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Q.No. Solution and Scheme L Marks 

, Module 

a Lshadt an. Reaean ce electvodes "? Explad 

the constauc hon ane woskag,calbtmal 

elecdrode A pu 200 

7M 

The elecdrode oth kooon pokenhal 
Usedto dtemine tHe fotenhal oi unknoon aM 
test electrode s knoonl ás igne 

electrode 
Constauck on and wookihq oh, Calomel 
electrode 

oudes tube t AP KC 
-Ioner ube .1N JO Ptwt 

HgiC, fo Hg paste, M 

SasKCA ) ) 

Small 'hole 

Porous plug Csalt lpaiclge 

Calomef electodetseconda'ajuinee 
electrode 

Electrode Supaes entatpr' 'pio.a 

Pt csp HguD.Hg.Chcs) lBClaoSa iM 



Q.No. Solution and Scheme Marks 

Constouttion Calomel eleciarode conSigis o two concertnc 

tubes namely foner tuuoe oter twoe 

Tones tube ConBakos Pt wige coated oith 
merauous chlo de fo Hg. Sall' Köle 
at the bottom o, nner tube estabih Hhe 
Contast loetuoee entesrmal ke Soln and 

Ha to Hg pastde. 
Outes tube Contaîns gastusatedl KCI& hole 

at the botBom o Oudus tube is cales as 

osous plug uouch estableh the Contat MM 

behoeer drtenal anate solupo oith 

hatoh otenal stusated Begotioo 

There.is a poovisto). os adloll ng mae 
bCI 

Woakiug9: 
Deperselt nqon the, elecode to,uoseh 

+the calomel electrode Con0eeJed, ?t octs as 

Cinode on Ccutthode. 
The elechrode e oeessible to chlogio 
ons and B depenole on he Concentooi oo 

o KCI solutton 

electoode Reachon 

LM 

|M 
AO 

FortoOA d Teachon Yndiccdes eathodic 
cduchhon & baekuoae,aachon ndicades 
an odtc oidatton 
As he KCr Concentaion iooreaseg, H 
elecrode poteptial déore0ses. At o48 h 
Sal, KC Solohe, elecdrode.potental 
obs enued is 62�4V, Obuys Nunnst 
quation. 
E E O.0591 Log Lçr oue M1,s13 iM 

, 11,co C 



Q.No. Solution and Scheme 
Marks 

b. Detne. Smqle élecBrode potenthal, Dertve 
Nexnsd, equadion or Smale electrode poterhal 
Single electrode pbtental 

Its the poteshál developedlcd the 

interiace o Substarpce an d ils, Solution 

act untt achvity oy 1onic Species, 208 k 

and ot adm gas pgessusi +Rs a gas 
electrode 
Nenst equahoo, depenols upon 'aquantitie 
a) System tempesdtune 
b) Electrode potenhialii 
cMolas concentsatton o1 ionte gpecies 
Nens equadion was dvecd byKenst 
în 188. 

Let the Teversible Teduchon eleitrode 

7M 

, 

Teach on be 

M4 ne M 

The cuoove ReactoS spoptanepus 
hen these ts decsease în oee energ 

and is equa +o cmanimum ensy 

aNaf lable hdom sutem. 
- A Omaa 
-A oFE 

co here v is number o moles o electrors 
traneyuNeL dEnat reüch on. F. is one 
Fouaday O eleciotCty,& is elecdrode potennal 
Ais ehange hTee enug DF" is number 

o Coumbs ednge: 4hodt e tranóLaaLd 
duing the hachon. 
6t ree enesgy Change S given by 

LM 

A OFe,; 
4ohere e-S lochode olenti 

-) 
ee ener ehang 



Q.No. 
By Va Ho Teaoton sotherm, change 

o ATee enersy/S equated to equilibum 

Constantund i/ ss gen by 
f+AG=-RTldkeaRTId ) 

