Chemistry
5 N -
MJC-1{T) : Inorganic Chemistry: Atomic Structure, Chemical Bonding anil
fundamentals of organic Chemistry
Course Objective
The Objective of CBCS based four year undergraduate Programme (FYUGP) in Chemistry
Hons for Semester | & 11, Specially for Major & Minor course ig to provide the clear
copeeption and understanding about theory and practical course mentioned in the syllabus,
e 4 utco
After the completion of the course, the students will be able to understand the Following:
: the model of an atom including the related various principles.
: the principles of bonding os well as shapes and structure of covalent mobecules,
: Intinl step of research in Organic Chemistry viz-Detection), Seperation and Purfication of
Cirganic Compounids,
MJIC-1(T)
{ Theory: 4 eredits)

Inorganic Chemistry : Atomic Structure and Chemical Bonding

Usit | Tapics to be covered No. of
Lectures

Alomic Struciure 1

Bobr's Theory. its lnmlitions and atomic speetrum of hydrogen atom. Wave
mechanics: de HBroglie equation, Heisenberg's Uncertainty Priociple and its
significance; Schrodinger’'s wave equation, significance of wave funglion,

Quantum  Numbers asd  their significance, Normalived oed omhegonol wave
functions. Sign of wave functions. Radial and aneular wave functions for hydrogen
atom, Radial and angular distribution curves. Shapes of s, p, d and [ orbitals. Contour
boundary and probability dingrams.

Pauli's Exclusions Prineiple, Hund’s Rule of moximum  multiplicity, Authoei's
principle and its [imitations, Variatons of orbital encrgy with atomic number

L

Chemical Bonding: ' I

(14 lonie bond: General chamcteristics, tvpes of ons <ize effects, rdius ratio rule and
its limitntions. Packing of ions i crvsials. Bom-Lande equation with dervation and
unportance of Kapustinskii expression for latice energy. Madelng constant, Boen-
Haber eveleand s gpplication, Solvation energm

(i) Covalent bond: Lewis structure. Valence Bond Theory (Deitler-London
spproach), Encrgetics of bybridization, equivalent and non-equivalent hybrid
arbitals. Bent's rule, Resonance and resonance ¢ncrgy, Molecular orbital thoory,
Molecular orbitn] dingrams of distomic and simple polvatomic moleeules Ny, O4,Cy.
By F; & CO, NO and their jons; hydrogen chloride. berryliom fuoride, carbon
dioxide, Gides of s-p mixing and orbiwl eraction 1o be given). Formal charge,
Valence shell electron pair repalsion theory (VSEPRY, shapes of simple molecules
and fons containing lone pairs and bond pairs of electrons, multiple bonding (sigmas
| and pi bond approach) and bond lengths,

| Covalent character in ionic compounds, polartzing power and polalzabiliy. Fajan's
e el consequences of polarization. fonic character in covilent comgpounds: Bond
mement, dipole moment and electronegativity difference.
(i) Metalhe bond: CQualitative idea of valence bond nnd bamd  theones. |
Semiconduetons and insulators, defects in solids.

(iv) Wenk Chemical Forces; van der Waals forces, ion-dipole forces, dipole-dipoke
miteractions, inducod dipole interactions, [nstastaneous  dipole-mduced  dipole
mteractions. Kepulsive forees, Hydrogen Bonding (theories of hidragen bonding.
valence bend meatment) Efects of chemical lorce. welting and bailing paints,
salihillly energetics of dissaluion process,
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Organic Chemistry:-Fundamentals, Sterochemistry and hydrocarbons,

3

Fundamentals of fh'glnlc Chemistry:

Physical Effects; Elecironic U;sg::lm:e.'ml:lus: inductive Efiect, Electromene
Effect, Resonance and Hyperconjugation, Cleavage of Bonds: Homol ysis and
Heterolysis.

Structure, shape and reactivity of orgamic molecules, Nucleophiles mnd
clectrophiles. Reactive Intermediates: Carbocations, Carbaniaons and free
radhicals,

Strength of organic acids ond bases: Comparative study with emphasis on
factors allecting pK values. Aromaticily: Benzenoids dnd Hilckel™s rule.
Sunﬂlilmistr}'

Conformations  with  respect w cthane, butane and  eveclohexane.
Intercomversion. of Wedge Formula, Newmann, Sawhorse snd Fischer
representations, Concept of chirality (upto two earbon atoms). Configuration:
Ceometrical and Optical isomerism; Enantiomerism, Diastercomerism and
Mesn compounds). Threo and ervthro: [ and L; efs - frams nomenclature; CIP
Rules: RS (for upto 2 chirul carbon stoms) und E /2 Nomenclulare ([ur upto
two U=L syslems).

Aliphatic Hydruearbons

Functional group approsch for the following reactions (preparations &
reactions) to be studied in context 1o their structure.

Alkanes: {Upto 5 Carbons), Preparation: Catalytic hvdrogenation, Wurly

| neaction, Kolbe's synthesis, from Grignard reagent. Reoctions: Tree mdical

| Substitution: Halogenation.

Alkenes: (1Upto § Carbons) Preporation: Flimination reactions: Dehyvdration
of alkenes and dehydrohalogenation of alky! halides [Saytzet!™s rule); cis
alkenes { Partinl catalytic hydrogenation) and trans alkenes (Birch reduction),
Reactions: cls-addition (alk. KMoO4) and trans-addition (bromine), Addition
of HX {MarkowmkolT s and ann-Markownikofi" s addition), Hydration,

| Ozonolveis, oxymecuration-demercuration, lvdroborstion-oxidation,

. ilkyuu (Upte 5 Carbons) Preparation. Acetvlene from Cal’zand

| eanversian inio higher alkynes: by dehalogenation of tetra halides and

' d-:h'_q drohalogenation of vicimal=dibalides,

| Reactions: formation of metal ncetylides, addition of bromine und alkaling
 KMnO, ozonolysis and oxidation with hot alk. KMns

(3

'  TOTAL

40

Sugpesied Readings :

. Advaneed Inorganie Chemistry, F A Cotton, (G, Wilkinson,
. Congise Inorganic Chemisiry, 1.0, Lee, Blackwell Scrence. 2001.

Inorganic Chemistry, LE. Hubeey, CA. Keiter and RLL Keiter, Pearson Education Asia. 2000,
Inorganic Chemistry, ELES 2™ Edition, ILF, Shriver, P.W. Atking and O H. Langiord. Oxland

University Press 2002

Principhes of Inorpanic Chemismy: BK. Pur, 1K, Sharma. Jauhar 5P, SN, Chand & Co

Inorganic Chemistry, 1 " Edition | {ISEY ALG. Sherpe Addison Wesley.

Clrpanic Chemisry - Cirnham Solomans
Sterochemigry - Conformation sad Mechanisin : P.S Kalsi
Organic Chemistry - Morrison & Boyd
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MJC -1 (P) : 2 Credits

Inorganic and Organic Chemistry Practical

Course Outcomes
After finishing this Practicol Course, Studens will be skilled in-

Understanding and preparing solution of different strengths
Calewlating the neutral pomt in dillerent titrations.
Initial research steps involved in Organic Chomistry,

i Practical- 1. Inorgunic Chemisry Practical

n. Acidimetry and Alkalimetry

b Preparation s dilution of stansdard solutions
¢, Permangnatometry « dichromatry

d. lodometry | iodimetry

Practical- 2.{0vganic Chemistry Practical

Detection of clements, separalon ad purlicaton of Qrgamic Compounds and Hydrolyais
ol esler.

Suggested Headings -

= gy =

Practical imorganic chemistry © Shikha Gulmi and 1. L . Shanng

Practical Chemistry | D O P Pandey | DN Bajpayi & Girk.

Quantitative Chemical annlaysis: AL Yogel, Frentice Hall Publication,

Texi book of prectieal Orgsnic Chemistiry: AL Vogal, Prentize Hall Publication.
Practical Organie Chemistry, F.G. Mann & B.C. Ssunders, Orient long rrian.
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Chemistry
SEMESTER - 11

MJC-2(T) : Physical Chemistry: States of matter and Ionic Equilibrium

Course Qutcom
After the completion of this cowrse, the student will have sound knowledge and understanding
ubou;

. The mathesmaticn| expressions for different Propenties of gas, liquid and solid and understaed
their physical signiffcance

- The Crysial ssruciure, and may caleulate related properties of different crystal sysiems.

: The concept ol waization of eleetrolytes with eniphnsis an weak acid and base and hydrobyvsis

ol skt
The concepty of pHL pk,, pKs pK., Buller Soletions, Solubility Product ete. and thedr
applications in day 1o daylile.

