E waroohe/m/uyl-rg

hursday, May 22, 2025

Definition:
Electrochemistry is the branch of chemistry that deals with the
study of interconversion of electrical and chemical energies
tncide the cell.

Electrical energy = Chemical energy
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A device/instrument that converts chemical energy into
electrical energy and viee versa is called an electrochemicgl

Types of Electrochemical Cells:
1. Electrochemical Ccell
(Electric ——=Chemical):
o Accell that uses electrical energy to drivefd mical veaction.

2. qalvawnic cell
(Chemaical —— Elec
o A cell that converte chemaieal e

O Electrical
reactio

O In either case)the process involves electron transfer from

awnge to another.

this process release or absorb it always inwvolves

fer of electrons from one substance to other.

used to drive a nown-spontaneous

D ition:
A reaction tn which oxtdation and reduction occur
si,muttam,eoughd Ls called a redox reaction.
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Na + Cl, — Nacl



—> Oxidation & Reduction
Oxidation:
* Addition of O,

rRemoval of H

Loss of electron

* lnerease tn oxtdation state (0.s.)

Reduction:

s Addition of Haz

* Rewmoval of O E
* Gain of electron

e Decrease tn oxidation state (0.5.) !

—> Spontaneous & Non-Spontaneous Reaction:
— Spontaneous
Definition:
O A reaction that happens on its own is cal
O Exothermic (releases energy).
GET ADMISSION IN OUR ONLINE INSTITUTE
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Definition:
O A reaction that does not n g own and need energy

Ls called nown-spontaneous

O Ewndothermic (abs. A,

—> Electrolytic Cell:

Components,
1. Contai

2. Battery
B
4

ANION ) | CATION

ELECTROLYTE
SOLUTION




= Hectrolyte:
Definition:
Substance that conduct electricity in AqUEDUS or
molten form is called electrolyte.

OR. ELECTROLYTE
SOLUTION

Substance which forms lons in water/molten ton.
Example:
Nacl-=Na +CL
KOL=K +0L

> Electrolysis of molten electrolyte

= Electrolysis of molten sodium chloride

Working:
* During electrolysis the Sodium ions move towards eathode ana
chloring tons move towards anpde
» Sodium ions are veduced (gain of e-) at eathode to Liquid spali
metal
s Cathode:
2Na* + 267 — 2Na
(veduction half reactip
* Chlorime ions are pxidized (loss of ¢-) de to Blglorine gas
o Anpde:
200 = Cly + 26
(oxidation, Action,)

* Key points:
» Sodium wetal is poduced owlarge seale by eleetrolysis of fused
Nacl (w

* The elee

alled downs eell is used for production of Na

e () is wade up of bron (attached to -ve terminal)
. is made up of graphite (attached to +ve terminal)
o Na* ions move towayds eathode
* CL” ipns move towards anpde
* Nacl Nat + el

Cl, outlet

—

Inlet for
NaCl

Liquid
Na metal

Na outlet

Voltage
source

oo
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—> Electrolysis of molten lead Il chloride (pbcl;) using
platinum(pt)/graphite

* Blectrolysis of molten pbelz using platinwm will produce molten
Lead at eathoede
* platinwm electrodes are inert (doesw't veact) acting as pathwa Y

for electron flow.
PbCl, = Pb*™ + 2C1°
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» Electrolyte:
whew Lead ehloride ic heated tp a wapltewn state it
diccpeiates tons
27

PbCl, —— Pb*" + 201
These ions are free to move and conduets electricity.

» Cathode(-ve electrode):
Pb+2 lons are attracted to gathodeghey will
gain 2e-/reduced to form molten Lead

Pb>* 4 2¢~ — Pb () V
» Anode(+ve electrode):

1 ¢ each and ave oxidized to fo
o Product: Lead (®Pb),
chlorine gas (.
* Diagram:

Caliiode
{D "'I'" . @’@d)
+ — o _
ng/’f j:cf—~ =
inum ___ - L= °




» Electrolysis of concentrated
cacueous

—> Electrolysis of concentrated aqueous
solution of NaCl

Explanation:
Bring i used A< an electrolyte E
(A concentrated splution of Nacl in water.)
Ho0 + Nacl—™ Brine !
Hz0 + Nacl — o + ol + v +

H+ will mpve towards the
will gain e because the reduction pow 4+ i<
greater than Na+
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2H+ 2 - H=

cl” will nov, a cathode and lo<e €
because the pxid of Ll is greater than
OH

cly + 26

oojen. gas (Hz)
chlorine gas (Clz)
sodivm hydroxide (NaOH)

* Blectrolysis of aqueous splution of Nacl in
watey 'Frar:?lucrﬂﬂ Naots Cls and Ha whitle,
Electrolysis of molten Nacl produces Na and Cla
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» Electrolysis of Dil aqueo olution

A) Electrolysis of Dil aqu 4 using platinum
electrode.

