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Module-1 

aDeine standdasd accduchon potenticaland defve 

Nesns equatio \o3, Ciogle electrode potenlial.GM) 

Standascl aecluchoo Ptenhal 
LH fs a meatuse o the elecfrocle to 

undego 9educhon cohen nCotacA coith ts Ponic 

Sol ahon at unit achve mass o ions, at 018K and 

at atmosphepic gas paessue î?t fs a qas ekctoocle. 

Deaivohon of Nesngt equation 

In 1889, Neonst deasvel an equahi on 

whch tells Hhe delatioship amo ngst tbzee 

quanti HeS cund y a -

Eleciodle pot enhal 
Sygtem tmpusctunL 

a Mbla ComcernBrotio) o onic speCies. 

Nemst Considesed Hhe spontanecous Aeduchoo 

electoode uachiom, 

M+0 M 
IM 

oben Hh?s 9eachoo epontan eOus, there 

mus t be dlecoease tn hTee eneoay h he guelem 

-AD. The decseage to 3ee eneoG o Hhe &aem 

Rs equal to maaimum enaGy 
obfaßnable 4Torm 

he Syetem (Wmax) 

-A= Wma 
Wma Ca be O{}e As (oF OX E 

-AY= +OFE 

Ag = OFE -

obuse,nF s the Coulombs o chge that is 

raos hoAud dunng the eachon 
D 



fs +he numbes o moleS o éle.cfrons tvonsteeud 

9o he oeaction. 

FPs one Fasacday O elecisicy C9650o Como) 

E 1s the electrocle pofential 

FoTeactanls and pooducts o the oeoa.chion 

act untt achuity, Stanelas dd changë Po }Tee enesqy 

Ae =-OFE° 
obese, 
'E s slandasd elecdroele potenial 

Change fo hoee enesgy is delctedl to equkliboium 

Constant o the eachon, Keq, by Van't Ho Puachon 

fsotthem 

M 

A - RT1oKeq + RTlo -G 

cobese, fs the Teachon quotiunt 

Rs mola gos Ccnstcun& 

T Is the tempeoatuL o the Stalem expgested 

Also, standatd change fn ee enegy 
Ae -RTIo keg 

A = Ae+RTloQ 

AM 

M 

= A+ Tlo 

By ceaPnition, [MJ 1, 

Subsh uton o A and A 9nequcth on4-) 

ives 
-OFE =-OFE° +RT1o 

[M 1M 

- t 903RT log [m - -

Subsh tuhhg the values o R 8/314Jmot'K 

P 65oo Cmor 
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FE 0.051! 16 mot as a18 K -() 

Equation )L(8) is suggested to be Nesns 

equatiom o. elecfrode pottntial 

b. Obat fs a Rejersence electa ocde Eaplatn Costauchor) 

Oand uoo9,king oj Calomel edectaocde. (M) 

Ao electzode o kooco potertial, el asive to 

couech, the electrode, potential o, test eleclrode 

o lunkoocon elecdrode is dletessined is heunce 
AM 

elects ode. Ea: SHe, Calomel, Ag-AGc 
Conslouchon and Ooskinq o1 Calonmel electaode 

elect ocde repoegentatiom 

PttsHsHg,sIBCilc]aq 

1) Platinum oise

OD Psouision hoAadding KCl 

( Loned tubè 

+4Oudes tube 

S) Solutioo of KcI Lc] 

)Faste oy rieTcwrous 
chloa1cle 

M 

»DSmall hole 

Pohous plug Cact as calt bsid) 

Constauckon
Thedeckoocde

Consisis o two eoncentsic qlass 

tubes namely Ioner &od oules tuube. 

Joney taloe cootakns plotinum coige arod a pasfe IM 

O MesCous 
Chloanda în mesCAy 

The outes tube Cootains 9ouhion o kci 

A Qettle ojmesCLDA alon9 oi th plainum oize 

fo the iooes tube helps *he exeonal Condactio9 
o electaode 
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A Small bole at he bottorm O the outes tudoe oith 

a poous pluq estaublish he Cont act coitth eatesna 

Ounalyte. 
Srsall bole at he lbotto ohiooes tube establishes 

Codacd toith KCI io he oud�s tube 

These fs pAouisicm to%. Odeleng mou kci 

loakig 
Dependig on the potential o the elecizode coPth 

och +he Calomel electrode ts Coronected, Calome 

eleciaode acts aS catthool o anodle. Reachoos 

ohen he electrode acls as cathocde oa anode 
CUe gien beloco 

HgClh +eatbodac 9ud AM 
H +CI 

CaUnodiC Onio 

Electaodle potenhal equatim 
E E0.6511og Ci- at a18 k M 

Elect zoole Ps rerensible to cblozide îons, 

po tenhcl chanaes coit he chang îng concedaotiom| 

o Chloide. elecdaode potential valies at 218 k 

O336 V 0 LKCIJ= O iN 

O1219 V o LKCIJ= iN 

O:24-4V o[Kc] 
Satunated kCI 

M 

AppLicati on Useo as aeunce electroo Rn 
potenh omeric eshmathons 

Advantages! Consisuction s Simple, t is pootalo le 
obeys Nesns t equahom 

Ltations 
Calomel elecvodle canmot be ued buyond cu 

tennpesotuse o 60C 
Mescusy employec în the ConstLuction, Poses 

po ion paoßlumo 

A 



Ic Detoe cell poterstial. eve the cell oepaesentodaoo, 

ceM 9aacions and calculate the Ccell potential ot 

the cell Constsis o Lr and Cu electoocdeS deppedo 

O.AM LCI and O.5M CuSO Sol uthons at 25c 

Given Es =-3.05 v and O. 24V CiM) 

Solo 
Cellpotntig 

It S he measCL OL he potental deHUce 

beto een two hal4 cells fn dn electoochemfcal cell, 

Rs 
mathemoautiCallu OxpaLss ed as. 

AM 

cohese ER uducion electsods sidi Ccattod) 

EL COud elects ocle Sic (anode) 

Given E 305V LICI= 0.1M 

EC O 34V Cuso0.5M JM 

T a5C+ i13 298k 

ackas anodl asd Coppes, act'ag cothoo 

Cell ppeLentati os) 

Ls LCi (o.aMOl Cus CosM)ICu 
2M 

Anodtc oudotiom Li+ +e x 

Catthodic Aacuchon +e Cu X1 

Cell 90acho) LM 
2 

E E+303PT Joq La 

ER-EL+303X8.3144218 loq lo.sJ 

q6900 

2M 
foT 

0.3443-0S + O0511 log L0:5 

3.31 +0.02955 log 50 
- 3.31+O.05 344 E 3 44 



a.uPne fon selecive eleciaode. Eaplatn tthe 
a. 

dekesmation o pH using alas elecdaode (M) 
on selecive elecda cele: 

Electoode, cohkch Tesponds selechvey to 
the pseSence o spe C&AfC fon qnofng al ohs 

M 

T 

Pons, fsfo seleiv Aud.oole 

Deomfnahim o pH iug glag elucdaode 
Acell ?e consucted bH Couply 8lase 

elecdoode o gtlver chloa ide eleckso de os shoton 
beloo 

HaHglkci(sa)d S CnAgckehu AG 

) 

unknouon 

Lotesal,ueune elerode 2 
elecksoola-a 

eass munbrane eledzol 
pH elect zode Cell potertál te calculcdeed as 

Ecell ER-EL 
Riglt side elecisode potental eR ee 

M 

E 0 054PPH 
ad 18 k, cobese, & is coosiant 

Let sida electsooe pot brial, éL eR 
esce BM 

Cul poteushal zEq-0.059lpH-&scg 

ecell Ee -O.05I pH -ESE 
0.051pH = Ee-EscE -Ece 

pt Ee-Esce-Ecel
O 054 

Kecd 
O-0591 

cohese, K,is alas memyran e elecdrode asemby 
COnsta. Thus pH Ps meagund usig, glai 

Elepcd 



ab. esive an equation ao% potehial o Concenipattonn Cell, and calculate, he potenthal é AollotoPug cell at asc AglAgNo3 (o:oogmdI|Asi&go.GM)lnsm) 
eaivahn 
Eleclzolylic cell concersta cati on s o.med cohen 

elecirocles made o Sanne Chem?�cal substance 
e couplud but immeased to e le ckoolyte 
Solutions o ditend Concendaahiomg 
e Znlznso4 CC1D|| ZoSo4CC31 2n paouidudcae 

Anocec oxid Zo> 72 
AM 

Cattodic ec Zo +a 

Cell Reachon 2Cc 2 CD 
Cell poteryhial ?e calcudoted as 

Ecell Ee -EL 

Sep303RT 19 C -E+30T 10g Ca 
M 

2303RT ogC 
. 

fven 
T 250 =85+213 = 298K 

AglagNo(o.cosm)l| Agrdoa (o5MDlAa 
TWs an eleclsolyle cocenlsatim el beccuse 

CC 

M 

30RT log 
Anodre oid 

Ecel C 
1308X 8314.X 18, tog [o 5 

1x165o0 

o 005CothodicAad 

JoSm)te 

Cell Rkro 0.0691 log loo 

0.059IX 

=O1l82V 



2c.|Ezplatn Conslpuchi) and Woakig o L-ion cells 
Menthion fHs appls cotions M) 

-Po battey 
These o» avollaole cof loadE uq o l_i CoO, . 

tMoOg, kFNtO, etc, as cathodtc matestal, Mose 

Common cell oitt LFC% Joadec Ps descaibed 
MM 

Consiauchim 
AP-So cell ohen o chasged condi Hon fg 

Schematically representee as 

LCL-salt Cirrsineed og. Soheris)|CCo)O 
Hooye, actual Consiauctiors 9usS to loadiua 

o oystalli eedl cosboo at and and 2+0iu 

cobat onadu at cathode, Coppes and alumnium 

One Ccd as Cuodant colleckors. 