where sthe eaooi euohunln 

R TS/me lai gas 'Constant, Tig syalem t 

tempesotune inuKelvan; Also &tot. hange 

in Tee enegy tS gfeo 6By 

A-T lo hegi 
Faom equai on (3) & G ofy2 

A Ae + RT In MU ( M 

Solution and Scheme Marks 

LM 

By dtoion [MJ= 1 
Substtute +he value o A&A *s 
euahon G)|, oliu)s 

-DFe -DFE + RT1o 
nM 

Si de ohole equatf on 'by-nF 
) 952H 

EE RT Ao. M -O) hgiM 

DF 
r9 

E 302% 8 314 23om r 

X6560: Y , i M 

ohere R 8:314 Tmol T298H 
F 96500 cmo 

Equatten 849 du called as Ness 
equato0 



Q.No. Solution and Scheme Marks 
Ic. Explanhe �onstruchon and WOAkîng 

Li-Ton batt ery. Menion its app.cudions 6M 

Construtton 
lt 's seconda Teahasq eable: bedttesy 
Schemat'eally sepreersted. ásd g 

LyCeL-solt miud orq solvedtDIEC6G9 am 

Howeve,achual constouchors rers 
Cu,C.Lt PF,. LeBF4,CiC1Oete|./ ., ) vn 

6M 

u io Ok. Solvent suichLi Coal A 
CLS ehes 

C 
1seche |iM 

). i 

|Anode mademial +Higliy oriiallieedrt 
Speerayeqalopn 

Cathodte modesal:LiCo t 
Electrolyte. L? PFe,LiBFA,LiCOmixd îo 2M 

Oaganic solvent Such, as she 

Seposados Mitroporous polyppopylene 

At anode C¢LixS 47XLi+%elo rt ) olo 
At icathode: LtcCO+XLI HYGLiC9 aM 
Reactons ihe backiood direcHoni 
octun dung echatgebbvito i7A 

Cell potenta Y ttitouil 
Appdications Useto caltulattas,cameros,éellulciax phones 
mecica tosd runhents, teeigion sets 
Loptop computers,camcoa ders ec. 



9.No. Solution and Scheme Marks 

a Eplatn bimoy, Second ay ond Reserve 

battei es uoith an ample M 

Primasy botlemess 

The batkehés aue 'îoevursibte ane i 

Canaot be 7echasgudl again on
 tti 
dischasged Acts as, gawanio cell.kuoks le 
daschasqing ohexe ctemical enkgy is nt 

Conveled ito elecdncal erneat71,1 
E LiMno 2n4MnOvhi 

Secondlasy batteies 
The batkenies aL rechargealole 

an d oesUs sible seachons CUL obeervee. 

While dischas.qe batteay aéls as gawanic 

cell and rechage battery ads ås 
elecolue cell oy eurersible polastg.2 

EaNiMH,battusy 

Li-on sattery il71:hlossl3 
Reseve battury 

One o he mpotant batery componu 
Ps kept tsoleded. say elecrolyte soliudiomi 
ohenewer here is oeceeeeyO enrgi 

elechoyte solution ' adcdsd a 
Based on te elettrolufe soluhon ubed i 
battenyts eldcdLdinta 31apesoihil 

Acid cctivateel EPbl,80,Pbo, 
Aels activade cd eilN'abHlcál 

Oodes achvodeol Malseqgodas IMg9 
Suh yfet ebadtuniesi obaluen 

ealluod os eseve bathemes eo 

Ps 



Q.No. Solution and Scheme Marks 

M 
2b &oplato he eperimental det es minaion oy 

pH by using alass electsode 

A cell is cons tructed by Coupltnq 
alass elecrode dindl a ejerende aledtde 
Such as calomel eleclode siwer dhloida 
electrode as shouon below 

He Pogot 
unkno uwn M Eb-e¬ L 

Glass mernbrarne electobde 
Cell potenhial is calaidaded as t 

Ecell&p-EL 
EeE Rght sice elecBrode.potential) 

E-.o511 pH at a1s'k 
1)i 

cobere EConsfand 

Let side elettrode potentha EERus 
ELEee = Ese 

Cell potental iEcell E-o-0591pH-ésce AM 

| iM 

pHeEsce-Ece M 
O6591 

pH Eceli a4s LM 

Ks callecl glass elecdaode membsane 
a ssembluy eonstant. Ln this way th 

pH othe tesd soludiomis dedusmid 



Q.No. Solution and Scheme Marks 

2c cell consists o copPY dod dppedl 'n 5M 
Cu So Souti on Tron 7od de pped in O: 0M M 