— Explanation:

The electrodes a 'Plutimm (bnert-dpesnt take part L
the reacti GET ADMISSION IN OUR ONLINE INSTITUTE
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S04 solution is used as awn electrolyjte

Lolution of sulfurie acid in water)
H>,S0,; — 2H" + SUE
H.O = HT 4+ OH"

H$S0.* & 0OH"



H+ will nmpve towards cathode and Lpo<e e

2
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* Competing ions: S04~ and OH
OH™ will nupve towards the Anode and will gaiwn e
because the OH is wnastable = noore reactive while S©42 ic
stable = lecs reactive

AOH~ — Oy + 2H20 + de™
hydrogen gas (Hz)
Oxygen gas (Oz) @
4H* + 46" > 2H;

AOH- - 2H,0 +.46- + O,

AHT + A0H™ = sz + EHEDw

ctrolysis of Cooper(il) sulphate using
tinum electrode.

— Explanation:




The electrodes used are of platinwonn (bnert-doesint take
part i the reaction)
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Pilute Cuso, splution is used As an electrolyte

Frona COPPEY E.LLL'Phﬁtﬂ:

CUSOy <« =Cu=2t + s0o, 2

Frov water :
HO «—+ H™ + OH

cCu=zt + s04.2 + HY 4+ o

copper (11) tone (Cu=") are attracted t hede awnd
aain electrons, forming solid er AL.

2Cu*(aq) +He

* Cowpeting Lons: SO4=

-

becausce the OHL L
wihile SC4= L=

O + 2H20 + 4e™

copper naetal
xygen gas (Oz)

- er
(blue) ——= trancparent

Because theitr concentration i the splution decreases



40HGg) — 2Hy0 + e + Oy
20ult + e = 2Cug,

40H +20u** = 20u+0,+2H,0

Code

x| _ (red)

T

T
T+t
N
| P
i =1
\

(]|
ll |

C) Electrolysis of Cooper(ll) sulphate using copper electrode.
Or
Purification of copper metal by electrolysis

rather thaw PLuti,n.um, the
W remacas the same but the anode reaction
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The electrooes used ave of copper (Active — they partd Action)

used {or purification of copper metal Note:
(npure copper PUre Copper
Blistered copper
DE 29-5%

CuS0y splutipn is uced ac an elect

From copper sulphate; (zine, irow, silver, gold)

cuzt + 5

PrOCESS LMPUYE COPPEYr bar act a< anpde and pure copper bayr act

passing electricity copper anode dissolves forming Cusaions
Cusaions woves towards cathode and the imapurities (zine, Te, Aw,
Ag)will settle dowwn a< anode niud

o cu=" will gain 2e” and deposit at the cathode. Hewce, imapure copper
i< purified.

© Purity increases from 99% — 99.5% pure copper.

At anode: Cu,,,
At cathode: Cu* ., + 2e

Cofey + 205

Cu,,,




. | fa
/ i ;
i Fe o @
Aode=mud. _ !
inpurihies

» Electrolysis of Halide compound

During the electrolysis of a halide compound (a compound Vit (halide ions end with -ide)
containing halogen ions like chlorine, bromide, or iodide), t Fo F
products depend on whether the solution is dilute or =]
Br—+ Br
concentrated. o
As — (rive)

A) Electrolysis of dil halide solution

- Water wolecules ave more
Likely to be discharged than halide
lons because the concentration of
halide tons is Low.

water i< oxidized — Oxygen gas (0z) is elensed:
\water competes with halide ip

halide concentration.

to Low
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water i< reduced — Hudro < i< velenced. SOCH BADLOBY MAK
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Sod not dictharged; water i< easier to reduce. i

& tralgsi.s dilute Nacl splution
0s)
drogen gas (H)

A) IS of conc halide solution !
Halide tons (CL7, Br, 1) are oxidized — Halogew gas (Cls, Halide tons are now in high
5, 15) is veleased. concentration, sp they are discharged instend of

High coneentration makes halide lons more Likely to be WRGEX.

discharged.



water is still veduced — Hydrogen gas (Hz) is released.

