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] Scheme of Examination

I*T SEMESTER TOTAL MARKS: 600
Paper . Tille Durailion Max.
No. (Hrs.) Marks
101 Introduction io Polymer Science 3 100
102 Raw Matenals of Polymers 3 100
103 Chemisiry 1 3 100
104 Technical Writing and Communication in English 3 100
105 Praclical — Polymer1 6 100
106 Practical — Chemisiry | 6 160
I'® SEMESTER TOTAL MARKS: 700
Paper 0 Tilke i PDuration Max.
Na. " ) (Hrs.) Marks
201 Polymer Chemisiry = 3 100 -
202  Umil Opcrations 3 100
203 Chemistry 11 3 100
204  Applications of Computers in Chemisiry 3 100 .
> 205 Praclical — Polymer I Ty 6 100
206 Praclical — Chemistry 11 O 100
= 2077 Practical — Computers 6 100
1™ SEMESTER TOTAL MARKS: 700
Paper Title Duration Max.
No. {Hrs.) Marks
301  Polymer Rheolopy 3 100
302 Polymer Additives 3 100 .
303 Chemnistry 1 3 100
304 Physics 3 1010
305 Proclical - Polymer 1] b 100
336 Pracucal -- Chempstry L 6 100
307 Practical - Physics & 100
1V SEMESTER = TOTAL MARIKS: 500
Paper Title Lruraiion Mlax.
™. (Hrs.) Pelonrhs -
4001 Polymer Processing and dlold Desien i 14}
S0 Polymer Testing t | (H

05 Orgamizanonal Bebasaom E 00
S0 platheanes i 1430
S5 Macheal o Pelvines T th FHy




Y SEMESTER TOTAL MARKS: 601

Paper Tiile Duration Max, .
No. {Hrs.) Marks
501 Polymer Characterization . e 100

* 502 Polymer Degradation 3 100
503 Applied Polymer Science 3 100
304  Specilaty Polymers 3 100
505 Practical - Polymer V ) 100
506 Project Work ™ - 100

VI SEMESTER : TOTAL MARKS: 500

Paper Title Duration ~— “Max. -
No. (Flxs.) Marks

601  Polymer Blends and Composiles 3 106

602  Fiber Science and Rubber Technolopy 3 100

603  Polymeric Nanomaterials 3 100

604  Recycling and Waste Management 3 100

605  Prattical — Polymer VI & 100

Total 600

o
L

* Duration of project work is two to three nonths during the summer holidays between TV™ and
V™ semesters, Z

Tolal Mumber of Papers 124
Major Subject : 16
Minor Subjects : 06

Interdiseiplinary Subjects - 02
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(4 Lect./Weck)
{4 hrs. Lob"Weck) ==

{1 Tulorial/'Week) (Tolal credils -7}

Paper 101 Tniroduction lo Polymer Science

1.

Iniroduction and history of polymeric materials, classification of polymers.
Configuralion and conformalion of pelymers. Mature of molecular interaclion in
polymers, cummlative inleraclion, enfanglement, random chaip model and sms
end-lo-end dislance. Variovs stmetures of copolymers such as linear branched and
cross-linked copolymers and Lheir types.

Cryslal merphologies: extended chain ecrystals, chain folding, lamellae, anel
spherulites. Crystallization and cryslallmity, deieminatiun of meliing pont and
degree of crystallinity.

Properties of polymers {physical, lhermal, [low & mechanical properties).

- Glass Iransition temperature (7) and. measurement of Ty Factors aflecling the

plass transition lemperalure. WLF equation. -

Polymer solulion — solubility parameier, properiies of diluie solutions.

Nature and structure of polymers — slruchure-property relalionships. Molecular
weight of polymers ( Mn, M. elc), molecular weighl distribution and
delermination of molecular weighL

Practieal — Polymer I:

Heat delleclion temperalure, VICAT soltening point.
Measurement of glass Iransilion temperabore (Tg).
To determine the meling polni of crystalline polymers.
To check the solubility of 1he given polymenc sample in different solvents.
Delerrmnalion of moleenlar weight by solulion viscosiLy.
Delermination of molecular weighl by end group analysis.
Chemicol idenlification of polymers
o Insaturalion
o Testing of lunctional groups (asscciated wilh polymers)

Suggested Readimgs:

=

=

*

Plastics batertals by 3. AL Prydson, Duterworlh Hememane (19949),
. Polymer Science and Technology of Plastic and Rubber by . Ghosh, Tata

Slegrw Hill (1990),

- Polymer Science by Gowarthar Y0, New Age lulermationa] Publushers Lid,

(19863

Moleenlar Weieht Distribulion i Polymer by Lo, Peebles, Wiley Inlerscienve,

NOY {197}

Texthook of Polvimer Scicoee by Fred W Billimeyer, Shiley, Indha (2007)
Folvmer Orvstillization. by Schullz, American Chemical Secety (200013
Fulvimer Chemstes, by Seyvimoor BB and Chaeeaher, delareet Drelkos (2000

}'.r[_:l' £l oL




(4 Lecl./Week) =
{4 hrs. Lab/fWeck) _
(1 Tulerial’'Week) _ o : (Tolal credils -7)

Paper 102: Raw Materials of Polymers h

1. Oil, natural gas, coal: Capabilities and limitations.

7 General consideralion of petrochemicals, an overview of petroleum refining,
desalting, distillation, cracking and its types.

3. Preparation of important monomers: Formaldehyde, ethylene, vinyl acetate, vinyl
chloride, ethylene oxide and cthylene glycol, acrylonitrile, glycerol, toluene
diisocyanate, methyl methacrylate, 1soprene, phenol, styrene, terephthalic acid,
adipic acid. = :

4. MNatural rubber from latex: Collection, concentration and stabilization of latex.
Latex compounding: Vulcamizing agents, latex - compounding acids, wetting,
dispersing and emulsifyiog agenis, stabilizers, thickening agents, fillers & ather
additives. - ]

5 Manufacture of lalex products: Spreading, casting, dipping, lalex: thread, latex
coated coir and lalex foam.

Practical - Polymer 1:

_Tractional distillation of peircleum.

_Concentralion of lalex by various methods.

. Dipping process of manufacturng,

. Latex compounding,

Determination of composition of petrolenm product.

R R N

Sugpesied Readings:

|. Chemistry and Technology of Petroleum, by Speight, CRC Press (2006).

Latex Technology by D. Kumar and R. Chandra, Dhanpal Publisher (2001}
Modern Petrolenm Refining Processes, by B.K.B. Rao, Ox ford and IBH (2007).
| Introduction to Petrochemicals, by 5. Maiti: Oxford & 1B Publ. Co (1992).

5 Text ook on Petrochemicats, by B.KB. Rao, ¥ hanna Publishers (2007,

6. Dryden’s Outlines of Chemical Technojory by G, Rao, Allhaled East ¥uest

Press P Ltd. (1997). :
7 Hand buok of Rubber Technology by Smith and Martin, CBS Publishers (2007).

ld
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(4 Lect/Week) -

(4 hrs. Lab/Week) ' _

{1 Tulorial/Weck) _ (Total credits -7)
Paper 103: CHEMISTRY I S

Atomic Struciure, Bonding, General Organic Chemistry &
Alipbatic Hydrocarbons

Section A: Inorganic Chemistry-1 (30 Periods)

Unit 1. Atomic Structure: Recapitulation of: Bohr's theory and ity limiiations, dual
behaviour of matter and radiation, de-Broglie s relation, Heisenberg Uncertainty principle.
_Need of a new approach to Atomic structure. :

What is Quantim mechanics? Time mdependent Schrodinger equation (H ¥ = EW) and
meaning of various terms in it Significance of W and 3, Schrodinger equation for hydrogen
atom in Cartesian coordinates (x.y,2). Need of polar coordinates. transformation of Cartesian
" coordinates (x,y,z) into polar coordinates (r.0.p). Radial and angular parts of the hydogenic -
wave functions (atomic orbitals) and their variations for I's, 2, 2p, 3s, 3p and 3d orbitals.
(Only graphical representation), Radial and angular nodes and their significance. Radial
distribution functions and the concept of the most probable distances with special reference
1o 1s and 2s atomic orbitals, Significance of quantum numbers, orbital angular momentum
and quantum numbers me and me Shapes of s, p and d atomic orbitals, nodal planes.
Discovery of spin, 5pin quantum number (s) and magnetic Spin quantum number (ms).

Rules for filling electrons in various orbitals, Electronic configurations of the nloms. Stability
of half-filled and completely filled orbitals, concept of exchange encrgy. Relative energies of
atomic orbitals, Anomalous eleetronic configurations.

