
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General reference: B.Sc | Year Chemistry : Semester Il, Telugu Academy publication, Hyd

Unit I
1.Principles of Inorganic Chemistry by Puri, Sharma and Kalia Vishal Publications1996.
2.Concise Inorganic Chemistry by J.D. Lee 3redn.
3.Basic Inorganic Chemistry by F.A.Cotton, G.Wilkinson and Paul.L. Gaus 3rdedn
Wiley Publishers 2001.
4.Chemistry of the elements by N.N.Greenwood and A. Earnshaw Pergamon Press1989.
5. Inorganic Chemistry by Shriver and Atkins 3rd edn Oxford Press 1999.
6. Inorganic Chemistry Principles of structure and reactivity by James E.Huhey,
E.A. Keiter and R.L. Keiter 4m Edn.
7.Textbook of inorganic chemistry by R Gopalan.
Unit 1T
1. Organic Chemistry by Morrison and Boyd.
. Organic Chemistry by Graham Solomons.
. Organic Chemistry by Bruice Yuranis Powla.
. Organic Chemistry by L. G. Wade Jr.
. Organic Chemistry by M. Jones, Ir
. Organic Chemistry by John McMurry.
. Organic Chemistry by Soni.
. General Organic chemistry by Sachin Kumar Ghosh.
. Organic Chemistry by C N pillai
nit 111
Physical chemistry by P W Atkins
Principles of physical chemistry by Prutton and Marron.
Text Book of Physical Chemistry by Soni and Dharmahara.
Text Book of Physical Chemistry by Puri and Sharma
Text Book of Physical Chemistry by K. L. Kapoor
Physical Chemistry through problems by S.K. Dogra.
Elements of Physical Chemistry by Lewis and Glasstone.
8. Material science by Kakani & Kakani
Unit IV
1. Vogel’s Text Book of Quantitative Analysis by G.H.Jeffery, J.Bassett, J. Mendham and R.C.
Denney 5th edn Addison Wesley Longman Inc. 1999.
- Quantitative Analysis by Day and Underwood Prentice Hall (India) VI Edn..
. Nano: The Essentials by T. Pradeep, McGraw-Hill Education.
. Chemistry of nanomaterials: Synthesis, Properties and applications by CNR Rao et.al.
- Nanostructured Materials and Nanotechnology, edited by Hari Singh Nalwa, Academic Press
. Practical chemistry by V K Ahluwalia, Sunitha Dhingra and AdarshGulati.
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Laboratory Course 45hrs (3 h / week)
Paper II- Quantitative Analysis
Acid - Base titrations
1. Estimation of Carbonate in Washing Soda.
2. Estimation of Bicarbonate in Baking Soda.
3. Estimation of Carbonate and Bicarbonate in the Mixture.
4. Estimation of Alkali content in Antacid using HCL.
5. Estimation of NH} by back titration
Redox Titrations
1. Determination of Fe(ll) using K2Cr207
2. Determination of Fe(ll) using KMnOa with sodium oxalate as primary standard.

Complexometric Titrations
1. Estimation of Mg?*

Inorganic preparatios

1. Bis (dimethylglyoximato) Nickel(II)
2. Hexammine cobalt(IIT) Chloride
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GOVERNMENT DEGREE COLLEGE FOR WOMEN
BEGUMPET, HYDERABAD - 16
B.Sc.1 YEAR MODEL QUESTION PAPER
Subject: CHEMISTRY
SEMESTER -2
Time: 2 Hours Max. Marks: 60
Min. Marks: 24

Section — A

I Answer any Five of the following questions 5x4=20marks
1. Write a note on amphoteric oxides?

2. Explain the structures of XeF, and XeF,?
3. Compare the reactivirt of allyl, Vinyl halides?
4. Write any two preparation methods of alcohols?

5. Write about Debye-Huckel-Onsagar’s equation for strong electrolytes?
6. Explain Nernst equation?

7. What is coprecipitation?

8. Write a note on acid base indicators?

SECTION-B
IT' Answer all questions choosing any one bit from each question  4X10 = 40 Marks

9. (a) Explain the magnetic and catalytic properties of transition elements?

(or)
(b) What are polyhalides? Explain the structures of ICLy, ICly, 1372

10. (a) Write Riemer Tiemann reaction with mechanism?

(or)

(b) Explain Cannizaro reaction with Mechanism?

11. (a) What is transport number?Determine the transport number using Hittorf’s Method?

(or)
(b) Write about Standard Hydrogen electrode?

12, (a) Discuss the Cahn-Ingold-Prelog rules, with examples for R, S notationsfor asymmetric and
disymmetric molecules.?
(or)
(b) What is Raoults law?Derive a relation between relative lowering of vapor pressure
and molar mass of the solute?

30

Y " / 5
A D B fin
e ) N & e ar
.\ L;« X board
\r : 3 s
y e BEFY o
. .

Easl & "7 . rpm WA ¢ . ¥, i-07



Government Degree College for Women, Begumpet, Hyderabad
Autonomous Accredited with “B” Grade by NAAC

I B.Sc Il Semester Paper- Il (Practicals)
Paper code 203 No. of Credits - 01
Practical Model Question Paper

Duration : 3 Hours Total Marks : 50
I. Write principle, indicator and colour change at end pointinthe _ ( 3M)
ll. Estimate the amount in the given following experiments (35M)
[ll'Viva (6M)

IV Record (6M)
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B.Sc. II Year CHEMISTRY
SEMESTER WISE SYLLABUS

SEMESTER III
Paper-lll
Chemistry - i1l
Unit-1 {Inorganic Chemistry) 15 h (1 hr/week)
53-1-1: Chemistry of f-biock elements: 5h

Chemistry of Lanthanides: Position in periodic table, Electronic structure, oxidation state, ionic and atomic
radii- lanthanide contraction- Cause and consequences, anomalous behavior of post lanthanides-
complexation- type of donor ligands preferred. Magnetic properties- para magnetism. Colour and spectra,
f-f transitions —0ccurrence and separation—ion exchange method, solvent extraction.

Chemistry of actinides- general features ~ electronic configuration, oxidation state, actinide contraction,
colour and complex formation. Comparison with lanthanides.

Additional Inputs: Comparision between f — Block and d-Block elements

83-I-2: Coordination Compounds-I 6h
Simple inorganic molecules and coordination complexes. Nomenclature — IUPAC rules,

1. Coordination number, coordination geometries of metal ions, types of ligands. 2. Brief review of
Werner’s theory,Sidgwick’s electronic interpretation and EAN rule and their limitations. (Valence bond
theory (VBT) - postulates and application to (a) tetrahedral complexes [Ni(NH,),]* [NiCl,]* and [Ni{CO),]
(b) Square planar complexes [Ni(CN),]%, [Cu(NH3)J%, [PtCl,)* (c) Octahedral complexes [Fe(CN),]*,
[Fe(CN)e* [FeFy)*, [Co(NH;)eI™, [CoF > Limitations of VBT. 3. Isomerism in coordination compounds,
stereo isomerism — (a)Geometrical isomerism in (i) square planar meta | complexes of the type[MA,B,]
[MA,;BC] [M(AB),] [MABCD] (ii) Octahedral metal complexes of the type [MA,B,], [M(AA),B,] [MA;B,] using
suitable examples, (b) Optical isomerism in (i). Tetrahedral complexes [MABCD] (ii). Octahedral complexes
[M(AA),B,], [M(AA),] using suitable examples. Structural isomerism: ionization, linkage, coordination ligand
isomerism using suitable examples.

Additional Inputs: Hydration isomerism
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Il B.Sc. Chemistry syllabus
Ul Semester 60 Hrs (4 H/W)

(Syllabus with effect from 2019-20)

UNIT-1 Inorganic Chemistry i5h
| | Chemistry of f-block elements 5
Il | Coordination Compounds-i ) 6
Il | Metal carbonyls and Organometallic Chemistry 4
UNIT II Organic Chemistry 15h
| | Carboxylic acids and derivatives 5
Il | Nitrohydrocarbons 3
[l | Amines, Cyanides and Isocyanides 7
Unit-lll  Physical Chemistry 15h
| | Thermodynamics - 10
Il | Thermodynamics Il 5
Unit-IV  General Chemistry 15h
| | Evaluation of analytical data 4
Il | Carbanions-I| 5
{1l | Phase Rule 6
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S83-1-3: Metal carbonyls and Organometallic Chemistry 4h
Metal carbonyls: Preparation and properties of Ni(CO)4. Structural features of Ni(CO)4, Fe(CO)s,

Fe2(CO)9, Fe3{CO)12 and Cr(CO)6 -18 valence electronrule,

Definition, nomenclature and classification of organometallic compounds. Methods of preparation,
properties and applications of alkyl and aryl compounds of Li, Mg & Al.