Sodivwm tone ave still not diseharged.

ELﬂctmL;dsi.s. of concentrated Nacl solution
s Awnpde: Chlorine gas (Clz)

* Cathode: H‘Ejdl"ﬂ@ﬂw LAs (H=2) GET ADMISSION IN OUR ONLINE INSTITUTE

Key Rule to Remember: 40! BADLO BY MAK

D}(U@f-l-"l- at the awnode. Contact WhatsApp Number: 492 331 5014353

Halogew at the anode.
(The cathode always produces hydrogen gas in both cases.)

» Electroplating (deposition using the
same electrode) imores

The gLe,c,tledti.c, process us<ed to deg
maetal pwne another vaetal i< called €

R
Plating metal th
_I..
Anode 1 Caithode
(Plating metal) (oyect)
H‘Si‘\"ﬂ’ cowl
%

shine and prevents corrosion (e.9.
Lating).
Pecorative coating for prestige.
Z.ine plating protects from rust.
Chrowme plating for durability and
APPEAYANLE.

qold/silver plating tmproves
conductivity.

Silver plating enwhawnces Look and
hyogiene



— Finc plating
— Zinc plating i< alsp called Galvanizing
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s ELet:trvL&jts wmeed for this Pprocess: pﬂtassi.um FL :-.Hnnidg
complex Kz [ Zn (CMN) 41

— -f:rr.:-m the anode enters the cspolution as Zm=2' ione
— Zwn=2" will move toward eathode (—) & deposited
— To préevent thngsis, r~Nacr te added b Electyol

Zoals) — Zan=t (aq) + =2e
Zwn= (aq) + 2e” — Zn(s)

Plating metal) CoLrect)
A Steel
An
— Tin plating
— Tl (Si) Es% ANANLD LS
— te u<ed {or thic process: stAannous sulphate

—  Whew electricity starts flowing frowm the battery, Sn
from the anode enters the solution as Sna" tons

— Sn2' will move toward cathode (—) § deposited

— To prevent h 5.11ng5.£5, HeS0, L added tin Electrolyte



Sng, — Snfﬂ;) + 2e

SN{ar; + 287 — Sng,
I___,_ +'1'| = L
Anode | gy Cothode
(Plating metal) o 2| | Zo=d
| Steel
S n Sﬂsﬂqfﬁzf’{l -2
— - SD L

— Chromium plating

Contact WhatsApp Number: +92 331 5014353

— For electroplating chroviivin,
Tihe Oy naetil ts takeen As tlhe
The steel pbject to be electrg Alic Enken ac cathode.

—r Cr(S04)3 (stAarpus < te u<ed A< the electrolyyte.
a few drops of dilute Hz2S0O4 are

he spolution az Cy=" iponc
toward cathode (—) § deposited
.-::lmLHs.Lc., Ha S0, Lt added b Electrolyte

— 3 4
- Cr,:s:l P Cr[:ﬁ_q:l + 3e

3 e —
Cri.t, + 3e~ = Cr¢,

Cr plated steel are Lced to meake autprapbile pArts



3

——H¢
Hﬁ'ﬂ‘dﬁ - Hode
(Plating metal) v S %;ag,-,d;
s Steel
Cx G(SOD5 +H,50,

P Galvanic cell

W N R

Dizcovered ¢ Fredevick Daniel

Cowmatrictes Hhe Svst volkaic cell wshng:

o BRE (zw) as the HRDHE

© Copper (Cia) As the cetlhods

Nanwed afrer Adgssanslro velts — hence “voltaie
cell®
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woltabe Cell

Contact WhatsApp Number: +92 331 5014353
haviplves o SpontAnEpLS vedox veactiom

Cownverts chewdical energy) — electrical e Y

_ Agpdes Zine (Zon) L 1M FonS0y

Catihode- Copper (Cut) Div 1M CLLS0,
. Salt Bridge: KOl (mualnbaine
bebweein splutions)

e
Voltmetex ‘L
N
— -+
- TRl
- Thett 1| Cathode@
ae 15 _ ~ electricl . | ~
- i) \\?_‘% | Cottod (L :J, (redd
4z | |~ + [ T
|t —] | S
—| @ | Cotton e +
|M In':‘}ﬂq Fl’ujg IIIM CIAE‘D:,.