Unii 2. Chemical Bonding and Molecular Sirnctnre

lonic Bonding :General characteristics of ionic bonding. Energy considerations in ionic
bonding, lattice energy and solvation encrgy and their importance in the contex! of siabili ly
and solubility of ionic compounds. Statement of Bomn-Lande cquation for calculation of
lattice energy, Bom-Haber cycle and its applications. polanizing power and polarizability
Fajan’s rules, ionie character in covalent compounds, bond momenl, dipole moment and
percentage wonic clhiuractyr, ;

Covalent bonding 15 Approach Shapes of some inorganic molecules and ions on the basis
oF VSEPR and hybridization with sitable examples of linear, trigonal planar, square planar,
tetrahedral, trigonal bipyromidal o octahedral arrangements. Concept of resonance and
FeSOnAlng SIICtures in virious mnerganic and organic compounds. MO Approach - Rules [
the LCAD method, bonding and antibonding MOs and their characteristios fo ¢ -5, S itned p-
p combinaltion of momic orhitals nan- bonding combination of orbifals MO treatment of
homonuclear diatomic maleeules ol Ist and 2nd periods (ineluding idea of s-p i) and
heteronuclear diotomic molecyles such as €0, NO jnd MO Companson of VB and MO
approaches.

Section B: Orpanic ( drentistri=1 (30 Periods)

Unit 3. Fundamentuls of Chrpanie Chemistry

Physical Effects, Electome Displacements: Induetive Elfect. Eleciromene Elleer. Resommnte
ind Hy perconjugation. € lugy ate o Bomds: Homolvais and Hererolvsis Struc e shilpes ol
reachiviy ol arsamc muolveiles: Ni leaphites o clectiophiles

Mg 8 o] |
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Reactive Intermediates: Carbocations, Carbanions free radicals, Strength of organic acids and
bases: Comparative study with emphasis on factors affecting pK wvalues, Aromaticity:
Benzenoids and Huckel’s rule.

Unit 4. Stereochemistry '

Conformations w.r.t. ethane, butane and cyclohexane. Interconyersion of Wedge Formula,
Newman, Sawhorse and Fischer representations. Concept of chirality (upto two carbon
atoms).  Confignration: Geometrical  and Optical  isomerism; Enantiomerism,
Diastereomerism and Meso compounds) . Threo and erythro; D and L; eis - trans
nomenclature; CIP Rules: R/ S (for upto 2 chiral carbon atoms) and E / Z Nomenclature (for
upto two C=C systems).

Unit 5. Aliphatie Hydrocarbons _

Functional group approach for the following reactions (preparations & reactions) to be
studied in confext to their structure. Alkanes: (Upto 5 Carbons). Preparation: Catalytic
hydrogenation, Wurtz reaction, Kolbe's synthesis; from Grignard reagent.

AReactions: Free radical Substitution: Halogenation.” E

Alkenes: (Upto 5 Carbons) Preparation: Elimination reactions: Dehydration of alkenes and
dehydrohalogenation of alkyl halides (Saytzeff's rule); cis alkenes (Partial catalytic
hydrogenation) and trans alkenes (Birch reduction). Reactions: cisaddition (alk. KMnO4) and
trans-addition  (bromine), Addition of HX (Markownikoff's and anti-Markownikotfs
addition). Hydration, Ozonolysis, oxymecuration-demercuration, hydroboration-oxidation.,
Allkynes: ( Upto 5 Carbons) Preparation: Acetylene from CaCs and conversion into

higher alkynes; by dehalogenation of tetra halices, dehydrohalooenalion of viei maldihatides,
Reactions: formation of metal acefylides, addition of bromine und alkalipe Kivin(l,
ozonolysis and oxidation with hot alk. KMnDa,

PRACTICALS: CHEMISTRYY i

Seclion A: Inorsanic Chemisiry - Volurnetrie Analysis

I. Estimation of sodjum carbenate and sodinm hydrogen carbonate present in a
ML LLIE,

2. Estimation of oxalic acid by tteating it with KinOs.

5. Estimation of water of erystallization in Mohr's sal| by litraling wilh KhMnQ,

4. Estimation of Fe(I1) iong by titrating it with KaCrOswsing internal indicatar.,

5. Estimation of Cu(11) ions rodometrically using NaiS:0n,

Seclion B: Organie Cheanistey

L. Detection of extra elements (N5, CLBrI) in orgnnic compuunds {condaming uplo
two exlen elements)

2. Separation of mixtures by Chromamography: Measure the Ry vine in cach cose
(combination of two ¢ nipounils o be given)
{a) Idenuly and separate the components ol @ mven mixaure of 2 g weids
(glycine, asparlic acid. glwamic acid, 1yrosine ov arey ather umine acidy by
Paper chromatographn
{b) Tdentify and sepirate the sugars present i (e PIVeR nuxluie by e
chromutography

i TETERLY TR e




Sugpesied Readings:

- 1. D.Lee : 4 new Concive Inorganic Chemisiry, EL. B_§, =

F. A. Collon & G. Wilkinson - Basic Jnorganic Chemisiry, John Wiley.

Donglas, McDaniel atid Alexader : Concepls and Models in Jnorganie Chemisiry,

John Wiley.

4. James E. Huheey, Etlen Keiter and Richard Keiter : Inorpganic Chemistry:
Principles of Structure and Reactivity, Pearson Peblicalion.

5. T. W. Graham Solomen ;| Organic Chemistry, John Wiley and Sons.

6. Peler Sykes: A Guide Book to Mechanism in Organic Chemistry, Onent
Lonpman.

1. E. U_Eliel : Srereochemistry of Corbon Compounds, Tata McGraw Hill.

8. L L. Finar: Organic Chemisiry (Vol. 1 &11), E.L. B 8.

9. R. T IMomison & R. N Bovd : Organic Chemisiry, Prenlice Hall.

10. Arun Bahl and B. S. Bahl : dcvanced Organic Chemistry, . Chand

11. Vogel's Cmalilalive [norganic Apalysis, A.). Vogel , Prentice Hall ,7n Edition.

12. Vopel's Quaniilalive Chemical Analysis, A1, Vogel , Prentice Hall ,6m Edition.

I3, Texibook of Practical Orgenic Chemistry, A.1. Vogel , Prentice Hall; Snedition.

14. Pmchical Orpanic Chemisiry, Mann F. G. & Savnders B. C, Ontenl Longman,
1960, =y,

Al
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(4 Lect.fWeek)
(1 Tutorial/Week) (Tolal credils -5)

PAPER 104: TECHNICAL WRITING AND COMMUNICATION
2 IN ENGLISH

Umti1l

Communication: Language and communication, differences between speech and writing,
distinct features of speech, distinct features of wriling,

Unil 2

Writing  Skills; Seclection of topic, thesis statement, developing the 1hesis; introductory,
developmental, transitional and concluding paragraphs, linguistic unity, coherence and
~cohesion, descriplive, narrative, expository and argumentalive wrifing. ' 3

Unil 3 o

Techmeal Wriling: Scientifie and lechnical subjects; (ormal and informal writngs;, formal
wrilings/reporls, handbooks, mamuals, “letters. memorandum. notiess, 2genda, minures;
COmMIMOn.errors 1o be avouded,

Suggested Readinps:
a

1. M. Trank. Writing 73 thinking: A gwiced process approach, Englewood Ol
Prentice Hall Reagems.

2. L. Hamp-Lyons and B. Heascly: Study Writing; A course i written English. For
academic and professional purposes, Cambridue Univ. Press,

3. R.Quirk, S. Greenbaum, G. Leech and J. Svarhik: A comprehensive prammar of the
English langnage, Lengman, London.

4. Daiel G. Riordan & Steven A, Panley: “Techniced Report Weiting Today ™ -
Bizlaantra. '

5. Daniel G. Riordan, Sieven E, Fauley, Bizwantra: Technical Report Weiting § toedenyy,
8th Edilion (2004). '

6. Comtemporary Bisiness Conmumivation, Seol Ober, Miztantia, St Edilion {200-1).

Page 14 al o)
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(4 Leel./Week)
(4 hrs. Lab/Week)

(1 Tetorial/Week) ' {Total crediis -7)

Paper 201: Polymer Chemisiry

1.
2.

v

Criteria for polymer synthesis. Classification of polymerization PIOCESSES,

Basic methods of polymerizalion and Iheir mechanism: Addition, condensation,
mass (bulk), suspension, emulsion and solution processes.

Concepl of functionality, Carcther's equalion and its applications in
polymernsation reactions. Polymer formation by step growth polymerizalion and
chain growih polymenzalion and their kinelics. Mayo's equalion, cage elfect,
auta-acceleralion, Inkibillon and rcnrd'llmn Kinctics of copolymerizalion
Zeigler-Naila calalysts.

Bricf introduciion 16 the pr::pﬂnlmn slricture, properties and applications of (he
following polymers:

a} Polyolefins (PE,PP)

b} -Polystyrene and 1s copolymers :

¢j Poly(viny! chloride) and relaled polymers

d) Poly{vinyl acclate) and relaled polymers
-¢)  Acrylie polymers

) Fluoropolymers

g} Aliphate polyamides

h)" Unsatwraled polyester resins

1) Phenol formaldehyde resing

1} Polymers Irom amines

k) Polyurethanes

) Silicoues

m) Epoxides

3

Practical - Polymer IE:

Preparation of thermosctling resing.