MIC-2(T)
(Theory: 4 credits)
Physical Chemistry ; States of matier snd lonic Equilibrium
| Unit | Topies to be eoverad Mo, of
: = Lectures
[ Guseous stute: Kinetic molecular model of & gas postulsies and concept of an i

Ideal gas, Derivation of the kinetic gas cquation and various pas Iiws;

Maxwell's Distribution of Molecular velocities and ils use i evaluating
| difTerent types of molecular velocities — Most Probable Velocity, Average
| (Mean) Veloeity, Rom Mean Square (RMS) Velocity, and Average kinetic
energy; Relutionship between various molecoler  velovities; Law  of
equipnrtivion of energy, degrees of freedom and molecular basis of heat
capacities.
Viseosity of gases, co-efTicient of viscosity and ils dependence on temperaiure
el pressure, Collision frequency, Collision dinmeter and Mean free path;
Raolationship between mean free path (4) end co-efficient of viscosity (),
Caleutation of collision diemeter
() from co-efficient of viscosity (1),
Behaviour of real gases: Devimtions Form wdeal gas behavier, compressibality
factor /, and fis variation with pressure for different gases; Causes of devintion
from ideal behaviour, Cquation of states for real gases: Van der Wiils cquation
of Hate, its derivation and application in explaining weal pas bebaviour, Virial
coefficients, calculation of Boyle lempermature; Isothorms of real gnses and their |
omparison with van der Wanls isotherms, continiity of states, critical siale &
gritical comstants, relation betwean critical constanis and vam der Waalbs
constants, law of comesponding states.

Liquid state: L‘Iualltatu-t treatment of fe smeture of the liquid state; s
physical properties of liguids; vapour pressure, surface tenskon and coefficient

al viseusity, and theyr determination. Effect of addition of vurious solules on

surface fensicn and viscosity. Explanation of cleansing acfion of detergents.
Temperature varintion of viscosity of liguids and compariaon with thar of |

ZibE,

#-d

3 Sobid stute: Nature of the solid state. law of corstancy of mterfscinl angies, 08
law of rattonal indices, miller indices, clementary ideas of symmetry,
symmetry ghements and symimetry operations, qualitative idea of pomt and
space groups, seven orystal systems and  fourteen  Bravaislaitices x-ray
diffractson, Bragg'siaw, a simple sccount of roteting crystnl method and
pawder pattern method; Analysis of powder ditfesction patiems of NaCl, CsCl
and KCl.

b
Laaf;w"l' %‘
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| Jonic equilibrin: Swrong, moderste and weak clectrolvies. depres of 12
wnization, fackirs sffecting degree of womistion, onlation constant sl i
produet of waldr, Lainzation of weak seibs and basesdissociatiom eonstants of
moene and diprotic acids; pH and pH. pH seale; common jon elfect, Sal
hydrolysis, caleslation of hydmlyss constani, degree of hydoolyss and pH for

| thiferent sults,

Bufffer solutions; derivaiion of Henderson equation and  its applications;
Solubility product of spaningly soluble salts, apphentions of <olubility

product principie: Cualitabve treatment of nead- base tiiratien curves [ ceboulotio
of pH al varmus stages ), Theory of acid-base indicators; selection of indicators
und their limizations,

TOTAL 4i)

Suggested Readings :

o
-

R LI

Atkins, P.W : Paula, Lde Atkin's Physical Chemistry; Oxford UniversinvPress,

Ball, D:W . Phiysicet Chemistry: Congege Lenrming, Indin.

Castellan, (W Physieal Uhemistry:Narvsi.

Kapoor, K.L.; A Textbook of Physical Chemistry, Vol 1, 6" Edition; MeGraw I1ill
Education,

Purh, Sharma, Pathania; Privciphes of Moysical Chemistry: ¥ishal PablishingCo.

Pubar, %.; Phvaical Chemistry Vol | & Li: New Centrzl Book Agency (F)lid.

Moore, Wl Physical Chemistry, Sth Bditon, Longmans Green & Co.Lud

Crlusstore, 5.; Textnook of Physical Chemistry: 1. Van Nostrand company, New York.




MJIC-2{P): Physical Chemistry Lab

Course Outcomes
Wihen the students will finish this practical course , they will be skilled in :-
sletermination of cocfficient of visewsity ol varinus types of sulotions and alsa i the
iletermination of the surface tension of the various type of liguids.,
smelecular weight determination by vietor mayer methed,
: preparvation of bulfer selution, pll determination of various tvpes of buflfer solutions,

MLIC-2(P) :Physical Chemistry
APructical: 2 credity)

Fractical @

Surface tenslon measurements using Stulagmomeler
Determine the surfoce fension of aqooous solutions by [a) drop number. (b) drop weight
ethod.

Viscosity meusuremeninsing Ustwald's s scomeler.

I Determination of co-cificient of viscosity of an unknown dgqueos solution,
2. Stody of sarustion of viscosity with different concentration of sugar solutions,

Muoleculwr weight of 3 volatile compound
et rmination of mobecular weight of a volatile compound using Vicior Mever's method

pH- metry:

I, Study the effect of addition o HCE N2CH on pH 1o the solutions of acetic acid, sodium acetate
and their mixtures
2. Preparation of buffer salutions of different phl values
fal Sodiom peetale- acenie acid
(b} Ammonium chlorde-ammonium hydroxde
3, pH metric titration of {a) streng seid with strong base, (b} weak acid with strong base and
determination of dissociation constanl of 5 weak acul.

Suggested [Ladings :
I, Khosla, B.D. Garg, V.U & Gulati, A ; Seniar Pragtical Phywical Chemistry; R, Chond &
Co, NewDrelhi.

2. Caorland, C.W,; Nibler, 1W.; Shoemaker, [0.]'; Experiments in physical(’ homistry,
8" Edition, McCimw-Hill, New York,
3 Yacav, 1 B Advanced Practical Physical Chemistry, 327 Ed; Goel Publishing House.
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SEMESTER- 111

MJC-3 (T): Organic Chemistry: Cyclic Hydrocarbaons and their
Halogen Derivatives (T)

e Oute
After completion of the course, students will be able to wnderstand:
CO1;: the sromatic character of the molecules.
C02: the iden to design some organic synthesis.

MJC-3: Organic Chemistry: Cyclic Hydrocarbons and their Halogen Derivatives,
{Theory: 4 credits)

Unit | Topics to be covered No. of
Lectures

I Reaction intermediates: I2
Carbenes, nitrencs and benzynes: Generation, structure. stability and
reactions. | | —

2 Chemistry of Cyelic Hydrocarbons: 12 '
Nomenclature of monocyclic and bicyclic compounds, Baeyer's
strain theory, conformation of cyclohexane, relative stability of
chair, host and twist boat forms of cyclohexane with their energy
level diagram, relative stability of mono- and disubstituted
cyclohexanes, Aromaticity and Huckel rules with reference 1o
benzenoids, evelocarbocations and cyclocarbapions, mechanism of
electrophilic  sromatic substitution In  benzenc-halogenation,
nitration, sulphonation, Friedel -Crafis alkylation/acyfation, energy
profile diagrams of (hese reactions, reactivity of mono-subsituted
benzene, directive influence of functional groups.

3 Chemistry of Halogen Derivatives of alkanes: i2
General methods of preparation, properties and uses of mono- and
dihzlo derivatives of alkanes.

Mechanism of substitution and climinntion reactions viz. S«l, 5w,
Sy'. EI, EZ and EICB mechanism,

4 | Halogen derivatives of arenes: |2
Generzl methods of preparation, properties and uses of halogen
derivatives of arencs. '
Mechanism:  ArSx2, ArSyl. elimination-addition mechanism
{benzvne mechanism).

TOTAL 44

Suggested Readings:
. Reaction Mechanism in Organic Chemistry - 5. M, Mukherjee and 5.7,
Singh
Organic Chemistry, vol-1, I. L. Finar
Organic Chemistry — Morrison & Boyd
Organic Chemistry: Graham Solomans
Oranic Chemistry: Paula Yurkanis Bruice
Stercochemistry in Organic Chemistry: D. Nassipuri

Page 2 of 32
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7 Stereochemistry- Conformation and Mechanism: P.S.Kalsi,

& Advanced Organic Chemistry, Fourth Edition. I. March, Wiley, India
(2006)

9, Greeves, N., Clayden, J.; Warren, S., Organic Chemistry, 2nd Ed., Oxford
University, Press India (2014).

Il Sykes, P., A Guidebook to Mecharizm in Organic Chemistry, 6th Ed., Pearson
Education Indis [2003)
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Semester-111

MJC-4: Physical Chemistry: Chemical Thermodvnamics and its

Applications (1)

Eun rse Qn tcomes

After completion of the course, students will be able to wnderstand:
CO1: various thermodynamic terms.
CO02: various enthalpies of transformations and Kirchofs law.