¢ Electrpde used: Zine (Zn)

* Electrolyte: 1M ZnS04 solution

s Refction: Zn — Zn? + 287 (Zine Loses 2 electrons — pxidation)

GET ADMISSIONIN OUR ONLINE INSTITUTE
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. asntwlﬂtc 1M CUS0y splution

* Reaction: Cu2" + 267 — Cu (Copper gains 2 electrons — reduct] “?\
&

* 2¢ arve velensed h;ﬂ Zwn at the anpde which travel thrpug
clreuit through volbmeter that wensuve the electrical ¢
*» These 2¢ ave Accepted hU Cit at the cathooe.

» Electr @iul Series . ...
shiwing arvangements of metals based ow increasing

uction potentials is call a glectrochemical series
=how easily A suostRnce

gains electrons (.c., cets viduesd).

—t



Tnceag e

Element Electrade rection E°V)

Li Li+e—Li 3045

K K+e =K -2925

Cs Cs'+e—»Cs =2923

Ba Ba* +2e" —» Ba =2906

Ca Ca*+2c—Ca =2.866

Na Na* +e =» Na =2714
Mg Mg'+2e Mg -2363 LO\M \,a\\\Q

Al Al"+3e Al = 1.662

H,  HO+2e - H,+20H- 0529 Ly Instov\e

Zn Zn* +2e = Zn -0.763 L; (—Ve\

Fe Fe* + 2e- = Fe ~0.440 } _ \ d \(\ \
cd Cd*+2e—=Cd =0.403 I-., eq'd\% ‘ Dg‘ G (OX\ m D“
Pb PbSO, + 2 Ph+ 50> -0310 L; adwe mdﬂL
Co Co™+2¢ = Co -0.280

Ni Nit* + 2 3 Ni ~0250 L5 o o O\.nocle
Sn Sn** + 2" — Sn -0.136

b Pb** + 2e" —» Pb =0.126

Fe Fe'* + 3~ — Fe —0.036

H, 2H' = 2¢— HSHE) 0

Cu Cu't + e — Cu' +0.153

s 5,07+2c 280" +0.170

Cu Cu** +2e" — Cu +0.337

1 L+2e 21 +0.534

Fe Fe'* + e~ — Fe* HLT7

Ag Ag'+e o Ag +0.799

Hg Hg™ +2¢-— Hg +0.854

Br, Br,+2¢ — 2Br +1.066

o, 0, +4H"+2¢ —2H0 +1230

Cr Cr:l').," + 14H" + e — 2Cr" + T1 1.0 +1330

a Cl+2e —2Ck +1.359

Au Au* 4+ e Au +1.498
Mn MnO_+8H' + 5¢- = Mn'+4H,0  +1510

F: F: + e~ =» IF- +2.870
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g potential of a reaction that can occur at the electrode.
o It tells us how Li e Ls to gain or Lose electrons

o Measured n Yolts

At the Anode At the cathode

Swmall | Negative Electrode areater | positive electrode
(-2. 714 V) (o.00 V)

Acetive vetal Lecs aetive naetal
oxidatiown reduetion

Easy to lose e Easy to gaiwn e



— Anode
— Active wetal
— Oxtdation

— Lose of € : "
~
— Swmall, -ve value — qain of e
— More, +ve value

— Ccathode
— L ess active
— Reduction

— Product: Oz gas and Hz0
— Product: Clz ga

» Battery, A source of electrical

A Battery is galvawnic cell or group anized cell

jOLMd L '_:.ﬁlf'[aﬂ'_:.. ’

qalvanic — qalvanic — qalvanic
GET ADMISSION IN OUR ONLINE INSTITUTE

It generate electric current by redox g
Electrons will move anode to cathod
S0CH BADLOBY MAK
Contact WhatsApp Number: +92 331 5014353

Dry cell V
Storage cell
Mercur Y hnttz’,rH

ot

r eleased from reaction ic converted into electrical

1. Electrode of porous carbon anode
2. Electrode of porous carbon cathode
=. Middle compartment: hot aq. KOH solution



electric current

e

Hydrogen fuel in 0o N « Oxygenin
> |3 <
o
S
< . >
Excess hydrogen out .« Alr and water vapor out
anode cathode

electrolyte (Hot KOR)

- Fuel cell has = compartments

- n anode compartment, Hz gas react§with OF" tons and forms
water 5 4e”

- n cathode compartment, Oz g
OH~ lons

- Middle compartment co
- Fuel cell generates 0.9V
- Fuel cell operates at
- Fuel cell forms evi

water and forms

KO eLcotroletc
<

Ater 5 if needed, it can be condensed!