C.CLPFE,BFLCoc n O3|COQ.tL 
2M 

mieed o9q. Sohenis 

Anodfc matesial higyLelali ecd specicuty Cosbo 
oitth lauus ghauckae) 3aphi 

Cathodfc matesial : LTCoQLi Cobaut Oude 

elec aot e LIPF B LCIoec, iy o%qanic Sourent 

C 

Such as eher o miLcd Osganie soduenis. 

Sepasetos Mioso-posous podypaoPlene is cdieo 

This Seswes he ppoR aD insulated 

Sepooto betweènhe El cdzodes 

and as elecizoly te absonbent 

The battesy Oeeds to be taken ho% Chasqiuq 

beoe t s made avaêlasole soa eischasge. 

OoRiga 
The pRncuple behind he cooskiuq îs Hhai,dualng 

Chasge, hium ion in tho. cattodeLo0moves 

40 ayes to lauer în cayktallied casbon anode. 



Chage balancinq o Cathode is ensued by ODudatio 

oCoCr20 to CoCt4, 8lecirons geleaied by uch 

Oxicatiom a. tans june d to cinode thaough extesna 

Cistu.t. Dusing drgchasge, *bium 0ns àom ande 

move to the Catthode and CoCt4) is euced 4 

CoC+3) 
Wohing o theioo cell fgSchematically shocon 

beleg - Ancde (4C athode 
/L+ 

scha 

BeLohe. chaxig 6 LCO 
Au chaaging Celi 1-X 

Chasqfng Reachons 

At Gunode o1 eleckzoyhic cell Ccathode on golyvanic celD 

CoO 
At cathode os electaoutic cell Canode o galvanic Cell) 

Ce+ X+ ye CLix 

Drschaqe geachons 

At ancde Cgliy C¢+ X L:" xe 

At Cathede. Coo+ xL+Xe=liCoQ 

Cell Rxo Ci¬%Oa Cliy t+ LCo Co 
Cell potential 37N 

M 
Applr cations Used în Calcclatoas, Cameras, ceumcoacen 

Cellulas phores, medtcal înstaumenis 
pootable oadi os, teleuisiton Sets 

Laptop conmptters ek 



Module 2 
Ba. Baie ly eplay the ehbec on totlocoinq 4actoss 0n 

Dode o CO9A.0s ior 

9 The atio o Anodic and cathodic aseas 

9i NatuL oL COsosun poduc A 

F pH o1,tthe medium (GM) 

The ho oh Aodtc and cathodi caLas, 
Ce9osto date a dopendunt on he Telckive 

SuLace CUNLaS oh an od'e and camode. Reladivey 

Smalles Cathodrc coLa and lauqrr Cnodte CaMa 

e slt Po louous CO990Sio Tates. Lag Codthodic M 

aa and Smae andic aLa gegult îo agher 
Coosio) dateS. 

ESteel eoater tank oith a small brass tap 
an cdic gteel tank uwill has.dly exhibrt co3nosi on 
becks 

M 

Howeves, Lohen he oelatiie Susjace auua 
O Cathode is lasae,lcsau Ceitthodrc cdonant 

dunlopped ?s counteged,ba Small anodic coa 
ohsch,DLUlt io locali&ed,agaesive coRnosion 

o 

o he anodic metal. 

ex. Brass uoatis toek oih steel tap, 
Steel tap eanbiis SevesL Co9, 0S io 

Some metals and alloys exhwbit an înhegene 
poopeaky oL tpaming a paolechve coating O thes 

Compounds"when enpoted to dhend medda. 
Lohen the cososion poodkue jlo oves the obsecd 
metal Sus jace Ps 

) Tnus to metal aod medum 
97) Continuous Cno Porous) 

PRr)Adbesend to metal sua jace, stasds achag as M 
bosie betuoeen netal ánd medium Futher 
Conosicn o tt mekal ig Poeended 

M 



Some metal nd medkum Combioations aoe kroon 
to 9ive PooBechive CoatinqS 
& mild steel- Cooc;sO4 

1 Aluminium- tuming HNO 
T7 iead- dl so+ 

Rh the mediun 
Locoes pH Suggests he acickc medkum 

and many o the etals unaogo Seese Co9%0ostom 

edcept Hhose co? th highes deduchon potentials 

Highes pH depoesents altaoity and many metals 

eibit desrglance. Hoc0ves, too alkalioely mau 

ead fo COSosiom o1 the metal, 

on exhibits loour ate oj CORS.OSio 

fo a medium o1 pH= S0 in Hhe absence o O 

At he Same ttme pH, wit diss olved aiB enhibits 

aelatiuey highes Coosos iom sate. 

At pH value beloco 45,?t exhibits aggpessive 

IM 
Cos9%osronS iepective o the plence 0 

absence O .Melals Cue knocon to shoco 

mioimized Co»TOs o dotes at Cestakn pH values 

Specfc othe metal, Any highes o locoes H 

leads to nCseased dades o CoTOsiom o tte metals 

Bb. De4oe CooDOgiom O metals, Descoi be he 

electoochermical heo o TuSHng o 17on.CiM) 

Destzuction on esinte Apohion o metals 

Cwhen exposed to he Scosoundlkns Cosocive 

stcubing at hei7 Sujace by either Chemical o 

elecrochemiCal 
omeans is meallie ca99o sion). 

M 

electoochemf cal heony o COACS) 

> This co% osioo is chaha clesised by +ha 40Amati o) 

O Small aalvanic cells dur to hetenoqeneihes 

Pat oh medal acks ag anode and onothes Palt Cathade 
11 



Anodtc pat o he metal underbqoes destrouctioo 
by Ooidation. 
6teel uncdesqoes Co9% osion by hollocoing seacian 

Anodic onidaton deac hion 

Fe+ 2e Fe AM 
Recuchon depernds on tHe Conterds io the medium 

Some impostant oéachons ae 

> H evoluti on tHpe 
H+a H 41 ohen the me dium îs actd) 
o+ e Ht20H Lohen he medkumis 2M 

I Ps chasacteaigedl by Hthe poeence o, ag 
an odic a ancl Smoall cahodr c awa, Co9sostom 

fs cunf p3,m and less ogITestive, Hiahe 4he acicli tu 

O the oecdi um, higbeo iS he CoTdSio) acde 

Og absoaphon tpe, 
+ HO+ae 90Huo henthe mecium 9 

outaed sl y alkolEne| AM 
9tH"+e-- hoohen the medi unm is acid 

and:o PoeLnce O DO 
L+ s chasactesisec by +he poeence. o small 

Qnodic La apd a lasq Cadhodic abaa,'Cosooston 

fs l6caled and vey oadgoessire,ghes is he 

OHGen Conten iote medium,bioher iS CoGgog ioN 

Dalé, FesTOUS ydboztdL îs ho9me as co9Mogt m 

DAecuc A. ëzcess o O, Can Oad2e R4 tuuher to 

ylo uo ot oT blacTuI. 

Fe+0H- Fe CoH), o FeO:H Chudbadecd jeasougoudo 

FeCOH feOg 30 
Caydated jesercoide yellouo aut) 

QFeCoH)+HO+ 

3Felot Fe04:3O ma gne black 
9ust) 

2 



3C. Dene electsoles s plating and explafo electbole ss plating o coppes Cm) 
Eleckopless platig 

Deposi hoo oj mtal oT alloy ovena Conduchua 
O non Conduchng substsate suyace oy Chemtca 

ductioo o the metal ions by se o acluclug 
ageud.and oithoud +he eo ele ckrcal enerqy 
Ps calld elLcdaole se plaiu" 
Metal ions +RecuCknq Catalyhicaly, 

AM 

gent achve Mtal + icsee 
pooducd 

achve unace Ctom 

elecigless platiug °LCORDUR 
Substaate SaAace neecs to be cleaned by 

Sattable cleaning oetthods (solvent dlegoaas îug, 
ad picklinq,alkali pigklrug etc), Ho o de,okan 

he object is oon Conduckhg ioslatgamotenial 
9uch as, plaghes, PCBs, alasa etc. ?t needs to be 
achvated by treatment col Hh accd ed Shc, and 

hen toith acicdhecd Pdci 
Follocoiuq bcuh composiion aL wd paplahiug 

Constituenis 
CusO4 

LM 

Amount 
12glL 
IL 

48 
5% 

PuposSe 
Paoutdes meal tons 

Reductug deagut 
Compleiuq cge 

H-CHO 

Rochelle ealt 
NaOH PAoudes culkalAne 

eduM 
Bxollawd &Conplexig et EDTA 20lL 

Coolol metal Coocenl3ahrn aod pH ao Rmpoakaut 

pH 
Tempesatusa 25c 

Reachoos 
Onadation o Recluciug ageut 
2HCHC +40Hf- 

Recuchio) Oves obrect guo4ACe 
QHCo0+2H0+H+2e 2M 

C4 2e 
Ouvesall Reauchom 

C +HCHO* A OH- Cut4Coo+2HO+T
13 



Appl cotions 
Esablishinq thoough- boleicbnnechons on double 

Sided PcBs 

Fos platiug on 000- Cenducdors as a base beoa2 

elechoplahing 
40. explatn electooplaing a, basd cboomium menton 
Aa 

94s applEcations (6M) 