Suspension polymerisation of siyrene/MMA.

Ermulsion polymerisation of viny! acetate, butyl nerylate.

Dulk and solution polymersation of methyl methacrylalefstyrene,
Preparation and testing of epoxy resins.

LCopulymenisation of siyrene & MMA and determinmion of waclivily ratios.
Preparation ol pelyvinygl alcohol,

P'reparalion of polyvinyl bulyral,

SngpestedtReadings:

|od =

Principles of Palymerization, by GOdian, Wilsy — [nlerscienes 11957

- Phashics Materials by ToA Brydson, Dublerwnrsh-leinean 1906

Principles of Pulyvoer Chemisiry by 100, Floy, Askm Books Privare Limined
SR NTATER]

Crepamie Chemstiy of Synthelic High Poalviners, B Robers W T eng,
Literscience Pubilisher r1967,

v Polvmier Chiernsies s By Sevmoor KB and Curesher dlacee] Dekber 0000

Pove 15w




(4 Lect/Week)
{4 hrs. Lab/Week)
(1 Twtorial/Week) (Tolal credits -7)

Paper 202; Unil Operations

l. Industrial stoichicinetry — material balance of physical and chemical pIocesses,
energy balance.

2. Velocity distribution in flow system, inlerface Fansporl, microscopic and

, macroscopic balances.

3. Energy transport in non isothermal systems.

4 Flow of fluids in pipes —Bemoulli’s equation and calculations for pipe size and
pressure drop, flow measiring instruments, various types of pumps.

5. Mechanical operations —size reduttion and its equipment, filtration and types of —
fillers. '

6. Heal ransfer — conduction, conveclion, radialion, heal exchangers,

1. Mass transfer — diffusion and its, mechanism, gas absorplion, various types of
distillation, drying. ;

Practical - Polymer IT;

I. Handling of jaw crusher, ball mill for crushing and grinding.
2. Distillation of¥various mixures. )

3. Difinsion experimdrils.

4. Filtration of solids from slurry.

5. Caiculalion of pressure drop and pipe size.

Suggested Readings:

1. Unil Operations in Chemical Engg. by Mecabe, Smith and Harrioll, Mcgraw-
hill Professional {2004),

2. Unil Operations in Chemical Eng. {(Vol 1&2} by P. Chattopadhaya, Khanpa
Publishers {2003).

3. Chemical Engg, (Vol. | 10 6} by Coulsan and Richardson, Elsevier {2010).

4. Heal and Mass Transfer by D. 8. Kumar, § K Katarin & Sons Delh {2009).

5- Inlroduction 1o Chernical Engg. by Ty, Danehero, Megraw-hill Professional
{1995),

6. Solved Example in Clemical Fngg. by 6. K. Rao, Khanna Publishers {20023,
7. Mass Transler Operation by Treybal, Tato Mlegraw FHIL{2001).

Hnwe Lk eli=h]



{4 Lecl/Week)
{4 brs. Lab/Wcek)

(1 Tulorinl/Weck) (Tolal credits -7)

Paper 203: Chemistry 1I:

Thermodynamics, Equilibria & Funciional Group Organic
Chemistry

Section A: Physieal Chemisiry-I (30 Lectures)
Unit }. Chemical Thermodynamies
What 15 thermodynamics? Slaic of a syslem, slole vanubles, intensive and cxtensive

variables, concepl of heatand work; thermodynamic equilibrivum, termodynamic properics;

vaoous rypes of systems and processes. First Law ol Ihermodynamics. Caleulation of work
{w}, heot (g), changes in imternal.encrpy (7U) awd eothalpy (24) lor expansion or compression
of idcal gases under isothermal and adiabatic conditiens for both reversible and irreversible
processes. Caleulalton ol i, A and 2H for processes Tivolving changes in physical sates. -

Important prmc;plcs and deliniiions of thermochemisiry, oncept of slandard stale and
standard enthalpics of lormations, integral and differential enthalpies of solulion and dilution.
Caleulation of bond energy, bond dissociation energy and ' resonance cnergy (rom

‘lhermecheinical data. Variation ol enthalpy of a reaction wilth lemperalure — Kirchholl™s

equalion, .
Various stalements of Sceond Law® ol thenmodynamics, concept of emropy, Gibbs [ree
cnergy and Helmboliz energy, Caleulations of eniropy change and ree cnergy change for
reversible and irreversible processes under isothermal and adinbaue conditions. Criwenia of
spontangily. Gibbs — Fletmholtz equation. Maxwell’s relations. Statement of Third Law of
thermodynamies and calculation of absolule enfropics ol substances.

Unit 2. Clremical Equilibrivm

Free encrgy change in a chenneal reaclion, Thermodyamic decivation ol the v of chemical
equilibriun. Distineiion between %5 and %y, Le Chalelicr's principle. Relalionships belween
Kp, Keoud & lor reactions invalving ideal sases.

Unil X lonie Eauilibria

strong, moderale amd weak clecirolytes, dearee ol wnizaden, Telors alTecling degree of
ionizalion, 1wnization constant and fonic product of water. tenization ol weak acids and bases,
pH scale, conmmon fon effect, Salt virolysis-calenlation ot hydrolysis constanl, degree of
hydiolyses and pH for diltereat sals, Puffer salations. Salubility and solubiliny prodact ol
sparin ey soluble salis — apphicanions of solubilily preduct prinaple,

Jectfon B Chepanie Chemistrr-2 (0 Lectoros)

Funchional wrowp approach Tor the Tollowing roacthions {preparnons & reaclioms) (v be
siuched 1 contest o their glraeiine =

il Arvomatic hydrocarbons

Preporation {Case benzened Trom phenol, by decarbasylaian, from acelylene, loom henzene
sulphome acid .
Reactnnss - AUnse benecoe) © Elechoplalic subshiotion. soration, halocenanen and
sulphomanon Frwedel-Crulils reanction falkvtanon and acylatieny (Upla 0 sanbons o
Beraene L S clion ecaciion ol skl beneenes (0 g <D carbaons om beeene)

It = Ak T dey | ey
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Alkyl Halides (Upto 5 Carbons) Types of Nucleophilic Substitution (SN2, SMi and SNi)
reactions. Preparation: from alkenes and alcohols.

Reactions: hydmolysis, nilrite & nirre formation, nitdle & iso-nilrtle [ormation, Williamson's
ether synthesis: Eliminalion vs sebstitnlion,

Aryl Halides Preporation: (Chloro, bromo and iodo-behzene ¢ase): from phenol, Sandmeyer
& Gattermann reactions. Reactions (Chloroienzene): Aromalic muclecphilic substitulion
(replacement by —OH group) and effect of nilro snbs(ifuent. Benzyne Mechanism:
KNHz/NHs (or NaNH2/NHs). Reactivity and Relative strength of C-Halogen bond in alkyl,
allyl, benzyl, vinyl and aryl halides.

Unit 6. Alcohols, Phenols and Ethers (Upto 5 Carbons)

Aleohols: Preparation: Preparation of 1 3 alcohols: using Grignard reagent, Ester hydrolysis,
Reduction of aldehydcs, kelones, carboxylic acid and eslers.

Reactions: Wilh sodium, M3 (Lucas lest), esteriflcation, oxidation (with PCC, alk. KMnOa,
acid. dichromatd, con, HNOs). Oppencauer oxidation e
Diels: {Upta 6 Carbons) exidatiorn of diols. Pinncol-Pinacolone rearrangement.

Phenols: (Phenol case} Preparation: Camenc hydroperoxide method, from diazonivm salls.
Reactions: Electrophilic substitution: Nitration, halogenation and sulphonation. Reimer -
Tiemann Reaction, Galtermann-Koth Reac ion, Houben — Hoesch Condensation, Schotten — )
Baumann Reaction '

Ethers {aliphatic and sromaiic): Cleavage of cihers with 1.

Unit 7. Aldehydss and kelones (aliphatic and aromalic): (Formaldehye, acctaldehyde |
acelone and benzaldelyde) Preparation: from acid chlorides and from nilviles. Reaciions —
Reaction with HCN, ROH, NaHS0s, NHz-G derivatives. Todolorm test Aldol Conduensation,
Cannizzaro’s reaclion, Witliy reaction, Benzoin condensalion, Clemensen reduciion and
Wollf Kishner reduction. Meenvein-PondorT Verley reduction.

Praclical:

Seclion A: Physical Chemisiry

Thermochemislry

I. Determination of heat capacity of calorimeter for difterent volumes.

2. Determination of enthalpy of neutralization of hydrochloric acid with
sodium hydroxide.

3. Delermination of enthalpy of ionization of acelic acid.

4. Determination of mtegral enthalpy of solution of salts (KNOs, INHaCl).
5. Determination of enthalpy of hydration of copper sulphate.