GET ADMISSIONIN OUR ONLINE INSTITUTE

energy S0CH BADLOBY MAK

reliablelon't have moving parts Contact WhatsApp Number: +92 331 5014353
oesn't release pollution

Hz production issues
— H3z Ls hi,ghlg inflammable, explosive in nature
— Transport and storage of Hz is difficult
— water produced by fuel cell is very expansive



» Multiple choice question

EXERCISE

s
stions (MCQs) hot correct about the galvanic

ltiple Choice Que w4
R ; (b) Anions are oxidized a
he a")de

1. Mu
i. Which of the following st 5
(a) Cations are reduced at the cathode D oo
lM/Elg\‘tmns flow from cathade to anode (D e el o
ii. Which of the following is not true about the Dar
. tal acts as @ cathode.
tact with its ionsiin a ou 5°IUtion

) Half-cell of an active me
an element in con

he two half-cells.

(b) Half-cell contains
ctio

() A salt bridge connects t ‘
(d) A spontaneous oxidation-reduction rea
Which of the following does not involve an €
(a) Refining of copper
(b) Manufacture of sodium from NaCl

(c) Electroplating of steel
Reduction of metal oxide by,

rocess?

i,

reduc)

ating with Zn
(dYCoating with Cu

e Nelson cell?
e anode
GET ADMISSION IN OUR ONLINE INSTITUTE

iv. Galvanizing is

(a) Coating with Sn

(c) Coating with Cr

Which of the follow}

(a) Sodium metal is
Chlorine gaggs pPr

ipe is trQ

V.
anode

S0CH BADLOBY MAK

Contact WhatsApp Number: 492 331 5014353

trolyte to oxidize a metal.
a metal object with a thin layer of metal through electrolysis.
ino%a, metal object to form a thin coating.
) Usinglheat to form a layer of metal on another metal object
aic cell, the salt bridge serves the function of:
a) Preventing electrons from flowing in the external circuit
) Maintaining electrical neutrality by allowing ion moveme'nt.

¢) Storing excess energy from the cell.
::) ienerating additional voltage for the cell
the v | |
meta? B,o::acgaen ﬁaetioﬂm;" tet::i:A has a higher standard reduction PO'°
a) Metal A is more reactive than metal B
V)’Metal B is more reactive than metal A'
) Metal A and metal B have the same re.act' i
d) Metal A is less likely to gain electrons thal: 'l?:(;tal B

tic!

viii.



p Exercise questions

Q i. What is a fuel cell?
Ans: Fuel Cell:
A fuel cell is a special type of galvanic cell which is based upon the reaction between oxygen an

fuel hydrogen.

A fuel cell is a special type of galvanic cell which is based upon the reaction between oxyge® a
fuel hydrogen. When hydrogen burns in air, an exothermic reaction occurs and a o

released in the form of heat and light. In this reaction, hydrogen is oxidized to water.

2H3(g) + O2(g) — 2H20(g) + hea

{ GET ADMISSIONIN OUR ONLINE INSTITUTE
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Q ii. Write chemical reactions that occur in Nelson's cell.
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Ans: Following reactions occur in the electrolytic cell Nelsonfs

Brine ionizes to produce ions:
2NaCl(ag) — a (ag) I (agq)
At anode (Oxidation):
20 "Cla(g) + 2e”

At cathode (Reduction):

40H O(l) + 2¢7 — 2NaOH (aq)

Overall Reaction:

H>O(l) — Ha(g) + Cla(g) + 2NaOH (aq)




Q iv. Explain one example from daily life which invelves an oxidation-reduction reaction.

Ans: Redox in photography:

A photographic film is basically an emulsion of silver bromide {AQBT] in gelatin. When the film is exposed
to light, silver bromide granules become activated. This activation depends upon the intensity of the light
and the time of exposure.

When exposed film is placed in the developer solution that is actually a reducing agent. Hydroquinone which

is used in this reducing agent is used as developer. In hydroquinone the activated granules of silver bro ‘%

are reduced to black metallic silver. GET ADMISSION IN OUR ONLINE INSTITUTE
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+ —_
Ag™ +1le” — Ag(s) Contact WhatsApp Number: +92 331 5014353

Inactivated silver bromide is removed from the film by using a solvent called a fixer. Sodi
used for this purpose. The areas of the film exposed to high light appear darkest beCatis&they have the

highest concentration of metallic silver. Thus photography involves oxidatio tion reaction.