Eleckoplcuting o had chooomium 

engioeersing bahd Coati 
Q5-300 um ThrcknesS 

Hadne ss 
Bath Composihon 

835-925 VPN 

250 gL chromfc aadt 2sglL 
HSO4 CRn o0\ ocio) +\ale 
C3+ 

50-65c Ternpeoatwi 
4M Cuant denstty 290-580 AlHt2 

Cuonan eAhiCiency 7-2. % 

Inso uble aac-Pb alloy o 
Pb-So altoy 

Aoodic mateia 

Cattodic mateial 
Swnace cleaned object metal 

Reackioo at anode 

Reachon at Cathode C+3 C 

Achve choomiur)'ancde fs oot usd becULe 
He anode ebiCendy is,oecaluy00% and hat o 
Ccthode is on y oround 20% O ne bes&,There 
CwF be noseae Ro Concentaanm on Cat ions 

Lols ch oesudt to poo quality elst aodyposi ts 
Applicaubons. 
Useo înduchaies i0 he cnaking o 9auzes,dies 
CAuding tools, pistoo dngs, cytnderiners, 
Csankchaits o cAine cund aero engines, 
ycaauliG dams 

2M 

14 



4b. Disccuss the pllocotng9 D'}bes erhial metal 
Co9osroo 

Ancdiz2iug o aluminium. (M) 
Desepdia meolcoxngsiOLGalvanic cososion) 

Coososiom aAiS ing Out o fosmation 

9abuanic cell fs gawanic co9osicn. Too o 

moAe metals fo �ortact dod eposed toqethe 

to the coAdOS 
Vve 1om 

a galwaniC cell. Anodc Ancdrc AM 

metal 
unclepqoeS �o9Aog m 

Dsiuinq jOA�e D bheroence in eleclaode potentials J 
tuwo metals. 

b 

Skeel ve ssel orHh oass teap 

17 
Brass ve ssel oith steel tap 

Steel acB cas 
anode and undesgoeS Co99. OC tn 

by Oxidaton' 

Fe 

M 

F42e 

Cathedic 
ucduchon 

Suachon dpends on the 

M 

edum 

QH+2e 
Lin 

acdtc mecrum) 

a0HLin 
oudsal o clqdtl 

alkalkne medium O+ Ho0+2e 

Smaller Susjace Cwea oh 
Cathode ane 

Jasqe Swjane 
aa 6 anode ensuU Ii8le 

Co30siomlExample C?) above 

Lasqes the deheOunce in anodic & cadhodrc 

metal ele ctrook po tenhiale Juads to cggsessive 

aher 
Concentation oj Co3%o9ives and highe 

temperatuses 
also Can desult Po higher 

Co 99,0srom Tates. 

8oBroase hinqes, latches etc coith steel sooesas 
steel tana Coikb baass laps (a vice ers 

15 



Anodizing oh auminiun 
L is also Calld ai Yoo%q anic Coctuq. 

Metals on co%09ion) oil o3m eooston pooducts 
A Cae hkt choice o he Oi disimg medium toill 
beto the dposiio) o PsoteCtive O9OSi Mpzodu 
Susjace metal adors ohe object au chsmicall 

Covede d into a poole clive, bagniel mad estal 
Thesepo90,the method is Deeucl to as chemical 

Convex.Siem coatinq 

Anodizing o,cuuminium 
uUT to eherni Cal ConNesBSi om Coaina 

Ove otal cLaceS and codaol 6L Coaaostm 
The mutbod is app a couble to nor-h%ous metals 

Auminium hcle îs madle an ande to an 

electsoutic badh ContaBnina oici zing agent 

Such as choomt c aCto, Salphuni c aCid, phosphoaic 

actd, boat c acd,oaalkc accd ete. 

Codhode s made oh a co slafoless sled 

-s MadesOte tempersautu`L and Cudun clensitteS 

CU mcuntcuneo to bae Oettes baATe 

rocdeal betuLeD Metal and medim 

M 

Theve îc o% mattos oaluminium oxide 

Co atinq over aluminium, uohich gsoc0S io 

thchne ss oitt time 

Al +3o) ALOg 

Outea ponous ooude lm fs sealuol by 

Pmmerstointo lboi ina oater metcu salk 

Soludbior. These ig hucbctiom o1 ALOg into 

AlOH0 
coich oill have expandLd Size and 

hus Secl the pos es 
Apple Cadtion s 

Wid ho% nany sign3 og aTchifectcaal puwposes 
M 

he making ol oindouo toemeS,soap lboae 

G 



. 

AC Enplaen îo boie, 1 Sacsi ticial anode method 

ecomposi Hm potenthal (1rm 
SaCoiCial ano de metbgc 

So?l sw ja ce 

Losaladecl 

4 
MaMa alloy black 
CSacicral anode) 

b ed skeel ptpe ing 
Cmac +o ac as cathodD 

Objec dal s Comnected +o a block o an 
anodic metal such as Zo, Al, Ma o thclloys. 
cwbenees these ®s a dlumand o elecdoons by 
he Cooho sives io he e um, ,andc metaal 

Coill SaCiica a Cundeso odotion and 
odease +He elettrons. Thus he objec. metu is 

PoolecAed 

As onq CLS anecic metal bock e extstent 
optectim is achi eved. 0hen 1t dis appeass, hoesh 

bleck is veplaced. 

Appe cadtons 
employed h beAec pipe Jines sed tos coater 

os oo adar tanks, Ocean going shipS, p+ens ec. 

Decompogthoo potental 
IA is he expesimenialy detomioed mioum 

endensnal potebal thad ogeds to be appliecl in 

os des to have CotinuouS alcompositiuo o te 

electoolyte. 
ea Jn +he decompositiom o oader, a di Lte 

Soluhrono ether an acd oalkal ts alechoygec 

Asin Smeokh plakinum elecdsocles. 

PT.O 



For the applie d potenhal o1 Less than 1:62 V, 

these is niholSge o Caohnd cotich eot Aop 

ozerso in a cOile. obed Hhe appled potenthal is 

.68V er mo9e, tHese iS CoOiOuouS decomposittn 

O Coader oit e libesatiom O dhogen a4 

Cadhocla and augen 
a anod,Thus,18ev ?s h 

olkcompos 
iHio potential o oad en. 

Electaolyets oescuds in dschasqe oL Some 

Pooducks cd 
electoocles, These poodPAs Lo 

a galvaoic cell, oich oPpOse the. éxtesnally 

applred potendial. 

a. io the elecsotye ¢s o coates herse ?S 

Some 

besaion o hydhogar 

anood 
A 

o 
genat 

c4 
hese is 

ancce. A HQ gawantc Ce S home.c coith 

electzo de acthg as ano ode & b, electrod 

acHug aL cathode, Thes Sabwanic cell poteutial 

OPpOses +he 
extesnalllyppied pgas ue potekial) 

Thus back emh is poduce d. 

Arbnouolucdge. o dschasge potutiag on de hfnat 
elecAvodes Aps Ro 

kooof9 +o poteittal to be extesnallu applzec 

M 

0-5t 

O electsolyeis o any eleckolyte. 

E To +he eletroiysrs o 2nc iodic Solution 

a potetial o 
130V needls to be app.lred 

Paecdchiug +he O9der înhe dinheret 

SubstanceS dchasge o ddpost£ ct haspe �h ve 

electoedles 
E By he eucsrolyais o a SoLuhom 

Contcdoing Cuions, Zn2 oog andCedon s, 

dschasge on po sMroo metals happenbs 

to f he os dles oh Gu 4h Co & later Zo. 

Ti on the otha hand,'cohan Zo, Cd, and u Cune 

made achve Cnodes, heir diesoludiom 

naPpens to be in he eqence Zo, Col & u. 

app lred 

ct 923pe Chve 



M odule 3 

Sa Deoe Caloat h'c value oa'ful. and Coaleulake 

the gsoss & net calosirc valus oja Coal Kom 

the 1olloto ihOt Od on - 065 
the olloouq dlata 

Mass ol coal ouot e O85 

1Oadeiqui valund o Cauloumtenr 065kq 

FF Mass oj oal Hakeh fn coppen Coloai mstes = 2:aka 

Rrse 
fntempenadwhe O coades = 3.0'c 

V Percentage o H2 fo he COal - 32 

viLaeut heat 'o gteam = 2057.16 kT|k9.(6M) 

iven 
Caloaticaue.o au 

is the amouut oh 
a enesgY Teleaed 

ohn nit quanHty oj hul bunt Computelu tn 

Cu o ougen.The enes9 
delecd by +LAul 

IS meagcaa aterms o Calo hC Vaue 

SpecEhc heat ob coate = "u 181kGlkglK 

Mass o Coal busnt= O.85qm = O. Ooo85kq LmDJ 
M 

uoates eq. o 
Calosimter = O.65kao 

Mass o oades takeo in Coppen 
Caloaimetur&)=9aks 

Mass o 
Rise fo em pedatuwnt.o 

ocdes (DT) = 3: 6C 

- 30K 

Pscentaqe el H2 to h Coal 3:2 

Ladent heat o Steam = 
2457.16 KI\ka 

Wt0-)AT 9 KJlk M 

Gaoss Caloac value - Wt Wa- )TS..K|ks am

(o65+2:2)3 Xul87 

Oo0S5 

= 4-2,116.29 KJ]kg 2M 

Net caloRr ic valuu = eCV 0.09Hx Ly 

4211629-.a*3:2)x2457-7 

A2116.29-"707.83 

= 4-14o%. 46 KI|Ka. 