6. Study of the solubility of benzoie acid in water and determination af AH.

Seclion B: Organie Chenisiry

I} Purification of ergane compamds by erysadlization (From water aind aleohol) ikl
disnllation.

2) Critenio of purity: Determinmion of mebting Bunting pamis,

Suggesled Readinos:

LT W Gl Soloanuons Chriomme O hwewnsre e Sods Wider ool S

2 Parer Sykes o Grede Bk to Mechenisn i 0 v | fiennsiry, Oienl
Lo,

LLL o Crganie Chemiin Vol T TTLE 113 s

AR Muoison & BN Bovd e Clremsevter. Dieatice Hall

o Arm Bahlbamd BoS B0 tehaced Ermaire ¢ Doty S il
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6. Barow, G. M. Physical Chemisiry Tala McGraw-Hill (2007).

7. Castellan, G. W. Physical Chemistry dih Ed. Narosa (2004).

8. Koiz, J. C., Treichel, P. M. & Townsend, J. R. General Chemisiry Cengage

Lening India PyL. Lid.: New Delhi (20097 :
9. Mahan, B, H. University Chepristry 3rd Ed, Narosa (1598).

10. Petrucei, R. H. (1985) General Chemistry 5th Ed. Macmillan Publishing Co.:

11. New York (1985).

12. Texibook of Practical Organic Chemislry, AL Vogel, Prentice Hall, 5°
edition

13. Practical Organic Chemistry, Mapn F. G. & Saunders B. C, Onent Longman,
1960, .

14. Senior Practical Physical Chemistry, B.D.Khosla, R. Chand & Ce.

&Y

{ Feet/Week)
o s LabiWWeek)

e VE ol b
L




(1 Tutorial/'Week) (Tolal credils -7)

—

— Paper 204: Applications of Computers in Cheémistry

Theory:
Compuler basics: PC hardware, operaring syslems, data slorage and backup, networks,
information 1echnology. Basic operalions using windows. )
Compuler programming: Conslanis, variables, hils, bytes, binary and ASCI formats,
arithmelic expressions, hierarchy of operations, inbuill fnetions. Elements of the BASIC
! languape. BASIC keywords and commands. Logical and relative aperalers. Strings and
graphics. Compiled versus inlerpreted languages. Debugoing. Simple programs using
these concepls, Matrix addition and multiplicalion. Stalistical analysis.

Praclienl:

k. Word processing: Incorporaling chemical slructures into word processing
. “documnents, presentalion graphics. on-line publication {(www/himl), multimedia
anpmalions. cle.- i
2, Handling numerie daia; spreadsheet soltwvare (Excel), simple caleulalions.
slalistical analysis, plotting grophs using a spreadsheet (radial distribulion curves
for hydrogenic erbilals, gas kinctic theory, spectral data), graphical solution of
cqualions, solving equations numerically (e.p. pH of a weak acid 1gnoring/ ol
ignoring ihe ionizalion of waer. volume of a van der Waals gas. cquilibrinm.
conslant expressions).
- o Numeric modelling. numerical curve fiting, numerical dilferenliation {e.g.
handling dalz from polentiomelric litralions). integralion {e.2. enlropy/enthalpy
change Irom heal capacily dola). Numerical sotution of diflferendial erualions (s.e.
kinetics),
2 BASIC programs for numerical ditferentiniion and negration, nding Tools
(quadratic formula. iteralive. Newton-Raphson method), numerical solution of
diflcrential cguations.

3. Computational chemistry: Visunlizzation o 30 structores, ealeulation ol molecular
structares and preperfics (e.g., conliemational cocraics ot butane, rotdlion of 1.3-
butilicne. distribuiion of ispmers. encrgies of orhilals and 1ol coerpy as o
funclion of bond angle Tor [L0. Dicls-Adder ceneliony,

. Chemical information on e web, Chenical ubstracts. Struciures and Propertics,

Newes Solbwire: Microsolt O, ChomOl ey
These are represestoiive progecis The simdenis aomg B erceeed oo cpfore afher
projects and prepore a preseitadion hosed on s proepec Inierial assessniend e e

feisedd Dp thie Pt

sngpested Reawdines:
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B.S¢, (Hons.) Polymer Science

Paper.: 204

Application of computers in chemistry:

Suggested Readinps:

1. Computer Fundamentals . by P.K.Sinha , [Vedition ,BPH Publications,
2.Fundamental of Computers by V. Rajaraman, 1V edition ,PHI Publications,

3.Letus C by Yashwant Kanetkar . [1] edition . Bpb Publications
4. Programing in ANSI , by E.Balgurswami, 1V edition , Tata- McGraw Hill Pyt -Ltd



{1 Lecl/Week)
{d hes, [ab/Week)

111 SEMESTER




(I Tutorial/Week) _ (Tolal credits -7}

Paper 302: Polymer Rhenlogy

1. Viscosily and polymer processing, other rtheological properties of flwids, shear
stresses in polymer systems, non-Newlonian flow, praclical melt viscosities, flow
n channels, simple shear Mlow, melt-llow index.

2. Types of Huids and theological models, lechniques [or theological measurements
by capillary, parallel plaie and cone & plole viscomelers. Simple elongational
flow and ils significance. Dynamic flow behavior, Iime dependent flnid TeSpPONSES.

3. The elastic and viscoelaslic slate of peiymers — viscoclaslicily - relationships of
various approaches laker in descnibing the viscous and elaslic properiies,
Maxwell medel and Veigt model, Bollzmann superposition principles, dynamic
mechztical testing. '

4. Mixing: Types of mixing, concept and importance of masler batches. Mixing of
additives with the pelymers, mell éompounding and calendaging.

5. Types of mixers: High speed mixer, two roll mill, interal barch mixers {Banbury,
Haake}, sinplc screw & (win screw exiruders, flow mechanisin, analysis of How
(drap, pressure and leak Mow). :

Practieal - Polymer 111:

- Delerminalion of mell Now index.

- Delerminalion of intrinsic viscosily by Ubbelohde viscomeler.

- Mell thicolugical properties by rheometers.

- Measurement of resin/paint viscosity by Ford cup 4.

5. Measurement ol viscosity by Brooklicld Viscomeler,

6. Compounding of polymers in the inlemal mixer and measure the Lorgue.

e el fd —

Sugeested Readings:

1. Introduetion o Polymer Viscoelasticily by John J. Aklonis and W, J.
tvlacknight, Tohn Wiley & Sons (2005},

2. Polymer Scienee and Technology of Plastic and Rubber by P. Ghosh, Tala
Megraw FOil {]990),

3. Fundamentad Priociples of Polymernic Malerals by Stephen L. Rosen, Wiley-
mlerscience (10973,

d Fundamentals of Polyer Processing by Stamtey and Middlomann, MeGraw-
Hill Collepe (1977).

5. Mell Rheolopy aad Hs Roll in Plastic Processing by John Dealxy and Kun T
Wissbrony, Elnwer Acadoimie (1999,

b Applivd Rlicology in Polymer Processing, by IV 7, Gupta, Asion Taoks (2004,

e 20l -1



{4 Lect/Week)
{4 hrs. Lab/Week) 3

(1 TuloriaWeek) (Tolal eredils -7)

Paper 302: Polymer Addilives

l.  Imponance of addilives and their seleetion crileria for commercial polymers.
2. Additives for plastics and their mechanism of fanclion:
a) Stabilizers
b) Fillers
c) Plaslicizers
d) Lubncanis
&) Flane relardants
= [ Foaming agenls
L) Cross linking agenis
h) Moelal deaclivators

Lia .

- Additives lor mbbers and their mechanism of fonction:
a) Vuleanizing agenis and relardanis
b) Aceelerators
c) Activators
d} Tillers
g} Solicners
) Colors and pigincots
a3 Tackyling apenls
h} Blowing agents
i) Surface property modifers

3. Nlusiration of few formulations and their compounding procedures.
Praciieal - Polymer [[1:

Determination of pravity ol [ilers.

Delermination of bulk density of (iliers.
Delenmination ol pure size and nel size of [illers,
Determinmion ol heal stability of heal stabilizers.
Flash point determinalion of plasticizer.

. ldenuleation of addilives.

