CrreTer 12

— ELECTROCHEMISTRY

“T+ w the branch OF chemiciry which s C.onceAr"éai,._:

With  the iNnter - conveyrsion O)_C chemifa.l —q,-_,d electrical
enevrgy’’ e e e e e

> Electrical energy is convertec{ igto chemical energy
through electvorybic celle,

- Chewi cal energy is converted intp e[ecﬁ«‘caw(’ emevgy
thwough galvanle oy  voltaic  cell.

_CoNDpucToRrs

Supstances  which allow the flow of eclectric
cuxyent through it .
—> Cenduction occurs eithey by moveraent of

<

electyong
without  chemnical change  or —ihYOUg}\ solution of acidsg
bases oy  calks  with  chemical change. i

A,

ELECTROWNTES

The eaubgtances whicth M coltion oy m molken
State  conducts  oleckricity. B

STRONG EWECTROLYTES

Eled:rolyl_—es which  ave comp{e'helq )omz_ecL in

1

|

molen oy in  Solvon gtato, 4
g Racl, NP, Mo Koracademy.com |
E
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INEAK ELECTROLYTES:
Electroytes  which  ave  partally wontzed N
roolten  or 1ia Lolution ctatle
29 NHo#t, HacO;, NH, | Ha PO,

_OR\DATION

Loss og electrons , loss o{" hydvogen , gain of

oxdgen or increale i~ oxidation gtate s called eoxidation,
- It takes place at anede.

_REDVCTION |

Goin of electrons , gain of hydvogen , lpss of
oxygen or decvease in  oxidation glate s  ecalled veducikion
— T+ Hakes place at cathode

_Facts_ABDUT _OXIDATION
#_Oxidation is  main _cause for the gpoiling of food.
¥ _To avoid Cpoilage of food , often Dyeservative uuh;d«,
B act as \’Qduc‘mg agents ave added .
¥ Oxidation i ~eloted o:

. Aging in human

2. Clancer and vtheamatoid aythrikis

. Haxdening of avteries

‘l— Acfua!fg oxygen and other oxidizing agent axtract ore
from wmembranes of  human coll, rat cause ¢~ qudat :
bveakdown of  body omune gyg{?m rod o

ot To avoid effect of o;udoéon) anﬁoxzdanf_r natuvrer {

-

vecducing  agents, Vit-C ard E aw  focommendad]

Ty
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_OxivizinGg AGENT.

> A Speae which oxidizes +he ofher Substance by
+akn‘n&c;' up 1ts electrons.
— Oxidizing agent is itself reduced.
> AlSo called oxidant
—> Formg  anode itn an clectrochemical  cell,
> Has lavge value of reducton potention €g Cls,
By, etc
5 Lie below H, in electrochemical Sertes e-9 F, <t etc,
— The oxidation number of oxidizing agent s decreased
in the yeaction.

~ REDUCING AGENT

> A Specie which veduces +he olher Substances by giving
its eleckkon +o other Substance,

;_,3 Reducing agent itself iS oxidized.

~ Also  called veductant

> Forms cathode in _electrochemical cell.

- fas lavge ef value of exidation Potertial,

T__a i above He ' iR llectrochemical Sevxie s e\q NCl,lea@f‘C.

;—_} The oxidation number & TédUC?Qq agent s incra?ased_

S Kotracademy-com
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__O.XIQATJ_N STATE Ok OxipATION NV NUMBER
The oxidation siafe s 7he appatent chIFE

atom would have 1 2%

posiive oY D¢ \/ﬂ{l_\& which an

moleoule oY ion.

s

Ixidadion Numpey OF Elerments and  Compouness

1+ fFree elevent = Zero
Oq Hz- ? Mﬂ

a. Hydvo gen -
| 7 \ -
‘91’7 e mr}()mds = —\e ("ﬂ,} e-3 /\Ja H 1

9n Covalent commonde( 4 aq - 0

3. Oxyagen .
In =mormal oxdes = -2 e-q #H0
In Per oxides = 4. e-g H,0,
In Super oxdes = -, eg Ko,
B Fluovine = +2 eg OE -