FeSog Soludton. Goen tO34 Ep=0«L4v 
Wtehe cel pepoeentaio0, cell, eachone 
and alodate EMF ph he jcelnslay 

E Efe 
(O34N) 0Lu4VD 
.Fe acts as binode ulacds/as cathode 

ee epveent ation 

Anodic Oddatio0 Fe 

Cadhodic veduchón C/e /Cu D 
2 

Cell Reacton Fe + Cu Fe4 

Ecell ER-EL 
EuEFe 
O.34-644 

t = O34+ O44 ) 
0.18 V 

EEe 2:203 RT log Ccub 

= 018 + a303 x83)4*248, SM) 

r 
2 96S00 

9LSM) 

0.72+ o.02155 log loo) 

O 18 + 0.0591 

E 
Eclt0.82v 



9.No. Solution and Scheme Marks Mduule 2 

3a Deyne Corosion Deseibe Electroch.emacal 
heoy o Covrosión/by taking Iron as an 

example 
TM 

Coasosion 
Destucton o digideq.ati on d etals iohun 
epose e to the sussounding CoirosBve statirg 
at thes S»ja.ce by either chemica a electhochemi cal means is metallic córao@ion. 

Elecrochemical heory o ConTos on,by 
takinq roo as an ezample 

This Con3osion ts charactesi2ed by 
he amation.Smal gawanic cell s due 
to herogeneathes. Past o metalactas . 
Ono de cLnd another peut act as cathoide. 

Anodic Past o +the metal undlerqoes 
destucton by o>udati on. Steetnon) 
undengoes Co7aos ton by 1oWooing9 reachon. 

Anodicreachon Fe Fet2e 
Recuchon depends on tbe Contents in the 
me eum. Some mpo»janB reacions cte 
H ewoltion type, 
2H+2e 

.1 
1 

H, Loheo the mecium is 
aude 

2HO+2e H+ 20H When the medium 
is nural slialtly alkalne) 

Hydsogen ewoubon types 
Chavactei zed by he preunce o asge 
Cunodic area anda SmcLl cadhodic cpua 
Coss.octom is' unio%mle ss aggive. 

|Higher the aud Fy Laaheris coostoo Dode. 



Solution and Scheme Marks 
Q.No. 

O obsopthion type 
0+Ho+2-

is nudral o sJagdiy alkaltoe 

o+2H+2e H,O[wheo the mecium is. 

accdc & în,preen ce o drseovecd , No 

20Thohentha nmeium 

Jygen. absbaption tupe 9 
ehanactesi 2ed by the preuence o smaM 

anodic asLa &asge eahodic ana , Coryosion 

is ocaise el and vey aqaesive, Highi 
s the' oygun contained otho midum, 
hiaher is he cosso[ion dde. Fenr6us 
yedu oude is toamedd as cos9.0stos paoduct 
|Excese O Can od dtze ?t kuuthè to allots 
ust black.augt! 

Fe20H 
Fe CoH+Ho+%0 FeCoHu 

,) ) 

3Fe (oH)+ Fa0430 

Bb.lhadis cathodtc pootechon ?Eaplain. 
SaCiCalañodrc method 2 tmpsAed 
CusLOt muthod o Cuhodre.protechon 

Coctthodic protechon 
Metals undergo COTTOSon by. 

Oudaa'on on anodte O dlahon. 
Thy do not undergo Cosogio by 
9duchon Cuthodie Suduch on 
Potechon o metal by toTCe h 
making to act'as Cathode i9 egered 
as eaho dtc profecion 



Marks Q.No. Solution and Scheme 

a SaoiCal anodic protechon mehod. 

