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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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poLYMERS RS ' -
L | - . le (or) High'molecularW?Eght

Defi nition Polymers are

Detinitioz
compound) made by Iinking a large num g . .
| Pafﬂ'fhemd-

"ﬂd_ e fe.-ﬁ 5 FIL
omor u_niig combinet

T he reactlon by wh!ch mon o form pqunjlérs ist !

. Polzmerlsatlon
as polymerlzatlon_

lon: The number of repeating unlt.g In o_ ghaln is known as npegree of

w . e

B ' e '
Nomenclature of Polymer. . . R A
a) Homo po!ymer: Polymer made out of same (or) ldehtlcal monomer unlts are known
., as homo polymer. :
Ex: . .--l-"l..-M—M—M 'M-' : -—-M" M.—-N‘\—- M—M._-Mo—--
' ' -Ham poly ME-‘ - ' ')‘;1 , b
' ”?

e C&«mw poma Piggrre)

. L]
. b) .Ho_tero‘ polymer: polymers are made from difiéerent types of monome;s a re hetero
. polymer {or) Co—Polymer. . g e gt ' . _
. »4. : Ex: - . M f\' - M - N - M - '.\1 - M P "- --"“ " % ' w'- -:'
: o 4. : ' ) :| . | . p— ' ‘ . .. .. .' . ) . ‘-\.;-',.‘-" % )
i a. L°‘0 LRI I o
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" v - NI A 0=, < — o ! g i ,f.ff: ) -
e : o e O L it e L ‘
WSS e L e g St | o : S 5
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'- Tactfclty' - ' "
s itis the Orientatlon (or) arrangem et of functronal grou |
Y (or) disorderly rnanner with respect to main chain is called"zS ni POlYmer in an
acticity. -

-

erme.d_ .

”?
s V
3
~)
o,
'1."
2
-,
."‘: K
. ,':-‘
¢ i
H
e
a0,
S



eetag=t
-l-\.'. .

There are mainly three kinds of tacticity. .

er: If the functional groups are a!

a) Isotactic polym
chain. itis called lsotactlc polymer

Ex:

rranged on the same sid

e of the

b) Syndlotactlc polymer. If the fllnétlp

Gy Ll e fn_the-mainth3‘n—lHS——€8HEd'5ynd]9t“a_thg-p“O[ymer‘-—._-_Ti;_...‘....,._..T_—._...-.

- Exs

......

l._ X P - )
. ) . - ' ]
= B . S

c)’ Atactlc pbymer. if the fun
chaln Itis called atactic polymer SR et

'Functlonallty The number °f bondlng 5"“?-5 breserlt In a monomer ls c‘alled as lts

'--‘functlonallty o Bl Y - _. o

tive fashion

onal g_;::ups are arranged In alternatl

o s ne B v

ctlonal groups are arrangecf at ramdom around the o

very monomer rnust have mlnlmum tW° b°"d'"8 Sltes for polymerlzatlon pl’océss
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;ﬂ‘\’pes of polymerization: (i) Addltlon polymerization (1) Condensation polymerizatign (iii)

G)Psﬂae,sta--‘"\\- \&.

D

Co-polymerisation.

Additton polymerlzatlon (or) chain polymerization:

This type of polymerization several bi functlonal monomers comblne to form polymer by
addltion reactlon with out elimlnatlon of any 'byprod uct

A

Q}'ﬁoiymerlsation of ethylene" K

' A c_H — CH
"nHC- c'Hz_ HP L‘g!:-—E ;—3—

'E‘que_-m_ . R %lz'h’\a‘\-')e_ A
' Ex((ii) Polvmerisatlon of vinyl chloride. o
: %Hf' = c'\& - C—-&«“ﬁ‘* .'EHCP"LM} -
T -1 TR A c,tn,aﬂv..m,l dnrm.u_j |
ExZ(i.'Ii) Polyrrrerisetlon of styrene .
3 ;r,w.f"_H s wogw..i.

Condensation polymerizatlon {or) Step wise polymertzation' e

In condensatlon polymerlzation, the polymer will form by step'-Wrse‘ reaction between the

same {or) different polar group containing monomers wrth elimmation of small molecules
like HzO and HCI and NH;

Ex' Nylons 5, Novolac, Bakehte, polyester. '
i

:go_a_c_— TmAD|00C - <oty - <o -—-l

1«4.(1‘»...(,.;«.\)&
, i . _C.
: i : —c _,C_ —_0— C C.éH
q‘l:—'\\as\.u..t ‘321(1( SO A -EO Vo . “
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Nﬂbqe(“. - = )
1 H ~(e-1,) —ccdoH
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CO-Polymerisation: |
; . ,
When two (or) more different types of monomers undergo simultaneous polumerlzatlon