CO3: entropy changes,

Apontanedus and non- Spontancous processcs,
CO4: sccond and third law of thermodynamics.

Gibbs free energy change, partial molar quantities,

MJC-4: Physical Chemisiry: Chemical Thermodynamics and its Applications

[ Theary: 4 credits)

Unit

Topics to be covered

Thermodynamics-[:

Definition of thermodynamie terms; system, surroundings, iypes
of systems, intensive snd extensive properties. siale and path
functions, thermodynamic processes, concept of heat and work,
First law of Thermodynamics-Statements, definition of internal
energy and znthalpy, Heat capacities at constant volume and
constanl pressare with their relationship, Joule's law, Joule-
Thamson coefficient and inversion temperature, caleulation of w,
g, dU & dH for the expansion of ideal gases under isothermal and

' ndiabatic conditions for reversible and irreversible processes,

_ Lectures |

Mo. of

| 2

[

Thermochemistry:
Standard state, enthalpy of reaction, standard enthalpy of

formation, Hess's law of constant heat summation sad its

| applications, enthalpy of combustion, enthalpy of neotralization,

bond dissociation energy and its caloulation from thermao-chemical
data, temperature dependence of enthalpy, KirchofT s eguation.

L]

Thermodvnamics-11:

Second law of thermodvnamics, need of the law, different
stalements of the law. Carnol theorem, Carnol cycle and s
efficiency, concepl of entropy, enlropy as a function of V&T, PET,
entropy change in ideal gases and mixing of idea! gases, free energy
and spontaneity, variation of Gibbs free energy (G) and Helmhaoliz
free  energy(A) with PV and T, Maxwell's relations,
Thermodynamic equation of state, Nernsi heat theorem, third faw
of thermodynamics, statement, evaluation of absolute entropy from
third law of thermodynamics, concepl ol residual entropy .

Systems of Variable Composition:

Partinl molar quantities, chemical potentiel, dependance of
chemical potential with 1emperature and pressure, chemical
potential of & gas in ideal gas mixture, Gibb's Duhem equation,

12

TOTAL

=7

| Page 4 of 32
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Suggested Readings:

2.
3.

T

. Peter, A. & Paula, ). de., Physical Chemistry 9™ Ed., Oxford
University Press (2011).

Castellan, G. W. Physical Chemistry 4'* Ed.. Narosa (2004),

Engel, T. & Reid, P. Physical Chemistry 3" Ed., Prentice-Hall
(2012).

McQuarrie, D, A. & Simaon, J. [, Molecular Thermodynamics Viva
Books Pvl. Lid.: New Delhi (2004).

Assael, M. ].; Goodwin, A. R. I1.; Stamatoudis, M.; Wakeham, W,
A &Will, 5. Commonly Asked Questions in Thermodynamics. CRC
Press: NY (2011).

Levine, I.N. Physical Chemistry 6" Ed., Tata Me¢ Graw Hill (2010).
Metz, C.R. 2000 solved problems in chemistry, Schaum Serics
(2006).

Page 5 of 32
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Semester-111
MJC-4 (P): Chemical Thermodynamics and its Applications (')

Course Qutc

After completion of this practical course, students will be skilled in determining:
CO1: difTerent 1ypes of enthalpy changes.

€ 02: the heat capacily ol calorimeter.

CC-4: Chemical Thermodymamics and ils Applications
(Practical: 2 eredits)

Practical:
Chemical Thermodynamies and its Applications

|. Determination of water equivalent of calorimeter.
2. Determination of enthalpy of neutralization of hydrochloric acid with sodium

hydroxide.

3. Determination of enthalpy of ionization of ethanoic acid.

4. Determination of the basicity of a polybasic acid sgainst standard sodium
hydroxide solution.

5. Determination of heat of displacement of Cu by Zn from Cu** salt solution,

6. Determination of enthalpy of hydration of copper sulphate.

7. Determination of solubility of benzoic scid in water and AH for the process.

8. Determination of heal capacity of the calorimetler and integral enthalpy of

solution of salts.

Suggested Readings:
. Khosla, B. D.; Garg. V. C. & Gulati, A., Senior Practical Physical
Chemistry, R. Chand & Co.. New D:lh: (201 1).

2. Athawale, V. D. & Mathur, P. Experimental Physical Chemistry,
New Age International, New Delhi (2001).

}
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SEME -1V
MJC-5 (T): Inorganic Chemistry: s-, p-, d- and f-block elements
(T)

Course Qutcomes

After completion of the course, the students will be able to understand: -

COI: different oxidation states of elements with their relative stability and complex
forming properties.

CO2: the ring, cuge and polymers of B_ S8i & P,

CO3: to ¢arry oul the prepuration of inorganic compounds.

€04: the important propertics of transition metals such as their oxidation states,

colour, magnetic and spectral, use of Latimer diagrams in identifying oxidizing,

reducing and dispropertionating species.

C05: the concepts related with noble gases, their compounds, shapes, properties and

applications.

5-, p-, d-and f~block elements(Theary: 4 credits)

Ma. of

Unit | Tapics to be covered Ry
Clures

| Periodic Table and Perlodicity of Elements: 10
i-. p-. d- and Fblock ¢lements, the long form of periodic table,
detailed discussion of the following periodic properties of rthe
elements with reference to r- and p-block:

{a) shielding or screening effect, Slater’s rules, effective nuclear
charge

(b) atomic endil (covalent, metallic and van der Waals)

(e} ienization enthalpy, successive ionization enthalpies, factors
affecting ionization enthalpy and applications of ionization
enthalpy.

{d) electron gain enthalpy.

{e) electronegativity: Pauling®s, Mullikan, Allred Rochow's
scales, group clectronegativity, variations of electroncgativity
with bond order and partial charge.

| General electronic configuration of 7- and p- block elements, inert
pair effect, relative stability of different oxidation states,
dingonal relationship and anomalous behaviour of first member af
each group, allotropy and catenation properiies, complex forming
tendency of ¢- and p- block elements,

2 | Compounds of p block elements: (1)
Study of the Tollowing compounds with emphasis on structure.
bonding, preparation, properiies and uses:- Boric acld. borates,
borazines, borohydrides, calcium ecarbide, silicon carbide,
gluminium carbide, silicates, silanes, siloxanes, silcon halides,
silicones, MHi-manulucture (Haber's process), oxlides, oxy-,
peroxy acids of nitrogen, phosphorus and sulphur, inter-halogen
compounds, polyhalides and pseudohalides.

3 Chemistry of noble gases: 5
Occurrence and isolation, rationalization of inertness of noble
gases, nature aof bonding in noble gas compounds, shape and
structure of noble pgas compounds using VSEPR iheory,
preparation and properties of XcF:, XeF, and XeF,. Clathrates.




1 Chemistry of d-block elements: 10
General clectronic configuration of d-block metals and their
group trends, variable oxidation states and their relative
stabilities, magnetic and catalylic properties of metels, colowr,
complex forming ability of metals, difference between 1%, 2
and 3™ transition scrics, Chemistry of Cr, Mn, Fe and Co in
various oxidation states with special reference to their following
compounds: peroxe compounds of Cr, potassium dichromate,
potassium  permanganate, potassium  ferrocyanide and
ferricyanide, sodium nitropruside and sedium cobaltinitrite.

5 Chemistry of f-block Elements: o
General electronic configuration of f- block elements (inner
transition elements - 47 and 57 series), position of lanthanides
and actinides in periodic teble, group trends with special
reference to elecironie configuration, fonie radii and lanthanide
contraction, consequences of lanthanide contraction, complex
forming ability of lanthanides, occurrence and isclation of
lanthanides, compounds of lanthanides, sources of actinides,
chemistry of actinides, separation of Np and Pu from spent fuel

TOTAL 43

Readings:
|. Lee, ). D.. Concise Inorganic Chemistry, Sth Ed., Wiley India (2008).

2. Housecroft, €. E.: Constable, E. C. Chemistry-An Introdaction to Organic,

Inerganic and Physical Chemistry, 4th Ed., Pearson Education (2010).

Atkins, P.; Overton, T,; Rouke, 1. Weller, M.; Armstrong, F.i Hagerman, M.,

Shriver Atkins's Inorganic Chemisiry, 6th Ed,, Oxford University Press India

[2015).

4. Miecssler, G.; Tarr, D. A_, Inorganic Chemistry, 3rd Ed.. Pearson Education
India (2008).

5. Huheey, ). E.; Keiter, E, A.; Keiter, B. L.; Medhi, 0. K., Inarganic Chemistry:
Principles of Structures and Reactivity, 4th Ed., Pearson Education Indis
(2004).