11 



Sb|DeLine Hel Cell. and eaplao the conetzucion 
Cund coo,king CHOH-02 ul cel. (1m) 

F cells 
These aul 2aluanfc cells hat conveat +he 

Chem cal enea oh Kul oudant Sy3tem dizet lu 

Poto eleciiçal �fsgY by idatt os oh huil at 

anocke cnd uduckron oh oui dant cd cathod,. 

Methanel-orygen (COH-o) ual cell 

Conshouction 
RepaeenBathon oh Cell 

PoAOus C(mpoegnadedë p£,CHgOH +HSO% HS04 laqp ,PoAous C 
Cimpoecaiadad 

The cell Consie s ob. 
Aoode' Poaous Caboo oith dspere ed platinum 

Cathede Posous Caabon ot+ ClispeSed platinum 

elec Faolyle Aqueous H904 2r 
AcHve Components.i 

Fuel Methano miecd pith HSO 
Supped at aro de. 

Oiclant: Rou Ogencupp.led ot 

Codthode 
AcucenA to cathecle, tocoos.cls +he dlectaolyte 

Side,a Sermi-peSSTYRable membTane fs ingersted 

o alloco he cnusion On HT ions bud dicallots 

he dotHuston o Metbanol to cuwotdl mthanol- 

oi dahn oisecty at Cadthoode. 

Ap Ecess 
Cathode 

CHOH-HS pue O2 

Semi pesmeable 
membaane pesmeable 

toH ionS 
Eacess Ot HO CHoH+So 

CO demova
20 



Wookiog 
Following reachons occu dunn pocoe GenesatHon 

nodic oaid CH.OH + HO CO+6H+ 6 

Cathadic s»ed 1+ GH 6E 
Cell Reackhom CHOH+1%0 

3H%O 
CO+2to M 

lder and CO, Provducedl ave Temoved as an 

when +Hhey h09rmecl and do not hasm he cell 

unctonng. 
hlader ts geoved ising co?cks,Hooe 

pa o ft ComeS out at Cahoce compaut maut4 

along eoith excess oO 

Cell poteotial: 1:2 
Appications 

Osecl lttaay app.licationS and laage seàle 

pouo es Pobouction. 

M 

Sc.De SCoibe the paeparatiom o golaga adle SleCoD 

by Onion Caubide paocess. im) 

Poepasahi on o SiCoo9 ue in photovoltate 

cells by Onion 
Casbicle pooce Ss nvolves haee 

Sleps 
st giep 
Poepcacdin o Mekallusgical q8acde silcon gom 

nhusaly oc uq qualz 

A miane oj quasdz (sIoD and Casboo Cmetalu 

9 col coal or cke) Fs Stauck by an electarc c io 

an aAc Hsoace. Casbohesm?c e duchiom) wslug 

Cauboo eleckoode s. 

SiO+2c 00C Sr+ aco 

C6 oucdizes to COy and escapes into the 

atmosphese 
Silicoo fs obtafoe d o mo ten oam & 1s 

Contamioaded oth Al, Ca Ma 

2M 



The Pmputies a Demo vecl by +he additHom o 

Stlfca. Follotoing veachions take place 

4AI+3Si 
2Ca+Si 
Mg +Si 

>The zides o aluminium, Calcium 2 Magnes tum 

Combtoe toit siliCa +o hohm Cossponden 

Slrcates and ae Temoved as sNag. The Stcory 

Qyt behind fs callad metallus.as C g4adla gilico 

Css) 

ndslep 

3S+ALO3 
S+2 Ca0 

Si 4 2 Mao 
M 

Snthesis og stlane vom stlf con 
Metullusqicol gaad Stleco) 13 heated to 300-350c 

and dby hydsoen cblooide 9as fs passecl, 

Tafchlovosi lane asmal amoun& o1 tetoachloao-2M 

Silane aL {OAmed as qien beloeo 

S 3HC300556C HS Cl +Ha 

Torchloo gilane 
St+4HCI00b0H+ SiCla 

Tet oahdooosi lane 
Tofchlooosi lane fs pasged tthaough a coumn bo 
Pla ith on exchangë Te$en ctakning 

quatesnaoy ammonium gats as Catalut tb gue 
dchlorsosilane an d tetracloocilane Drchlooosi lane 

9aubsequsndy tosms Srlane tatchloosilane 

HStCl+ St C QHSTCl 0o exchange de?O, 
Containî g quateANCUy 
Cummpium Salt as 

CakaltA 

3H,S:C2 Pon excbange diFO StHat 2HSiCl3 

Tetsachlosos:lane fs Convested toto torchioaost lane 

by toeatug uoith ydsogen ad i00dc 

SCltHooéCH`Iclt RCI 
The Pooce ss te cootinuad to get stane 



3d sp 
ucatio) o slicon ycbadu 2 Depostti cm o St 

Slicor hydacd aa stlane obBaknec aove Rs 

tuthes plitrecd by dushllccthom, Silane is passed 

Sdo a oeacko Cofoining hot sili cgm Seed ocds 

ThPs metho is callud Onioy Caoside pvocess, 

Silane 9ets pyoolysecl at wgher tempesodum to 

tOm po yeoystalline silicom 

S H Soo-loobC St+2H, 

M 

S Ha 

6a Explain the eapesimerntal dletesnmi nation o Caloas fc 
Naluco oh Kul aus fng bomb caloadmeters 

Caloaetc value o Soid oa qutd puuls ic 

datesmtred by ing Bomb caloaumets(M) 

PROple 
Heat qenesated by Combusthîon o hu 7s 

equal to Hhe at ahsonbed by sushoundkug 

oat e and caloimles. 

6a 

Battey 

electagdes 
Oyen iolet 

stioT es 
Ebonte 

Cove 

Sensiti v 
+heorr 

oatesjack el 

Ad jacket 

slaloless skeel 

AM 

Co Lataclud 
SlainlesS
Steel cucdole bomb 

CRoiuchon
The Calonimeerr Concsls o a 

statnless Steel 

bomb o ohi ch, hnocon Cm ka) o Hul ts taken, 

exCess o Ougen is lad (to 25 ct m. pauswa) & 

immesed to hnoon nase o 
oafer (0 kg) 

Cootaloed io the coppes losimele 

2M 

23 



ahuse cobe tied He etatcy th7otiah 

Heat rberradecd by tuol combuuhom, fs caubscsbed 
bSnoundi iq toodes and coppes Calosineder 
Termpergatue oj coades beHOaa ul Combuuton 

=TKO and maumum tesipeuo tun t attat os 
ates hul combuthon T oH caloimeter, 
bdp iothe Caluulation oGC NCV, Tmpesátues 
aue me aLLed by u O SensiHvL Bech. 

hesonometen. 

Woakug 
tHet aenesad edl by buningHeat qalned by 

(Suoyouncting wader 
+Caloamler) 

eCN tAs) CTaTOS 
wbe c s oa colbar jfc valut o ku 

can d s fe spec hec o coates aletKTkalk) 
O Suno undug ood es iokq 

Wa7 ad es equivalud o Caloimater o k 

Temp bejoe Kuul cörnbuutiom în k 

TaTemp a4te ual Comousti o în k 

ae oi tuul fo k9 
eu 0t02 CT,-T)s 

OtuOa ATS 

The Dd calo9 e va 
NCV = ecv-o.09Hx Ly. . 

cohest, Hfs he puocentage Curnouut o cbopn 
fo the ul and Ly- 587 x ul87 KJlkg s + 

lad eut heal oj condensaton o sleam. 



Gb ohatn Solas cells 2 Explaio Consiuc hion and 

uwoking o a photoueltofe call.(6m) 

Chetgoldae culle 
These aa dut cec thad Convets colcu 

enegy oto electai cal enuagy. iom semfconductoas, |IM 
Sunlight

Const suction: e 
Colech

Cot 

Semfcomauchas QITINT OApplhance IM 
-é medo Ptupe e OPats 

electon-hole 
pat gtosage. butH 

COntact 
SemfConducde 

Layes meBal cootatt 

1 Photovoldatc cell fc made o a Cniconducto_dede 

a The diode bas two electzic&l contac&s A gtekA 
meta coryBcc& is wecd on top gide and a aye 

mtal contact on the bottom 9ide. Gpicl metal er 

oyer omekal coniac & fs qenesali macle by slvea, 

The octa gas ol peamrts the Argls to qall on the 

dtode betuoee the gaid Atnes 
4An antrzqlective Ccat (SiN-Silicorn toinitaicd

oCt tagfumdi oude Ta) Ps ed btuoeen fhe 

aidd ine S to fnosease the eyjicrency ohgt 
albs osbance enesoy Convession 

Woking 
Lohen a eleds oroaqnetc vadiatiom huing enesqyl 

Subbrcrent to ovnCome he baies poteufal jalls 

noomal to he Sujace o the p-n junction, electoon aM 

- hole pass CU komed 

aThe electaons move touwands +the n-deqion Cas tt 

is posihvely chasqed) and holes move tocoas. ds 

p-egion Cas H *s negativnly chaged) 

when ao appliance os batesq is Connected 

betuoeen the tuoo Comacds, Cis uu t 9s complted
25 



Ctnd elecirons cSven foto extesnal cizce t 
erabling the tuncdioning o, the appliaunce 
chaa ing oy battey Chasged batesy s sed joa 
LPpls cathons such as Dgbtina, telecommunication etc 

4Depencdeng on the eneagy qusLmend, Py cells 

CU Connecte d eithes in sedies panall 
s Cind dlesiqned to make modules o panels o 

CIays 
3TA may be noted hat sola cells pooduce tthe 

dzecd Cusaunt. PN asaus enploy an invete 
o% AC cuwund arnd operodtiom oj elhdical 
Cppances fs eng uLc 

APpliccthons Any one) 
Solaa enesqy is wed tn 

SomesAFC aquiamend, jpa qking o Tunoing 
horme appdiances 

Corunfhy saUNces, Socal deliqious and cultaad 
9autesiqs, health ceni ges, Communicatioo syalems 

Sattelrte Oxnks na, transpost sec &os etc. 