Additional Inputs: Structure of Fe(CO)s

Unit - I (Organic Chemistry) 15h (1 hr/week)

83-0-1: Carboxylic acids and derivatives 5h
Preparation: a) Hydrolysis of Nitriles, amides and esters. b) Carbonation of Grignard reagents. Special
methods of preparation of Aromatic Acids - Oxidation of Arenes. Physical properties- hydrogen bonding,
dimeric association,. Chemical properties — Reactions involving H, OH and COOH groups -salt formation,
anhydride formation, Acid halide farmation, Esterification (mechanism) & Amide formation. Reduction of
acid to the corresponding primary alcohol - via ester or acid chloride. Degradation of carboxylic acids by
Huns Diecker reaction, Schmidt reaction (Decarboxyfation). Arndt — Eistert synthesis, Halogenation by Hell -
Volhard - Zelensky reaction. Carboxylic acid Derivatives — Hydrolysis nand Amonolysis of acid halides, Acid
anhydrides and esters (mechanism of ester hydrolysis by base and acid). Hydrolysis and dehydration of
amides.

Additional Inputs: Comparision of acidic strength of carboxylic acid and alcohol

83-0-2: Nitrohydrocarbons 3h

Preparation of Nitroalkanes. Reactivity - halogenation, reaction with HNO2 (Nitrous acid), Nef reaction,
reduction. Aromatic Nitrohydrocarbons: Preparation of Nitrobenzene by Nitration. Physical properties,
chemical reactivity -Reduction of Nitrobenzenes in different media,

Additional Inputs: Acidic nature of a-Hydrogen of Nitrohydrocarbons

83-0-3: Amines, Cyanides and Isocyanides 7h

—Ammonolysis of alkyl halides, Gabriel synthesis, Hoffman’s bromamide reaction (mechanism). Reduction
of Amides and Schmidt reaction. Physical properties. Use of amine salts as phase transfer catalysts.
Chemical Properties: a) Alkylation b) Acylation ¢) Carbylamine reaction d) Hinsberg separation, Reaction

= Bromination and Nitration, oxidation of aryl and 3 Amines, diazotisation. Diazonium salts: Preparation
with mechanism. Synthetic importance — a) Replacement of diazonium group by - OH, X (Cl)-

Sandmeyer and Gatterman reaction, by fluorine (Schiemann’s reaction), by iodine, CN, NO2, H and aryl

groups. Coupling Reaction of diazonium salts. i) with phenols ii) with anilines. Reduction to phenyl
hydrazines.
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Cyanides and isocyanides: Structure. Preparation of cyanides from a) Alkyl halides b) from amides ¢} from
aldoximes. Preparation of isocyanides from Alkyl halides and Amines. Properties of cyanides and
isocyanides, a) hydrolysis b) addition of Grignard reagent iii) reduction iv) oxidation.

Additional Inputs: Basic strength of aliphatic amines and aromatic amines

Unit III (Physical Chemistry) 15 h (1 hr/week)
S3-P-1: Thermodynamics I 10h

A brief review of - Energy, work and heat units, mechanical equivalent of heat, definition of system,
surroundings. First law of thermodynamics statement- various forms mathematical expression.
Thermodynamic quantities- extensive properties and intensive properties, state function and path
functions. Energy as a state function and exact differential. Work of expansion and heat absorbed as path
function.

Expression for work of expansion, sign convention problems on first law. Heat changes at constant
pressure and heat changes at constant volume. Enthalpy. Heat capacities at constant pressure and
constant volume. Derivation of Cp-Cv = R. Isothermal adiabatic processes. Reversible and irreversible
processes. Reversible change and maximum work. Derivation of expression for maximum work for
isothermal reversible process. Problems. Internal energy of an ideal gas. Joules experiment. Joule-
Thompson coefficient. Adiabatic changes in ideal gas, derivation of equation, PV'= constant. P-V curves for
isothermal and adiabatic processes. Heat of a reaction at constant volume and at constant pressure,
relation between AH and AV. Variation of heat of reaction with temperature. Kirchhoff's equation and
problems. Limitations of first law and need for second law. Statement of second law of thermodynamics.
Cyclic process. Heat engine, Carnot’s theorem, Carnot’s cycle. Derivation of efficiency of heat engine.
Problems. Thermodynamic scale of temperature.

S3-P-2: Thermodynamics-II 5h
Entropy: Definition from Carnot’s cycle. Entropy as a state function. Entropy as a measure of disorder. Sign
of entropy change for spontaneous and non- spontaneous processes &equilibrium processes. Entropy
changes in i) Reversible isothermal process, ii) Reversible adiabatic process, iii) Phase change, iv) Reversible
change of state of an ideal gas. Problems. Entropy of mixing of ideal gases. Free energy Gibb’s function (G)
and Helmholtz’sfunction (A) as thermodynamic quantities. Concept of maximum work and network AG as
Criteria for spontaneity. Derivation of equation AG =AH ~TAS. Significance of the equation. Gibbs equations
and Maxwell relations, Variation of G with P, Vand T.

Unit — IV (General Chemistry) 15 h (1 hr/week)

$3-G-1 Evaluation of analytical data 4h
Significant figures, accuracy and precision. Errors-classification of errors- determinate and indeterminate
errors, absolute and relative errors. Problems based on mean, median, range, standard deviation.
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Additional Inputs: Gross errors
8$3-G-2: Carbanions-I 5h

Introduction, acidic nature of a-hydrogens and tautomerism in carbonyl compounds, nitro hydrocarbons,
ethyl acetoacetate, diethyl malonate. Terminal alkynes. Stabilty of carbanions Reactions : Aldol reaction,
Perkin reaction, Benzoin condensation, haloform reaction, conversion of smaller alkynes to higher alkynes.

Additional Inputs: Acidic nature of a-Hydrogen of different organic compounds

S3-G-3: Phase Rule 6h
Statement and meaning of the terms — Phase, Component and Degrees of freedom, Gibb’s Phase rule,
phase equilibria of one component system — water system. Phase equilibria of two- component system —
Solid-Liquid equilibria, simple eutectic ~Pb-Ag system, desilverisation of lead. Solid solutions — compound
with congruent melting point — Mg-Zn system and incongruent melting point — NaCl-H,0 system.

Additional Inputs: Applications of phase rule

References
General reference: B.Sc Il Year Chemistry: Semester Il Telugu Academy publication, Hyd

Unit-1
1. Analytical chemistry by G. L. David Krupadanam, D. Vijaya Prasad, K.
Varaprasada Rao, K.L.N. Reddy and C. Sudhakar
2. Principles of Inorganic Chemistry by Puri, Sharma and Kalia Vishal Publications(1996).
3. Concise Inorganic Chemistry by J.D. Lee 3rd edn Van Nostrand Reinhold Company(1977)
4. Basic Inorganic Chemistry by F.A.Cotton, G.Wilkinson and Paul.L. Gaus 3rd edn
Wiley Publishers (2001).
5. Inorganic Chemistry Principles of structure and reactivity by James E.Huhey,
E.A. Keiter and R.L. Keiter 4th edn. (2006)

6. Chemistry of the elements by N.N.Greenwood and A. Earnshaw Pergamon Press(1989).
7. Inorganic Chemistry by Shriver and Atkins 3rd edn Oxford Press (1999).

8. Textbook of Inorganic Chemistry by R Gopalan(Universities Press(2012)
9. College Practical chemistry by V K Ahluwalia, Sunitha Dhingra and Adarsh
Gulati Universities Press (India) Limited(2012)
Unit-1I
1. Text book of organic chemistry by Soni. Sultan Chand & Sons; Twenty Ninth edition (2012)
2. General Organic chemistry by Sachin Kumar Ghosh, New Age Publishers Pvt Ltd (2008).
3. Text book of organic chemistry by Morrison and Boyd. Person(2009)
4. Text book of organic chemistry by Graham Solomons. Wiley(2015)
5. Text book of organic chemistry by Bruice Yuranis Powla. (2012)
6. Text book of organic chemistry by C N pillai CRC Press (2012)
7. Organic Chemistry by L. G. Wade Jr.
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8. Organic Chemistry by M. Jones, Jr
9. Organic Chemistry by John McMurry.
Unit X
- Pringiples of physical chemistry by Prutton and Marron. The MacmillanCompany; 4™ Edn.(1970)
- Text Book of Physical Chemistry by Soni and Dharmahara. Sulthan Chand and Sons.(2011)
- Text Book of Physical Chemistry by Puri and Sharma. S. Nagin chand and Co.(2017)
- Text Book of Physical Chemistry by K. L. Kapoor. (2012)
- Colloidal and surface chemistry , M. Satake, Y. Hayashi, Y . Mido, S.A.Igbal and
- M.S.sethi, Discovery Publishing Pvt.Ltd (2014)
. Material science by Kakani & Kakani, New Age International(2016)
. Physical Chemistry by Ira Levine (Author) McGraw-Hill Education; 6 edition (May 9,2008)
Unit IV
I. Text book of organic chemistry by Morrison and Boyd, Person(2009)

00 ~1 O L B LI P e

- Text book of organic chemistry by Graham solomons, Wiley(2015)
- Text book of organic chemistry by Sony, Sultan Chand & Sons; 29" edition (2012)

- Text book of organic chemistry by Bruice yuranis Powla, (2012)
- General Organic chemistry by Sachin kumar Ghosh, New Age Publishers Pvt Ltd (2008)
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Laboratory Course
Paper Ill (Organic Synthesis) 45 h (3h/week)

1. Synthesis of Organic compounds:

i.  Acetylation: Acetylation of salicylic acid, Benzoylation of Aniline.

ii.  Aromatic electrophilic substitution: Nitration: Preparation of nitro benzene and m-
dinitro benzene.

ii.  Halogenation: Preparation of p-bromo acetanilide, Preparation of 2, 4, 6-tribromo
phenol,

iv.  Oxidation:  Preparation of benzoic acid from benzyl chloride.
v.  Esterification: Preparation of n-butyl acetate from acetic acid.
vi. Methylation: Preparation of — B-naphthyl methyl ether.
vii.  Condensation: Preparation of benzilidine aniline form Benzaldehyde and aniline.

viii.  Diazotisation: Azocoupling of 3-Naphthol.