6. Cotton, F. A.; Wilkinson, G,; Gaus, P. L., Basic Inorganic Chemistry, 3rd Ed..
Wiley India (2007).

7. Purl, B. R.; Sharma, L. R.; Kalia, K. C., Principles of Inorganic Chemistry,
i3rd Ed,, Vishal Publishing (2017).

e
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Semester-1V
MJC-5 (P): Qualitative Analysis of Inorganic Salt
Mixiure Containing Four Radiecals ()
Course me
After the end of this practical course students will be skilled in: -

CO1: idemtification of basic redicals from known und unknown salts.
CO12: identification of acid radicals from known and wnknown snlts.

- Qualitative Analysis of inorganic salt mixture containing Four
Radicals. (Practical:2 credits)
|, Identification of known cations (basic radicals) and anions (acid
radicals) from the supplied sal,
2. ldentification of catien (basic radicels) and anions (scid radicals) from

onknown salt.
3. Identification of cation (basic radicals) and anions {acid radicals) from

binary mixture aof inorganic salts.

SuggestedReadings:

|. Raj, G.. Advanced Practical Inorganic Chemisiry, Krishna Prakashan, Meerut
{2013),

2. Mendham, J.; Denney, R. C., Barnes, J. D.; Thomas, M.; Sivasankur, B.,

Vogel's Quantitative Chemical Analysis, 6th Ed., Pearson Education Indis
(2009).
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Semester-1Y

MJC-6 (T): Organic Chemistry: Compounds with Oxygen

Containing Functional Groups (T)

CourseQutcomes

After the completion of the course, students will be able (0o understand:

COl:  preparation, properties and resctions of compounds with oxygen
containing funclional groups.

CO2:  to draw plausible mechanisms for reactions invelving these functlional
groups.

CO3:  the knowledge of various named organic renctions sssociated with these
functional groups.

CO4:  chemistry of epoxides.

CO5:  the detection of O-containing lunctional groups like alcohols, phenols,
carbonyl and carboxvlic acid groups.

CO6: the preparation of various organic compounds by functional group
transformations and other common organic reactions.

COT: the green practices in Organic syntheses,

Compounds with Oxygen Containing Functional Groups
{(Theory:deredits)
Unmit Topics to be covered No. of
Lectures |

Alcohaols, Phenols, Ethers and Epoxides 20

Aleohals: Classification and nomenclature.

Preparation of 1Y, 2%nd 3%lcohols using substitution reaction
addition reactions, Grignard reagent, Ester hydrolysis, Reduction
of aldehydes, ketones, carboxylic aoids and esters.
Reactions: With sodium, HX (Lucas test), esterification,
oxidation (with PCC, alk. KMnDy, acidic dichromate, cone
HNO;). Oppeneaner oxidation.

Diols: Oxidation of diols. Pinacol-Pinacolone rearrangement.
Glyeernl: Preparation, properiies and uses. |
Phenols: Classilicalion, nomenclature and properties
Preparation: Cumene hvdroperoxide method, lrom didzoniom
salls,

Reactions: Elecirophilic substitution: Nitration, halogenation
and sulphonation. Fries and Cloisen Rearrangements, Kolbes-
Schmidt Reaction, Lederer-Manasse reaction, Reimer-Tiemann
Reaction, Gattermann-Koch Reaction, Houben=Hoesch
Condensation, Schotlien=Biumann Resction.

Ethers and epoxides (aliphatic and aromatic): Classificetion,
nomenclature, preparation and properlies.

Reactions: Cleavage of ethers with HI.

Syntheses of epoxides, Acid and basc—calalyzed ring opening of
epoxides, orientation of ring opéning, resctions of Grignard and
arganalithium reagents with epoxides.

| Concept of crown ethers.




Il

Aldehydes and ketonces (aliphatic and sromatic): 1]
Structure, reactivity and preparstion; nuclcophilic additions,
Nueleophilic addition-climination reactions with ammonia
derivatives and their mechanisms; mechanisms of Aldel and
Benzoin condenzation, Knoevenagel condensations, Cloisen-
Sehmidt, Perkin, Cannizzaro and Wittig reactions, Beckmann and
Benzil-Benzilic acid rearrangements, haloform reaction undl
Baever Villiger oxidation, s-substitution reactions,oxidations
and reductions (Clemmensen, Wolff-Kishaner, LiAlHs . NaBH,,
MPV and PDC). Addition reactions of unsaturated carbonyl
compounds: Michael addition.

Active Methylene Compounds: Keto-gnol tautomerism.
Preparation and synthetic applications of diethyl malonate end
ethy| acetoacetats,

Carboxylic Acids and their Derivatives: 0%
Preparation, physical praperties and reactions of monocarboxylic
acids. Typical reactions of dicarboxylic acids, hydroxy acids and
unsaturated s¢ids: succinie/phthalic, lactic, malie, tartarie, eitric,
meleic and fumaric acid.

Preparation and reactions of acid chlorides, anhydrides, esters
and smides: Mechanism of acidic and alkaline hydrolysis of
esters, Claisen condensation, Dieckmann and Reformatsky
regctions, Hofmann bromamide degradation and Curtius
rearrengement.

Carbohydrates I 09
Classification and genersl propertics of carbohydrates, Glucose
and Fructose {open chain and cyclic structure), Determination of|
configuration of monosaccharides, absolute configuration of
Glucosze and Fructose, Mutarotation, ascending and descending inl
monesaccharides, Structure of disacharrides (sucrose, cellohiose,

maltose, lactose) and polysacharrides (starch and cellulose).

TOTAL | a8

Supgested Readings:

2.

3.

Greeves, N.: Clayden, J.; Warren, S., Organic Chemistry, 2%
Ed., Oxford University, Press India (2014).

Svkes, P., A Guide book to Mechanism in Organic Chemistry,
6™ Ed., Pearson Education Indis (2003)

Ghosh, $. K., Advanced General Organic Chemistry, Part-l &
Part-11, 3 Ed., New Central Book Agency (2010).

Bhal, B. §.: Bhal, A., A Textbook of Organic Chemistry, 22* Ed., 5.
Chand and Company (2016).

Gengupla, S., Basic Stereochemistry of Organic Molecules.
2ndEd., Oxford University Press India (2018).

Finar, . L. Organic Chemistry (Volumel ), Dorling Kindersley
{India) Pvi. Ltd. (Pearson Education).
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Semester-1V

MJC-6 (P): Organic Chemistry: Compounds with Oxygen
Containing Functional Groups (P)

Coyrse Oufcomes:

When the students will finish this practieal course, they will be skilled in: -
CO1: scetylation and benzoylation of various functional groups present in organic

compounds.

CO1: oxime formation, hydrazone formation, semi-carbazone formation, lodoform

test und in the bromination of phenols

03 oxidation of alcohols und reduction of nitro compounds
C04: Aldel Condensation by conventional and green methods.

Compounds with Oxygen Containing Functional Groups
{Practical:2 crediis)

(a) Acetylation of one of the following compounds: phenols (f -
naphthol, vanillin, salicylic acid) by any onc method: Using
conventional method/Using green approach,

{b)Benzolyation of one of the fellowing amines (aniline, a-, m-, p-
toluldines and o-, m=, p-anisidine) and one of the following phenols
(f-naphthol, resoreinal, p-cresol) by Schollen-Baumann reaction.

{c) Preparation of Oxime and 2.4 -dinitropheny lhydrazone of aldehydes |
and ketones

{d) Oxidation of ethanol and isopropancl {lodoform reaction).

{e) Preparation of semicarbazone of the following compounds:
acetone, ethyl methyl ketone, cyclohexanone, benzaldehyde.

() Aldol condensation using cither conventional or green method,

(g} &-Benzylisothiouranium chloride from thiourca and benzyl chloride.

(h) Reduction of p-, m-nitrobenzaldehyde by sodium borohydride.

(i) Bromination of Phenol.

(i) Hydrolysis of amides and esters.

Suggested Readings:

"3}
i

Agarwal, 0. P., Advanced Practical Organic Chemistry, Krishna Prakashan,
Meerut (2014,

- Ahluwalia, V. K.; Aggarwal, R., Comprehensive Practical Organic

Chemistry: Preparation and Quantitative Analysis, Universities Press
(2000).

- Furniss, B. §.; Hannafold, A. J.; Smith, P. W. G.; Tatchell, &, R.,

Vogel's Textbook of Practical Organic Chemistry, 5" Ed., Pearson
Education India {2003}).

_Clarke, H. T., A Handbook of Organic Analysis: Qualitative and

Quantitative, 4™ Ed., CBS Publishers India (2007).

. Vogel, A, 1., Tatchell, A. R, Furnis, B. 8., Hannaford, A. J. & Smith, P.