L o S o)

Smgpesied Readings:

L. Polymer medstiers and additives. by Lotz Marcel Dekker (2001).

2. Chemistry and Technalogy of Polymer Additives, by Al- Malaika, Vlsevier
Applied Scicnce {1999

3 Plaste matenals, by 1 Brvdson, Botlersworth-lieinemam {19997

1o Handbook o Rubber Technohoay, by dlartin ool Sinithe Chs Publisher 20075,

3. Pulviner Seience wd Techoolieys Plasne, Robber lends and Composiles,
PGl Tat Mogeaw P rees
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(4 Leet./Week)
(4 hrs. Lab/Wegk)
(1 Tutorial/Week) (Total credils -7)

Paper 303 - Chemistry T11:

Solutjons, Conductance, Electrochemistry and Funectional Group Chemistry

Seciion A: Physical Chemisiry-2 (30 Lectuares)

Unil 1. Solutions

Thermodynamics of ideal solutions: Ideal solulions and Raou)t’s law, deviations from
Raoult’s Jaw — non-ideal solutions. Vapor pressure-composition and temperature
“composition curves of ideal and non-1deal solutions. Distillation of solutions. Lever rule.
Azeotropes. '

Partial miscibility of | iquids: Critieal solution lemperature; éffect of impurity on partial
miscibility of liquids. | mmiscibility of liquids, Principle of steam distillation. Nernst
distribution law and its applications, solvent extraction, - :

Unit 2. Phase Equilibrinm ! . ;

Phases, components and degrees of freedom of a system, enteria, of phase equilibrium.
Gibbs Phase Rule and its thermodynamic derivation. Derivation of Clausius — € lapeyron
cquation and its importance in phase equilibria. Phase diagrams

of one-component systems (water and sulphur) and two component systems involving

cuteelics, congruent and incongruent melting points (lead-silver, FeCI3-H20 and Na-K
enly).

Unit 3. Conductanee

Conductivity, equivalent and molar conductivity and their vadation with dilution for
weak and strong electrolytes. Kohlrausch law of independent migration of jons.
Transference number and e experimental. determination using Hittorf and Mowving
boundary methods. Tonic mobility. Applications of conductance measurements:
determination of degree of onizalion of weak electrolyte, solubility and solubi lity
products of sparingly soluble salts, ionic product of water, hydrolysis constant of a salt.
Conductometric titrations {only acid-base).

Unit 4, Flecirochemistry

Reversible and irreversible cells, Concept of EMF of a cell, Measurement of EMF of a
cell. Nemst equation and its importance. Types ol electrodes. standard electrode
potentral. Electrochemical series. Thermodynamices of a reversible cell, calenlation of
thermodvnamic properties: AG. AH and AS from EME data, Caleulation of equilibrivm
constant from EMF data. Concentration cells with transference and witlout transference,
Liguid junction potential and sal bridge. pl determination using hydrogen electrode and
quinhvdrone elecirode. Polentiomelric litrations -qualitative (reatment (acig-base and
oxidation-reduction oty )

Section B: Oreanic (€ hemistry-3 (30 Leetnres)

Functiongl eroupapprogeh o e foHowine reactions (preparations & reactions) w

be studied in context 1o their struehie

Vinit 5. Carboxylic acids and 1heir derivatives

Carbosy e aeids taliphatic and aromatie) Prepevation. Audic Athatine
Bydrolysis of Esters. Rewerions 11 IE Nahlard - Zelinskv Keaction




Carboxylie acid derivalives {aliphatic): (Uplo 5 carbons} Preparation: Acid chlorides,
Anhydrides, Eslers and Amides from acids and their inter-conversion. Reactions:

Comparalive study of nucleophilicity of acyl derivatives. Reformalsky R Renchon Perkin
condensalion.

Unit 6. Active methylence compounds;
Preparation : Claisen ester condensation. Kelo-enol lantomerisit Reactions: Synthelic
uses of clhyl acetoacelale (preparation of non-heiero molecules having up to & carbon).

Uaii 7. Amines and Diazonium Salts

Amines (Alipbatic and Aromatic): (Uplo 5 carbons)

Preparation: Irom alkyl halides, Gabriel’s Phihalimide synthesis, Hofmann Bromamide
reaclion. Reactions: Holmann Vs SayizefT elimination, Carbylamine lest, Hinsberg lest,
“with HNO;, Sthotten — Baumann 'Reaclion. Elecirophilic substitulion (chse aniling):
nitralion, bromination, sulphonation.

Diazeninm salts: Preparation: rom aromatic' amines. Reactions: conversion lo benzene,
phe;nﬂ]_ d}'es.

Unit 8. Corbohydrales: Classilicalion, and General Properties, Glucose and Fruclose
(open chain and cyclic struciure), Determination of configuralion of monosaccharides,
absolule configuralion of Glucose and Fruclose, Mularclation, ascending and descending
in monosaecharides. Struciure of disacharrides {sucrose, cellobiose, maltose, laclose) and
polysacharrides (starch and cellulpse) excluding heir struciure elucidation.

Practical:

Seclion A: Physical Chemistry

1_ pH measuremenls

n} Measurement of pH of different solutions, like acraled drinks, [ruil juices, shampoos
am soaps {use dilule solutions of soaps and shampoos to prevent damage 1o Lhe glass
¢leelrode) vsing pH-meter.

b} Preparation of bulier solultons:

(1} Sodium acelate-acelic acid

(1) Ammonium chloride-ammonium hydroxide

Measurcment of the pH of buller soluwions and comparisen of the values wilh theoretical
values.

2. Pistrilation
Study ol the cquilibrium ot one of the lollowing reactions by the distribution method:

Seeton B Orpanie Chomisiey
Preparations: Muechanizm of various reactions invelved 1o be discussedl,

Recrysiallisation. detenmination ol melling point and ealenlalion of quantitative vickls to
be done,

() Nilranan ol Nivohenzene

(bPPreparation ol carboxy lic aeid by alkaling vdrolysis of cslerfamide,
{e) Oxubtion ob aleoholfaldehvdestydrocarbons w carbioss e aeid

{d) Osizone Irom slocese/ frclose

fo) Anudes aned amlhides, Team conboxy e acrd

I Prepavinon ol nethad orange,

Page 23 ol ]




Suggested Readings:

1. Barrow, G. M. Physical Chemistry Tala McGraw-Hill (2007).
2. Castellan, G. W, Physical Chemisiry 4th Ed. Narosa (2004).
3.Kolz, J. C., Treichel, P. M. & Townsend, J. R. General Chemistry Cengapge Leaming
India Pyt. Lid.: New Dethi (2009).

4, Maban, B. H. University Chemistry 3rd Ed. Narasa (1998).

5.Pcirucei, R. H. (1985) General Chemistry 51h Ed. Macmillan Publishing Co.: New
York (1985),

6. T. W. Grabam Soloemon’s :Organic Chemisiry, John Wiley and Sens.

7. R. T. Momson & R. N. Boyd :Organic Chemistry, Prentice Hall.

8. 1. I. Inar :Organic Chemistry (Vol. I& [I)JE. L. B. 8.

9. Jermy March :4dvanced srgonic Chemisiry, John Wiley & Sons

10. Peler Sykes 4 Guide Book to Mechanism in Organic Chemisiry, Opent Longman.

11 Armun Bahl and B. 8, Bahl : Advanced Organic Chemistry, S. Chand

12. Textbook of Praclical Orpanic Chemistry, A.l. VYogel , Prentice Hall, 5th edition.

13. Practical Creanic Chemistry, Mann F. G. & Saunders B. C, Omzenl Longman, 1960,
14. Senior Praclical Physical Chemisiry, B.D Khosla, R. Chand & Co.

e T ol <



{4 Lecl/Week)
{4 hrs_ LabfWeck)

(1 Tulorial/Weck) ' (Tolal credils -7)

Paper 304: Physics

Elecirosiatics: Electric field, polentinl due to a charge distribution and due 1o a di pole,
electrical potenlial energy, flux, Gauss's law, electric field in a dielectric, polanizalion,
energy stored 1n an elecirc feld.

Magnelism: Magnetic ficld due 1o a curtent-carrying  conduclor, Biol Savart law,
magnelic force on a current, Lorentz force, cleclromagnetic induclion, T.enz's law,
magnetic properties of matter, para- dia- and ferromagnetism, spinning of a magnetic
dipole in an external magnetic field.

Fundamenla] laws of clectromagneiism: Modificalion ‘of Ampere’s law, cquation of
coplimily and displacement enment, Maxwell's equalions, wave eqvalion and ity plane
wave solution, nature of clecoromagnelic waves, tranversalily and  palardzation.
propagaraticn of eleciromagnetic plane waves in dicleetric media,

Fleelronies: Holl-wave, foll-wave and bridge rectifiers, ripple facior. rectification
) = efliciency, fillers fseries in induclor, shunt capacilalor, LC and = seclions), voltage
© __regulations, Joad regulation, Zener diode as voltage regulator. Characieristic curves of
hipolar trmsislors, stiic and dynamic load tine, brasing (ixed and self) of ransistor
cireuil, thermal inslahility of bias, the black box idea o[ CLE, CB and CC iransistor circuils
as two-por!t network. small signal aclive oulput, hybrid mede] of a CL transislor circuil,
amalysis of a small signal amplifier: its vollage and current goins, negative and positive
leedback, Barkhausen’s crilerion lor seif-sustaining oscillations, LC and phase shilt
oscillalors.