] N ’
=

is.called ca-polymlsa:lnn
Ex 2 CqR-s subbex &) S eme ¥ubbex ) EUNA—S- Rublier

et cﬁa—
P ha 4

. ' - —CH=CH-CH —CH =
hc,.g.;:__-_c.\q.-c.ﬂ-_-c-llz_ 4+ mcH =cH —> -tC--“,_,. K a-‘ i )

P ~ublel
/ Jity ot ‘;‘ “ '._‘ _.... 5 | T . _.“.:._—:,-:, |-..-.-rnui.-:a:u::a-‘lu ,. - '
~ % : Addm"" polvmerlsat!en R S Condensatlon polymerlsatlon
' Condensatlon polymerisatlon take

-'1'.-Adcliton polymerlsatlon takes place] 1..,
-betweensamemonomerunlts N .

i

between two (or) more monomer.

2. Thls reactloh proceeds a fast man ner : . 2 Reaction proceeds compar:atively

--

3, By products are formed

8

-Molecular welght of the polyme
"steac! ily throughout the reaction

3. _ No byprodug:t ls formed

- 4 _.jHIgh molecular welght polymer ls formed . 4,

‘5. 'Thermoplastlcs aré produced ’_', - S
: ' -5, v'l'hermosetting plastlcs are produce

6. 'Hom:o- c_hain pol\}merls obtaln_ed -
IR SR P .-'Hetero- chain polymerls obtalned

LT o L - . ..
o . . EX 5
- . . -",l ! . .--“‘-

. o .
¢ . N i . a B
* . . 2 . W e

Mechanfsm of addltion polymerizatlon can be explalned by any one.of the followlng types

". rr'

1 Free radlcalmechamsmf lonll: mechanlsm.

TR S

: Free radlcal mechanlsm (or) Free radﬁil polymerlzatlon.
.!

' The reaCtlon oroceeds asfollow' b :., =
‘ ' s g2
e Depo_mposltlbn of lnltla;or e 2 -) ZR' A/ !

R+M-—>RM v

D L T '-.- .-.‘ "..

.Stepli -> Propagation ‘ -}' Gy | RM.+M '—)_RMM° ‘:J '

Step-1-iniffation . |



Step-3 - Termination - RM- -M"+ RM--M" > RM--M- -MF
[ _ . .

!
A low molecular welght compounds like azo compounds, peroxide, Hydro peroxides are

useful as Initiators. ~ \_,_,/ '

This can be explalned by the polymerization of vinyl chl erde

R €
'Step-:l = Initiation > 1R Cﬁuc. ‘60\&«“@ Ty | )
‘ Aoy q"'“’ A i
' : --C.A"\ l
R’ 3 C.H :c.-\H- “"% R-CA-\ \
A e 'd“.
SlnP-'-"- -’> ?-(o_aq‘:w*\—) Y B e PR n CH-"
- —ch -
W CH - M =< 3 R‘QH < >
Q—c_ C‘J_ Y _ e
L
_Te.-s-rf:\"\ak{m g |
> - ——— )
__tf‘_g_L - é;,\'—{-c'.\“' —CH - c.|i+-.- <H 4
Q{ W ._.c.\-’r-ﬁ‘ Mz \ A M
L c\,t " 5 &

q“ (-lc\,l.

| | \
_&c.vf - °—\+-§- h_; e CH -é—c.ur e 5)—‘._2

lonlc mechanism (or) lonlc polymerlzatlon

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

1) Catlonlc addition palymerizatlon
. ’Step-1 = Initiation -

: : : , . @ "AM'_O. 5 :
.'..Y.@?'.-r e il At ki S

Step-z '-) rogagatlog @ | Lﬁ
T _ .-c.H .-c..|+ --LH- o - -C- c.u-t
e ®+cH ATk ;j eh: —-——5'7{ dn >
o | >'- ‘ >< ’ . )‘ =
% . ) . ‘_ . x ' g . . \ , . . % . -.
Step-3 -)Terminatlon @3 { H>_— e i c.\'\ P 1
\{ .-t-c‘_.H —¢|+’}-¢H <'-H ™

! '7‘1
'nl'm : _

—

> \l




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
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These are the polymers which become soft on haatlng and hard on coc:‘lllng t(;;t
‘reheating, they become soft.agaln and can be remolded to deslred shape. Dur ng"n
action of heating weak secondary vanderwaal’s forces are broken while on cooling,
these secondary bonds are re-esrabllshud.'l!x: ‘PVC, Polythene, Teﬂon,-Polystyrene.
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. They are soften on heatlng and harden on. |

g ngh molecular welght polymer Is formed

' They are fuslble on lnltial heatlng only

Molecular welght of the polymer rls.

. steadlly throughout the reactlon
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