W. ., Texthook of Practical Organic Chemistry, Prentice-Hall, 5** edition,
1996.

Mann. F.G. & Saunders, B. C. Practical Qrganic Chemistry Orient-Longman,
1960,
Khosla, B. D.; Garg, V. C. & Gulati, A. Senior Practical Physical Chemistry,

R. Chand & Co.: New Delhir20V1).




Semester-IV

MJC-7: Physical Chemistry: Phase Equilibria, Conductance and
Electrochemical Cells (T)

Course Oulcomes
After completian of the course, students will be able to understond: -

COI: the degree of ionization, pH and salt hydrolysis.

C02: the different types of Buffer solutions.

CO03: the concepts of solubility product,

CO4: the conductivity, specific conductivity, equivalent conductivity snd molar
conductivity, application of conductance messurement in determining
various physical paramelers.

CO3%: the standard electrode potential of hulf cells and celculate the EMF of 2
cell using Mernst equalion,

CO6: EMF measurements in determining various parameters like free energy.
enthalpy, entropy, equilibrium constants, etc.

C07: the concentration cells with and withoul transference.

CO8: the principle of petentiometric titrations.

MJC-T:Physical Chemistry: In:ltﬁiilihri:. Conductance and
Electrochemical Cells
{Theoryv: 4 erediis)

ﬁ'n. (1)

Unit | Toples to be covered
I Leciures

| Phase Equilibria: Phuses, components and degrees of freedom 12
of systems, criteria of phase equilibria, Gibbs Phase Rule and
its thermodynamic derivation, derivation of Clausivs -
Clapeyron equation and its importance in phase equilibria,
phase disgram of one componenl system (water/sulphur) and
twe component system involving eulectics, congruent and
incongruent melting points (lead-silver, FeCly-water and Na-k
only), WNernst distribution law and its  thermodynamic
derivation, limitations of Nernst distribution law, modification
of the distribution law In cascs of association and disseciation
of solutes, application of the law in the process of solvent
gxiraction.

2 Conductance: | 2
Conductance, specific conductance {conductivily), equivalent
and molar conductance, their variation with dilution for weak
and strong electrolytes. Kohlrausch law of independent
migration of ions, transference number end i1 experimental
determination using Hittorl and Moving Boundary Methods,
ienic mobility, applications of conductance measurements,
determination of degree of iomization of weak elecirolyte,
solubility #nd solubility products of sparingly soluble salts,
jonic product of water, hydrolysis constant of @ salt,
conductometric titrations (only scid-base).

Electrochemicnl cells : Elcctrode and electrode potential, 11
reference electrodes (Standard hydrogen glectrode and Calomel

Habid
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electrode), standard electrode potential, type of electrodes, |
gelvanic cells, electrochemical secrios and its significance,
Nernst equation and its importance, types of electrochemical
cells = chemical eclls and concentration cells, concept of EMF
of & galvanic cell, measurement of EMF of o cell, construction
and working of a Galvanic cell, liguid junction potential and
salt bridge, EMF of a concentration c2ll with and without
transference,

Applications af EMF measurements 12
Determination of equilibrium constant, 4G, AS and AH of cell
reactions, ¢aleulation of solubility product of a sparingly
soluble salt, the valency of ions, determination of pH using
hydrogen electrode and quinhydrone electrode.

Potentiometric titrations: qualitative treatment (acid-base and
axidetion-reduction only),

TOTAL 48

Suggesied Readings:

2.

3.

Atkins, P. W.; de Paula, J.; Keeler, }., Physical Chemistry, 11th Ed.,
Oxford Univeraity Press India (2018),

Bahl, A.; Bahl, B. §.; Tull, G. D., Essentials of Physical Chemistry, §.
Chand and Company (2014).

Negi, A. 5.; Anand, §. C., Physical Chemistry, New Age International
Publishers (2007).

Puri, B. R.; Sharma, L. R.; Pathania, M. 5., Principles of Physical
Chemistry, 47th Ed., Vishal Publishing (2017).

Silbey, R, 1.; Alberty, R. A.; Bawendi, M. G., Physical Chemistry, 4th
Ed., Wiley India {2006).

Rukshit, P. C., Physical Chemistry, Revised Ed. Saral Book House
(20147,

Kepoor. K. L., A Textbook of Physical Chemistry: States of Matier and
lons in Solution, Yol. I, 6th Ed,, McGraw Hill Education India {2019).
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SEMESTER - V
MJC-8 (T): Co-ordination Chemistry (T)

Course Oulcomes:

After completion of the course, stadents will be able to understand: -

CO1: ligand, denticity of ligands, chelntes, coordination number and nomenclature
coordination of compounds.

CO02: isomerism in coordination compounds

CO03: Valence Bond Theary to predict the structure and magnetic behavior of metal
complexes.

CO4: pairing energy, CFSE and its effecis, high spin and low spin complexes,

CO3: magnetic properties and colour of complexes on the basis of Crystal Field
Theory,

CO&: properties of transition metal complexes, varinble oxidation states, colours,
magnetic and catalytic properties.

Co-ordinstion Chemistry
{Theory: 4 ervedits)

No. of

Lectures
|2

Unit | Topics to be covered

I Introduction:
Muolecular or addition compounds, double salis and ceordination
compounds, coordination sphere. coordination number (C.N),
oxidation siare (0.5.) of the central metal atom/ion, ligands and
their elassification, chelating ligands, chelates and their stability,
Werner's theory of coordination compounds, limitations of
Werner's theory, effective atomie number (EAN) rule,
nomenclature of coordination compounds, isomerism in
coardination compounds.
2 | Valence bond theory: 12
Valence bond theory of complex compounds, different octahedral,
square plunar and tetrahedral complexes of Cr, Fe, Co, Ni, Cu and
Zn, strength of ligands and stability of complexes, outer and inner
orbital complexes. Limitations of valence bond theory (VBT), =
3 Crystal fleld theory: 2
Crystal field theory, crystal field splitting of d-orbitals in
octahedral, tetrabedral, tetragonnl and square-planar complexes,
HS and LS complexes, factors affecting the crysial field splitting
energy, spectrochemical series, magnelic properties of complexes,
colour of the complexes, erystal field stabilization energy (CFSE)
and its calculation. varfation of octahedral ionic radii. Crystal
structure af spinels.
Jahn-Teller effect and distortion in octahedral and retrahedral
complexes, churge transfer specira (LMCT) and (MLCT), heat of
hydration, lattice energy of bivalent metal ions of transition
metals.
) Magoetic properties of transition metal complexes: 12
Types of magnetic behaviour, methods of detcrmination of
magnetic susceptibility, L-8 coupling, correlation of the magnetic
mament (spin only formula) and effective magnetic moment
values, quenching of orbital contribution 1o magnelic moment,
applications of magnetic moment data for 3d scries,
TOTAL 48
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Sugpested Readings:

I. Selected Topics in Inorganic Chemistry- Malik, Madan and Tuli
1. Chemistry for degree students- R. L. Madan.

3. Inorganic Chemistry - Gary L. Miessler and Donald A.Tarr.

4. Advanced lnorganic chemistry- F.A. Coton andWilkinson.

5. Concise Inorganic Chemistry - J.D . Lee.

6. Inorganic Chemistry - P.W . Atkins,

7. Advanced Inorganic Chemistry — Kalia, Purl andSharma
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Semester-V
MJC-8 (P): Co-ordination Chemistry (P)

After completion of this practical course, students will be skilled in:-
CO1: preparation of complex compounds.
C02: complexometric titrations and colorimetric analysis.

Co-ordination Chemistry
(Proctical: 2 credits)

Practical

I.Preparation of inorganic compounds/ complexes.

a) Preparation of potash alum [K:S0.Al:{(50.); 24H,0]

b) Preparstion of potassium tris{oxalato) ferrate (11}, KalFe{C:04)s)
¢) Preparation of potassium tris{oxalato) chromate (111), K,[Cr(C:04)s]
d) Preparation of hexammine nicke! (11) chloride, [Ni{NH:)]Cls.

¢) Preparation of tetramminecopper(11) sulphate,[Cu(NH1)4]50,

f} Preparation of sodium nitropruside, Naz|Fe{CN)«(NO}].

1.Complexometric titrations and colorimetry

a) Estimation of copper sulphate/copper ion from a given solution colorimetrically,

b) Estimation of phosphate ion, (PO in a given sample of water/sail
colorimetrically,

¢} Complexometric titrations by EDTA
(i} Estimation of Ca®"/ Mg in the supplied sample of water,
(i1} Estimution of total hardness from the supplicd sample of water.