Q v. Define electrochemical series.
Ans: A table showing the arrangement of metals based on increasin potentials is called an

electrochemical series.

Q vi. Why does chlorine gas form at the anode duri rolysis of molten lead (Il) chloride?
Ans: Chlorine gas forms at the anode during s of molten lead(ll) chloride ( PbCl;) because
chloride ions (C1 ) are oxidized. At t ghloride ions lose electrons to form chlorine gas (C'ls)

according to the reaction:

This occurs because halide | are more easily oxidized than lead ions, which are reduced at the cathode to
form solid lead (P,

o emissions during operation. The only byproduct of a hydrogen fuel cell is water vapor
hereas gasoline engines release harmful pollutants such as carbon dioxide (C'O2), nitrogen

O_r], and particulate matter, which contribute to air pollution and climate change.

Additionally, fuel cells are generally more efficient than gasoline engines, meaning less energy is wasted
during operation. As hydrogen can be produced from renewable sources, fuel cells also offer the potential

for a cleaner energy cycle, further reducing the environmental impact compared to fossil fuel-based engines.



Q viii. Sketch a Daniel cell with labelled components and indicate the direction of electron flow.
Ans: Daniel Cell:

GET ADMISSION IN OUR ONLINE INSTITUT

Voltmeter S0OCH BADLOBY MAK
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Zinc - 3 Copper
anode /:—C' ,K — \ - cathode
Salt bridge
& i
2
Cotton | u
plugs | ¥
isoy :

. =3y o 3

ZnSO, solution CuSO0, so
Daniel Cell



L0 QUESTIONS

@I: W”la'/' IS qu DI.'F?C-QFQHCQ bew‘ween e/ecfrof_(ﬂe & non elec FO-[j e !

Property Electrolyte

Definition A substance that conducts

Electricity in Solution electricity in solution
lon Formation Dissociates into ions in water
Examples NaCl (salt), HClI (acid), KOH (bas
Conductivity in Water High

Type of Bonding

Effect on Bulb Test

R2: What is the Diffe

Ans)

Feature Electrolytic Cell

Energy Conversio onverts electrical energy to chemical

energy

External Pow e Required (battery or power supply is
used)

Spon of Reaction Non-spontaneous (needs electricity to

occur)
Electrode Charges Anode is positive, Cathode is negative

Examples Electrolysis of water, electroplating

Usually ionic co Vcids/bases
Lights up bulb )

n e/ec*ro/yﬁc & ga/vanic cell ?
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Does not dissociate into ions
Sugar, glucose, ethanol
None or very low

Usually covalent compounds

Does not light the bulb

Galvanic Cell (Voltaic Cell)

Converts chemical energy to electrical

energy
Not required (it generates electricity itself)

Spontaneous (occurs naturally)

Anode is negative, Cathode is positive

Daniell cell, batteries



03: What /fnappen if we remove baHery from ele c+ro/y+ic cell?
Ans) If we remove the baHery from an e/ecwlro/_ljﬁc cell here's what

IﬂGFPGZV?S GET ADMISSION IN OUR ONLINE INSTITUTE
BADLOBY MAK
Contact WhatsApp Number: +92 331 5014353
L No Reacﬁon Wl Occur

Reason: The electrolytic cell works b_lj usmg external electrical enerqy
(from the battery) ?
Without the bat ery, there is no ene jy source to force thedons to

drwe a non- SPOPTILGK'QOMS FQGC'I'IOH

move 0"’16{ cause a FQGJOX (OXIGIG'/'!OVI -re HC'ILIOVI) reacvl.'on

L4 NO E/QC%FOH F/OW
E/QC'/TOV?S W.'” VIO'/' 'F/OW {I’"OVH 0”‘106/2 '/'O COI"HQOGIQ.

Electrodes become inactive, so no e/ecw‘rolysis takes F/ace.

L NO PFOQ(MCTL FOFWJOH[IOH
FO!" example in QIGCTITOI_%SIS O'F wa%er no. Iﬂ_ljdrogen or oxygen gas W.l'”
be produced without the battery
,)Wlﬂ_lj AHOG’@ +ve & Cmt/qoa/e =we charge N QIQC%FO@%IC ce”

QLF Wl’ly AHOGJ@ IS +ve GHO{ CGH’IOCJQ IS —ve In an EQC?ITO-[j'}!C CQ//?