2. Microwave assisted synthesis of Asprin — DEMO (demonstration only)
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B.Sec. II yr CHEMISTRY
SEMESTER WISE SYLLABUS
SEMESTER IV
Paper-1V
Chemistry - IV
Unit-I (Inorganiec Chemistry) 15h (1 h/week)
S4-i-1: Coordination Compounds —Ii 11 h Crystal field theory (CFT)- Postulates of CFT, splitting
patterns of d-orbitals in octahedral, tetrahedral. square planer with suitable examples. Crystalfield
stabilization energies and its calculations for various dn configurations in octahedral complexes. High
Spin Low Spin complexes. Colour and Magnetic properties of transition metal complexes. Calculations
of magnetic moments spin only formula. Detection of complex formation - basic principles of various
methods- change in chemical properties, solubility, colour, pH. conductivity, magnetic susceptibility.
Hard and soft acids bases (HSAB) - Classification, Pearson’s concept of hardness and softness,
application of HSAB principles — Stability of compounds / complexes, predicting the feasibility of
reaction. Thermodynamic and kinetic stability of transition of metal complexes. Stability of metal
complexes —stepwise and overall stability constant and their relationship and chelate effect
determination of composition of complex by Job’s method and mole ratio method.
Applications of coordination compounds: Applications of coordination compounds a) in quantitative
and qualitative analysis with suitable examples b) in medicine for removal of toxic metal ions and
cancer therapy ¢) in industry as catalysts polymerization — Ziegler Natta catalyst d) water softening.

Additional Input: Spectrochemical Series

S4-I-2:Bioinorganic Chemistry 4 h Essential elements, biological significance of Na, K, Mg, Ca, Fe,
Co, Ni, Cu, Zn and chloride (Cl-). Toxic metal ions As, Hg & Pb Oxygen transport and storage —
structure of hemoglobin, binding and transport of oxygen. Fixation of CO2 in photosynthesis-
overview of light and dark reactions in photosynthesis. Structure of chlorophyll and coordination of
magnesium. Electron transport in light reactions from water to NADP+ (Z — scheme).

Additional Input: Toxicity of Sn
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Unit - II (Organic Chemistry) 15h(1 hr/week) S4-0-1: Carbohydrates 6 h

Introduction: Classification and nomenclature. Monosaccharides: All discussion to be confined to (+)
glucose as an example of aldo hexoses and (-) fructose as example of ketohexoses. Chemical properties
and structural elucidation: Evidences for straight chain pentahydroxy aldehyde structure. Number of
optically active, isomers possible for the structure, configuration of glucose based on D-glyceraldehyde
as primary standard (No proof for configuration is required). Evidence for eyclic structure of glucose
(Pyranose structure, anomeric Carbon and anomers). Proof for the ring size (methylation, hydrolysis
and oxidation reactions). (Haworth formula and chair conformational formula). Structure of fructose:
Evidence of 2 — ketohexose structure. Same osazone formation from glucose and fructose, Hydrogen
bonding in osazones, cyclic structure for fructose (Furanose structure,Haworth formula).

Inter Conversion of Monosaccharides: : Arabinose to D-glucose, D- mannose (kiliani — Fischer
method). Epimers, Epimerisation- Lobry de bruyn van Ekenstein rearrangement. D-glucose to D-
arabinose by Ruff's degradation. Aldohexose(+) (glucose) to ketohexose (-) (fructose) and
Ketohexose(Fructose) to aldohexose (Glucose).

Additional Input: Difference between glucose and fructose

S4-0-2: Amino acids and proteins 5 h Classification. Methods of synthesis: General methods of
synthesis of alpha amino acids (specific examples — Glycine, Alanine. Valine and Leucine) by
following methods: a) From halogenated Carboxylic acid b)Malonic ester synthesis c¢) strecker’s
synthesis. Physical properties: Optical activity of naturally occurring amino acids. Zwitter ion structure
_ salt like character. definition of isoelectric point. Chemical properties: General reactions due to
amino and carboxyl groups — Lactams from gamma and delta amino acids by heating peptide bond
(amide linkage). Structure and nomenclature of peptides. Primary structure of proteins, di peptide
synthesis

Additional Input: strecker’s synthesis mechanism

S4-0-3: Heterocyclic Compounds 4 h

Introduction and definition: 5 membered ring compounds with one hetero atom Ex. Furan. Thiophene
and pyrrole. Importance of ring systems ~Numbering. Aromatic character

Resonance structures: Explanation of feebly acidic character of pyrrole, electrophillic substitution,

Halogenation, Nitration and Sulphonation. Reactivity of furan as 1.3-diene, Diels Alder reactions (one
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example). Sulphonation of thiophene purification of Benzene obtained from coal tar). Preparation of
furan, Pyrrole and thiophene Paul-Knorr synthesis. Structure of pyridine, Basicity — Aromaticity —
Comparison with pyrrole — preparation by Hantsch method and properties — Reactivity towards
Nucleophilic substitution reaction — chichibabin reaction.

Additional Input: Nomenclature of heterocyclic compounds

Unit III (Physical Chemistry) 15h (1 hr/week)

S4-P-1: Chemical Kinetics 11 h

Introduction to chemical kinetics, rate of reaction, variation of concentration with time, rate laws and
rate constant. Specific reaction rate. Factors influencing reaction rates: effect of concentration of
reactants, effect of temperature, effect of pressure, effect of reaction medium. effect of radiation, effect
of catalyst with simple examples. Order of a reaction.

First order reaction, derivation of equation for rate constant. Characteristics of first order reaction.
Units for rate constant. Half- life period, graph of first order reaction, Examples-

Decomposition of H202 and decomposition of oxalic acid, Problems.

Pseudo first order reaction, Hydrolysis of methyl acetate. inversion of cane sugar, problems. Second
order reaction, derivation of expression for second order rate constant. examples-16. Saponification of
ester, 20;— 30,, C;H4+H,— CyHg. Characteristics of second order reaction, units for rate constants,
half- life period and second order plots. Problems

Additional Input: Zero order reaction

S4-P-2: Photochemistry 4 h

Introduction to photochemical reactions, Difference between thermal and photochemical reactions,
Laws of photo chemistry- Grotthus Draper law, Stark-Einstein’s Law of photochemical equivalence.
Quantum yield. Examples of photo chemical reactions with different quantum yields. Photo chemical
combinations of H—Cl;and Hy—Br; reactions, reasons for the high and low quantum yield. Problems
based on quantum cfficiency. Consequences of light absorption. Singlet and triplet states. Jablonski
diagram. Explanation of internal conversion, inter- system crossing, phosphorescence, fluorescence.

Additional Input: Chemiluminescence
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Unit IV (General Chemistry) 15h (1 hr/week)

S4-G-1: Theories of bonding in metals 4 h

Valence bond theory, Explanation of metallic properties and its limitations, Free electron
theory, thermal and electrical conductivity of metals, limitations, Band theory, formation
of bands, explanation of conductors, semiconductors n-type and p-type. extrinsic &

intrinsic semiconductors, and insulators.

§4-G-2: Carbanions-II S h

Mannich reaction , Michael addition and Knoevengeal condensation Synthetic applications of Aceto
acetic ester. Acid hydrolysis and ketonic hydrolysis: Preparation of ketones, monocarboxylic acids and
dicarboxylic acids Malonic ester— synthetic applications. Preparation of (i) substituted mono carboxylic
acids and (ii) substituted dicarboxylic acids.

Additional Input: Michael addition mechanism

S4-G-3: Colloids & Surface Chemistry 6 h

Definition of colloids. Classification of colloids. Solids in liquids (sols): preparations and properties —
Kinetic, Optical and Electrical stability of colloids. Protective action. Hardy-Schultz law, Gold
number. Liquids in liquids (emulsions): Types of emulsions, preparation and emulsifier. Liquids in
solids(gels): Classification, preparations and properties. General applications of colloids.
Adsorption:Types of adsorption. Factors influencing adsorption. Freundlich adsorption isotherm.