Suggested Readings:
I. Quulitative inorganic chemistry - A, | Vogel
2. Advance practical inorganic chemistry - Gurdeep Ra)

ot Pod¥ e Tt
4 | @/ﬁfm‘:} —tywinhe
Yave ™ TR

P

Page 17 0f 32



Semester-Y

MJC-9 (T): Polynuclear hydrocarbons, nitrogen containing

compounds, heterocyclic compounds, alkaloids and terpenoids

(T)

Course Oulcomes

After completion of the eourse, students will be able to anderstand:
CO1; the chemistry of polvnuclear hydrocarbons,

CoO:

compounds.
CO3: the chemistry of some common heterooyclic compounds.
CO4: the general methods involved in struciural clucidation of alkaloids and
terpenoids.

the named reaction: related 1o amines nitriles, isonitriles and dinze

slkaloids and terpenalds
(Theory: 4 credits)

i Polynuelear hydrocarbons, ulirn_:in containing compounds, heterocyclic compounds,

Unit

Topics to be covered

No. of
Lectures

Poalynuclesr Hydrocarbans:
Nomenelature of polynuelear hydrocarbons, preparation and properties
and constitution of naphthualene, anthracene and phenanthrene.

12

Nitrogen containing Compounds: Amines, Nitriles, Isocyunides and

diazonium compound:
Reduction of nitro compounds under different conditions, von Richier

reaction, preparation and separation of primary, secondary and tertiary

amines, relative baslc strengih of amines, distinctions among primary,
sccondary and tertiary amines, preparation of diazenium salis and their
synthetic applications, diazo- coupling reactions, Gomberg redction,
preparation and properties of nitriles and isonitriles.

I3

Heteracyclic Compounds:

Classification and nomenclature of heterocvelic compounds, aromaticity
in 5 & 6-membered rings with onc heteroatom, syntheses of
pyrrale(Knorr-Pyrrole  synthesis, Pagl-Knorr  synthesis, Hantzsch
synthesis), Reaction synthesis and constitutions of furan, thiophene,
pyridine (Hantzsch synthesis), reactions of pyrrole, furan, thiophene and

pyridine.

Quinoline and isoquinaline: Reactions, synthescs and constitution of
quinoline and isoquinoline, (Skraup synthesis, Friedlander's Synthesis,

Knotr Quinaline Synthesis, Bischier MNaplernlski Synthesis)

Alkaleids and Terpenoids:

Naotursl occurrence, clussification and isclation of alkaloids and
terpenoids, isoprene, Isoprene and Special lsoprene rule, reactions used
in general methods involved in structural clucidation of alkaloids and

| terpenaoids.

09

TOTAL

48

Suggested Readings:
I. Morrison R.T., Bovd RN, (2007) Organic Chemistry, Dorling Kindersley

-

{India) Pvt. Ltd. (Pearson Education].

Finar I.L., (20 14) Organic Chemistry (Yolume 1}, Dorling Kindersley (India)

Pvi. Lid. {Pearson Education).
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3. Finar LL., (2014) Organic Chemistry (Volume 2: Sterecochemistry and the
Chemistry of MNatural Produets), Dorling Kindersley (India) Pvi. Lid.
(Pearson Education).

4. Acheson R.M., (1976), Introduction to the Chemistry of Heterooyclic
compounds, John Wiley & Sons.

5. Greham Salomons T.W., Organic Chemistry, John Wiley & Sons, Inc.

6. Kalsi P.S., (2010), Textbook of Organic Chemistry 1" Ed., New Age
International (P) Ltd. Pub.
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Semester-VI

MJC-10 (T): Colligative Properties of Dilute Solutions, Chemical

Course Outcomes

After completion of the course, studentswill be able to understand:-

COI: Colligative properties of dilute solutions and determination of these
properties.

CO2: Abnormal colligative properties and molar mass.

CO3: Azcotropes, maximum and minimam boiling azeotroplc mixture

CO4: Kinetics of simple and complex reactions,

CO35: Jablonski diagram and laws of photochemistry,

Kinetics and Photochemistry (T)

Colligative Properties of Dilute Solutions, Chemical Kinellcs and Photochemistry

[(Theory: 4 eredits)

Unit

Topics to be covered

Mo, of
Lectures

applicetions of colligative properties in determining molar mass of
_solutes, degree of dissociation and association.

Colligative Properties of Dilute Solutinns:

Colligative properties of solutions, Henry's law, Raoult's law
(thermodynamie derivation), ideal and non-ideal sol ions,
azeotropes, thermedynamic  derivation  and  ex perimental
determination of relative lowering in vapour pressure, clevation in
boiling point, depression in freczing point and osmotic pressure,
abnormal colligative properties due to associution and dissociation
of solutes in solutions, van't Hofl"s facior. abnormal molar mIss,

5

Kineties of Elementary Reactions:

Rate laws of Mirst, second, third and zero order resctions. methods
of determination of arder of reactions, temperature dependance of
reaction rate, Arrhenius equation, Activation energy, Collision

theory and transition state theory of reaction rates.

Catalysis: Theory and applications. l

Kinetics of Complex Reactions:
Steady state approximation, integrated rate expression (first order
only) for the

|. Opposing reactions

2. Parallel reactions and

3. Consecative reactlons.

Photochemistry:

Introduction, consequences of light absorption, Lambert-Beer's
law, laws of photochemistry, Grotthus-Draper law, Stark-Einstein
law of photochemical equivalence, quantum vield, photochemical
reactions (Hy + Cly, Hy = Bra decomposition of HI), photochemical
rate laws, energy transfor in photochemical reactions, Jublonski
diagram, photosensitization, fluorescence, phosphorescence and
chemiluminescence,

TOTAL

Suggested Readings:
1. Physical Chemistry: P.W. Atkins (ELBS)

"

Comprehensive Physical Chemistry; Hemant Snehi

3. Theoretical Physical Chemistry: Gladstone

Thapds,
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Physical Chemistry: G.M, Barrow.

Modern Elzctrochemistry: JOM Bakris and A.K.N. Reddy
Text Books of Polymer Science: F.W. Billmayer Jr.
Advanced Physical Chemistry: Gurdeep Raj

% Aa\ﬂz} G}‘f} M,_,w ﬂ\“"ﬁ
S5 C’&/JFE?J /C“ %

24w wt

Page 21 of 32



Scemester-V1
MJC-10 (P): Physical Chemistry: Colligative Properties of
Dilute Solutions and Chemical Kinetics (P)

After completion of this practical eourse, students will be skilled in:

COl: determination of molecular mass by clevation in boiling point and
depression in freezing point methods.

C02: determination of the velocity constants of hydrolysis of esters and

inversion of cane sugar.

Properties of Dilute Solotions and Chemical Kinetics
(Practical: 2 eredils)

Practical:

Solutions:
|, Determination the molecular weight of non-volatile solute by Landsberger's

meihod.
2. Determination of molecular mass of non-volatile solules by Beckmann method.

L_E ]

Chemical Kinetics:
I. Determination of the rate constant of hydrolysis of ethyl/methyl acetate

catalyzed by HCI,
2. Determination of the rate constant of inversion of cane sugar.

3. Determination of the rate constant of hydrelysis of cthyl/methyl acetate with
NaOH (saponification)

Suggested Readings:
|, Khosla, B. D.; Garg, V. C. & Gulati, A., Senior Practical Physival

Chemistry, R. Chand & Co.: New Delhi (2011).
2. Athawale, V. D. & Mathur, P. Experimental Physical Chemisiry New
Age International: New Delhi (2001]).
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SEMESTER - VI
MJIC-11: Organic Chemistry: Biomolecules (T)

Course Outcomes
After completion of the course, students will be able to understand the:

CO1; genetic materials involved in living biosysiems,

CO2: physicochemical properties of amino sclds, peptides and proteins.
CO3: enzymes and their activity a5 well as some basic idea abou lipids,
CO4: basics of encrgetics in biosystems and introduction ta some synthetic and
nalurally occurring pharmaceuticals,

Biomolecules
[ Theorv: 4 ¢rediis)

| Unit

Topiles to be covered

MNo. of

Lectures

Amine Acids, Peptides and Proteins:
Classification of a=Amine Acids, General methods ol synthesis,
jonic properties and resctions, Zwitterions, pK. values,

| isoelectric point and electrophoresis, study of peptides: Oligo

and polypeptides, features of peptide bonds, syntheses of
peptides using N-protecting, C-protecting and C-activating
groups, solid-phase synthesis,clementary idea of primary,
gecondary, lertiary and gquaternary struclures of proleins,

I

Nucleic Acids:

Components of nucleic acids, nucleosides and nucleotides,
Structure and syntheses of Adenine, Guanine, Cytesine, Uracil
and Thymine, structure of polynuclcotides and DMA double
helix.