4. G}*{Olkp IA = +1

aop Th = +2 __Keoracademy.com

Groep W AH = +3

S

S Hobogens  j-e Grvovp A A bihany cowpourds = — 4

—

(,; Hiqab*rmc surm  of oxidotion Arumbeors crf al the a+umg
in_o molecule - lg .Zevp ,
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7. @lgebraf‘c Sum of oxidation numbers of all e atpms
m an  jon IS egbal o charge on he oM

8. When an  atom Is  oxidized k¢ oxidation numbey |
increase¢  and  ,ohen an  atom e veduced , its exidation .
Nnumber  jo  Jdecveased |

_REACTIONS OF OxipizinG AGENT
KQ_ CY;_O'] /H;SOU 9 Na,_CY,_O-] / Hz_SOl{ 2
KMnO, /H,50, are shong oxidizing agent

[ K:_CY;,O—]'[_ 6KI - 7)"/;.,50;1 - .CYJ_CSOQ)B'}‘\BIQ_ +7H),O

2. Kalm, 0, + 680y + TH,50, — O (D) 5 +3 Feo (D)), + Koy + o

3. 2KMnOy + 10 KT + 8 .50, — 2Mn S0y + 2K, S0, + ST +BH.m

r 3. 2KMnoy, + 40 (€00, H, 4 3H,80, > 2Mn(D, + 2K,80y + 10 CO,+BHp

"REACTIONS OF REDUCING AGENTS

HS arcdl $0, ave vedueng agents n  acidic mwedim

H.8 + ¢ly, — 2p¢ + €

H.S + Bt, — 2HBy +¢

H,S + 2Felly — 2FL), + 2HQ+S

2KIOz + 5 SO2+ 4 H,0 — 2KHSOy + 3H,50, + T,

. 2KMnby + 5SOL + 20,0 — Kzsoq -+ ZM\(\SOQ o 2“2504.,.

~—
v

B -

s

s
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_ EiecTrOLYSIS OR ELectroymic CoNDUCTIoN

Electvolysic, o -+he Phenomenon N which chemica)

‘—"4“9& ‘akes Place due +o passage cf electitc. corrent
at the electyodes.

- Conduction trwough fused o aqueous eleC’Wc’ltﬁe
= Ik s due Y0 vweobile ons

- Conduction ‘wcreases with ‘ncrease in  tewmperature
due X0 increase ionizavon.

_ElecTrRONIC ConpucTion
—~> Conduction Yhwough  <olid  ywetal

> = e due Yo {ree olectrons :
—> Corduction decreases  with  Aemnperatuve  due Yo increase
in  oscilations  of cations. ' ‘

~ ELECTRODES ‘

— Anode : Poctive electrode -4
— Cothode : Negative electyode , ‘
> Codions  (positive lons)  wove dowards Cathode N
- _Anions <h9‘3“"“’e- ions) wove 4Dwoaxdc anode . ¢

{

=2 e loms o elecioms _at anode s called oxidation. ¢
—> FReduckdion occurs at  cothode : -

—{
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_ FARADAY’S Laws OF ELECTROWYSIS

__FARPDAY S FIRST LAW

“ The aemount of any Substance (W) deposited
of  \beroted atr an electrode e directly  proportonal o
 +he quantity Of electvicity (Q) pasmol 2

)

' N < Q A
. 1. Koracademy.com

W = ZTt
Z: P‘IDPDYHOY)CLUT‘L:I constant caled chermicol equivalent.

Chewmical Equivalent :
Z = Phomic Mass
Nalency

Valency of an  element s a  weawre of
combining power with other atoms when it forms
chemical compounds o1  molecules.