Langmuir theory of unilayer adsorption isotherm. Applications.

References
General reference: B.Sc 11 Year Chemistry : Semester IV, Telugu Academy publication, Hyd
Unit-1
1. Principles of Inorganic Chemistry by Puri, Sharma and Kalia Vishal Publications (1996).
2. Concise Inorganic Chemistry by J.D. Lee 3rd edn. Van Nostrand ReinholdCompany(1977)
3. Basic Inorganic Chemistry by F.A.Cotton, G.Wilkinson and Paul.L. Gaus 3rd edn Wiley
Publishers (2001).
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4. Inorganic Chemistry Principles of structure and reactivity by James E.Huhey,

E.A. Keiter and R.L. Keiter 4th edn. (2006)

5. Chemistry of the elements by N.N.Greenwood and A. Earnshaw Pergamon Press(1989).
6. Inorganic Chemistry by Shriver and Atkins 3rd edn Oxford Press (1999).

7. Textbook of Inorganic Chemistry by R Gopalan, Universities Press,(2012)

Unit- 1

1. Text book of organic chemistry by Soni. Sultan Chand & Sons; Twenty Ninthedition (2012)

2. General Organic chemistry by Sachin Kumar Ghosh. New Age Publishers Pvt Ltd (2008)

3. Text book of organic chemistry by Morrison and Boyd. Person(2009)

4. Text book of organic chemistry by Graham Solomons. Wiley(2015)

5. Text book of organic chemistry by Bruice Yuranis Powla. (2012)

6. Text book of organic chemistry by C N pillai CRC Press (2012)

8. Organic Chemistry by L. G. Wade Jr. |
9. Organic Chemistry by M. Jones, Ir

10. Organic Chemistry by John McMurry.

Unit 111

1. Principles of physical chemistry by Prutton and Marron. The MacmillanCompany; 4th edn.
(1970)

2. Text Book of Physical Chemistry by Soni and Dharmahara. Sulthan Chand &sons.(2011)
3. Text Book of Physical Chemistry by Puri and Sharma. S, Nagin chand and Co.(2017)

4. Text Book of Physical Chemistry by K. L. Kapoor. (2012)

3. Physical Chemistry through problems by S.K. Dogra. (2015)

6. Text Book of Physical Chemistry by R.P. Verma.

7. Elements of Physical Chemistry byLewis Glasstone. Macmillan (1966)

8. Industrial Electrochemistry, D. Pletcher, Chapman & Hall, London, 1990

Unit IV

1. Principles of Inorganic Chemistry by Puri, Sharma and Kalia Vishal Publications(1996).

2. Concise Inorganic Chemistry by J.D. Lee 3rd edn. Van Nostrand Reinhold Company (1977)
3. Basic Inorganic Chemistry by F.A.Cotton, G.Wilkinson and Paul.L. Gaus 3rd edn Wiley
Publishers (2001).

4. Inorganic Chemistry Principles of structure and reactivity by James E.Huhey.
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E.A. Keiter and R.L. Keiter 4th edn. (2006)

5. Text book of organic chemistry by Morrison and Boyd, Person (2009)

6. Text book of organic chemistry by Graham solomons, Wiley (2015)

7. Fundamentals of organic synthesis and retrosynthetic analysis by Ratna Kumar Kar,
CBA.,(2014)

8. Organic synthesis by Dr. Jagadamba Singh and Dr. L.D.S. Yadav. Pragati Prakashan, 2010

7. Stereochemistry of organic compounds by D. Nasipuri, New Academic Science Limited, 2012
8. Organic chemistry by Clayden, Greeves, Warren and Wothers, Oxford University Press, 2001

9. Fundamentals of Asymmetric Synthesis by G. L. David Krupadanam, Universities, Press 2014

Laboratory Course

Paper 1V-

Qualitative Analysis of Organic Compounds: 4Shrs (3 h/week)
Qualitative analysis: Identification of organic compounds through the functional group analysis -
ignition test, determination of melting points/boiling points, solubility test, functional group tests
and preparation of suitable derivatives of the following: Carboxylic acids, phenols, amines, urea,
thiourea, carbohydrates, aldehydes, ketones, amides, nitro hydrocarbons, ester and naphthalene.
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B.Sc III yr CHEMISTRY
SEMESTER WISE SYLLABUS

SEMESTER V
Paper-V
Chemistry - V
Unit-I ( Inorganic Chemistry) i1h
$5-1-1: Coordination compounds —IT 9h

Crystal field theory (CFT)- Postulates of CFT, splitting patterns of d-orbitals in  ctahedral,
tetrahedral, square planer with suitable examples. Crystaltield stabilization energies and its

n . A . ; :
calculations for various d  configurations in octahedral complexes. High Spin Low Spin complexes.

Magpnetic properties of transition metal complexes- para, dia, ferro, anti ferromagnetic
properties, determination of magnetic susceptibility (Guoy method), spin only formula.
calculations of magnetic moments.

Electronic spectra of metal complexes — colour of transtion metal aqua complexes— d-d
transitions.Detection of complex formation - basic principles of various methods- change in
chemical properties, solubility, colour, pH, conductivity. magnetic susceptibility.
Thermodynamic and kinetic stability of transition of metal complexes . Stability of metal
complexes —stepwise and overall stability constant andf their relationship.Factors effecting
the stability constants. Chelate effect, determination of composition of complex by Job’s
method and mole ratio method.

Applications of coordination compounds

Applications of coordination compounds a) in quantitative and qualitative analysis with

suitable examples b) in medicine for removal of toxic metal lons and cancer therapy c) in
industry as catalysts polymerization — Ziegler Natta catalyst d) water softening.

S5-1-2: Boranes and Carboranes: 2h
Definition of clusters. Structures of boranes and carboranes- Wade’s rules,closo,nido. arachno
Boranes and carboranes

Unit-IT (Organic Chemistry) 11 h
S5-0-1: Amines, Cyanides and Isocyanides 7h
Amines:

v v v
Nomenclature, classification into 1 . 2, 3 Amines and Quarternary ammonium

compounds.Preparative methods — 1. Ammonolysis of alkyl halides 2. Gabriel synthesis 3.
Hoffman’s bromamide reaction (mechanism). Reduction of Amides and Schmidt reaction.
Physical properties and basic character — Comparative basic strength of Ammonia, methyl
amine, dimethyl amine, trimethyl amine and aniline- comparative basic strength of aniline,
N-methylaniline and N,N- dimethyl aniline (in aqueous and non- aqueous medium), steric
effects and substituent effects. Use of amine salts as phase transfer catalysts. 4. Chemical

Properties: a) Alkylation b) Acylatign c& Carbylamine reaction d) Hinsberg separation. 5.

Reaction with Nitrous acid of 1 ,2 ", 3 (Aliphatic and aromatic amines).

Electoghﬂic substitutions of Aromatic amines — Bromination and Nitration, oxidation of aryl

and 3 Amines, diazotisation. 6. Diazonium salts: Preparation with mechanism. Synthetic
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importance —a) Replacement of diazonium group by — OH, X (CI)- Sandmeyer and

Galterman reaction, by fluorine (Schiemann’s reaction), by iodine, CN, NO3, H and aryl

groups. Coupling Reaction of diazonium salts. i) with phenols if) with anilines. Reduction to
phenyl hydrazines.

Cyanides and isocyanides:

Nomenclature (aliphatic and aromatic) structure. Preparation of cyanides from a) Alkyl
halides b) from amides c) from aldoximes. Preparation of isocyanides from Alky! halides and
Amines. 2. Properties of cyanides and isocyanides, a)hydrolysis b) addition of Grignard
reagent iii) reduction iv) oxidation.

S5-0-2: Heterocyelic Compounds 4h

Introduction and definition: Simple 5 membered ring compounds with one hetero atom Ex.
Furan. Thiophene and pyrrole. Importance of ring systems — presence in important natural
products like hemoglobin and chlorophyll. Numbering the ring systems as per Greek letter
and Numbers. Aromatic character — 6- electron system (four-electrons from two double
bonds and a pair of non-bonded electrons from the hetero atom). Tendency to undergo
substitution reactions.

Resonance structures: Indicating electron surplus carbons and electron deficient hetero atom.
Explanation of feebly acidic character of pyrrol, electrophillic substitution at 2 or 5 position,
Halogenation, Nitration and Sulphonation under mild conditions. Reactivity of furan as 1,3-
diene, Diels Alder reactions (one example). Sulphonation of thiophene purification of
Benzene obtained from coal tar). Preparation of furan, Pyrrole and thiophene from 1,4.-
dicarbonyl compounds only, Paul-Knorr synthesis, structure of pyridine, Basicity —
Aromaticity — Comparison with pyrrole — one method of preparation and properties —
Reactivity towards Nucleophilic substitution reaction — chichibabin reaction.