Dighal electranics: Number systems (binary, BCD, octal and hexadecimal), s and 2%
complements. Logic gutes, AND, OR, NAND, NOR, XOR and NXOR. Boolean alpehra

(Boolean laws and simple capresstons)y, binary adders, hal adder, half subtruclor, ]
adder and futl subitraetor,

Practical: Physics

Pape 25 ol -1




B.Se. (Hons.) Polymer Science

Paper : 307

Practical Physles:

1. To study the frequency response of series and parallel LCR circuit.

7. To study the diode and transistor characteristics.

3. To draw the BH curve of iron by using a Solenoid and to determine the energy loss due
to Hysteresis.

4. To measure the Resistivity of a Ge Crystal with Temperature byy Four Probe Method
(from room temperature to 200 °C) and to determing the Band Gap E, for iL.

5. To study the PE Hysteresis loop of a Ferroelectric Crystal.

6. To determine the Ratio of Two Capacitances by de Sauty’s Bridge.

7. To determine the Dielectric Constant of a Dielectric placed inside a parallel plate

8 To determine Self Inductance of a Coil by Anderson’s Bridge using AC

9. To determine Self Inductance of a Coil by Rayleigh’s Method.

{0. To verify and design AND, OR, NOT and XOR gates using NAND gates.
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{4 Lect./Week)
(< hes. Lab/Week)

{1 Tutorial/Week) (Tolal credits -7)
Faper 401: Polymer Processing and Mold Design

I. Extruder and die design: Exirusion process, the eximsion dig, extmder and die
characlerisiics. Classificalion of extrusion dies, die swell.

2. Injection moulding: Principles, lhe moulding cycle, the injection moulding
machine, some aspects of product quality, rezchion injection moulding (RINI).

3. Blow moulding: Blow moulding principles, exlrosion blow moulding, injection
blow moulding, strelch blow moulding, blow moulding of PET.

4. Thermelorming: Prnciples, lypes and applications,

7. Compression and transfer movlding: Introducion, thermosetling comnpounds,
compressing moulding process, Iransfer moulding.

6. Miscellaneous processing methods — casling and relational moulding.

7oMould Making - inmeduction, cashng, elecirodeposition, cold hobbing,
pressure casting, spark machiming, bench Mong, Fin 7

8. -Feed syslem: Runncr and gales. b,

9. Ejeetion: Ejector prid, cjector plale assembly. gjection lechniques, cjeclion {rom
Iixed hall and spruc pullers.

L Mowlding inlernal undercuis: Fonm pin, splil cores, side cores, siripping inlernal
undercuts, moukls for threaded components. Daylight moulds — general,
unclerfeed mouids, tripTe daylight mould.

Practical - Polymer IV:
I. Compounding ol addilives m rofl-mill with (lers and reinloreing agents.

2. Compressiom mowmlding
. Injectien manlding

bard

- Exlrusion on single screw and twin serew exirudars,
. Thermuolorming.
. Casting of membrane
- Desian amd drow a representalive cavily and core plale
Pevelop o moukl plate by eleelro-deposilion,
Fewal room visjls,

[ e =9

P =J o Th

Suppested Rendings:

Fofipection roonlel desien, ba 10608 P, AT Rared ase West Press Pyl Ll
{1URY)
Pl Matertuls & PrecSEsig by AL B Steong, Prentice Tall (210050,
Volngeciion: Aouldang Plandbeok, Donsmick, Vo Roalo sl Donald, V. Roso,
Cobats sl =Ty 200000y
APl Precesape b Sorom and Jones Ul & Dl (20075
lestrs Fripe b B0 O oo, e odtb-frensmanm 1998
vl olvnrer Paocesime Prawpdes aesd Deaagn b Baend wnd Collios, Weleow-
[ R ER RTROE N KR

— i

Plosric Proowcesane Draea Plamdboesk b 1y Bosoio mmd 1005 [osain S

Shother b 4,000
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1 Lecl/Week)
— (4 hrs. Lab/Week}

(¥ Tulorial/Week) (Tolal credils -7)

Paper 402: Polymer Testing

1.

L3

&

Panciples and melhods of standardizalion, slalistical method of analysis. Slandards:
BIS standards — BIS slandards of few polymers. ASTM slandards — ASTM
standards of few polymers. Evatuation of errors in polymer lesling.

Mechanical propesties: Thermal and mechanical analysis of polymers

(2} Short lerm strengths: Tensile, fexural, mmpact, lear resislance, abrasion elo.

(b} Long term sirength: Creep and laligue properties.

(c) Thermal properties: Thermal conductivily, thermal diffusivily, specilic heal
capacity, lincar Lhermal expansivity, heat dislortion temperalure, vicat sofiening
point, Jow temperalure flexibility etc,

Flow properties: Mel flow index, cup flow iest, salulmn and nherenl viscosity,

mell viscosily elc.

. Flammability propertics: Oxygen index: critical lemperature- index, smoke density,

[lammability lests cto.

Oplical propertics: Gloss, haze, ret"mclwe index, degree of yellowness etc.
Permeability: Delinilion, permeability lo gases, siandard methods of MEeASUANE,
permeabilily of pascs, other melhods of measuring permeability. Environment
resislance — cause of deterioralior of polymer by wealbering, assessment of
deterioraiion, natural weathering, artificial Weathering. Chemical resistnnce.

Practical - Polymer 1V:

-

3.
f,
I

1. Measwore lhe BLF.] of polymers.
2
3. Determinntion the H.IT and Vieal soflening temperahuce,

Dutermination the LOL & Smoke density of pofymeric samples.

Measuremenl of abrasion resistance of polymer samples.

Determimation the eocfficient of friction and Izod impaci of pelymer saTnple,
Deleaninittion ol covironment stress cracking resislance of BL/PP
Delermination of Hlardness of plastics

Sngeested Readings:

J

b}

1

Handhook ol Plastic Testing, Technnlopy. by ¥, Shal. Wiley-[nlerscience (2007).
Polvimer Testing. by W, Grelloann g 3. Seinder, HANSER Publisher, 196]

Rulher Techiolooy Huandbook, by Soisasd Smith, Smiilers Fopra Technolopy
(200)

S P she Enmeenmg Handbook, by ML Berins. Springes Woerlap{ 199G ] 4,
lotreductivn 1o the Mechanival Propertics of Solid Polymers by Wanl and
evcenes, Walos 12006
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P

1.

(4 Lecl./Week)
{1l TutorialWzek) {Taral crediis -3)

aper 403: Organizational Behavior

Communication; functicns of commumicalion, Lhe commumicalion process: a
communication model, sources of- dislortion, communicalion apprchension,
communication fondamenials, direction of commmication, formal vs mformal
networks, nonversal communications, choice of communicalion channel, barrier (o
cffeclive communication.
Principles of learning — classical conditioning, inslmomental conditioning, cognilive
learning,.
Molivabhon — whal is motivation? Farly (hcorics of molivation, conlemporary Lheories
of molivation.
Lemwdership — what 15 leadership? Theones of leadership: 1eail theories, behavioral
theories, conlingency theories, recent approaches Lo leadership.

~Attiindes — detention of anitades, natore of aititudes; measnremenl ol atbitedes, atlimde
theories. factors in atilude change, attitude and behaviot. behavior and atlitude.
Stress and its managemen! — whal is slress? . Underslanding and its consequences;
potential sources of stress; individval differences; consequences of stress, stress
management,
Technical conmpwnicaiion: report wriling: seminar presenlation.
Perlormance appraisal: Need, melhods and applicalions.
Communicaiion: Transaction unalvsis, Joharr swindows,

10. Job apalysis and Design: Approaches, Job rotolion, job enlargement, job design

models.

Relerences:

I. Organizational Behavier (9h cd), I Luthans, MoGraw-Hill companies [nc., 20002

2. Behovior in Organizations (8th ed ), J. Greenberg, RUA. Buron, Pearson Eduealion Inc.,
2005,

3. Orpganizaunonal Behaviour Coneeps, 8P, Robins, Controversies and Applicalions (8th
e} 2000, :

[T T




(4 Lect./Weck)
(1 Tulorial/Weck) == (Total credils -3)

Paper — 404: Mathematics

1.

Differential equations: dilferential equalions with separable variables, series
solulion, numerical solubions of differential equalions. Newion’ laws of motlion.
The linear harmonic oscillator: Linear differential equalions wilth constam
eoellicients.

Partial differeniial cquations: separalion of variables. The wave equalion.
Schridinger’s equation.

Mulliple ntegrals. Changing variables. Veclor derivalive operalors. ulliple
mtegrals involving olher coordinale syslems {spherical polar). Maximum  amd
minimum values of fimctions ol several vanables.

Staliomary ‘poinls, imaginary and complex numbers, complex plane, Euler's
formula and polar form of complex nnmbers, complex conjugates, modulus of a
complex number. 1

Operators: operalor algebra; linear operalors. eipenfunclions and cigenvalues,
commulaters of operalors, Hermitian operalors.