- The Qalencg can vavy between 4 and F

\Va\encg vefeve +o the ab'a)ilrg O)C an atom or a

:ﬁroup of cherically borded. atorns +o fo’rm chemical bonds
_wih olther atomns or groups of ojome,

The valency of an elemenrt is determinecd by He
__nwmber _of  outer chell (valence\ otecivont. The valency of
_ polyatomic._ions ([ such ‘as $02) s e charqe on the icn

i

e ——
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vEacy way o finding Valency: 4 3
> Tf number of valence electons axe 4,25, 3,4,

the valency is (ame as number o elecons

s
—————————

> Tf nomber of valence eleckons ave bove 4 then

i it s cubktrated from & and the yesvltant
AIgit i the valency,

\anlency — ef

GYDUP I~ : 4 )
Group TR - 2

Group A : 3

Growp LA : Y

Grop TA : -3 KEI’E 5 I MV, CC

Group YWhH @ -2, 5

Caroup YA : -4

Group VITAH : 0

_SECOND |AW:
“TL the SLame arount of
possed  through different elecivolute B

| yres N
of thew chemical equivalent the  vakig P

electvicity g

W ad I'be. W o I-L— - 'PI"S'E Levoo - .1
= W = I'bg-_ Z= e =
L | i E_ 96%o
~ J \ ' ; = ;
Bl ¢ caled Fandqg s _Sonstant  which Yha - h
Yale of %S00 (C: coutumb) T Sl i
;_'_‘ ey R W e S R S e e o 2 T~ NA i ‘ . A M
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1 Fbmday OF charge (q&SOOC) (iberates 4 gram
equ:va(enl: of the substance at e electroder.

___ ELECTRONYTIC CELL

- A cell i» which a vedox veacton o©ccurse akt
e expense of  elecdrical enmerq Yy is caled electwlyhc
ce\ll. o

2 Anode s +vely charged. |

53 Cathode e —vely charged.

Y. Both reduction veaction and oxidaken vYeacton
occuy  \n Same  compavtment

5. Non- gpontaneous vedox veackion occurs

6. Salt bridge s not used |

F. Used fov exkraction of metals, Pw“tﬁmﬁoﬂ :
electroploting  and  anodizing,

8. 1t consumes heat Lendo-\hexmic\

q. ExamP\eJ: Netsorn’s cell Down’s cell

\NOLTAIC / GALVANIL CELL

1- A cell i~ which redox yveaction Genevates electric
corrert  thvough chemical veaction is called. voltaic
or galvanic cell.

P2. Bnode is -\rely charged

3. Cathode is +vely charged.
‘L{. Chemical energy — Elecirt cal enevgy.
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Y. Reduction reaction and oxidation veactien occur N
Zeparate  compartment .
Spontaneous redox yveachon occurs
datt bridge is uvsed. | "
DUsed fox  meoasurerment Of—’ electrode Poten-l:iw
It _Senera{es heat (exd:hevmic)

Examples :  Daniel’s cell , Ni-Cd cell, Fuel cell

=D 100 £H | 5% 1th

' __UsEs OF ELECTROLYTIC C'E‘j
. Koracademy.com

- Extracton of Na wetal:
—> Fused NaCl s used
-> Down’s cell is an example

2 Caustic Soda from lovine :
Neleon cell (aqueous NaCl s vsed)

3. Mg ond Ca extraction:
Extracton  occurs from +heir Lucod chlovides

4. Extraction of AL .
Electrolyss of fused bauxite g condlucte o

s. Pnodized Al

Prepased by making anode of Al -

6. Furtification of Cu:
. Anode is pmade up DF _Impure cop er T

#\;
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jwét ectroplating :

— Copper, <ilver, nickot or chromium Plating is dore
_In electrolytic celt. 7

_*_%ELECTROL‘ISIS _OF _AQUEOUS Nau

e .

e

= Nelson’s  celf

= For_prepavation of caustic soda, NaOH

= _Anode : Graphite

- Oblong Steel tank containing g concentratiacl aqueous

Solvtion  of Nallt

e

- Gra,PhiJce anode & Suspended. in Solytien

= Cathode made of PeY]LDYCH‘eA Steel.

— Cl, ~eleased at anode

= H, voleased ot cathede

— NaOH{ collected ot boHtom of <ol

Keaction At Prnode: Lox\da-“m')

2€\7 = Cly + 2¢e

hReachtcm At Cathode: (Reduction)

2H,0 + 27 5 H, + 20H°

Ovexa\\ Reacton:

C2NaT+ 20T+ 20,0 5 2Nat .\..u)-vCI,_-t-zo\-\"

zNo + 20H" — 2NaOH

: Koracademy—com
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_ ELECTROPLATING —
|

=3 caxvied ouk 'n +tarnk mMade cjc cement - wood OY
glass. - - -

The metallic  avdicle 4o be etecHDPla*ecl S made cathad

Anode : B sheet bF pue metal o be ClQ-PO-Sibed
Elechvoluyte : Calt of metal 0 be dePosit-ecl
Whon electric current ig Passeo\ , the metal
is Seposited on the ezitbesla.