Additional inputs: Anti aromaticity.

Unit-ITI(Physical Chemistry)
S5-P-1: Chemical Kinetics 11h

Introduction to chemical kinetics, rate of reaction, variation of concentration with time, rate
laws and rate constant. Specific reaction rate.Factors influencing reaction rates: effect of
concentration of reactants, effect of temperature, effect of pressure, effect of reaction
medium, effect of radiation, effect of catalyst with simple examples, order of reaction.

First order reaction, derivation of equation for raEe constant. Characteristics of first order reaction. Units
for rate constant. Half- life period, graph of 1" order reaction, examples. Decomposition of HpO2 and
decomposition of oxalic acid.

Pseudo first order reaction, HydrolysisnoJ methyl acetate, inversion of cane sugar, problems. Second order
reaction, derivation of expression for 2 order rate constant, examples-

Saponification of ester, 203 — 302, C2H4 +H2 — C2H6. Characteristics of second order
reaction, units for rate constants, half- life period and second order plots.
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Zero order reaction: derivation of rate expression, examples i)combination of H and CI2
to form HCI, ii) thermal decomposition of HI on gold surface characteristics of Zero
order reaction units of k, half-life period and graph, problems.

Determination of order of reaction: i) method of integration, ii) half life method, iii)
Vant-Hoff differential method iv) Ostwald’s isolation method. Problems

Kinetics of complex reactions (first order only): opposing reactions, parallel reactions,
consecutive reactions and chain reactions. Problems.

Lffect of temperature on reaction rate, Arrhenius equation. Temperature coefﬁcie.nt.
Concept of energy of activation, determination of energy of activation from Arrhenius
equation and by graphical method, problems.Simple collision theory based on hard
sphere model explanation of frequency factor, orientation or steric factor. The transition
state theory (elementary treatment).

Unit-IV (General Chemistry) 12h

55-G-2: Molecular spectroscopy 8h

Introduction to electromagnetic radiation, interaction of electromagnetic rations with
molecules, various types of molecular spectra.

Rotational spectroscopy (Microwave spectroscopy)

Rotational axis, moment of inertia, classification of molecules (based on moment pf
inertia), rotational energies, selection rules, determination of bond length of rigid
diatomic molecules eg. HCL.

Infra red spectroscopy

Energy levels of simple harmonic oscillator, molecular vibration spectrum. selection
rules. Determination of force constant. Qualitative relation of force constant to bond
energies. Anharmonic motion of real molecules and energy levels. Modes of vibrations in
polyatomic molecules. Characteristic absorption bands of various functional groups.
Finger print nature of infrared spectrum.

Electronic spectroscopy:

Bonding and antibonding molecular orbitals,electronic energy levels of molecules (o,
m, n), types of electronic tranmsitions:o-6*, n-o*, n-1*, J-a* with suitable
examples.Selection

rules, Terminology of chromophore, auxochrome, bathochromic and hypsochromic shifts.
Absorption of characteristicsof chromophones: diene, enone and aromatic chromophores.
Representation of UV-visible spectra.

S5-G-3: Photochemistry 4h

Introduction to photochemical reactions, Difference between thermal and photochemical
reactions, Laws of photo chemistry- Grotthus - Draper law, Stark — Einstein’s Law of
photo chemical equivalence. Quantum yield. Examples of photo chemical reactions with
different

quantum yields. Photo chemical combinations of Hp — Cl» and H» — Br) reactions,
reasons for the high and low quantum yield. Problems based on quantum efficiency,
Consequences of light absorptions. Singlet and triplet states. Jablonski diagram
Explanation of internal conversion, inter- system crossing, Phosphorescence,
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fluorescence.
Additional inputs: Solar cells introduction.

References :

Unit- I

L.

2
8.

29 SN Eh

Principles of Inorganic Chemistry by Puri, Sharma and Kalia Vishal Publications
1996.

Concise Inorganic Chemistry by J.D. Lee 3 edn

Basic Inorganic Chemistry by F.A.Cotton, G.Wilkinson and Paul.L.. Gaus 5" edn
Wiley Publishers 2001. Chem.

Inorganic Chemistry Princip]es of structure and reactivity by James E.Huhey,
E.A.

Keiter and R.L. Keiter 4" edn

Chemistry of the elements by N.N.Greenwood and A. Earnshaw Pergamon Press
1989.

Inorganic Chemistry by Shriver and Atkins 3rd edn Oxford Press 1999.

Unit- 1

R R

Text book of organic chemistry by Soni.

General Organic chemistry by Sachin Kumar Ghosh.
Text book of organic chemistry by Morrison and Boyd.
Text book of organic chemistry by Graham Solomons.
Text book of organic chemistry by Bruice Yuranis Powla.

Unit III

5 10 198 50 6 8 e 0 B

Principles of physical chemistry by Prutton and Marron.

Text Book of Physical Chemistry by Soni and Dharmahara..
Text Book of Physical Chemistry by Puri,Sharmaand Pattania.
Physical Chemistry by Atkins & De Paula, 8 Edition

Text Book of Physical Chemistry by K. L. Kapoor.

Physical Chemistry through problems by S.K. Dogra.

Text Book of Physical Chemistry by R.P. Verma.

Elements of Physical Chemistry byLewis Glasstone.

Basics of Chemical Kinetics by G.L. Agarwal

O Kinetics and mechanism of chemical transformations by Rajaram & Kuriacose

Unit IV

1.
&
3.

4.

Bioinorganic Chemistry, M.N.Huges
Organic spectroscopy, William Kemp
Text Book of Physical Chemistry by Puri,Sharmaand Pattama

Photochemistry by Gurdeep Raj, Goel publishing house, 5 ! edition
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Laboratory Course:
Paper V(Organic Chemistry) (CHE 551) 45 h (3h/w)

1.

Synthesis of Organic compounds:
Acetylation: Acetylation of salicylic acid, Benzoylation of Aniline.

Aromatic electrophilic substitution: Nitration: Preparation of nitro benzene and
m-dinitro benzene.

Halogenation: Preparation of p-bromo acetanilide, Preparation of 2,4,6-tribromo
phenol

Oxidation: Preparation of benzoic acid from benzyl chloride.

Esterification: Preparation of n-butyl acetate from acetic acid.

Methylation: Preparation of - naphthyl methyl ether.

Condensation: Preparation of benzilidine aniline and Benzaldehyde and aniline.
Diazotisation:; Azocoupling of B-Naphthol.

Thin layer Chromatography

Determination of Rf values and identification of organic compounds: preparation
and separation of 2,4-dinitrophenyl hydrazones of acetione and 2-butanone using
toluene and light petroleum(40:60)

Separation of ortho & para nitro aniline mixtures

Microwave assisted synthesis of organic compounds - DEMO (demonstration
only)
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GOVERNMENT DEGREE COLLEGE FOR WOMENS
BEGUMPET, HYDERABAD
[fl YEAR PRACTICAL MODEL QUESTION PAPER

Semester-V

Duration : 2hrs. Total marks 50

1. Write the principle and procedure with necessary equation. (5M)
2. Five sets of experimental readings (for kinetics) and twelve experimental readings

(for instrumentation experiments) with proper tabulation.

(15M)

3. Calculation results (10M)
4. Graph (10M)
5. Viva (5M)

6. Record (5M)
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B.Sc. Chemistry III Year
Semester-V, Paper-VI
Elective- A (3 Credits)
Instrumental Methods of Analysis  45Hrs

Unit I: Chromatography I 11Hrs

S5-E-A-I: Solvent Extraction- Principle, Methods of extraction: Batch extraction,
continuous extraction and counter current extraction. Application — Determination of
Iron (IIT). Chromatography: Classification of chromatographic methods, principles of
differential migration, adsorption phenomenon, nature of adsorbents, solvent systems.

Thin layer Chromatography (TLC): Advantages, preparation of plates, development of
the chromatogram, Detection of the spots, factors effecting Rf values and applications.

Paper Chromatography: Principle, choice of paper and solvent systems, development

of chromatogram — ascending, descending, radial and two dimensional chromatography
and applications.

Unit II: Chromatography 11 11Hrs S5-E-A-I: Column Chromatography- Principle,
Types of stationary phases, Column packing — Wet packing technique. Dry packing
technique. Selection criteria of mobile phase solvents for eluting polar, non-polar compounds
and its applications.

Ion exchange chromatography: Principle, cation and anion exchange resins, its
application in separation of ions.

Gas Chromatography: Theory and instrumentation (Block Diagram), Types of
stationary phases and carrier gases (mobile phase).

High performance liquid chromatography: Theory and instrumentation, stationary
phases and mobile phases. Analysis of paracetamol.

Unit ITI: Colorimetry and Spectrophotometry 12Hrs S5-E-A-III: General features
of absorption — spectroscopy, transmittance, absorbance, and molar absorptivity. Beer
Lambert’s law and its limitations, difference between Colorimetry and
Spectrophotometry.