6Cc. DisucS t hooching oj pulaol engine f pouoers adcohel 

M 

Knocking(7m 
J Ps detinecd as tthe Chasadesis tic gatt lf nq 

mdallte Sound pooducecl due to theamall shock 
wwawes htttng the ynder uoalls and pisBons 

luuing enplosi ve Combus hiorm oh gasoEoe în ao 

olesoal Combustion (Tc) engine. 
Follotoag a the geasons 0a knockinq to occu. 

Highes Compoessiom Tat'o buyond ophum Juel 
o Lowes Octane ptaol op 90ioUfne 

M 

Sloco o Jast movement olame ent fn tte Tc 

engine 
Forsmaio) oj ug&y oeacive. jnles medades cuo 

Combuboo coui chtad to enplosive Deacions 
26 



Paocess 
asale oe fs busnd o IC ergines to Pooduce enensy 

Fuel-afo mituse 1s doaton idto he Combustion 

chambers ancd is tqnfled ,tng a spask plug at 

the end o Cucfin ctaoke. wheo he lame hont 
Moves oat optinmum speed, ul is buxnt gmoo 
Cunol comnpletely Nhen the ame oo nt moves 

slowy, procueis o, inihálly bund ul, exest 

Dgess u op un-bisnt uul-ato oiutie. Due to 

buld-up o paess wa, tèmpes ctu wT|| also 
PoCDeaAe, All o he un-buant uul Fs fgnofted 

ahead o tlame ond. Thes paroduces thesmaul 

Shock Codvis coufch h?t he cyltpcler oalls & 

piston Tesultia fn a chaacdeisttc mtalltc sound 

calld koockiug 07 pingina. Lwhen he tlame font 

moves Veu hat lbeyoncd he ptimuu) spead, once 

agafn+hese "Fs eptosíve buoin duulhug ln 

brocking 
The poooble seachhonS' ouning n0amal 

CombuuHon andd koockiug eul' puinted belouo 

+akina ethane u Kuil compont 

Nomal Combuuhon: CaHs +20 03H,0 

CHa0-0-CH3 
Cethane peroid) 

CCHO +H,O 
Cacetaldlyd 

HCHO +CO to 

eplosive Combustion: CHt+O 

CHa-0-0-C 1:5M 

CH CHO%O omaudehyde T 

HCHO+ 0+CO2 

7Undesable sauliag no?sel no?se akT pollution 

5 Mechanical domage, louoesed pocoeg output, Tneoeaed 

ul Consumphicn 

-A polltion by emisgion o unbunt uydbocoalong 

2 



Pserenhm o knockin 
pooved engioe ui 
Optimed Compoe G£irn aatio 

Ose o kighes octane gasoline 
Ose oaokoockinq ghds 

ouOer alcoho 
A blenc cooBasoinq l0-8G% o ethanol and 15g0 

Oh aue ene, ulecd as moto ul s Knoton as 

PoOer alcchol.

Advactages Ang tHaee S 

ULoOseas es ottane numbes and pecuces koockin 

Beccase o fhoseaed oN, uiqhers CR coth betfer 

pouoes Oud ut fs acliene 

3 1Because, ck cohol. Coota)S oogaen,t is TLAM 

as ouaense couch auiCt battes Congbuutrom 

ehrCienay AlSo Noc em? gooS Drduueed 

0 poluthon is leskened. 

uj Alcohols Can be Syothesi zud tom plarts.Thus 

especrally tott whe Poopoatiom o alcohal 

One has a Sustak nale ul 

5 Ohen cynthuized, helpe" Po impodud economy 

O aCodoy beculle o?l PrpoAXS a Joeoesedl 

:5 

Saduanlages; LAny hreeJ 
lowess the Caloie valuuL oHh kuel 

Atomezotion 's t uLlt beaiuse O QughoSuo 

tensiom o alcoho 

3 Alcohol ges oadi zud to aids and mmy Corod 

heCfne equepmad. 
u Mcdy CadTon o CR engML iC 9aqiid 

Alcohols as, Suchasgoocl otni1or coader 
po98 ble phae epas�tom oj alcohol and 
gaseltne dlue to 'abcorbed oates needs to be 
Oveidud by utu benzane c eAher as 
bunding ogents 

1M 

28 
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Module-4 
a Df guss tthe SowceS, ejheets andd Cootadl measwes 

o, oudes o,nitooge0 (6M) 

N?faog.ern 0ucdes CNOx ) TqUs to Hh poesence o 

Na0, No and Ng to he co. 

Soces o Ntlsogen oldes 

Nadusa 
MosA o the oi toous ooide (NO) fs onmed du 

to bactestal decCornpocihom o nit30genou9 Corapounds 

1t) Nttoic oide (NO) Is o%med by bacteial 

dlecompostlhe) oL nitzogen andl oyaen m intesna 

Combushin engnes o duainq Jiqhten+ng 

9 Ntpogen drode (No) ts »medby he Bldotia 

o Ditofc 6ide CNO) 

Anthoop0i 
IC engnes fn auutomobiles 

NtO 

2 

12o8C-1156 NONO tO2 2NO 

Some otber Sounces ae oftoic 
acicrmanuLatwiual 

utizatiom plants, explostves paoducthin planfs, 

tilizer planis etc 

ehtecs o nitao9en oides 

ezpoSwe 
to '50-950 ppm O NOx CaLes iogctm 

0 the bo0n chi and may Poove atal 

Oxides o oitoogen 
lead to auid rato 

3 Leads to osoma1 o) o Secondosy 
poutant, PAN 

n photochemieal Smog, & potenttal ivostaut, uoi ch 

alco attacks planBSides, 
'tetiles etc. 

Contool o nitsoogen 
Ooicdes'. 

NOx pollution is condaolle by use o Catalyhic 

Conventess io exhaust 
nes 

M 

2M 

QNO Calalg 
N+ x0 Pt Rb 

a Emissio) o NO KTo) ue aaues Can be 

Connaolled calautic educhon o by opho) 
29 



ANO +4N+a Cadal t 
VOs WO3 4N, t6tO 

B00-400'C 

3Taeatmed o1 ue go ges by Cosbenis Suchas
ammont a, dEmesfone, alumfnd, acdivaled charomal 

7b Eaplatn Hhe CauseS, ejke ts and dksposal rmeth ods 
o biomedocal coases. (M 

Tis so0: d was de genesatedd duoing dtagnesis 

testPog, toeodment, seceamch or pooduuCtion o 
btologicall pooducts jo umanS o animal, 

SOmefinmes, Knouoo as Yojechoug Oase medicall 

was e. 

Souces o biomedrcal was tes 

Hospifat's, nuBGina honmes, Cnics, testiug labs etc 

3Resea,ch Centres and animal deseUCh Centoes. 

aBloo banks 
Chasa.cdesishcs o, biomedtal toasie 

Lt s impostantto kooo he chavacBeatsHCS oL coaste| 

to adopå suitable 
treotroent method. 

chazadersishes guitalole hor incnestio 

Heaking value oy Colaic value - should be highe 

F Combuuble mattes- shoule be hig her 

rT Motslhe Contend-shoulod be Sess ers 

tu Shoud oot peally end up 1o hazosd.ous 

emfsSions o Ohesuorse, tfse should be tvecdtmuut 

mthod byoaa dc charqe o gages o agh 

Chavsactessichis Suitable jos aPpoopaiate cusposou 
b 

Johechous waste-uoagte may Contai Visus, 

bactema, pasas iteS, lab Cuutuae S, HeCues, body pauts 

bady uuds, suoalbS, exUsakia, needles, koives edc. 

Radcoachve wasle - Rapliotheaapy soludions Jab 

SolutionS, Contarminatedglass uoade ekc. 