__DANIELL CELL

= AN example o-f voltale cell
- Two haf cells ave present

|
Lrom anoda

VIV

¥ LerT HpLF Cew (oxpATiON HALF CELQ
Zn electyode g dipped m  4M  Solution of 2ZnSO,

« ReHT Hatr Cewe  (Repouction Halk Celd)
Cu_electrode 1s  dipped In AN\ Sowhon of cufO,

¥ SALT PRIDGE
Tt s oqueow folution of Kel in a gel

* IAORKING
» Connect both half cells electrmlyticaly  throvgh calt bvidge

> Close the external circuit by tonnectng the 2zn qnd.
Cu electrodes, % &

= The electrons will flow fiom 2n 4o Cu # P
‘ Circvlt. e ‘ mq"

(g a8
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_ Reacions At ELECTRODES:

» A'l‘— A’HOde:
Zn = 2n™ L 2c (oxidation)
¥ At Cﬂ'H')DdQ:
Cut™ + 2 5 Cu (/?educﬁon)

CelL. KEPRESENTATION

Zn | znrt* (M) |] Cot(am) | co

EMF Or Cew

E°= 41.40V

Rep!actnq he extexnal circuit by a Source of

high voltage  can reverse the voltalc cell veactionS. Zuoh

celt i talied vovexsiple cell.

Koracademy.com. o
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FLeCTRODE PoewtAL

s r—————

in one wmolay solution of its own

do s dippect |
“ tur _when an electrode 1S T ——
The potfenttal setup n *“—",;‘,;‘;" ; tw}ﬁ@ i _cc_{/_/aL'

BN o»

Standard _electrode _potential _and com be_calcolated

Electrode. potenttal, of any element , “*ZSHEZ,)
by compatng 1k with Standard hydrogen electrod® COREL

“STANDRRD _HYDRDGEN ELECTRODE  (SHE)

= QUE consisk of aglass 4ube filled eoith Hy gas ac 1aim,

Pe -foil coated with finely dividesl  platinum black s SUSM

in It

> TRre whole Systern wentioned arove is  dipped in 4N

Splution  of HCI.

-5 Electrode Ppotersflal of SHE is asbiaxily cornsidered as zevo

MEPSUREMENT OF ELECTRODE PoTeE NTIAL

o Concerned electrode s jomed wih SHE  and form a

noltnle  cell.

-) Sa‘\‘k bfld\qe & UCed '\'O CON\QL‘E bO’hx QQ“S y ‘Fi”e«d ’JJ."H'\

cowvkion of  KCl.

- NoWtmeter is attached {0 wneasure electrode Potential,

o

- Oxidoton or veducton occors at SHE dependmg oy

e nature OF concerned electrode.

>, When voduckion occors on SHE  dhen Volemetey M;;;m

will be positive

¥ +2e 7 Hy : R —

it

T ETE Y ENE IR VTR TR PO
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T INhen oxidation  occurs at SHE -H\ehv\;o}l—me{-gr: Yéad‘-nj
Wil be  negative
H, — 2%F 4 2e”

o

= Potential of zinc is called oxidation potertal  —0.34V
> Potential of Cu ‘s called veduction poterntial  + 0716V
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ELECTROCHEMICAL EERIES i

inc YeaSi’ﬁ [

When elerments ave avranged in ovder of
_standard  electrode  potentials  on  the  bydrogen Seale,
the vesulking list s kpown as  electrochemical Sevi€s.

The cevies ave axvanged.

L i - 3.05 i order of  incYeasing
e : ~2.92 Sraepr:\ckk grir}ahi B :F:;{étz;::jg

Ca -296 veduction potentials.

