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Course Objectives:
e To familiarize engineering chemistry and its applications.

e To train the students on the principles and applications of electro chemistry and polymers .
e To introduce instrumental methods.

Course Outcomes: At the end of the course, the students will be able to:

COL1: Compare the materials of construction for battery and electrochemical sensors.

CO2: Explain the preparation, properties, and applications of plastics, elastomers & conducting polymers.
CO3: Explain the principles of spectrometry, separation of solid and liquid mixtures.

CO4: Apply the principle of Band diagrams in the application of conductors and  semi conductors.
COb5: Summarize the concepts of Instrumental methods.

UNIT I Structure and Bonding Models:
Planck’s Quantum theory, Dual nature of matter, Schrodinger Wave equation, significance of ¥
and W2, Application to hydrogen, molecular orbital theory — bonding in homo- and hetero nuclear

diatomic molecules — energy level diagrams of O and CO, etc. =-molecular orbitals of butadiene
and benzene, calculation of bond order.

UNIT 11 Modern Engineering Materials:

Semi conductors-Introduction,basicconcept, applications. Band diagrams for conductors, semi-
conductors, insulators. Effect of doping on band structures. Super conductors —Introduction , basic
concept, applications. Super capacitors: Introduction, Basic Concept-Classification — Applications.
Nano materials: Introduction, classification, preparation, properties and applications of
Fullerenes, carbon nano tubes and Graphines nano particles.

UNIT 111 Electrochemistry and Applications

Electro chemical cell, Nernst equation, cell potential calculations, numerical problems, Potentiometry -
potentiometric titrations (redox titrations), concept of conductivity, conductivity cell, conductometric
titrations (acid-base titrations).

Electro chemical sensors- potentiometric sensors, amperometric sensors with examples.

Primary cells — Zinc-air battery, Fuel cells -hydrogen-oxygen, methanol-oxygen fuel cells — working of the

cells. Secondary cells— Nickel-Cadmium (Ni-Cd) and lithium ion batteries-working of the batteries
including cell reactions.



UNIT IV Polymer Chemistry

Introduction to polymers, functionality of monomers, chain growth and step growth polymerization, co-
polymerization with specific examples and mechanisms of polymer formation.

Plastics - Thermoplastics and Thermosetting. Preparation, Properties and applications of PVC, Teflon,
Bakelite and Nylons .

Elastomers — Buna-S, Buna-N : preparation, properties and applications.

Conducting polymers — polyacetylene, polyaniline — mechanism of conduction and applications.
Biodegradable polymers- Poly (Glycolic Acid ) (PGA ), Poly ( Lactic Acid) ( PLA)

UNIT V  Instrumental Methods and Chromatography

Electromagnetic spectrum. Absorption of radiation: Beer-Lambert’s law. Principle and applications of pH
metry, UV-Visible and IR Spectroscopies.

Chromatography - classification , Solid-Liquid Chromatography - principle, applications of Thin Layer
Chromatography (TLC), retention time. Principle, instrumentation and applications of HPLC.

Textbooks:
1. Engineering Chemistry, Jain and Jain, 16th Edition, 2013, Dhanpatrai.
2. Engineering Chemistry, K. N. Jayaveera, G. V. Subba Reddy and C. Ramachandraiah,First
Edition, 2013, McGraw Hill Higher Education.
1. Peter Atkins, Julio de Paula and James Keeler, Atkins’ Physical Chemistry, 10/e,

Oxford University Press, 2010.

Reference Books:
1. Skoog and West, Principles of Instrumental Analysis, 6/e, Thomson, 2007.
2. J.D. Lee, Concise Inorganic Chemistry, 5" Edition, Wiley Publications,Feb.2008.
3. Text book of Polymer Science , Fred W. Billmayer Jr, 3" Edition.
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PO LYM ERS '. : T | |
cules(giant molecule ('or) High melecular wel'ght
qall molecules “y ®

M H:-d" I .‘?‘hh{i Aﬂ‘cﬂ&
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.. Polzmerisatlon The reactlon by which mona

as polymerlzat!on
as “Degree of

lon: +The number ofrepeatlng units in e_gheln Is known
s y— ,: . .

Degree of pol merlzat 1
'Polymerlsatlon 'ﬁh&: ak L P g e
Nomenclature of Polyrner e BEIRT
a] Homo po!ymer Polymer made out ofsame (or) Idehtlcal monomer unlts are knowh
. as homo polymer. "
M.—M-—M M"' ' M""M""M'—M M_—.

EX:' ¢ e -
' -HamPoIqMP-‘-

3-3=3

-." C.E-fnmdd H-afﬂa P‘%“"‘“‘

erent types of monomecs are hetero .

ymers are made from dif.