1o

Fed

Enzymes and Lipids:

Introduction, classification and characleristics of enzymes,
mechanism of enzyme action (laking trypsin a8 example], faclors
affecting enzyme action specificity of enzyme action, enzyme
inhibitors and their importance, phenomenon of inhibition
(competitive, uncompetitive and non-competitive inhibition],
Intreduction 1o oils and fats, classification of lipids,
phospholipids, hydrogenation und iodine number, saponification
value.

|0

Concept of energy in Biosystems and Pharmaceutical
compounnds:

Role of ATP in glycolysis during phosphorylation of glucose,

conversion of glucose-6-phosphate to fructose-6-phosphate,

phosphorylation of fructose-6-phosphate, cleavage of fructose-

1,6-biphosphate, oxidation of glyceruldehyde-3-phosphate fo

I,3-biphosphoglycerate, phosphory| transfer from biphosphate

to  ADP, Conversion of 3-phosphoglycerate 1o 2-

phosphoglycerate, ‘dehydration of 2-phosphoglycerate, transfer

of the phosphoryl group from phosphonyl pyruvate to ADP and

averall energy balance sheet for ATP. Structure, syntheses tnd

therapeutic uses of asspirin, paracetamol, and ibuprofen,

medicing! values of curcumin (haldi), azadirachtin (neem) end

vitamin C.

TOTAL

43
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Suggested Readings:
1. Berg, .M., Tymoczko, J.L. and Stryer, L. (2006) Biochemistry. Vith
Edition. W.H. Freeman and Co.
2. Nelson, D.L., Cox, M.M. and Lehninger, A.L. (2009) Principles of
Biochemistry. IV Edition. W.H. Freeman and Co.
3. Murray, R.K., Granner, D.K., Mayes, P.A, and Rodwell, V.W. (2009}
Harper's Hllustrated Biochemistry. XXVIIT edition. Lange Medical Books/
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Semester-VI
MJC-11: Organic Chemistry: Biomolecules (P)

After completion of this practical eourse, students will be skilled in: -
COI: tests of amino acids and proteins,
COL: experiments related 1o enzymes, oils and fats.

Blomulecules
(Practical: I credits)

Practical:
Tests of amino acids and proteins:
1. Estimation of glycine by Sorenson's formalin methed,
4. Study of the titration corve of glycine.
3. Test of proteins.

Experiments related to enzymes, oils and fars:
. Study of the action of salivary amylase on starch at optimum conditions,
2. Effect of temperature on the action of salivary amylase,
3. Saponificution value of an ofl or a fat,
4. Determination of loding number of an oil/ far.

Experiment related to pharmaceuvtical compounds
1. Synthesis of salicylic acid und aspirin,

Suggested Readings:
I. Manual of Biochemistry Werkshop, 2012, Department of Chemistry,
Universityol Delhi.
2, Arthur, L. V. Quantirative Organic Analysis, Pearson.

3. Any other laboratory manual aveilable in deparimental library as advised by
the instructor,
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Semester-VI

& Spectroscopy (T)

After completian of the course, students will be able to understand:
CO1: the postulates of guantum mechanics, Schrodinger's wave equation and its

upplications

CO2: the concepts related to electronic and rotationsz! spectra,
CO3; the concepis related to vibrational and Raman spectra.

MJC-12 (T): Physical Chemistry: Quantum Chemistry

Quuntum Chemisiry & Spectroscopy
{Theory: 4 eredits)

Unii

Topics fo be covered

No., ol
Lectures

Elementary Quantum Mechanics:

Postulates of Quantum Mechanics, guantum mechanical aperators,
properties of operator, Hermitinn operator, Schrodinger wave
equation and its imporiance, physical interpretation of wave
function, probability distribution function, nodal propertics,
particle in one dimensional box, particle in three dimensionalbox,
concept of degeneracy and zero point energy, Schrddinger wave
equation lor hydrogen atom, separation of variables, hydragen
like wave functions.

12

Fed

Vulence Bond Theory and Molecular Orbital Theory:

Basic idcas of VBT and MOT, valence bond model of H.,
construction of MO's by LCAO for Hy" fon, physical picture of
bending and antibonding wave functions, concept of 0. 0%, x, x*
non-bonding orbitals, camparisan between VBT and MOT, Hybrid
orbitals sp, sp” and sp” and caleulation of coeflicients of atomic
orbitals used in these hybrid orbitals.

‘II

Rotational and Electironic Specira:

Electromagnelic radiation, Energy levels of u rgid rotor,
selection rules, intensity of spectral lines wsing population
distribution and degencracy, offect of isotopic substitution,
determination of bond length and atomic mass from rotalional
spectra,description of non-rigid rotor, Franck-Condon principle
and intensity of spectral lings, pre-dissociation and dissociation,
caleulation of bond dissociation energy. electronic transitions,
singlet and triplet states, concept of potential energy curves for
bonding and anti-bonding molecular orbitals,

Vibrational and Raman Speciroscopy

Energy levels of simple harmonic oscillator, selection rules, pure
vibrational spectrum, determination of force constant and bond
length, relation of force constants with bond energy. effect of
anharmonic motion, idea of vibrational frequencies of differemt
functional groups, overtones, combination bands wnd Fermi
resonance, modes of vibration, vibrational-rotationel specirum, P,
Q and R branches, Raman spectrum : concept of polarizability,
vibrational Raman spectra, Stokes and anti-Stokes lines, their
relative intensity, pringiple of mutual exclusion.

12

TOTAL

48
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Suggested Readings:

2.
3.

4,

5.

Banwell C. N., Mc Cash E. M., (2006}, Fundamentals of Molecular
Spectroscopy 4th Ed. Tata MeGraw-Hill: New Delhi.

Chandrs A. K., (2001). Introductory Quantum Chemistey Tata MoGraw-Hill.
House J. E., (2004), Fundamentals of Quanium Chemistry 2nd Ed, Elsevier:
USA.

Lowe J. P, Peterson K., (2005). Quantum Chemistry, Academic Press.
Kakkar R., (2015). Atomic & Molecular Spectroscopy, Cambridge
University Press.
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SEMESTER - VII

MJC-13: Inorganic Chemistry: Organometallic Chemistry,
Symmetry and Group theory (T)

Course Outcomes

Aflter completion of the course, students will be able to understand the:
CO1: nomenclature and classification of Organomerallic compounds.
CO2: properties of metal carbonyls including their slructures.

CO3: methods of preparation of Organometallics.

CO4: concept of symmetry and group theory,

| Organometallic Chemistry
(Theory: 4 credits)

Mo, ol

Leclures
12

' Unit | Tepics to be covered

| Intreduction
Definition, nomenclature and classification of argancmetallic
compounds,concept  of hapticity, classification, preparation,
propertics and bonding of metal carbonyis, EAN rule and 18-
electron rule applied to metul carbonyls, m-sccepior behaviour of
€O, synergic effect, use of IR spectrn in determining structure of
metal carbonyls, structure of mono-, bi- and poly-nuclear metal
carbonyls,
Fi g- complexes ¥,
Preparation, properlies; bonding and applications of Alkyls and
aryls of Li, Al, Hg, 5n and Tl Concept of multicentred bonding.

3 n-Complexes 12
A brief account of metal-ethylene and Metal-acetylene complexes.
Zelse's salt: Preparation, properties, banding and synergle effect,
Ferrocene: Preparation, reactions, struclure and aromaticity,
comparison of sromaticily and reactivity with that of benzene.

4 | Symmetry and Group Theary 12
Concept of symmetry, symmetry elements and symmelry aperstions,

peint groups, determination of point groups of simple melecules,

Multiplication table of Cav and Cyv point groups, Eroup

characteristics of a group and subgroups,

TOTAL [ 48

Suggested Headings:
I. Organometallic Chemistry: Gurdeep Chatwal and M. S. Yadav - Himalaya

Publishing House.

2, Selected Topics In Inacganic Chemistry, by Dr. Wahid U. Malik, Dr. G. D,
Tuli and Dr. R. D. Madan, 8. Chand Publication,

3. Organometallic Chemistry - R. C. Mehrotra and A. Singh - New Age

International Publication.
4. Chemistry for Degree Students - B, Sc. Third Year = by Dr. R. D. Madan- S

Chend Publication.
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5. Gencral lnorganiec Chemistry (Vol-11) = by Bidhan Chandra Roy and
Satvanarayan Das - NCBA
6. Miessler, G.; Tarr, D. A_, Inorganic Chemistry, 3rd Ed., Pearson Education

India
7. Cotton F. A. Chemical applications of group theory, 3" Ed. Interscience

{(Wiley), New York,
8, Gurdeep Raj. Group Theory & Symmetry in Chemistry, Krishna Prakashan

Media.
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Semester-VIl
MJC-15: Organic Chemistry: Spectroscopy (T)

After completion of the course, students will be ahle to understand: -

CO1: different types of electronic transitions in organic molecules.

CO2: the principles related to ultraviclet spectroscopy.

CO3: different types of vibrations in organic molecules and the principles relsled to
infrared spectroscapy.