Na -2.74

Mg -2.3%

Al ~ 167 |

Zn =T

Cy ~0- 1Y |

Fe _o4y

cd

Ni 025

Sn -0-14

Ph -o1z___Koracademy.com —

Hs o e .
cu +0-34 -
1, +0-5Y

Fe +0-77 " .
Rg + 080 | ‘ B
Hg | +0.09 | =
By, A+ [-08 | o
Llg +1-3¢ ' — e
Pu +(-50 : , A .
E — _, | + A 87 | | ‘ PP
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—PPPLICATIONS  OF ELECTROCHEMICAL CERIES

4. PREDCTION OF FEpcmILITY OF A CHEMICAL
e REBCTION

= T

st

~T_Som_of B vales: of the wo half —cell veactions
— = positive , the veqction 15 {eacible J
=2 Ic,{ the Sum Pf E° values of 3wo half-cel veacttong
i> negative | the veackion Wil ot be feasible

2. CALCULATION_ OF NOLTRGE OR_EME OF CELL

> Flechrodes  having  highex postion in  cevies woill act
as __anode , oxidation will take place in it.

- Electrodes having  lower Pos'\tim in_ ferxtes | )l act as

Cathode | veduction will take place wn it

) %ommmsm OF RELAT N
_ METALS  AND  NON- METRLS To GET
OR REDUCED OXIDIZED

> Nolue of eclectrode potential chows either the wmelal

oy _non wmeral Vs oxidized ov  veduced
> Greatex value of sglandard veducHon potenytial | greater

wil be -endenty o accept  electron and undergo veduchon

ond i versa
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4. RELATWE _CHEMICAL ReacTviTy OF METALS

Greater value of the Standard veduchon
potential of a Specie , lessexr will be;_}_'l'_.‘-____’f_é_’_’?_d_?_’lEH,_i‘iW_
iOS@ elechon to ‘fofm e Jon  hence [esser will &2
its  YeacHvity

& RERCTION OF METALG WITH _DILUTE RUDS

Greater  the value of  Standard. vyeduction IPO?QH‘.HG.'
of a _metal , lesser iis  tendency fo  [ese  Clections fo_form
metal isns and So  weakey u‘L—sv tendency to di{p/ace Hs
from _acidi.  eq  Pu, Pt, P9 and (u donot lberate
hydrogen from acidc,

6. DispLAceMeENT OF ONE METAL AY ANOTHER
- FRoM 1TSS SoLUT JON

Metals il dicplace another metal from aqueous
_Solution of 1ks gSalt i w lies aboe. e  glectro chemical A
serxief, 6R
A _metal hawng low (tandard ~eduction Potential wi
dtc})laco. the wetal from ks  galt % Spluton  which hat oo
higher value of  Standard veducHom potential.
8‘3 Fe can c\iSIPlaCe Cu ]C‘\"om C,u'cou s n doe_shot
o\st)ace Mg from colvtion of Maqso,.

Koracademy.com -
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 CeLL PoTENTIAL

Cell _potential can be written as:

-0
o
Ecel = [E°ed + E® oni

/] o
E'cen = E cathode + E° anode

>t CO\C/U\OJ‘TQ —the Eo cell '(‘(D"N\ Ahe ha\{ -—C.Qu v e aC‘:HOY\S N

Y ety ™R g5pe E'red = — 016V
fut> Lo - Clu

A

E°ed = 4+ O.34V

1-4v
How To Lolve :

 If “eduction potentiat values fov both yeac tions
axe given , selecti one with highesk value

[Tn i cate celect Cu

* lake the oxidation pPotential 6f e othey veacfiow
If  oodation polertal of other ~eaotion s mek
qven change ¢ sign OF the given  Yeducfioe )
Po%@n{-?al and 4k wil become oxidation  poienhal

Zinc will be +o.76vj |

Col - -
Erpl = 0:39 + 0-.7¢ =

o= v | —,

' “Koracademy-com- |
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CELL REPRESENTATION

. The anode is represented. at the left sepavated by a verticad

tne {from ks enic somtion.

2. The cathode is at 7he extreme vight sepavated by o

veytical line fyom 1t ionic solution.