Sotl SuT Hace 
hrd1hzzd2zZhrad 

Tneuladel Cu uoa.e 
, 

MaMaey 
bleck 

ll Csacitcial anode) 

Busased sleel pl pe'lne 
Conad +6 del as'cathode 

Olbtecd mital ts. connectédl to a block 

o an anodic metol such as Z A1,Mg, 
07 thu7 allóys 
Wheneven theve ts demand ot ele n 

the Cos8, osivesO He me dum ,anodic metd 

oilga onically nderqo óudaton dnd 
release he elechons.Thus , he obticta 
metal i pootecde c. 
As long as anodre metal block is eistent 

paotechon is achieved. ben it disappeasS 

resh bleck iseplaced. 
Apphcations' Emploud 1or busje d pipeknes 
used o vOater or ol, usoter tonks 
Ocean going shtpspiers etc1i 

b. mps.essed Cusant 

method. 
Caodcpplechlon 

D Sounce 

Soil suee 
Lns uletedl Cu 

Bused 
Stee 
Ppe lIne 

|Back 
Contarng 
coke breèze 
Psum 



Q.No. Solution and Scheme Marks 
Object metal is connectedl to the -ve 

temina o an ertesnal Dc sousoe doith 

htgher pobenhal, 
|An înet anode Such as. g8aphite o 
PETomersecd in a backl Contaloing 

Coke bre eze,24psum etc, is connectedl toth 

We teminal. Bock ll is uued to inurease 

the eonduchvty 
Elecrons, ohen demance d by Conr0stves 

he medium at he objec Sustace,a 

Supplieel 7om the exdenal battesyanoi 

obecd metal is pootectec. As and ohan 17 

battery potenhal decreasesytis f 

echagee. 
Applca ons: Employud JorbuNedl p'pe 
oes ued fo9 uoete, o ofl, uOateL, 

tanks, 8hips, pierS etc, 

Bc. What is medal ioshina Mentho nc.is,60m 
technoloaical imp0otance ph mtab, Rnsh'yg 

Meta Finishing 
rocess o Susmace modthicahon byu 

way e deposihon o an othu metdl.o 

alloy polyme Ceami¢ oide 

layer +o boing about intenduel sSujae 

chasacleshes. s knouon as metal hnahig 

Technological fmpoatance 
Better 
1f Better hadness, Strength,uoea o 

abrasst on TESIstance, mpact reListance 

initil4t 

Corrosioo eistande 



Marks Q.No. 

3 Betler thermaul concluctance o Tesicance 

Or relectan ce 

NBlte ophcal electance 

Solution and Scheme 

VBete eleciatcal copouctance ox nsulahon 
. 

ViE lecrrOjoAminq ióamiiq oi catheles 

iManuuactuaing Paihtec cCtreult bo 0os 
Capaa foTS, Contocs etc ) ,1 

viuElecao bypîng 
lecochermt cal machinma,ele ctrp6shiuq 

Gnd elecdrochemical etchfng. 1. i 

4a. Eaplain the actors othechngthe co9gsio 
rate 
KKaoOOnodtc to cathodic dLasii 

Nue oth Coss,0ston0duR N 

r pH 
Racto ohanodre to cathodré aLa t tocf| 

Lasge anode and siall cathode 

Tode o Cossosion decreades, Adode 

releases moae number oh elecvons but1| 
Cathode is small.tence CoAS.o 951on is 

esa 090Asive kuato9m, 

ew. Stel tank ,bras taP 
ohu steel, taok.act, as cun ode 7:u s 

oraa tap Cathode. anode Cethode 

11 9 

Small anode an Lasge cothode 
A 

ateO Co9s0gton aoOreaseS, Hence 
. .A 

cO%oson,i9,,moA 0g9sesie 4 
Loialesec, 

e Brass tank steèl tap 
Hexea'< Calhode 



Q.No. Solution and Scheme Marks 
NotuL he CoTToston produ6t sl 

Some medals and alloys ctbrd 
an fnherend poopeta dh omna a 

Protechve coaiq oheir compounds 
ohen/eposed to dians meda. Jhep 
he eotoston poo duci hilm oves object 

mtal Suja te S 

A 

2 

1 Conminuous Cnon posous) 
T Adherent to theimatal Sacet 
8tats achug as ,a basder betuoeen the 

metal & medlum, Fisther Cors ostonv o h 
Tmetal is prevented. This is knoon as 

passivati on oy mtals. Sonme oi mdal & 
medium Combinations aa knoon to give 

poote chive CoautiaS) 
ld gteel-Cone S04 

A Kumang HN )13 h 
PH 

Louoes pH Suggeals thdt 4i acide "l,s 
medium and many o e' ak'unded 

swe Co9sosio0 except thoge oihtia 

ucion elecirode 'potenhals. +tihu H 
pAnts alleale oity andhanymkels 2 

enatotTeislance. How eveLooigk 

allkaleritH may leod to' eossoston o 
meal3sron ehibits "lower Tate o, co0oostoo 

ina medium o PH2 5.0 tó abéenclo O 

At the same pBt,with diiow edo 
eliots delah vey ghu oate. At pH valuug 
oulouo 4+5,?texubits agsive Cososton abgne 