AVIS) GET ADMISSIONIN OUR ONLINE INSTITUTE

Anode = Positife, (#
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e The baHery Pu//s electrons away from the anode.
o [hisseauses oxidation (loss of electrons).
o As electrons are lost, the anode becomes electron-deficient —> Poshlive/_lj charged

o |t attrdcts negaﬁve ions (anions) from the solution.

Cathode = Negaﬁue (-)
o [he baHery Pushes electrons info the cathode.
o This extra S“PP’_‘{ of electrons makes it negmtiue/_(j clnarged.

o Positive ions (cations) from the solution qain these electrons = reduction occurs.



@5 Diﬂference Be*ween SPOH'/'GHQOUS and NOI’]-SPOH'/'GHQOUS EQ(ZC'HOHS

Feature Spontaneous Reaction Non-Spontaneous Reaction
N Happens naturally under normal

Definition . Needs external energy to r

conditions
. Requires ext len e.g., heat
Energy Requirement No external energy needed d L g, ’
electricity, lig

Rusting of iron, combustion, mixin Electrolysis ater, charging a

Examples ing : : g y , charging
salt in water

Common In Galvanic cells, natural pro ctrolytic cells, artificial processes

L E/ec:?lrons HOW from ‘H’Ie an
cathode (=)

] So, external flow:

BaHery —> Cathode.
e Internal fl
ions — Cathode, Anions —> Anode.

N What safet ecautions are needed c/urfng e/ec%ro/ysis of molten NaCl?
Ans)

t-resistant g/oves and gogg/es
e Keep away from water = molten salt reacts strongly
e Work in a well-ventilated area (chlorine gas is harmful
» Avoid touching the hot equipment = it's at very high femperature



- (8: W/qy does solid NaCl not conduct e/emlrichy, but molten NaCl does?
Ans)

Solid NaCl does not conduct e/ec*rici*y, but molten NaCl does because:
e In solid NaCl the ions are fixed and can't move %

L /Vl VHOH'QVI NGC Hae lons are free ','O move and CG‘”’H curren%

Gq WI’IOHL are 1%@ QIEC%FOGIQ VHGTLQFMIS MSQG] n DOWH ) ce @
Ans)

Materials used in Downs cell are:

L4 Anoale Gmplm*e (CGIFI?OFI)
GET ADMISSION IN OUR ONLINE INSTITUTE
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Q10 Explain the half-reactions occu a
/ec:?lro/ysrs of molten NaCl Q

and cathode c/uring

Ans)
HG 1( FQGC'}!OHS occurrin d e r‘OlySiS 01( mo 7len NﬁC
o At anode (+): @
2CINTCLy (gas) + 2™ (Oxidation)
o At

at+e > Na(l (wtwa’ metal) (Reduction)
%@oﬁum chloride melted before e/ec%ro/ysfs?
m chloride is melted before e/ecfrolysis because only molten NaCl has free

ions o conduct e/ec:?lrici@. In solid form, the ions are locked and can't move



QI2: What Producvls are formed a’uring e/ecvlro/ysis of molten NaCl?
Ans)

Products formed during the EIQCTLFOIHS;;S of molten NaCl are:
o Sodium metal (Na) at the cathode %
e Chlorine gas (Cly) at the anode »

I3 W/qy does chlorine gas form at the anode? | ERAUSENNRNIE AN UL

"  “OCMBADLOBY MAK

Contact WhatsApp Number: 492 331 5014353

Chlorine gas form at the anode because CF ions los ctronsioxidation) and
form C/z gas.

QL W/ny is sodium metal Proa/uced % a’un'ng this Process?

Ans)
Sodium metal is Proa’uced in ligu Qing this process because:

o Sodium's me/vling P lowf (98°C)
o The e/ec{ro/ysi ’ @ e s very Inigh (~800°C), so sodium is /ioluid

QI5: What is h pe ture recluirea’ fo melt sodium chloride for e/ec%ro/ysis?
Ans)

Tempa( fo melt sodium chloride for e/ec*ro/ysis is 8§01°C
the overall redox reaction for e/ecfro/ysis of molten NaCl

2NaCl(l) — 2Na(l) + Cls(g)




W I: Differentiate between oxidation and reduction half-reactions in this process

GET ADMISSION IN OUR ONLINE INSTITUTE

S0C1 BADLO BY MAK |
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Feature Oxidation Half-Reaction Reduction Half- ion "
Occurs at Anode (+) Cathode (-

Ans)

lon involved Chloride ion (CI") Sodi
Reaction 2CIT = Cl, + 2e” a’ + &)~ Na
Electron transfer Electrons are lost ctrons are gained
Product formed Chlorine gas (Cl Liquid sodium metal (Na)
18) What are different conditions by ‘ e cTrochemical Processes/ reactions s%op?
Answer-’
| Reactants are used up = no molecules are left fo sustain the reaction.
2 Products build up = ¢ 0 osits on electrodes block further reaction.
3. VoHage drops foo botential difference falls below the decomPoshLion Fofemtia/.