3. The +wo half cels ave Sopasated by Jwo pavalel

Neybical Lnes whicdh indicate Hhe sat byidge

e-q (i) Cel wpresentation of zn/cu

Zn | Zn*'lC’lM) | cut? cam) | aun

(1) ‘C_ell rePyecenakion of Mg /Pb

Mg | Mg (A || PB™ ()| Pb B
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B ATTERIES

Theve ave four majov types of batteries.

4. PRIMARY BATTERIES:
= cannot be rech&*ﬂﬁﬂ(

- eg Dvy cell

2. SecONDARY PATTERIES

> cean pbe Yechavrged

- @-g [Lead Stovage battery , Ni- ch batery |, Fuel cells

3. ObLAR BATTERIES

> Pphotoelectyical cells

- géenerate energy

3. FuerL BATTERIES

- Supex ba teries

- have high chamge density

DRY CELL

- Example OF prirnaty battery

> Anode . Rinc container

5 Cathode : G,mpbibe_ Yod in centre O)C col| '

5 The container 1S  lined with
anode from nside material,

5 Eleckogee . moist_mixtore of RAytl, paps  Imel oo
. /Jowd.emol carben .

D qu cell s sealed 4o Keep mols-(-urg in. | —

Porovs  paper, wihich separates

-
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2 This i irreversible pecause Zn and NHJ are concumed.

duﬁng the process of worldnj and cannot hbe ~eversed.

back by e application of external electiical potentia)

_ LEAD STORAGE BATTERY

S I+ is a S’econolqy ba{:(:er_t/ )

= Anode - Metallic lead ( Ph)

- Gathode : PbO,

- Electwolyte : Aqueous Solution of HySO4

- Discharging -

&%

Pb+ PbO, +4H* +2S0," —> 2PbS0y + 2H,0

A

— Recharging:

. 2PbSO, + 2H,0 —> Pb + PbO, + 4H T4 250,

'—; Concentration of H>s0, decveaSes duving sk= dischaxgng

and s restored on chavgng.

> lead &lorage battery consists  of 6-cells and each cell

produces enerqgy of 2-volks,

> Tt 1> wsed 'n cav battexies,

e
L i -
2
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Fuer Ceus _

converbing

e ——— e —"
it

IS

An electrochemical device used {ov  continuously

ehemicals (a fuel av\é an Qx‘ndqﬂh\w into d\re_c-{;c:uffent(pc) '_5 :

called  fud cell. |
> 1t s a geccvdcug ba’c'te/fg examp\e. LT S———

—> Electrodes : Porous compressed casoon impYegnated twlth
platinum (increased. suvface avea act as catalyst),
= Eleckvolyte : KOW

— TIn Hydvogen Oxygen Fuell Cell /Bacon Cell
Huydrogen is oxidized atb the anode givin glectrons

e actcepred
Yo the outey - circuit . while 4he elec_-{rmsa;af: fthe cathode

where  veducHon  occurs and  in 4his  way cuyrent )(lows.
At Anode (Oxidakion):
1”1"? YHt - L{e-

At (Cathode (Reduicjd-on);
O, + 4H"+ Lo~ — 24 p

owsar Rmceen: | KQracademy.com

2W; +0, —> 2M,0

- Fuel cells ave veyy officient and corvext  apout 15) o
fuel into electricity
> Major Diqwback . Tfne\ﬁ/ are VoYY costly
S Even a trace of Impurtty may ;Dl'San o P'a‘ﬁhuhﬁ N
_which Sevevely degrades its efficlency. T

Bis - S S

Fthe

T —.

-
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CoRROSION

“ Chemical decay of metal due to action of suyrounding

medium is called corrosien®

—> Chemically rust s hydvated iron (II[) oxide.

= Watey s« main scource of corrosion,

< Impuribies in wetal promote covrosion.

D When o wetkal (AL comes In  contack with less active

"\QEO\— (cw) , a 9galvanic cel] is pvoducecl.

—> Acklve wnetals ate cowoded vopidly due to  oxidation

than 1ess active wetal,

" PREVENTION OF CORROSION

.. Coaking of oil, paint, Vvarnich oy enamel

Electroplating

Steel formation

Dipping iron n Phosphate bath

2.
3.
y. Cathodic PYo-l:ed:(on
S.
6.

Cra\vani zing

st

o m

3 = —__Kor emy.com
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