Q.No. Solution and Scheme 
4b lhat is he comosion penetrodhorn ote 

Marks 

A prece o Covroded pladle coas lound în *he 

Submerqed ocebo vesas, Tt' was estimaked 

that odtqinal aea on plade was lo fncband 

thod appTou masdely 6khad coaodad 

auocy dugi ua the SubmerSio 1or a peod 

OLo ass Calaate CpR,n,texms o ropy 

Cund mmpy Gin denstt CP) o i ron F7 49ldm" 

99Py k= 534 
mmpysK= $1:G 

TM 

Covrosion penetrahton:Tate 

The speeol ol cosch a metal 

deterioTates due to chemical r electro -

chemical reaction oher t s expose to 

he Corosive. The 6peedl at ustsch 

Covrosto0 spveadls, tp the, ione poatons 

Oha material. 

To calculate eR io mpy 

A 

CPRo mp 
S24 

Given 

26xlooXI006w 
o Joss) 2.6 kg 

PD 1.glcm* 

A 
T 

1.9 gldm3 
3 

1o och 
40 asS 

10 ncb2 

. Ox6S xO4AL 

2 cPR 
, 

CPR Ku 
DAT si 
534-X 26 X loOOx l06ð 

A 

7.x10x 1O X366 24 

20062.P 



Q.No. Solution and Scheme Marks 

To calaulodte C'PR n mmpy 

Gtven CPR îo mmpy 
86 

ot los) 26kg 
19ldm3 

2-6xlo00 X (00 o Ma 
71gldm 

lo nch2 1Ox 2.54 X054-Cm 
10eads o x 365 X 24 

A 
T 
CPR 
CPR o 

DAT 
86x 26 % tOO0 X tOO0 

4xioK254X2-54X10X365 24| 

2217600 Oo 

44,64169264 
)S 

AC lha is electroplating? Witehe ceeote 
7M 

between electroplaking,& 1elechpoless plafiug 
The pdocess o deposi tioo o a tsn 

Cuncd uMi LO9m layero mital on mutal clloy| 

On to tthe electtcally conduchug eobtec& 

Sw hace eleciaolySiS is kmouon'as" ctso-
IM 

plading. 

BrKerenee petuoeen electroplah'ug an 

electrole 9s plehing. 

Paopeaty Electropabing Elecbolesplatig 
Autocatalyhc 
redoz reachon 

Drivna OAce Pouw Supply 

Sibe o oid-Seposake anode obrect Sugace -ochon reacho to be platec 



Q.No. 
Solution and Scheme 

Marks Propaty Elecd roplahua Electrolessplat 
3 StLe o 

cucon 
Reachon 

opsec susja.ce Suwa.ce achvaded to be plated objecd 
4 OnickatHon 

ahon ohen anodeis R + ne acHve 
M M+oe 
uohen anode, is O- Oxidrsed 

ohere R= 
Suclucng 90e 

+De 

s Recuchon 

Reach on M ne M M+neM6M 
6 Time taken |Shost Long 1uh 

o deposition 
1 Tbrouoing 

Power ouo 

s Plating Cost Los Higkii 
Natu 9hPus medad oi sullyy meta deposb deinite alloy, Contaminated 

had dupostt 
deri ye 
Specres hasder 
depostt to Featues o |Ma be pooqus,Non posous, depostt Telati re 
|aadand 
MOcosOsion 
Sstant 

less CToSió 
Tesistant 



L.No. Solution and Scheme 

Module-3 
Sa lhad cae Conduchiug Poymere Explatn 

Marks 

the me.chanicm o Conduchon ioPoyan:toe 
Conduchng Polymers 

LPneas 0%ganIC polymess oiHh 
Coniugate single anol doulole, bondsiwi th 
Ssuttable doptng by odabon o teduchon 

proton etc, uoith delocaised seluekaon 

System, exhsbitmg Condisckiuity equi valsnts 
o metals a jeud to as/con cluctiug 

poymer S. 