Chemical wasle: Eapiaed ab rseagouts, dlctoEclanle 
Cleansesg eic 

P,T.O 
30 



11 Chenmf cal phasonaCeuhcal oagte 

Eapised ánd coolaminated meducines etc

v No aisk wasie - oHHCe Papes, uooppes, kitchen 

waste, qenesal Seeping etc 

Rsposal o biomed cal cooute.: Any Bmethods) 

rposal methodc ahe fo Chogen Cosupully 

to elfmnate the oisks by expos. to hazasdoug 

emtssiom ov Ottes ConsequoOCeS, Yenerally 9ntoers cchion 

Chemical disinyecthom, mf coo Co ale 9sradiatin o 

Sanitasy dandtj llig ae employed. 
BM 

This method Ps selecked O3 uoaste tteat Can 

Dot be seused, oecueled os uspo&d o fn a lardi 

Jt oesudts in emisstoy o t0iC 
Suhetances,acads 

padiculade mattera apathsom 
wcdter and caulbom 

ooude. The ash and wdste oates produce d 

also may coomain tofe Compo unds coch aae to be 

toeatecd Fo avorcl advesse ejeetS on heatth and 

he 
envisonMeT,Mcdesn DaKes etorss aa degtaned 

to Teco enero 
ChnEca leshfechio 

Th's mthodkills o foachvates he padhogen s 

oich otthescotSe wouldspsead he d ceaLes, T 

Sutlec e9 blood, udine, stools or hospitals, seuoage 

healthcaaa wasBe locludeaq mico bioloaical cultutes 

shasps etc. Fo>malddhyde H-CHO), qudqnadilydde, 

Sodiuo ypochoai te and CWosine0dle Cun he 

qeneraly employed chemical dbeiectants .The kinod 

o einhctant and conditionS otreadmend dupend 

on the kodo gubstsade 
P MUsowwe ogacuathono 

mico 09qantoms Can be dle stooyed Compldel4 

by this techniqie,OitH a uquny 450 MH2 

an 12:24, Cm uoduelunqt, Dapid and igbes heat 

qenesated Can kill al +Hhe miorocqan isms in tth 

Cwcye. 
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Sanitaay Jandyils 
Dumping the' mecro cal ase fnto open spaceg 

Can lead to acude pollufi Pooblems transmi tting 

the oseases by leachn9 and hasmul emiseto 

Tke sthe last optiom adlopted and coith pleoty 

hgineeiý
poepa.ationS 

anol gkillec

TC Ezplato Scale and sludge Jo%matim fo bofleas.(7m) 

oCa by qeolotrcal 
îsolation,appP>opai od 

akt 
e 

Ts SOL,loose and c\imy poeapitate joamed to 

he boilër goades dlusi n9, the qenedatiom o dteanm 

S ohned by Mg cOg, Mg Cl,Mg sSO4, Cati, etc. 

Steel 
mal 

.00 AM ' 

oader 

sludge Scale 
RrsacvapBages on Sudg 
Suclae fs poo Conductos ou bect, So ft tends to 

uoas ke the posHo) o heat denesated 

It sr9ed to excess,decseises the htcteny Oh 

boil'es. 

sAucge 
Boilen eedcocdes should be well Sottened 

|Bloco cloon opedatioo shoudd be Cas9uied out 

0quenty to' aseid he psoblems 

Scale. 
This fs hasd and adhesent, coating oamed 

o0 tHe îooer oalls oj boiless,duing steam 

qenesation. Jt is hormed du to Psecrpitadion o 

Tollowig io ha boilens 
Lo co poesg me boiless CaCHCO3 ), Mgcl etc. 

Hgh pressure boiless Caso4, silicatc 

Disacvantages o SCales. 

Tis poo~ Conduclor o heat an seduces the 
Oote o heat trans jes. 
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iBorles tubes may clog due to scale tormatioe 

Due to scale oimaticm On Deatina Sunaces, 

Oves heating ouns and metal becomes Sot 

weak, and +his makes the boiler unsae. 

Scal O9madtiomeacS to uneven epangimo 

boi les metal. Thicker Scale tends to rack & 0 

cohen coater comes Cuddendy în Contact coith 

Oveshecutecl Steel sunjace, it deS UUtS in he 

hosmati Oj lau.ge ámound o4 Steam, uokich îo 

tian clerelops a suddlen h:gh pae SSUL that Road 

*o explos iom oh Ooilers 

oevernie o Scales 

Infesnal 
toeatment: Condtoning muhodc 

eatesmal 
Areatrment: Lfme So da Ze oPte o iom 

M 

chamgé pooCes. 

Ba. Destrne BoD and coD. Calcudate +he cOD o ad 

wastecwccter 
25mL oh coseh eonsume3 

l0.5mL 

op O02N KCr07 |oT Complkte 
tdccion.(6Mn) 

BOD- btologica xugen dhmand 

tS a meastoe o, 
biodeqsadable 

pollutants 

Po oadess. TA is cdepined ag" 4he umher o, mflgrams| 

O dissoNred ougen (DOD Cons umed bymicso 

osganisms o the oid edtion a polLtants 
fn One 

Qrtre o watus 
úncder aesobfc 

Conditions at 20c 

Oves a peniocd o 5cdays 
COR-ChemiCal ouygen dlemand 

COD s ed to measw he fotal ontotcolble 

mpuies pres�nt o+he Ceiwao9e This încludess 

bof 
biodegs.adoaole and noobiocdeg addable 

mcctles. It s cle4ioed ag the number o mligsaD 

Oh OyGen 
Aequided 

toudlise, +he pollMaots

P one ioe oh 
oaite aoatea by a slzong 

Cumica oudant Such as, actdjied k,Cro7 îs the 

preanceo Agton as the Calalys 
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iven. 
M 

-P) lo-5nt 
Y O. 02N K,O 

M COR x-PDxxio 

M o5 5)y O.0 -y10 

= 6.12 x I6* 10 M 
= 61.2PP 

86Eplain the o tening o} ates by fon exchange 

mthod (IM) 
Sb 

Soteng o oates b fon-exehange poocess 

Removel o haadness Causiuq Constituants 

bo m cootes is calluel so1tening oL coates. Paaal 

07 ompleke vemoval o dicgo Ved galts by 

TeesCble rons etchange desPn îs ao ehhi and 

muthod O Sostenug t uoates, Resins ed 

CU Genesally tncsolulole, cso&4 ltnked osganfe 

polymeS oith miso-pos ous Souctue The 

unchonoal qeoups 
attachad fo +he chatns enabl 

Seyvscble enchange H" ions and OH ons 4O 

Cations and anions in the Had cwates. Stoona 

acdic unchonal 9Roup Jike, sulphonie acid R-sO,H) 

Cw?I Cotaio deplaeable tH rons ond enchange 

he Cothion s io Rad coate &tsongy doasfe 

Huncioal gtoußs Ike. tofmetlammoOlum 

Adboude [R-N"CCHDPHJ wfll contakn 

deplaceable OH ions and will xehan ge a 

nions e RLd oate. 34 



Coion exchanqe oesinS e qenersaly,sturene 

- diunyA benzene co-polyme%S oh sTuonic asd 

TR-SOaHJ soups and ani 00 Uxchange reins a. 

qenesall, Stysene-diuiny benzene Co-polymens 

olh quatesnay 
ammonium ucboudi.gaoupg 

bocess 
Fed cwcder is passedl thoough c atton 

xchanqer and fheo aiOO Cx.changer to get 

the Sont coader. 

Fed cate 

Acacl pa 
Bose(uac 

Catlon 
Achame 

|Anio) 
CxcharR Aeneoathio 9enesation 

Rerec 
ates age 

L Setuoader 
Rejectqler 
ackd aodsh 

Follooig neactions oCus 

In cothon exchanges, Cations cl exehange 

by equivalsnd numbesr e Ht ions 

RH+M >R+ HT sohure MT ts monovalunt 

Cation ke Na, k' etc. 2M 
RM+2H M?s dinalund 

Cabon D? ,e, Ca Ma* atc 2Ru+M 

e RH+ Na . RNat H 
RC*+2H RHTA Ca2 

Lo anion eichanqes, aoons ae exchanged 

by evalunt number o OH ions 

R-OH+ R 40H wbese, x ts 
monovalen anioO ike 

25 



R-OH +cI RC+OH 

2ROH+So R,So4 +OH 

Oih he Continuous olouo oh heecd uoates ioto 

Codion exchanger and dnion bichangerg, the 

CoTeipondeng TESnS GRt inachve lose thar 

abi y exchange he CaionS anions, The 

Cotion exchange dest and anion exhange, 

TeSfn aL TegeDesIaite by coaghng uoth acrd 

CHCID and base CNa0H) pechivl 

In catioo excbanqes, 
Cathons On tHe res 

ase exchanged bH equtvalunt 
numbes oj T ions 

RM+H RH+Mt 

RMP2H 
2RHM2+ 

2M 

RH Nat RNa+H- 
R,Ca+2H 2RHt+Ca?* 

Do anion eachanqes, anions oo the zes aL 

exchanged by equivalunt number o OH ons. 

ROH+x 

Rx+OH 

R+ 2oH 
IM 

2ROH+* 

RCi +0H 
ROH+CI 

Rso4+20H 
2R0H+S04 

Keqenusate d ion echange zesins ot{l +hus 

be Teady tos cotening the esh ad o had 

COes Oncebqal). 

Bc Explain the holocotug t ozone duputt ons 
Bc 

i Reresse OsmosisTm) 

P.TO 
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Zoe 020ne depleu) 
Ozone fs avatlable 1o selativee laaqes 

Oumounts at stoatosphesic leds and pootec s 

he e Syatem oves 
eah hror the dangero ug 

O20ne Oomatioo

It ts omed io aio by ollocoimg Teachons 

20 
Oactaticrn 

<240nm 

Also o2one fs dlestooyad by 
UV 7adiaukio, O,+O 
206-320nm 

A cdunam?c equii baium ?s 
estahlished btween 

the joAmation 
and 

diceociatiom o 
020ne în the 

Strakosphese, 
maioBainin q a Consand 

Conceni roti on 

o o2one 
coith 

abeorban ce o UV vadathron . 