Instruments — Single beam UV- Visible Spectrophotometer, Double beam UV- Visible
Spectrophotometer. Lamps used as energy sources. Verification of Beer's law.
Estimation of iron in water samples by thiocyanate method. Estimation of (1) Chromium
and (ii) Manganese in steel.

IR Spectrophotometer: Principle, Sources of Radiations, Sampling, Block diagram of
FT-IR Spectrophotometer.

Unit IV: Electroanalytical methods

11Hrs
S5-E-A-IV: Types of Electroanalytical Methods.

I) Interfacial methods — a) Potentiometry: Principle, Electrochemical cell, Electrodes-
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(i) Indicator and (ii) Reference electrodes — Normal Hydrogen Electrode, Quinhydrone
Electrode, Saturated Calomel Electrode. Numerical Problems. Application of
Potentiometry — Assay of Sulphanilamide

b) Voltametry — three electrode assembly; Intoduction to types of voltametric techniques,
micro electrodes, Over potential and Polarization.

IT) Bulk methods — Conductometry, Conductivity Cell, Specific Conductivity, Equivalent
Conductivity. Numerical Problems. Applications of conductometry. Estimation of Cl using

AgNO3 Determination of Aspirin with KOH,

Recommended Text Books and Reference Books

1. Analytical Chemistry by David Krupadanam, Universities Press (India) Limited.

6. D.A. Skoog, F.J. Holler, T.A. Nieman, Principles of Instrumental Analysis, Engage
earning India Ed. h

7. D. A. Skoog, D.M. West, F.J. Holler, Fundamentals of Analytical Chemistry 6 Ed.,
Saunders College Publishing, Fort worth (1992).

8. Willard, H.H., Merritt, L.L., Dean, J. & Settoe, F.A. Instrumental Methods of
Analysis. 7th Ed. Wadsworth Publishing Co. Ltd., Belmont, California, USA, 1988,

9. Harris, D. C. Quantitative Chemical Analysis, W. H. Freeman.2007.

10. Dean, J. A. Analytical Chemistry Notebook. McGraw Hill.

11. Day, R. A. & Underwood, A. L. Quantitative Analysis, Prentice Hall of India.

12. Freifelder, D. Physical Biochemistry 2nd Ed., W.H. Freeman and Co., N.Y. USA,
1982.

13. Cooper, T.G. The Tools of Biochemistry, John Wiley and Sons, N.Y. USA. 16.
1977.

14. Vogel, A. L. Vogel’s Qualitative Inorganic Analysis 7th Ed., Prentice Hall.

I5. Vogel, A. I. Vogel’s Quantitative Chemical Analysis 6th Ed., Prentice Hall.

16. Robinson, J.W. Undergraduate Instrumental Analysis 5th Ed., Marcel Dekker, Inc,
New Yark (1995).

17. Analytical Chemistry 7 edition by Gary D. Christian (2004).

18. B. K. Sharma, Industrial Chemistry (including Chemical Engineering). Edn. (1997).

19. M.N Sastry, Separation Methods, Paperback (2004), Himalaya Publications.

20. Usharani Analytical Chemistry Paperback (2000) Narosa Publications.

66 A e xﬁ.“-.: .: ‘:.;‘_\'-l._‘?-‘;

A W o

z\.-ﬁ\‘f'xk

e TEFY
BEAD BT RE Ty e mamee

aeasy | B

ey 4




B.Sc. I yr CHEMISTRY

SEMESTER WISE SYLLABUS
SEMESTER VI
Paper-VII
Chemistry - VII
Unit-I (Inorganic Chemistry) iih
S6-I-1:Inorganic reaction mechanisms 4h

Labile and inert complexes, Thermodynamic and kinetic stability based on VBT & CFT:

ligand substitution reactions — SN1 and S N2 in Octahedral complexes; substitution reactions of
square planar complexes — Trans effect and applications of trans effect. )
Reactions of tetrahedral complexes - Hydrolysis of silicon halides and phosphorous oxides.

S6-1-2:Bioinorganic chemistry Sh

Eﬁqgﬂﬁ} elements, biological significance of Na, K, Mg, Ca, Fe, Co, Ni, Cu, Zn and chloride (C!-). Toxic metal ions As,
g " . s e
Oxygen transport and storage — structure of hemoglobin, binding and transport of oxygen.

ixation of CO? in tosynthesis- overview of light and dark reactigns in photosynthesis. Structure of
Ef,’fé%{,%’}lyﬁ an éO(B' Onat on of magnesium. ﬁﬁ:céon transport m(hg%t reactions ¥

from water to NADP+ (Z — scheme).

$6-I-3:Hard and soft acids bases (HSAB) 2h
Classification, Pearson’s concept of hardness and softness, application of HSAB

principles — Stability of compounds / complexes, predicting the feasibility of reaction

UNIT - II (Organic Chemistry) 11 h
5$6-0-1:Carbohydrates 6h
Introduction: Classification and nomenclature — classification into mono, oligo and

polysaccharides, into pentoses, hexoses grc., into aldoses and ketoses.

Monosaccharides: All discussion to be confined to (+) glucose as an example of aldo hexoses
and (-) fructose as example of ketohexoses. Chemical properties and structural elucidation:
Evidences for straight chain pentahydroxy aldehyde structure (Acetylation, reduction to n-
hexane, cyanohydrin formation, reduction of Tollen’s and Fehling’s reagents and oxidation to
gluconic and saccharic acids). Number of optically active, isomers possible for the structure,
configuration of glucose based on D-glyceraldehyde as primary standard (No proof for
configuration is required). Evidence for cyclic structure of glucose (some negative aldehyde tests
and mutarotation). Cyclic structure of glucose: Proposition of cyclic structure (Pyranose
structure, anomeric Carbon and anomers). Proof for the ring size (methylation, hydrolysis and
oxidation reactions). Different ways of writing pyranose structure (Haworth formula and chair
conformational formula). Structure of fructose: Evidence of 2 — ketohexose structure (formation
of penta acetate, formation of cyanohydrin its hydrolysis and reduction by HI to give 2-Carboxy-
n-hexane) Same osazone formation from glucose and fructose, Hydrogen bonding in osazones,
cyclic structure for fructose (Furanose structure,Haworth formula).

Inter Conversion of Monosaccharides: Aldopentose to aldo hexose — eg: Arabinose to D-glucose,
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D- mannose (kiliani — Fischer method). Epimers, Epimerisation- Lobry de bruyn van Ekenstein

rearrangement. Aldohexose — Aldopentose eg: D-glucose to D-arabinose by Ruff’s degradation.
E&Idohexose(ﬂ (glucose) to ketohexose (~)(Fructose) and Ketohexose (Fructose) to aldohexose
Glucose).

5
§6-0-2Amino acids and proteins h

acids into acidic, basic and neutral amino acids with examples. Methods of synthesis: General
methods of synthesis of alpha amino acids (specific examples — Glycine, Alanine, valine and
Leucene) by following methods: a) From halogenated Carboxylic acid b)Malonic ester synthesis
¢) strecker’s synthesis.Physical properties: Optical activity of naturally occurring amino acids: L
— configuration, irrespective of sign of rotation. Zwitter ion structure — salt like character,

solubility, melting points, amphoteric character, definition of isoelectric point.

Chemical properties: General reactions due o amino and carboxyl groups — Lactams from
gamma and delta amino acids by heating peptide bond (amide linkage). Structure and
nomenclature of peptides and proteins, peptide synthesis.
Additional inputs: Denaturating and naturing of proteins .

Unit-11I (Physical Chemistry) 11 h
S6-P-1:Thermodynamics —1 11h

A brief review of - Energy, work and heat units, mechanical equivalent of heat, definition of
system, surroundings. 1 law of thermodynamics statement- various forms mathematical
expression. Thermodynamic quantities- extensive propertics and intensive properties, state
function, path functions energy as a state function, and exact differential. Work of expansion and
heat absorbed as path function.

Expression for work of expansion, sign convention problems on I law. Heat changes at constant
pressure and heat changes at constant volume. Enthalpy. Heat capacities at constant pressure and
constant volume. Derivation Cp-Cv=R.

Isothermal adiabatic processes. Reversible and irreversible processes. Reversible change and
maximum work. Derivation of expression for maximum work for isothermal reversible process.
Problems. Internal energy of an ideal gas. Joules experiment and Joule-Thompson

coe icnenf. A *333%" chan%cs in ideal gas derivation of equation, PV" = constant. P-V curves for
isothermal and adiabatic processes. ’
Heat of a reaction at constant volume and at constant pressure, relation between AH and AV.

Variation of heat of reaction with temperature. Kirchhoff's equation and problems. Limitations of
I law and need for 11 law. Statement of 11 law of thermodynamics. Cyclic process. Heat engine,
Camot’s theorem, Carnot’s cycle. Derivation of efficiency of heat engine problems.
Thermodynamic scale of temperature.