Veclors and coordinale syslems: Unil veciors {applicalion in solid siaie), addition
and subiraction of veclors, mulliplication of veeiors. Yeclor caleulus. Vectors and
cocrdinate sysiems in three dimensions (Canesian, spherical pglar and their
inlerconversion). el
Determinants. Malrix algebra, Simultaneous equations: method ol subshtution
and eliminalion, consistency and independence. Homogeneous linear cqualions.
Stmullancons equalions with more than two unknowns (e.g. speciropholometry),
Cramer’s rule, malrix inversion, orthogonal and wnitary mairices, malrix eigen
values and eigenveelors, disgonalizalion ol a mairix.

Suggesied Readinygs:

MeOQuarne, D, A Merhematics for Physical Chemistry University Science
Books (2008).

Mortimer. R. Muthematios for Piysical Chemisiry. 3™ Cd. Elsevier (20035),
Steiner. L. The Chemical Mathy Book Oxlord University Press (19967,
Yates, P, Chemiced coberdations 2™ Fd, CRC Press {2007),
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PROJECT WORK:

——

_ During the summer holidays between IV" ang v semeslers, studenls will undergo
project work_for a period of two months in any polymer industry/research labs of
universities/institutions. The project report will be submilted at the end of fifth
semester, Out of 100 marks, 75 marks for project work, 15 marks for the viva on the
project work and 10 marks for the power point presentation of the project work will
be awarded. Committee consists of 2 teachers and one outside expert will examine
the project work, viva and presentation at the end of V" semester.
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(4 Leet./Week)
{4 hrs. Lab/Week) ¥

(I Tatonal/Week)

— (Total credils -7)

Paper 501: Polymer Characterization

1. Basic principles of speciroscopy, molecular and atomic spectra, Lambert-Bear
law, Frank-condon principal, electromapnelic radiation, properiies of
eleciromagnelic radiation, imleraction of radislion wilh matter: A classical
picture, uncertainty and the queslion of time scale,

2. Applications of speclroscopy: IR, UV, ESR, Raman, NMR and mass
speciroscopy of polymers.

3. Chromatography: Thin ~ layer chromatography, high performance liquid
chromatography, gel permeation chromatography (GPC), gas chromatography

4. Applications of optical microscope, SEM, TEM and XRD in polymers,

Fraciieal - Palymer V-

O

Verify the Lambert-Beers Taw.

Eslimale the qualitative and quanlitative presence of polymenc samples.
Analyze the thermal behavior of polymers.

Percentage Crysrallinity of Polymeric Sample by XRTD.

Ideatificalion of polyiner componenis by Chromalography.

FTIR and Rarnan analysis of polymers.

Supgesled Readings;

2.

{r.

Instrunenial method ol analysis, by Willard elal., Wadsworth Publishing
Company {1988).°

Prineiple of Instrumental Analysis, by Skoog ctal, Harcourt College Pub
{1997).

Handbook of Phastic Testing, Technolopy, by V. Shah, Wiley-Inlerscicnce
(2007,

Experimental Methenls in Pelymer Seiences, by T.Tamaka, Academic Press
(1o, - :

Speelromelric idenfiftcation of erganic compoursds. Silverstcin, Roberl M John
Wiley( 10973,

A complete infroduction to NMR spectroscopy by Roger 8 Macomber,
Wiley-Interscience (2008)
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4 Lecl fWeck)
{4 hrs. Lab/Week)

{1 Tutonal/Week) (Total credils -7)

Paper 502: Polymer Degradaiion

1. Introduclion to degradation. Various types of polymer depradalion:
{t) Thermat degradation
{i1) Oxidalive depradalion
(iifyDegradation by radiation
(iv)Mechanical degradalion
(¥) Chemical degradalion
(vi}Biclepical degradation

2. Degradalion of specific polymers
(1) Pelyolelins (PE and PP)
{ii) PVC
{iiny Namral Rubber

. (iv}) Polyamides

(v) PMMA
(vi) Polyimide
(vi1} Cellulose
{(vin) SBR
(1x) Poly acrylonitrile {PAN)
(x} Polysiyrene (PS)
{xi)y PET
{xii} FU

3. Degradatien siudics using DSC, TGA, IXTA and DMA.

Prachical - Polymer V:

1. Biodegradation ol polymers.

2. Mechanical degradation of polymers and its effect on properties.
3. Thermal ageing of pelymer under various conditions. -

4. Thermal analysis by DSC, DTA and TGA.

3. Pheno-degradation of PV,

b Environmental stress eracking resistance,

Sugeesied Readings:

I. Encyelopedia of Polyier Science and Technology by W, L Pesce amd P, Iy,
¥elup b h

Wiley.

2 Thermat Degradation of Organic polyier, Sanmel 1. Madorsky, Interseience
{1961

3o Degradation and Stabihzation af PYC,E 1 Owen, Flsevier Apphied Seienee
ACHER

b Thermisl Characienemion ol Polvinene Matenials, Fdich S Tl Aemdenmie
['rusis {19007

Hindbouk of Poelyiner Degeandaion by S 10 Teamid and B G Amin, Sarecl
Dekker g1ans

ol
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(4 Lect./Week)
(4 hrs.

(1 Tulorial/Week) ; (Total crediis -7)

Lab/Week)

Paper 303: Applicd Polymer Science

Introduction, funciion and properties of adhesives, mechanical inlerlocking,
adsorption and surface reaclion. Surface lopography, welling and seRting,
thermodynamic work of adhesion, influence of constitulion on adhesion,
inlerfacial bonding, and surfacc preparation of adherents. Types ol adhesives
{Structural, elaslomeric and pseudo plasiic based).

(ieneral information, panls cornposilion, selection and waler solubility, mterface-
surface treatmenl, properlies manulaciurer of painis and uses of painls.

Definition and importance of coating, raw malerials and composition of coating,
manufaclure of cealings, cnlena and type of coalings. ‘

The technology [or preparntion of painls, coatings and adhesives and their vse in
dilferent ficlds, coaling operations.

Tyre design: Tyre mechanics. lyre lnction and weas hydroplamng. Caracas -
design, contour shape, cord palh and their characterisucs. Cord lension, Load
capacity of Lyre. Stresses in Tyre. Tread design, Bead design, bead lension, Tyre
mold design.

Practical - Polymer ¥:

Formlation ol painls {Waler bascd, solvent based).
Peel Test.

Adbesive lomnulation and compounding.

Wellabilily of adhesives.

3. Coatine Processes (Brush coatine, voller coating, dip coating, spray coaling).
6. Measuremenl of resindpaint viscosily by Ford cup 4 and Brookreld viscomeler.

Supgesied Readings:

Cullme of Pain Technology, by W b Morpen, Cbs Publisher (2000},
Pasits, Coatings md Solvents, by Theter Sioye, Wiley-YCH (1998).
Surface Coalings by Swara) Paul. Wiley (1906).

Adlicaion and Adhesives Teehnoloey by AV Pocios, Hang Cal Hanzer
Werlup (200007,

Celeelimies ol puewmatie Tires by Sonoe] Ko Clark, Natonal Buccau of

Standrds (19710,
Fvie Fechnoloey by Tom French, Tavior & Francis (19859)
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{4 Lect/Week)
(4 hrs. Lab/Week)
(1 Tutoriali/Week) (Tolal credits -7)

Paper 504 Siie&iaiity Polymers

Pxeparahun, properlies and applications of the following polymers
1 Polyether ether ketone resins (PEEK)
1.  Polyamideimide resins (PAT)
iii. Sulphur based pnlymers {Folysulphone and pelyphenylene sulfide)

iv. Polyamide resins
v. Polystherimide resins (PE]}
Vi Paolyesier resins

i T Polyearbonate (PC)
Vit Acelal resins
. Polyphenylene oxide {PPO)

- 2. Functional polymers.

3. Conducling polymers: Synthesis, properlies and applicalion of polyaniline,
polypyrole and polythiophene.

- 4. Biopolymers (Polylactic acid, polycaprolacione, siarch, etc.)
3. Inorganic Polymers (Silicon and Nitrogen containing polymers)

Practical - Polymer V:

L. Conduclivity tesiimg.

2. Bio depradability and bio compatibility lesting.

3. Synthesis of conducting polyners.

4, Preparation of Nylon 6, 10 by interfacial polymerisalion.
3. Phenol formaldehiyde {ResolNovolac).

&. Urea-formaldehyde preparaiion.

Snpgestel Readings:

1. Plasiic Materials, J. A. Brydson, Butierworih-heinernnn (1999).

2. Enpg. Plaslics by R. W. Dyson, Blackie, Chapman and Hall, 1950

3. Engg Materials Handboek (Vol. | 10 3) by ASTM Intemaicnal, USA.

4. Handbouok of Biodegradable Polymer by A. ). Domb. Gordon and Breach
Science Publishers {1997}

3. High Performance Polymers, their erigin and development, by Seymour R. .
and Kirshenbaum G. 8, Elscvier {1986).
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(4 Lecl MVeck)
(1 hrs. Lab/Week)
(1 TutorialfWeek) (Tolal credits -7)

Paper 601: Polymer Blends and Compositcs

Polymer blends
1. Mecthods of blending, the incompaiibility problem, melhods of comparibilizationn.
Properlies ol blends {mechanical, morpheological, theolopy and thermal),
comparison between polymer blends, copolymers, grafied copolymers and iPNs
2. Dilferent types of polymer blends (TPE, elastomerc blends and plastic
blends).Characterization of blends by various technigues.