O20ne deplutior) 
Chlomolusocanboos(CFCs 

cokkch ae Uecd 

as oehiaesdnts, 
poopelarnts and ae eLhnquihens 

ae the Cau O, depleiorm The ase veroy sfable, 

mest and nonhasmul, Bectae o hes cherm' Ca 

stabidi ty and abende oh noturad sroks, they slousdy 

obst towanols the Stsafosphere. texe, they au 

sdo ciated by t6e. achion o OV-saddi atio deleaainq 

oeachive Chlogide {Tee 
vaclicdl ooich casallys es the 

issociautim o o200e. 

CFC 
UV-Tadtation CFCI+Cc 

CIO+O 
Ci+Oa 
CIO+ 

Ovenall each on is 9ac cal 
Muntioningis 

irmp) 
Ot0 C 20, 



etecd_ q ozone cleplebi 

UV acdtahonS Came shiO Coancess and a the 
Tommune Sggte 

P Abscnptfon and codaracss. Uv vadraions k? 

mfonoosganisms 
and theneby hhecd he dynamee 

bDlogial balance 0o he Cauth. 

ootoo o Ozone duple ion. 

Use o hy obo coaubons and ydo1uoso alkaneg 
Use 

Po place o "CF�s, These Compouncds cpit one er moae 

ydh cqe 
'aBoms a susceptible to clegradation. 

To HFAs these no 
ChloainE atoms and C not 

O20ne 
cdestooyens. 

But Hhese chemiCals cu qauon 

houe ases. Ust O P3pparne 
and butane ag 1õeezers 

s mose ueul. 

O0e o moge 

Desalleoatigm Rh sea w odeg by Revepse Osmo si 

ohern an aqueous 
sottiom o diqher 

Concenta0ti) is Cepasakecl \vom anötther ooidh 

owes 
Concertaraton by Semtpemeable 

embsane, 

octes wll nove som *he segio) olooe 

Concentratim 
to 4he 0oe a hrober 

Concentzaho). M 

This psoceSS o 
movemunt o oader 

molecdes fs 

Callid ogmosis The 
movemunt 

salwen.j molecule 

thsouh 
+he 

Smfpermeable 

memboane som 

highe 
Concentsated deqion 

to looes concent oated 

oeaion b4 he appli cation) extemmal 
pressUL 

igher 
Han the Osmotfc paegune fs callel as 

evess e Osmog?9. 

ncple and 0ogking 
When a paessuwe P) goeader than the 

0smotfc paessUi Cr) Ps apped on he Soluuticn 

Stde,he'cireciorm o movement e oater mole.cules 

thoough he 
Sem?pesnaabe 

membrane is 

Devesec 
Thfs Ps teored as 

arelrersse 
OSmosis, 

This mthod when appled to brakish wader oy 

Sealoaes, 
wates 

moleales move tho ugh 



he sem? pesneable onembaarDe 1som he sat 

Soluti on tocwaads sesh coater siele, leaufnq behimd 

he Concentrated salt Solutim. 

SPM PoAOus Suppoat 

bxcds 
H 

clesaltnated cooter 

Fresh 
Cwate Appliecdl prssbaP) >T 

OS1ohc 
Conceoated 
boabish sea tocde0 

Seme Pene able mernbsanes ed 

Cellulose acetate

Poumettacsylat 

>Polyimicde 

9 l00-150 um fn thrckoess 

Oth 0000I-0.01 uM poRL Size 

6.9 

PaessuseS O he o'rcler o1 850-10Oo psfcoe edoon 

he eed sidi dupendiog do the eed ootera. 

he 
Rewese 0smosfs ean be dhhected od 

brakistb coades by the ue 61 pTELsnes up to 

50-400 pst CI1-9T bas) ad for sea coate, by 1M 

e o Poe saue: 
600-l000 ps?(�0 o baa) 

Lmportans Com poents 1 He desedSe osmosfs un?t 

e Sern pesmeable 
oem'bTane anda ugh 

psA pump. esse osmosts bas thu advootage 

o Demoval o al pollutarfs nclucdiug mieso-o 

anisms tfocoerens, there fs a 
dsaduvanfage 

4%ad 

decalinaled 
eoates coll not have en He aaquisuc 

minesals CCa" M"uc) Jon goodl health 

a.Eplatn theoy and 
instrumentation oj oloaimetoq 

Jbeoy C1M) 

A Segres o standud soluhions oj upaammonium 

Complexes fspaepCuud b miting apoic so utiom 
39 



Coth eNCeSS amoofa. 

Cu[NHa 
Reep Jolu 

CH 4NH3 
Qrqt 

Thes deep blue Complex absoobs naximum 

Qrgt cut 620om. Htence ta absoa bance o each 

Oth above 
Standasd 

soluutios is me &isd 

aanst 
blank at 6200m. 

Prom Beer Lambest's lauo, 

Aosorbance, A = ect 

whuse E fs molas abs0s piuity, ct fs ttbe 

Con centration o Cu andt is he Soluution 

thickness thwugb 
okich Hegat passes 

efs a 
consBant o a gied Sabsd�oce' at a qive 

uOawelonatb, 
Wheb same 

qlass-Curette c ued 

O all +he Soluuions dulnq 
measuolments, 

t 

uoI oemafo constant, 

From 
2M 

Theeos, 
în he equaion cubove, o-SM 

A ConsBan t xkC

AC 
CsAong. 

Hence, au he 
Concentaation 

fnoseates,aßcs 
bance 

oill also 
oooeaie 

poopostionally. 

|Poocecu 
Knouon volumes (2,4,6,8, 1O mL etc o stock 

So luutiom oj copper 
sayate ane 

taker åo 

Sepasate Soml sBarndds d hlasks. 

Q2mLO ammgota is, added to each on 
tthese 

lasks and duted upto he maa oith 

disilled coaden, Shaken oell to get homcgedeous 

godutions 

7 Tut golution îs. toeate d with 2ml ammonta 

and diuted up to he mask coith dhsilled 

oades io SomL lask andd mad homoqeneous 

Absosbance oj each 9tadasd solustions nd 

onalyte is meoasud agafnst blank (2mn 

Cmmonia cdiluteo oth dls 4|led water 3o a 

M 
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-

5o mL std.lask) ad 62o nm usMq coloaimeter. 

Calr boathiom Cusve fs dsauo0 by plo sting albsovbance 
agatngt concenisoio) o Coppen. 

Absoobance oj analyte fs located on the 

Caltbedodhc) "Cusve and Concenta ohion o 
Coppes is detesmined. 

Coloatmeay Can be applied to estimate coppea 

o brasS, myanqnese tn Stel, gucose Pn i ds, 

i3OD in haemai te etc. 

Acduantages:) any öne 

Acausdte sesults ave possible even cohen 

Concentvations o andlutes ate loco, 

Analysrs o biological Sample s poseible. 

Limt ationLo one 

Analyeis Rs possible ooly cokn the anaute is 

coloool. OHescoR se Colousle se sDectes under 

inveshgation should be toeoded oith Sultable 

ea gen toget e Coloa. oosy colowidd saustions 

au ot give õeliable Desults. 

05 

0 SM 

6 Dtscuss the theoay o Concuctomudoic 
HtaathonOS 

and eplako the nadusi oh QEaph Joa he jollocoMg 

itoaions 

) Strong acd coith Slzong base ti udeak aael uith 

30nbae 

Sraong acd ustth stoong base LM 

4M 

iNdsalic ation pai 
Vol. o NaOH 

(HCrD+(Na+ow) Na+ er)+ Ho 
. 

4-1 



Spedhfc Conduclan ce decoeas es io he beqinoin 

o Eftoaio) own9 to he eplaceent o, Jugiuly 

mobile +Htions by lëss mobile Codions (Nat)o 

base 
Concuctuiky Cootinues to decse.aie until 4he 

Deutoali sadio) o the acid. 

Alen he neudaáisadiom oh aud, the Spteifc 

Conducance oiseS dapidAy oth Kather oadditiom 

O stoonq bage beCauue o inoreaid Concentaation 

o elatvely 
mobe 

mobileoHoos. M 

>A pbt o concluctancegafnst 
volume o baje 

oddud caves, tuwo staa t loes. 

>The point oj ioteTgecthd) o tuoo nes gives the. 