12
Unit-IV h
§6-G-1: Proton Magnetic Resonance Spectroscopy 4h
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Principles of nuclear magnetic resonance, equivalent and non-equivalent protons, position of signals.
Chemical shift, NMR splitting of signals — spin-spin coupling, representation of

1
— Int ions. NMR ctrum of — ethyl bromide, acetaldehyde, 1,1,2-
rﬁg%%?n]g%nkarf eé’t‘ﬁ?ﬁnaccszﬁee%fﬂ'é’é’emp enone. L o Y
4

S6-G-2: Mass Spectrometry h

Electron Impact Mass: Basic principles, Nitrogen rule, types of ions: Molecular ion, fragment ion
and isotopic ions, representation of mass spectrum, types of peaks (molecular ion, fragment and
isotopic ion peaks). Determination of molecular weight Mass spectrum of ethyl chloride, ethyl
bromide and acetophenone.

4
S6-G-3: Thermodynamics- 11 h

Entropy: Definition from Carnot’s cycle. Entropy as a state function. Entropy as a measure of
disorder. Sign of entropy change for spontaneous and non- spontaneous processes & equilibrium
processes. Entropy changes in 1). Reversible isothermal process, ii). reversible adiabatic process,
iii). phase change, iv). reversible change of state of an ideal gas. Problems. Entropy of mixing
inert perfect gases. Free energy Gibb’s function (G) and Helmholtz’s function (A) as
thermodynamic quantities. Concept of maximum work and net work AG as

criteria for spontaneity. Derivation of equation AG =AH ~ TAS. significance of the equation.
Gibbs equations and the Maxwell relations. Variation of G with P, V and T.

References :
Unit-1

rd
1. i ic_ Chemi A Wilki T S i
E&gﬁs xéclz_)g%%l&). emistry by F.A.Cotton, G.Wilkinson and Paul.L. Gaus 3 edn Wiley

2. Inorganic Chemistry Principles of structure and reactivity by James E.Huhey, E.A. Keiter and R.L.

Keiter 4" edn. 2006) _
3. Metal lons In Reaction mechanisms, K.Veera Reddy. Galgotia Publications Pvt

Ltd(2004)
Unit- 11
L. g'z%xltzt;ook of organic chemistry by Soni. Sultan Chand & Sons; Twenty Ninth edition
2. 8%%38?1 Organic chemistry by Sachin Kumar Ghosh. . New Age Publishers Pvt Ltd

3. Text book of organic chemistry by Morrison and Boyd. Person(2009)
4. Text book of organic chemistry by Graham Solomons. Wiley(2015)

. ; d
5. Text book of organic chemistry by Bruice Yuranis Powla. 2Il Edition (2012)

Unit IT
1. Principles of physical chemistry by Prutton and Marron. The Macmillan Company; 4th
edition (1970)
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2. Text Book of Physical Chemistry by Soni and Dharmahara. Sulthan Chand & sons.(2011)
3. Text Book of Physical Chemistry by Puri, Sharmaand Pattania. chand and Co.(2017)
4 Physical Chemistry by Atkins & De Paula, 8” Edition, 2009
5. Text Book of Physical Chemistry by K. L. Kapoor. (2012)
6. Physical Chemistry through problems by S.K. Dogra. (2015)
7. Text Book of Physical Chemistry by R.P. Verma.
8. Elements of Physical Chemistry byLewis Glasstone. Macmillan (1966)
9. Thermodynamics by Rajaram, Vishal Publishing Co,(2013)
Unit 1V
d

1, Eggiﬁshxécr)ﬁarbi&%hemistry by F.A.Cotton, G.Wilkinson and Paul.L. Gaus 31— edn Wiley
2. Organic Spectroscopy, William Kemp Palgrave Macmillan; 2nd Revised edition edition

(1 February 1987)
3. Principles of physical chemistry by Prutton and Marron.( The Macmillan Company; 4th

edition (1970)
4. Text Book of Physical Chemistry by Soni and Dharmahara. Sulthan Chand &

sons.(2011).
5. Text Book of Physical Chemistry by Puri,Sharmaand Pattania. chand and Co.(2017)
6. Thermodynamics by Rajaram. Vishal Publishing Co,(2013)

Semester - VI
Laboratory Course
Paper VII
Qualitative and Spectral Analysis of Organic Compounds: 45hrs (3 hiw)

Qualitative analysis: Identification of an Organic compound through the functional group

analysis, determination of melting points/boiling points, functional group tests and preparation of

suitable derivatives of the following:

Carboxylic acids, phenols, amines, urea, thiourea, carbohydrates, aldehydes, ketones, amides,
nitro hydrocarbons, ester and naphthalene.

s , 1
Spectral analysis Determination of structures from combined spectral data (IR, H-NMR and
Mass): Minimum of five problems.
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UNION PUBLIC SERVICE COMMISSION

EXAMINATION NOTICE NO. 04/2021-CSP DATE: 04/03/2021
(LAST DATE FOR RECEIPT OF APPLICATIONS: 24/03/2021) of CIVIL SERVICES EXAMINATION,
2021

(The Commission’s Website: www.,upsc.gov.in)

IMPORTANT

1. CANDIDATES TO ENSURE THEIR ELIGIBILITY FOR THE EXAMINATION: All candidates
(male/female/transgender) are requested to carefully read the Rules of Civil Services Examination
notified by the Government (Department of Personnel and Training) and this Notice of Examination
derived from these Rules. The Candidates applying for the examination should ensure that they
fulfill all eligibility conditions for admission to examination. Their admission to all the stages
of the examination will be purely provisional subject to satisfying the prescribed eligibility
conditions. Mere issue of e-Admit Card to the candidate will not imply that his/her
candidature has been finally cleared by the Commission. The Commission takes up
verification of eligibility conditions with reference to original documents only after the
candidate has qualified for Interview/Personality Test.

2 HOWTO APPLY:

Candidates are required to apply Online by using the website https://upsconline.nic.in
Detailed instructions for filling up online applications are available on the above mentioned
website. Brief Instructions for filling up the "Online Application Form" given in Appendix-IIA.

2.1 Candidate should have details of one Photo ID Card viz. Aadhaar Card/Voter Card/PAN
Card/Passport/Driving Licence/Any other Photo ID Card issued by the State/Central
Government. The details of this Photo ID Card will have to be provided by the candidate while
filling up the online application form. The candidates will have to upload a scanned copy of
the Photo ID whose details have been provided in the online application by him/her. This
Photo ID Card will be used for all future referencing and the candidate is advised to carry this
Photo ID Card while appearing for Examination/Personality Test.

2.2 The facility of withdrawal of Application is available for those candidates who do not want to
appear for Civil Services (Preliminary) Examination. In this regard, Instructions are
mentioned in Appendix IIB of this Examination Notice

3. LAST DATE FOR RECEIPT OF APPLICATIONS :

The online Applications can be filled up to 24t March, 2021 till 6:00 PM. The eligible
candidates shall be issued an e-Admit Card three weeks before the commencement of the
examination. The e-Admit Card will be made available in the UPSC website [
https://upsconline.nic.in ] for downloading by candidates. No Admit Card will be sent by
post.

4. PENALTY FOR WRONG ANSWERS:

Candidates should note that there will be penalty (negative marking) for wrong answers
marked by a candidate in the Objective Type Question Papers.

5 FACILITATION COUNTER FOR GUIDANCE OF CANDIDATES:

Government strives to have a workforce which reflects gender balance and women candidates are encouraged to apply.






Photosynthesis—photochemical reactions, photophosphorylation and carbon fixation

pathways; C3, C4 and CAM pathways; Mechanism of pholem transport, Respiration

(anerobic and aerobic, including fermentation)—electron transport chain and oxidative
phosphorylation; Photorespiration; Chemiosmotic theory and ATP synthesis; Lipid
metabolism; Nitrogen fixation and nitrogen metabolism. Enzymes, coenzymes; Energy
transfer and energy conservation. Importance of secondary metabolites. Pigments as
photoreceptors (plastidial pigments and phytochrome). Plant movements; Photoperiodism
and flowering, vernalization, senescence; Growth substances—their chemical nature, role
and applications in agri-horticulture; growth indices, growth movements. Stress physiology
(heat, water, salinity, metal); Fruit and seed physiology. Dormancy, storage and germination
of seed. Fruit ripening—its molecular basis and manipulation.

5. Ecology and Plant Geography :

Concept of ecosystem; Ecological factors. Concepts and dynamics of community; Plant
succession. Concepts of biosphere; Ecosystems; Conservation; Pollution and its control
(including phytoreme-diation); Plant indicators; Environment (Protection) Act.

Forest types of India—'Ecological and ecomomic importance of forests, afforestation,
deforestation and social forestry; Endangered plants, endemism IUCN categories, Red Data
Books; Biodiversity and its conservation; Protected Area Network; Convention of Biological
Diversity, Farmers’ Rights; and Intellectual Property Rights; Concept of Sustainable
Development; Biogeochemical cycles. Global warming and climatic change; Invasive species;
Environmetal Impact Assessment; Phytogeographical regions of India.