" b). Hetero polymer: Po!
polymer (or) Co-Polymer. . . “ B . .
‘.I | i . ) . | .-.- ‘g . ) -' . ‘ L ... L Y ‘
. Ext’ i MeN- M- Lyt rd = Mo o -
g 2 . . |' . } ' , . o, .t 3 ja B s ’
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© Tactlclty: . | .
ﬁ Iitis the Orlentation (or) arrangement of functlonal groups ]n
Y (or) dIsorderiy [nanner with respect to main chain Is calledz cti polym er in an
acticity. -

‘form polymers is termed ..

o ¢

-~



5 -"'_.l_}'-:'

| ‘ inctional g-;t-nups are a?range_d In alternative

o et trr1hem;n-chaln—le—eal!ed~syn

There are mainly three kinds of tacticity. |
. I 7 ide of the
er: If the functional groups aré a_rranged on the same sideo

a) Isotactic polym
chaln Itis called Isotactlc polymer

fashion

b)’ Syndlotactlc polymer' If the functio
diotactic POIYMER. i

R L . -

- Exs

= . . - .‘.'-

<)’ Atactlc pbymer Ifthe functlonal groups are. arrangecf at ramdom around the ‘

thaln Itlscalledatactlcpolymer A

e * . -
oy v ww
. L -3 ¥
' R N L L T

-punctionalltv The number of bondlng sltes present In a monomer Is called as lts

E --fu nctionallty

very monomer rnust have minlmum two bondlng sltes for P°|Ymerlzatlon process
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//T\'Des of polymerization: (i) Adgiltlon polymerization (i) Condensation polymerizatign (iii)
Co-polymerisation.

Addition polymerizat!on (or) chain polymerization:

This type of polymerizat!on several bl functlonal monomers comb!ne to form polymer by
addltion reactlon wlth out el!mln atlon of any 'byprod uct

Ex' U}’f’olymerlsation of ethylene' ' : .

L]

m -H ¢ C,H:__ H Lﬂ_ —EC_.H ..c,H:ﬂ-”
T e T Folyineme.
‘ Ex{(ﬂ] Polvmerlsatlon of vinyl chlorlde*‘ | .'
L . hH:f': C'\H'- . c-«h\‘ﬁl- {H¢v:+} ‘
ek -S| _ . P\l CEwbqv-nvl d"""“‘-_]
/(liii ;oly:;eri_safl.én of styre.r;a. : | |
e S "*h- - > THC’#:{‘::&_
‘5;41“'::1’-“ . de‘g\-w"fc"

Condensation polymerization {or) Step wise polymerization. o

In condensation polymerlzatron, the polymer will form by stEp-Wise' reaction between the
same {or) different polar group containing monomers wnth elim:nation of small molecules
like H20 arrd HCl and NH3,

Ex' Nylon66 Novolac, Bakelite polyester. '
i
@ ? ta-fz w w .
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C0-Polymerisatlon: |
' ergo’ n. |
When two (or) more different types of monomers undergo simultaneous polpmerizatio

Ex 2 CqR-5 rsubbex &) St e ¥ubbex &) Eonm.—s. Rublieg

. - I - = H-GH‘_’C‘H}‘
MNcHy =cl-cH=CH, 4 mcH =cH __._;.Lc.apc.ﬂ c it

#

Is.called co-pol\rrmerisarlnn

s s smeswe w8 [P ,nu'-l wRaLIwvil

PR SETEEEE L

_en I
Yo

- ~ublel

"

ra

"5 Addition poi;;meris;tion :

evalicuilion: LJ 0 . y - .

1

Condensation poivrnerisation

.Additon polymerisatron
-between . same monomer units

Z This .rea.ctloh proceeds a fast man ner o
' No byprodur;t ls forrn ed |

A _.'High molecular weight polymer ls formed
¥ 'Thermoplastics are produced e

'Hor-n:_o- cham poiyrne‘r is obtained

takes place-

« .

ir

- |

Conderrsation polymerisation take
between two (or) more monomer

Reaction proceeds comparthely
By products are formed

% 4

-Moiecular weight of the poiyrne

"stea c! ily throughout the reaction

'Th ermosetting plastics are prod uce
e B

o—q.u

Hetaro-.chaln poly'me'r is_ o,bt_ai_n‘ed

T s e woats
L, T S 3 ]

LN AN RTI

'M echanism of addition polymerization can be expiained by any one of the foiiowing types

| 1 -'Free.radiceimechamsmf ionii: mei:hanism N ?:".'_“3’-*?':“ g
: Free radical mechanism (or) Free radlrél poiymerization.' '. Y q |
 The reat:tion groceeds as foilow= J . | :
Decompositibn of lnitiator o F .-) ZR* / ] 3
Step-1 Yinliation R M SpvT VT
Step-2 - Propageﬁon " EY RM. + M > _RMM‘J‘;I" . a



. ‘ ' . ' . ‘
Step-3 - Termination - ‘RM- M+ RM--M" = N;M -M- .M.q:_f.
l : D

!
A low molecular welght compounds like azo com;?qundS, peroxide, Hydro peroxides are

useful as Initiators. \___,_ '

'

This can be explained by the polymerization of vinyl chloride.