Meudoalicodi on poind 

Thus, oo tilraion o 6ooton volume o1 He 

agaknst NaOH, doálksatnom point hdps in 

calaulating he quanhky oHCI n Hhe test 

solutiom 

leak acoicd agatost a stoong bae (CCo6 HN!s nJaa 

CHECOoH+(NätioH) CgCod+ Nt)t H IM 

05 
M 

Nudsck sahi on poî 

roo NaOH 

SpectAPC 
ConducBance ineaies io tbe begioning 

o 
titraHon ouoing to he ematto) o ugly 

dissociating galt, CHCoONa coich vesults îo 

noveagecl number o ions pes unit volume oth 

analyte. 
Howeey, tHe Se in Conduciity is no 

shp be caue, he sall deleases Jecs mobile 

LM 

b 

4-2 



Na ions and CHaCO0 fons 
Conduu.chuity cootioues o focrea0e slowly unti 

tthe neudta lrs adio o] the acid 

Arteshe nulrali satiOY o a.td, he spec'htc 

Concuclance Dises vapicly uwrth sthes additon 

o1 Sloonga base beCaue o nreaed concentsotion

o Telatvely
moe. mobile"OH ons. 

cdded qives kwo stoaugl ines. The potnto A plot o Condlukance agafost volume b bage 

C 

intessecion ontu00 
ines gives the Dudaalie&hon

potd 
Thus, 00 the tilration o Kooto0 volume o 

CHCooH og anst NaOt, nutdali sation por t 

ups t caXtulodting the quantity on CHg CoOH în 

be test solutiom 

cEaplatn the cyntbests o1 
nanometerials oy Chumta 

vapous dapostion mocd6MJ 

Chemical vapous dipos Hermuthod 

To 1913, 
Chemecel vapou dupositHon CCND) 

techotque 
oas hDSt eposted to pavduce 

MWNTS by endeo and s veseasch
gsoup,Tbsee

40ass ake, Dai i0Smallys
asoup.succesHuUly 

aclap&ed Co-bavd 
CuD to pooduoe SwNTs 

CVD +echoique Can be achied by takin 

a 
Caboo Sousèe îm the Gas phage cnd un 

an enesGy Souee, 
Suen aS plaima or avesISTely

heated cofl,to taans ernerg to agaueous 

Ccobon moleule. The"CVD Pzocess usds Juucbocat boys 

as he Coboo SoCes iocliidkua mathane, CO, 

and acdkylene. 

The hydhocabons loo oooug the quastz 

tube bexng fo an oven at a uah fermp72oc 

At gh tempR sadue he udocarboos a 

brooken to be Hhu hyckogeo cabon bond, 

Poodueing pu Caubon molecule s. 

AM 

IM 
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Ex CaH 
Then, the Cabon uotll AhuAe oas, d Hhe 

Substoote, uo uich is heated and Coaded oitth a 

Catcalys A ohese ît cofli btnd 

>20+H 
MM 

Gas + 
Poecus S0%/ 

AM 

as occtLt 

111111 
Depcs ed CNTs 

Caubon 
Sousce 

Ined gas 
CN A) 

Spet us nace 
Co0-8odC 

Lany 4 appcadtions 

AcdyanaG Jio over Jasge ads Unio%m 
clustarbuhon over Iasge Cecas 

No Composibtionat gaadients aoross 
e 

Substoade 

No needl to boeak vacuum hO% SouCé Changes 
pM 

Moe Selechve aa duposittom because o. 

ughu octuatiom enesgy os veackhon oith 

orsegngubsBances 

>They am Con ho%mal to tHhe sabstaade 

isacvantages 
Mosy 

10volve Sojety ond conBamincchon 

Hydides anel Caubooyts 
ane polcnoug 

They ahe not Sultalble J0a mixue s malusials 

Hrah cost }p9, Compoundls 0ith suAsrcenk 



OaEaplan Sol-gel muthod o synthesis o nanomate -
prads. [6 m 

fs a bottom up appooach o Smtuis nano 

mateaials

Sgel pocess 
A change oom 

a Diqufd &ade to a gel 

State thoough 
poly-Conden2ako e achions, A 

So is a Stable dI sperss+orm O Colloidal pashcles or 

poymens in a soS The paiicleS may be 

amosphous Os 
Cstalloe.pia Si ze ud m. A 

ga Conçreis oj a thoee 
dEmensional 

continuous 

netuooak o 
the sotpahicles, 

uokrch encdocec a Siquio 

phase. 

Lo a colloi dal q, he nekoozk, is butt prom| 

agsdomeration oj. 
Collotdal pahcles. Lo a poly öer 

gal he pashices 
have a po ymesic 

Sab-s4Tuctu 

gel 

mad by aggesates o 
Sub-colloidal 

pauhicles. 

The gol-gel mehod 
involves he pollooîng eleps 

Hea 
Meta Coa 

altode 
Solution 

Coating 

ersogel m 
Dence Hm 

Dense 
Cesame 

Heat o Evapoubati 

ydboyss 

polymesahior) 

M 

o 

Sol gpimns o 

Ceralnic ers 
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. Fovmation g dheunt sBable 9oludiiorns ohalkoade 

OSolluodecd met cl pseCssoS 
MOR ++0 
Mott +Ron) 

,MoH+RoH (ycbolyafs)
MoM+ROH CCond encation) 

eelatiom desultioq Kom o9m aion o an oude 

OT alcohol boidgg hetuoosks by poytondlensat'on 

geachom thad esullsin daahasic norease o 

the visCostty o the Solution. 

. Agfog °hd: The poy condensadtion Teachons 

Continue uryil the Gal transOsmS into a sol 

mass, accompoined bConirahion ojh 9el and 

epulsiom o Salwent hvo qe poes. The agoq 

Proces9 o el Can exeecl1days ane ?g 

CAtfcal to he paenthio o Csacks in gls that 

DM 

hawe been Cas. 

D no o g Dates acl othes volathle Jequicls 

ane tmovid oom gel ntuooat,
The day taq 

Process has ilse bsoken oto jow dinshinA 

Seps 
a The Constant dade pesiod 

byThe coihcal poto 

e The alleng 
rate peiod 

The aecond halleng date pearod 

I 
isolated by 

hesmal 
evapourration, the 

eeuthing 
monoI *H is tesme as xeroR. 

the solwent fg 
extracted

undes 
Super?hcal

O7 
nea 

Coditions,
e produc s ao 

M 

teame as Xeroge, . 

asrogel. 

Dehydoation. 
Doinq tolreh su.Jace 

bound 

M-OH eoups 
ae 

removecl,hene 
by stadoiliz.nq 

4he qel &gashei 
dehydhcdh 

c.ThS °s osmally 

acevet oy calei nng 4he mono sth at 

tempeatwe upto 8o6C 

G Densi cation and dicornposihon o gels at 

gbey tempesoctuue.
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Acdyanta 9gS, Any pne applicadia

E's Vesy ULenul fos sqothesis Ohasses, 

glass cesamicS 

Monosi Zed nano poukicle s C pooduced by tis 

mcthod. 

Edendudl composttio Oangest allocos e 

tabaicatiom o any 
onudle cornpositon, but also 

Some non ootcles, al' well as the produchon 

O nuo ybrid o94anic îno%qaniC 
madeials,owch 

do not exést naturally 

iSadv ontages 
Cos O paeusOgS 

Im 

hi cut to avoid reidual porosils andoH 

0ups 

b. 0te a nole on Sgothests, psopaes and wes 

O1 Hullexenes.7) Note Syothesis is oot there fa 

sUbus 

FullexeneS 
Ao allo brope on 

Caabon 

The most amous tosm o huUerene is CO. 

iscovesedby 
.W. kro+o and RS Smalley at 

Rice Uni versity, USA CI48S 

Populasly 
hnouwn as 

BuckmfnisBes 
ullerene fo hono 

O 
Ameican 

aschrëct 
buck minisier 

tulle. 

The Shape o Ceo oesermbles the dorme Slauchun baye 

On heagons 
and punBagons 

desiqned by Frules. 

Cco fc also knooo ac 
buckyball as ?f Pssphesical 

clustes O 
Caubon adoms 

asoanged 
io SebreS o 

Ave and Si 
memberred 

dings to josm 
gocCo BalW 

Chape. 
Ohes 

delativey 
Common 

clukterS 
ae 

C10 CT0, C2,C4, 1t, C30, Cea. 

No otbe element has Cuch ooncdeatul paopehes 

as osldon 



Buckuballs au delodi vely cheap 
In lles eneS, 12 pentaqonal dinas a necessaay 

and SubhiCi en o ehtec3 he ca cdosawe 

The most sBalble Contalnins 6o adoms. 

The diameter oL-the molecules C6o s Anm. 

>Dt has 2o hexagbnal }fcs, 12 pentagonal taces 
and 6o Veaticea. 

Heghuul tens?le. sBvength o any kno con 2D sBauctus 

eemen 

Hs oa black powdesy 
malea 

>Vey tough and thesmally stable. 

Fooms deep nmagenta 
Solutho,o 

benzene 

The mean 

oliameter o 
moleale ic 

meaaud t 

be 7-1A. 

1 

The 
awUsage 

Casbon-Casbon 

aogd lengh 1or o 

19 I4-4A; o hfch tes betuoeen 
ha o geapite 

C 4A 
and 

dramonc Cu54"A 

Appfcothions [6 app.cohon 

D S ed n ele ckaogtaphic 
imacinq,solar 

Cells, 

monolineas 
ophcoal 

ttn Ims, maqnato op hcal 

9ecoodeug 

L ts ed in making 
caubon tlms, tunnel rodes, 

photokthogkapluy,double 

Lay&r capnei tos & 

Stoaage diut ces 

Jt is oicey used fo 
he 

coVersrom 

odamond 

lo 
he Sepasadion o 

chsomakooaphy 
makest als, 

albsosbent o gases tc 

is ued d's gda Sensos 
tempesatuu 

Sensos 

pouhicle senco 
and n dlutechom o dqanic vaouas 

|Usecl as luubacanBs, 
adhusives, ehasge fvansya 

ComplexeS, cosmehes etc 

Useel to secondau 
atteaies,Huul cdl 

enctrodes. 

Oc Eaplain Atomic Absoaphon Spectaascopy' (1m 

BM 

Oc 



Atonmie Absoaption 9peclapscopy 

Atomic absosphi tm specfroccoPysa techigut 

Cwhtch skudies alos0sphm o elect 7omagnetîc 
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