CHEMISTRY
PAPER-I
1. Atomic Structure :

Heisenberg's uncertainty principle Schrodinger wave equation (time independent);
Interpretation of wave function, particle in one- dimensional box, quantum numbers,
hydrogen atom wave functions; Shapes of s, p and d orbitals.

2. Chemical bonding :

lonic bond, characteristics of ionic compounds, lattice energy, Born-Haber cycle; covalent
bond and its general characteristics, polarities of bonds in molecules and their dipole
moments; Valence bond theory, concept of resonance and resonance energy; Molecular

orbital theory (LCAO method); bonding Hy + H2 Hep + to Nep, NO, CO, HE, CN-,

Comparison of valence bond and molecular orbital theories, bond order, bond strength and
bond length.

3. Solid State :

Crystal systems; Designation of crystal faces, lattice structures and unit cell; Bragg's law;
X-ray diffraction by crystals; Close packing, radius ratio rules, calculation of some limiting

radius ratio values; ' Structures of NaCl, ZnS, 'CsCl, CaFy; Stoichiometric and

Government strives to have a workforce which reflects gender balance and women candidates are encouraged to apply.




nonstoichiometric defects, impurity defects, semi-conductors.
4. The Gaseous State and Transport Phenomenon :

Equation of state for real gases, intermolecular interactions, and critical phenomena and
liquefaction of gases; Maxwell’s distribution of speeds, intermolecular collisions, collisions
on the wall and effusion; Thermal conductivity and viscosity of ideal gases.

5. Liquid State :

Kelvin equation; Surface tension and surface enercy, wetting and contact angle, interfacial
tension and capillary action.

6. Thermodynamics :
Work, heat and internal energy; first law of thermodynamics.

Second law of thermodynamics; entropy as a state function, entropy changes in various
processes, entropy-reversibility and irreversibility, Free energy functions; Thermodynamic
equation of state; Maxwell relations; Temperature, volume and pressure dependence of U, H,
A, G, Cp and Cv, B@andBA ; ]-T effect and inversion temperature; criteria for equilibrium,
relation between equilibrium constant and thermodynamic quantities; Nernst heat
theorem, introductory idea of third law of thermodynamics.

7. Phase Equilibria and Solutions :

Clausius-Clapeyron equation; phase diagram for a pure substance; phase equilibria in
binary systems, partially miscible liquids—upper and lower critical solution temperatures;
partial molar quantities, their significance and determination; excess thermodynamic
functions and their determination.

8. Electrochemistry :

Debye-Huckel theory of strong electrolytes and Debye-Huckel limiting Law for various
equilibrium and transport properties.

Galvanic cells, concentration cells; electrochemical series, measurement of e.m.f. of cells
and its applications fuel cells and batteries.

Processes at electrodes; double layer at the interface; rate of charge transfer, current
density; overpotential; electroanalytical techniques : amperometry, ion selective electrodes
and their use.

9. Chemical Kinetics:

Differential and integral rate equations for zeroth, first, second and fractional order
reactions; Rate equations involving reverse, parallel, consecutive and chain reactions;
Branching chain and explosions; effect of temperature and pressure on rate constant. Study
of fast reactions by stop-flow and relaxation methods. Collisions and transition state
theories.

10. Photochemistry:

Absorption of light; decay of excited state by different routes; photochemical reactions
between hydrogen and halogens and their quantum yields.

11. Surface Phenomena and Catalysis:

Government strives to have a workforce which reflects gender balance and women candidates are encouraged to apply.




Adsorption from gases and solutions on solid adsorbents; Langmuir and B.E.T. adsorption
isotherms; determination of surface area, characteristics and mechanism of reaction on
heterogeneous catalysts.

12. Bio-inorganic Chemistry:

Metal ions in biological systems and their role in ion-transport across the membranes
(molecular mechanism), oxygen-uptake proteins, cytochromes and ferrodoxins.

13. Coordination Chemistry :

(i) Bonding in transition of metal complexes. Valence bond theory, crystal field theory and
its modifications; applications of theories in the explanation of magnetism and elctronic
spectra of metal complexes.

(ii) Isomerism in coordination compounds; IUPAC  nomenclature of coordination
compounds; stereochemistry of complexes with 4 and 6 coordination numbers; chelate
effect and polynuclear complexes; trans effect and its theories; kinetics of substitution
reactions in square-planar complexes; thermodynamic and kinetic stability of complexes.

(iii) EAN rule, Synthesis structure and reactivity of metal carbonyls; carboxylate anions,
carbonyl hydrides and metal nitrosyl compounds.

(iv) Complexes with aromatic systems, synthesis, structure and bonding in metal olefin
complexes, alkyne complexes and cyclopentadienyl complexes;
coordinative unsaturation, oxidative addition reactions, insertion reactions, fluxional
molecules and their characterization; Compounds with metal—metal bonds and metal
atom clusters,

14.  Main Group Chemistry:

Boranes, borazines, phosphazenes and cyclic phosphazene, silicates and silicones,
Interhalogen compounds; Sulphur—nitrogen compounds, noble gas compounds.

15. General Chemistry of ‘f’ Block Element:

Lanthanides and actinides: separation, oxidation states, magnetic and spectral properties;
lanthanide contraction.

PAPER-II
1. Delocalised Covalent Bonding :
Aromaticity, anti-aromaticity; annulenes, azulenes, tropolones, fulvenes, sydnones.

2. (i) Reaction mechanisms : General methods (both kinetic and non-kinetic) of study of
mechanisms or organic reactions : isotopies, mathod cross-over experiment,
intermediate trapping, stereochemistry; energy of activation; thermodynamic control
and kinetic control of reactions.

(i) Reactive intermediates : Generation, geometry, stability and reactions of
carboniumions and carbanions, free radicals, carbenes, benzynes and nitrenes.

(iii) Substitution reactions :—Sy 1, Sy 2, and Sy i, mechanisms ; neighbouring group

participation;  electrophilic and nucleophilic reactions of aromatic compounds
including heterocyclic compounds—pyrrole, furan, thiophene and indole.

Government strives to have a workforce which reflects gender balance and women candidates are encouraged to apply.




(iv) Elimination reactions :—E1, E2 and Elcb mechanisms; orientation in E2
reactions—Saytzeff and Hoffmann; pyrolytic syn elimination—acetate pyrolysis, Chugaev
and Cope eliminations.

(v) Addition reactions :—Electrophilic addition to C=C and CEC; nucleophilic addition to
C=0, CEN, conjugated olefins and carbonyls.

(vi) Reactions and Rearrangements :—(a) Pinacol-pinacolone, Hoffmann, Beckmann,
Baeyer-Villiger, Favorskii, Fries, Claisen, Cope, Stevens and Wagner—Meerwein
rearrangements.

(b) Aldol condensation, Claisen condensation, Dieckmann, Perkin, Knoevenagel, Witting,
Clemmensen, Wolff-Kishner, Cannizzaro and von Richter reactions; Stobbe, benzoin
and acyloin condensations; Fischer indole synthesis, Skraup synthesis,
Bischler-Napieralski, Sandmeyer, Reimer-Tiemann and Reformatsky reactions.

3. Pericyclic reactions :—Classification and examples; Woodward-Hoffmann
rules—electrocyclic reactions, cycloaddition reactions [2+2 and 4+2] and sigmatropic
shifts [1, 3; 3, 3 and 1, 5], FMO approach.

4. (i) Preparation and Properties of Polymers: Organic polymerspolyethylene, polystyrene,
polyvinyl chloride, teflon, nylon, terylene, synthetic and natural rubber.

(ii) Biopolymers: Structure of proteins, DNA and RNA.
5. Synthetic Uses of Reagents:

0s04, HIO4, Cr03, Pb(OAc)4, SeO2, NBS, ByHg, Na-Liquid NH3, LiAlH4, NaBHg, n-Buli,
MCPBA.

6. Photochemistry :—Photochemical reactions of simple organic compounds, excited and
ground states, singlet and triplet states, Norrish-Type I and Type II reactions.

7. Spectroscopy:
Principle and applications in structure elucidation :
(i) Rotational—Diatomic molecules; isotopic substitution and rotational constants.

(i) Vibrational—Diatomic molecules, linear triatomic molecules, specific frequencies of
functional groups in polyatomic molecules.

(iii) Electronic—Singlet and triplet states. n@EE and transitions; application to
conjugated double bonds and conjugated carbonyls Woodward-Fieser rules; Charge
transfer spectra.

(iv) Nuclear Magnetic Resonance (LHNMR): Basic principle; chemical shift and spin-spin
interaction and coupling constants.

(v) Mass Spectrometry :—Parent peak, base peak, metastable peak, McLafferty
rearrangement.

CIVIL ENGINEERING
PAPER-I

Government strives to have a workforce which reflects gender balance and women candidates are encouraged to apply.