CO4: the nuclear spin, shielding and deshielding efTects and

COS5: the principles of ESR spectroscopy.

the principles of NMR

Organic Spectroscopy
[(Theory: 4 eredits)

Unin

Topics io be covered

No, of

| Lectures

Ultraviolet (UV)Absorption Speclroscopy:
Origin and spectrum of electromagnetic radiations, absorption
and emission spectra, Lamberl- Beer's law, Lypes of clectronic
transitions, molar absorption coefficient, seleclion rules,
recording and analysis of UV spectra, chromophore, auxechrome,
bathochromic-, hypsochromic-, hyperchromic- and hypochromic-
shifts, Woodward.Fieser rules for calculaing Amp., UV specira
of conjugated enes and enonas.

i2

LP¥]

Infrared (IR)Absarption Spectroscopy:

Degree of freedom, Hooke's law, differcnt types of bend
vibrations in organic molecules, IR, near IR and far IR regions,
selection rules for IR spectroscopy, functional group
characteristic vibrations in [R, fingerprint region, faclors
affecting the position and intensity of IR bands, recording of IR
spectra, interpretation of [R spectrn of simple organic molecules,

i2

Nuoclear Magnetic Resonance (NMR) Spectroscopy:

Principle of MNuciear magnetic resonance i'H-NMR)
spectroscopy, shiciding and deshielding effects, chemical shift,
splitting of signals, spin-spin coupling and coupling constant,
aumber, position, arce and intensity of NMR signals,

interpretation of NMR specirs of simple organic malecules.

Electron Spin Resonance (ESR) Spectroscopy:

Introduction, principle of ESR spectroscopy, types of species
taken for investigation through ESR, relaxation processes, spin-
lattice relaxation, spin-spin relaxation, effect of relaxation time
on line width, presentation of ESR spectra, the g-factor,
hyperfine structure (electron spin and nuclear spin couplingl.
number nnd intensity of lines, ESR spectra of some simple
species (H, CHa, CiMs, Cela"), Applications of ESR

| speciroscopy.

TOTAL

48

Suggested Readings:

Ny e Ll el =
bt s =

Grepla,

e O W

=INbk

Organic Chemistry ~Maorrison and Boyd

Organic spectroscopy: Y.R. Sharma.

Organic spectroscopy -William Kemp (MacMillan)
Spectroscopy of Organic Compounds — .5, Kalsi.

Physical methods in inorganic chemistry - Russetl 5. Drago.
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Semester-VIII
MJC-16(T): Analytical Methods in Chemistry (T)

After completion of the course, students will be able to: -
CO1: understand accuracy and precision.
CO?2: develop methods of analysis for different samples independent|y
CO3: test contaminated water samples,
CO4: understand basic principle of instrument like Flame Photometer, UV-vis
spectrophotometer,
COS: learn separation of analytes by chromatography.
CO6: apply knowledge of geometrical isomers and keto-enol tautomers Lo analysis,
COT: determine composition of soil.
COB: estimate macronutrients using Flame photomelry.

MJC-16 (T): Analytical Methods in Chemistry
{Theory:4 credits)

m—

No, of
Leetures

1 Qualitative and Quantitative Aspects of Analysis: 12
sampling, evaluation of analytical data, errors, accuracy and
precision, methods of their expression,
Normal law of distribution of indeterminaie errors, statistical
hcnt of data, F, @ and ¢ test, rejection of data, and confidence
intervals.
ptical Methods of Analysis: ¥.
1V-Visible Spectrophotomelry:
asic prineiple of instrumentation (cholee of source,
anochromator and detectar) for single and double beam
nsirument, Transmittance, Absorbance,
asic principles of quantitative enalysis: Extimation of metlal
ons from agueous solution, geomefrical [somers, keto-cnol
automers,
lame Atomic Absorption and Emission Speclromelry:
asic principles of instrumentation (choice of source,
onochromator, detector, choice of flame and Burner
esigns), Techniques of atomization and sample jnrroduction,
cthod of background correction, sources of chemical
merferences gnd their method of removal, Techniques for the
pantitative estimation of trace level of metal jons Trom warer
amples.

3 Thermal Methods of Analysis: 2
heory of thermogravimelry (TG) ond basic principle of
nsgromentation  of  thermal  analyser, Techniques for
uantitative esgimation of Ca and Mg from their mixture,

Unit Topics to be covered

bl

12

lassification, principle and efficiency of the technigue,
cchanism of scperatjon; edsorption, partition & |on-
exchange, Development of chromatograms; fromtal, elution
wnd displacement methods.
mTOTAL ' [
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Suggested Readings:

1

2.

3.

4.

%%ﬁ@

=21\ i

Willard, H.H. (1988). lnstrumental Methods of Analysis, 7" Editlon,

Wardsworth Publishing Company.
Christian, G.D. (2004), Analytical Chemistry, 6 Edition, John Wiley &

Sons, New York.
Harris, D, C. (2007), Quantitative Chemical Analysis, 6™ Edition,

Freeman.
Khopkar, §.M. (2008), Basic Concepts of Analytical Chemistry,

New Age lnternational Publisher.
Skoog, D.A.; Holler F. 1., Nieman, T.A. (20053, Principles of
Instrumenta!l Analysis, Thomson Asia Pvi. Ltd.
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Svllabus for 4 Year Undergraduate Programme under CBCS System
s DOL FACULTY OF SCIENCE

SEMESTER-VII: MAJOR COURSE-14 (MJC-14)

Credits: Theory-05 Full Marks:ESE-70 + CLA-30 = 100

Ob

s To introduce fundamental of research process including problem identification.
hypothesis concept and to draw conclusien.

Learning outcome:

After completion of this course the students will be able o
« Develop the skill of contextualization of knowledge and critical thinking
s Choose appropriate methods of research gims and objectives.
» Apply cthical principle in research work.
o Understand the philosophy of research integrity and publication ethics,

MJC-XIV :Research Methodology

- (Credit: 5)
Unit Topies to be covered | No.of
Hours (50}
| | Fundamental of Research 1
.1 Philosophy, concept, aims, objectives, purpose and scope 04
of research. -
1.2 Types of Rescarch ; Descriptive vs Analytical,
Pure vs Applied, Conceptual vs Empirical, Qualitative vs
Quantitative,Scientific vsTechnical.
1.3 Good Laboratory Practices and safety measures, (2
2 Concept of Research Problem and Research Designing
2.1 Identifying the Research Problem: meaning; importance; 03
sources; selecting, stating and evaluating a research problem
22 Hypothesis: Designing and Testing 03
2.3 Experimental Rescarch and Design: Approximation of data, o

simulation and modelling | |
2 4Sampling: Types of sampling, Questionnaire and 03
ohservational methoeds of data collection, ‘
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3 Use of Tools and Technigues in Research I

3.1 Use of Search engines for reviewing of literature and data 02 |
retrieving(Google scholar, PubMed, ResearchCate and
ShodhGanga)

3.2 Use of Software: Microsoft Word, Microsoft Excel, 03

Latex, SPSS/R/MATLAR/SCILAB/EndNote

1.3 Basic Statistical Methods and Techniques: Descriptive

Statistics, Test of Significance, ANOVA, Regression Analysis.
1.4 Flectronic submission of paper in different joumnals, 03
Transferring big fles through software

03

4 Scientific Communication
4.1 Steps of Research Paper writing: Title, Abstract 04
and Keywords, Introduction, Material and Methods, Resulis ‘

and Discussion, Conclusion, Conflict of Interest,
Acknowledgment. Table and Graphs. Appendices. |

4.2 Research Proposal: Writing and Submission 03
4.3 Funding Agencies: BCST, UGC, CSIR, ICMR, DS, DBT, 0
ICAR
4 4Seminar/Confercnce/ Webinar presentation: Abstract writing 02
and oral (PPT)and poster presentation.
4.5)ournal: Types, Indexing, Concept of Impact factor and 02
Citation.
5 | Research Publication and Ethics
5.1 Ethical issues in Research 02
5.2 Plagiarism : Meaning, Types and Implications, Checking L
Software 02
5.3 IPR: Patent, Copyright and Trademark i
5.4 UGC guidelines on Research Ethics 01
. TOTAL 50
Recommended Books:

1. Rescarch Methodology- C.R. Kothari

7. Research Methodology :Methods & Technigque (2023) - VimalSagar, AGPH, Bhopal

3. Research Methodology for PhD Coursework (2023)- DN, Pandit, Hindustan Publishing
Corporation, New Delhi

4, Statistics: A modemn approach (2022) - D.N, Pandit, Hindustan Publishing

5, Fssays on Research Methodology (2015)-Hegde D.5. Springer

6. Research Methodology Step by Step Guide for Beginners (2019)-Kumar R. Sage
Publication.

7, Research Methodology for Science: Michael P. Marden Cambridge Univ. Press

8§  Fundamentals of Research Methodology and Statistics (2006): Singh Y.K. New Edge
Publication ["w.l
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