: . L 3 | | o el
kt'EF"'l - Initiation >~ 1 2R (Fcee 'Mg!ihb, 1 2 3
| e '
2 + C.\-\ =¢':-H- ——37 ‘2"‘:""\ (\;L
‘bln?-n- "'> F—(c aq&uoﬂ.) ' : . . . i Y g CH—- |
--c..\-\ i '
Q_..:,n —en - cH = .-_w ‘> E’-CH —C\'* % 7, |
\ | c‘l Y L S §
A ‘ .
- : \ -ﬁ\\'h‘whm =¥ '
sbep-z = _‘_"L/; L Lew _ch - c.|H- - CH QR
Q{a\a\:__ \'j';\ Sy

lonic mechanism (or] lonlc ptolymerizatlon

Dependlng on the nature of lons lontc polymerlzation takes pl ice ln two ways.

) Catlonlc addit!on polymerizatlon
. “Step-1 # Initiation -

Y@w -‘?‘ cH:..c\-\ __> \/ cLH -QH@ (.CA"‘“"“'“"'! ‘°“)

s x

Step-z ~—) Prop_agatlo
H - C-H-e

i I P LISl
et A = o l

‘ bl : b3 . >

Step-3 = Termlnatlon

| ...C.H' c,\-\ -~ Ch
"! —EC'-H -¢l+}¢-\4 ‘-'-"\@ NI'E e o
")(

m ) ';-Q
"nf:m : )
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Oi) ArSeme addi tion P:La-:as.\z-t':nﬂ | ' |
SE._?_i — I-n.iuqt:o'ﬂ - . ‘
=4 + t‘_H,_::c-‘H —> ‘2--.C“,_—°T'-:.. ‘
’ -y J . ' x
S&'-P—'z- -, P*O?ua-.b.om - . b
2 e

Z.— <h —cne; -+ c.H - v ___>2_..c;1.\ —Q‘H -~ CH -.c.luo
| b |

\ : F 3
-cH CH —<
-Z"E'H‘," l}' 2 |
- 'n |

L

» b
s bep-3 Ti:d""'nl'hq{-lo’l’l _)

= —CH —<hH < hH -<H o —H-—b -z_-Er;H -—c.H. < —<h
-

» . . .)(:. "

Ihemixture:of tltanium halides_a_rld tri alkyj alum!num Is knov\m as Zlegler-natta catalyst
- e | ‘:-:_'r" B W ..._:‘- l...... -
L (TxCls + R3 Al) e
i ln thls protess trl alkyl aluminum adsorbs oh the surface 6f tltanlum ch!odae and for'ms
5 "electron deﬂclenty brldge structure_'" R T MG N R e HIR .»-. -...": i by
: e AR, \ N " "“-.'-r" ol
a ¢ . '-P‘\ . ’._.‘ .' b " A

In this structuré, t'ltahluni chloﬂdé’écts 'as Eaialyst and all-:'\'ﬂ'*d'luml'n‘lim ac’ts‘a's."t'o&:éta[ys't. b
e 4
In the presence of Zlegler-natta catalyst co-ordlnatlon polvmerlzation occurs and glves

lsotactlcpolymer. - , i ..
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PL,,,.L-:;.s @) “Thesdmo rlalic -oc.srq-,s;

These are the polymers which become soft on hcatlng and hard on c;o‘ll'r:]g tf:z
reheating, they become soft.agaln and can be remolded to deslred shape. Dur g”ng
action of heating weak secondary vanderwaal’s forces are broken while on cooling,
these secondary bonds are re-established. Ex: PVC, Polythene, Teflon,-Polystyrene.

— MM — M

\
|

\ 3

M
)

t

M'—-— -,-nan-"
= b e N

] . Fg'd C‘J

M-—M-—M'""""'"”'"'"

hme_théf _'_'et! jast lor)IheumssﬂMﬂe: o

P -y

5 sol‘;ened bv heatlng Once th ey are set on heatlng they cannot be reformed BecaUSF-'
of strong covalent bonds. Ex: Bakellte, POIVE‘*EF: Urea f°’ maldehyde res’" etc.

< ___ M __',\;.\__ n\\__..v( ..-._-M_——_“i-:‘_'_;g_hmﬂ s
- : |
' L3 .
%ﬂe'renceé betw'een"I‘.h-'e_rm'o:&Thermosettlng'ple:sl;lce';,_ \ -
| .Thernioplesifcs a N Thern'l'os:ttlng. plastlcs.

N

S.

- 6.

. ‘The reslns are produced by addltlon
. .ployrnerisation

They are rnade up of. long chaln

coollng

- They are soften on heatlng and harden on |

| ngh molecular Welght polymer Is formed

Thermoplastlcs are pfoducnd

.i.

’Reslns are produced by condensat:

-plovmerlsation S

. ‘They are leslbIe on lnltlal heatlng only

Molecular welght of the polymer rls.

_ steadllv throughout the reactlon. :

Thermosettlng plastlcs are produced

ﬁ h-‘

Homo- chaln polymer Is obéalned ;

He;ero- chaln polymer is obtalned '

. Thesé resing Rave. three .dimentior
b_.network strucmre connected bonds.

}
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