Polymer composites-
. Introduction and classification of - composiles, selection cniena [or polymer
malrices [or composiles.
2. Fabrication techniques: Prepreg technology, injection and compression moulding,
-vaguum bag moulding, hand-lay up process, spray-up lcchnique, filament
winding process, fiber placement process, pulirusion, reaclion Iransfer molding,
laminating  tachniques, expansion processes, radialion processes, coating
processes, [abrication processes: adhesion, cohesion and mechanical processes &
FIPs. |
3. Desipn of composite products: Basic design praclice — material consideralions,
prodiel considerations and design considerations,

e

Fractical - Polymer VI:

1. Blend preparation.

2. Compatibilization of blends.

3. Effect of blend composilion on disinbulion of addilives and efTect of propenics
A. Preparalion of laminales.

5. Preparalion of composites wilh varous hllers and various [illar loading,

6. Mechanical propertics of blends and composites.

Sugeesled Readings:

I, Polymer Blends Yolome 1& 20 Ly I R Paul and O B Bucknall, Witey-
Tnterscience {20008},

2. Molymer Blewds by Llovd b Robeson, Huoser Gardner Pubing (20073,

3. Pobamer Blends Volume 1 & 2, by B0 R0 Paul and Sevimonr Newnin,
Acadeie Pross (1978

4. Polymur Blends Hanelbook Yol T8 2 by LA Dok Klueer Acadamnic b
{20803
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(4 Lect./Week)
{4 hrs. Lab/fWeek)

{1 Tatorial/Week) (Tolal credits -7)
Paper 602: Fiber Science and Rubber Technology

1. Inreduclion — classification and lerminology of fibres, salienl fealures of Dibre
forming polymers and iheir properiies. Basic structure of a [ibre. General properties
ol a fibre such as moislure absorplion, lex, denier, tenacity, clonpation at break and
elastic recovery.

2. Naturally oceunrring fibres — Vegelable [ibres, animal libres, mineral fibres.

3. Man made and synthetic fibres — production, properiies and uses of viscous rayon,
cellulose acclate, nylon — 66, polyesler, acrylic, carbon fibre and aramid fibres.’

4, Physical properties of raw mbber and masticaiion. '

5. Theories and phencmena ol wulcanization, rheoturve of compounded rubber,

| mechanism of sulphur vulcanization with and wilhout accelerators, theories of nen
sulphor vuleanization, properties of vuleamzed mebber.

6. Namral robber and synthenc rubber, styrenc-buladiene rubber, polybutadiene rubber,

ethylene propylene diene rubber, bul;-,r] rubber, nilrile rubber, neoprene, silicone
rubber, (hiorecarbon rubber.

Praciieal - Polymer VI:

g |. Delermination of tensile sirength, mudulus, clongalion al break, tear strengih;

abrasion resistance, heat budld-up resilience, hardness, [lex resistance lor rubber

compound.

Elffect of curing lime ¢n phiysical properlies of NI componnd.

Eileel of maslication on inlnnsic viscosily.

Idenilicolion of fibres through solubility lesis.

identificabon of fibres by elemenlal analysis.

Study the reaction of fibres lowards heat & flame.

Usc of plastimeter, Mooney viscometer and Rheomeler,

Quatilative analysis of Cellulose —Felyesier blends.

Distinguish POYY & DY polyesler filament yarn based on exlensibility &

shrinkage behavior.

10, Fiber Testing: Twist elopgation, TEX, Demer, and counl ol yam, fibre &
Nhamenl.

R RS-V

Sopeested Remdings:

I Hand book ol Rubber Fechiwlogy by Smith sod Martin, Cles Publisher (2007,

2. The Seience and Technology of Rutiber by 5. B Mark, B Ermon aod 11
Cirich. Blgevier Academic Press {2005},

A and sk of Textle Filres, Volome T& 2 by 1 Geedoo Cook, Woodlesal
Prulabishine (1981 ’

4 Hwlbeok oF Rubber Technaology by S, Blow, Hapser Gardner 20060

SoUhmbkerstanglme Tesnles i Collier wnd Fertora, Prentce Fall (20000

o P hevsacal Prosperiies ol Fibers by Sdeoton & Hearle, CRU Press (195

Paoe fran -t



' (d Leet./Week)
== (4 brs. Lab/Week)
(1 Tulorial/ Week) (Tolal crediis -7)

Paper 603: Polymeric Nanomaterials

. b.

7.

- Introduclion lo general aspects of nanostruchred maierials. €.B- nanocomposites,

block copolymers, inleraclion parameter,

Phase behaviour morphology and phase diagrams, microphase separation
transition,

Preparalion, structure and properiies of nanoreinforcing agenls: er. nanoclays,
POSS, carbon nanostuchures and nanoparicles.

Lffect of factors such as loading, dispersion_and percolation, influence of size,

shape and diameler of nanolubes, funcrionalisalion of nanoparticles and
nanoplatelels,

Struciural and morphelogical characterization
= Morphology of crystalline polymers..
+ Nanostruclure development in semicrystalline polymer during deformation
by X-ray scatlering & dilfraclion technique.

» Nanostruchure of o component amorphous block copelymers: Effect of
chain archilcenire. )
Polymer nanocompesites? Techpical challenges snd undersianding of inter[acial
dynamics nsing L] Potential and many bedy problems approach.
Applicalians of polymeric nanomalerials.

Practieal - Polymer Vi:

L. Parlicle sizc analysis of nanohillers,

2. Preparation of polymer nanocomposiles by solution & meli compounding.
3. Delermination of mechanical propertics.

4. Characlenizalion of nanocomposites.

5. Determinalion of electrical propertics.

Supgesled Readings:

K,

i

Polymer nanocomposiles by 1 H. Koo, MeGranw-Hill {2006).

Polymuerie Nanocomposites-Theory and Practice by $ N Blaltacharyn, Hanser
Gardoer (20087,

Mechanical Propertics of Polymer basci on Nanostouciure and Morphology by
Ci. HEL Nhehler and F_ 1 Bali, CRC Press (2005),

Imtroduction w nanolechnology by- Charles Papoose and Frank ). Qwens,
Wilew, ol & Sons (200797

Manocrystaltine ateriols by S0 Tone, Elsevier Seience (2006).
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(4 Lect./Week)
(4 lirs, Lab/Week)
{1 Tulorial/Week) {Tolal credils -7)

Paper 604: Recyeling and Waste Management

ek Def_initinn of plastic wasles and litter, basis for assessing plastic wastes,
applications of plastics and their potential as sources of waste. Separation
techniques (density - float sink and froth floatation methods, optical,
spectroscopic, electrostatic, sorting by melting temperature, sorting by size
reduction, sorting by selective dissolution and other methods).

2. Plastics waste management: 4 R's approach (reduce, reuse, recycle (mechanical
and chemical), recover), recycling classification- - primary - secondary - tertiary -
quaternary recycling with examples. Energy from waste — incinerators-pyrolysis,
factors affecting incineration. .

3. Plastics waste management: Disposal of plastic waste and litter — role of plastics
in the collection of refuse; disposal process — controlled tipping, pulverization,
compositing, incineration; air pollution, new developments in thermal disposal of
refuse, on-site disposal methods, compacting and baling.

4. Recycling of polyolefins, PVC, PET, polystyrene, polyamides-nylon-6 and nylon-
6,6, polyurethanes, mechanical process, applications of reeycled materials.

5. Recycling of rubber — comparison’ of thermoses and thermoplastic composites,

= reclaiming of rubber — fuel source — p}rrrﬂ}rsig,_dcpulyme,ﬁzalinn of serap rubber,
; tyre retreading, uses of recycled rubber —asphalt and other uses.

I'ractical - Polymer Y1

| Demanstration of waste collcetion, sorting and separalion.

2. Primary recycling of various waste collected from environment.

3. Secondary recycling of MSW by incorporating and blending the recyclable
wasle with virgin polymers.

4. Recyc!ing Plant Visil.

Suegested Readings:

1. Rubber and Plastie Wasle: fecyeling, Reuse and Fulure Peman! by IR
Chonden and A Adab, CIE Publisher, (2004)

7 Plastic Waste Managemsnt by Nakil Mustala, Marcel Dekker, Ine (1993 ).

1 wedical, Municips and Plastic ¥aste Management Handbook by NI Board
ol Consuliant antd Lnginecrs, Mational Institute Of Industrial Research (2007).

4. Polymer Recycling by John Seheirs, John Wiley & Sons (1998).

5 Handbook of Rubber Technology by Steven Blow, Hanser Gardner (2000).

6. Recyeling and Recovery of Plastics by 1 Ed Bandrup, Hanser Gardner (1996)
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