Mechanis m o, coneuchon ro PolyasilME 
has been demonstroted tthat the 

Poly aniline chaso can be oameduby vasous 
Combinodions o two Tepeahng units. OLomg 

to this, PANI has many unquue popetes, 
Cene electaonic eCon duchon meehantsmg 

that drstoqush ft om he es othe 
Conduchug poumers, For erample, the 

Conduchivity o PANI. vaies 0ith tie édit| 

O 0Ndah on 

-N N - NH NH 

Polyemerollne 

pootonddios 

NH 



Q.No. Solution and Schemec Marks 

Dresocadion o btpoloioro 
o 9m tuoo Bolonpo) 

1 polaso hos6 

Dlocal2aion o polakons 
i DiiAr 

Resonance joTms O 
delocai sepolauor 
attice 

Among he vaious bdolation100 

States that PANI can eistro,4he lohe had 

can be doped to a' higaly' Conduchie state 

s the modeataly 0dr 2cl emeraldkre, 

base LEB J.ThiS Jovm o PANI has a stouctue 

wich consists o equalpiopoatfon.og 

airmne CNH) and tmine (-N= sttesTough 

protonic acid dopiMg, moe sites asa 

pootonaded, by acdes. HA (HCI, HNO3, HSO eke) 

4o the bpolason s-cahoo'sált) Kos 

The brpotoson. tnen/undlera oes auth 

reasang ement to tonm he delo cali 24dd| 

polaon latttce w uch is a polygemiqulnone 



Q.No. Solution and Scheme Marks 

radutl caton'salt. as ghbwn above, The 
re cuutin ermeraldtoe salt bas ConducHdty 

Con emConcluctor lerel oh Ordles o LO0Sc 
Uohth is khany orders, on/magnitude sgha 
that common poymers (416 sc but 
|louoen than that o typrdal meal s (16 Scr) 

Only 1oohasgel.ccisu erS cooch oe 

ONailable to ES salt actually eontaibute, 

Lthebe suding Concluchty ad room temp 

woud be S cno uoach is compáaable 
A 

to that oCopp. 

Sb Expldto. hisPropdies &applicati potylacic acdno1, ASapplkcation 

Polulocethe aci d, alco bnoon os pely lagho 

GM 

1 athmoplastic polyater uaidts badkbone 

Hebmadly obta?qe by condlentatiEho 

Looterhence Snúne) 
SunthesSpn 1A(N 
The diec:Eynthesis) Condupsetton'ov 

lachie acje monomers Carn also be J 

Usec to ptoduce PLATo6 mafn Y 

ionomews Co ed lacSE actd.; and the 

Cycsc dteater, lachd. This' pocess'.needs 
to be. eassued out at 1esgthan.D00c 
Ths, reacion aenetates 6oe equivalant 
ooatuN OA Vyondins at'ond 

Cestesi codiod) sBep. 20,1 le)1 
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H 

Ol 

Ho 

PLA polymes ange 1oom amoophous F 

glasey poymeto semiry4UEKel ardp 

ugy nolline pame coit & gtasg 

tounsttroy 66F6Sc, a muthiig spesaduue 

130486ds sba: hi 
&PLA Can e uohsiand teopesaluues ooe 2 

3 Lotroduerkq onb se ink, stauctuses ha | 

been ued to enhaince /the mechantcal 

n 
opties ö PLA polymeds 

Polyloé bc addCan be psoceueo JEke mocl 

thesmo plasbies nto ber and m. t 
s PLA 'soluble in aang 0genic 

Solyents 

6PLA Obicdts eds'be abrthotect by 3T 
potng Castiuaigiedh oo mouldtug 

ehcesuston, ma chining Sowent weeaua 

PLA poymess AKelaydp 

,Af 

fAppc.oons s 



Q.No. Solutlon and Scheme Marks 
PLA s uced o a lasgvaaitu o, Conumul 

paoducds sulch as osposab, tols e uga. 

utlery, housmgs os kitche app.andes 
and electrorcs 8uch as aptopé & 
bandhld deusces, an d moronwavadole 

rays 
tis wedto Compos t bags hood 

packagiq and l0se-H pockagtg 
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