L Circuit is brok

€C')L.'.0Vl, e/ecvlroa’e damage, or e/ec*rol_(ﬂe IOS‘S S'I"OPS‘

CW’T’QHTI' ﬁO
/q) Wh_lj 0/_97[|;C CQ” reczuire an exfema/ POW@F source, bbﬂ" a 9a/vam'c ce//
CJOQS ﬂO'Il'

An

a Galvanic cell the redox reaction is sPon*aneous and na*ura”_(j Froduces electrical
9Y
o In an e/ec*ro/_tﬂic cell the redox reaction is non-spontaneous and must be driven by
an external power source fo force electrons to 7‘17

ow in the oPPoshLe direction fo
their natural fendency.



QZO Wn%e 'H’le PFOGIMC'/'S O'I(
L FHSQO{ NGC ecvlroys.fs

e Brine electrolysis
o Dilute aqueous solution of NaCl electrol HS"S
Answer:
o Fuse NaCl electrol HS’S — Products:
Na (sodium metal) and Cl C (chlorine gas)
o Brine e/emlrol_gs.'s — Products:
Hz (/qurogen gas) C (chlorine 3648) and NaOH (sod;um /qkrox solution)
o Dilute aqueous solution of NaCl electrol ys:s
Hz (h_ujdrogen 9043) and 02 (oxygen gas) Q

QZD Wl’ly dOZS NaC HO?‘ PGFTL!CIPQ*Q n e QCYL
NaCl?

Answer
Because in dilute solution, wfer: renﬁa discharged:
o At cathode, H* from w cduced more eas.' ly than Na* (Na* has

Ve ed iOH Po*enﬁa

7[6/! mle aclueous SO/UTLIOH O'l(

much more nega
o At anode OH~

COHGII"}'J'OHS.

or is oxidized more easi _‘j ly than CI in dilute
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@ = Molten NaCl Concentrated NaCl(aq)
. Products Na and Cl; NaOH, H,, and Cl;,
emperature High (molten) Low (aqueous)

Purpose Metal extraction Caustic soda production

027) Differ bl vcer? Down cell and Nelson cell S0CH BADLO BY MAK
FeaturC Down’s Cell Nelson Cell



(23 quy H* ions are reduced at cathode but Na* is not (in dilute NaCl
solution e/ecvtro/ysis)?

Because H* ions have a higher reduction Po%enﬁ'al (0 V) and are easier to

reduce than Na* ions (=211 V) so H* is disclnargea/ first

Q2L)Why does the anode of galvanic cell has negm(ive charge and w nodenot
e/ec%ro/y?ic cell has Poshlive cfarge?

o Galvanic cell Anode is negaﬁve because oxidation releases el n$\which

flow out into the circuit

o E/ecfro/_tﬁic cell: Anode is Posh‘ive because it's connec fo¥the Posiﬁve
ferminal of an external power source, Pu//ing elecrrons quay fo force
oxidation,

(25) What would /qappen if both electrode @ anic cell were made of the

same metal?

No FmLemLial difference is created Wn‘ flows.

026) What /qappens if we r ov 1 bridge?

Electron flow sfops because puild up in each half-cell Preven*ing the

reaction.
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S0OCH BADLOBY MAK

Q27) Wlﬂ_lj does a / / need a VOH'VH@LQY‘? Contact WhatsApp Number: +92 331 5014353
To measure_the F between the two electrodes withou mwing signi ican

current-

028 @ ere is a cotton P/ug at the end of the salt bric/ge?
- /ealeage of the salt solution while still a//owing ion movement-




Electrochemical Series Minemonics

= Ascending Order of Reactivity (Least Reactive to Most
FReactive Metals):

o Mnemonic:
A little king cleverly bakes cakes. Naughty monkeys
always hide zesty fresh cakes. Pretty cool naughty
squirrels play funny happy cats singing cool inspiring
funny artworks happily baking orange cream cakles
and muffins forever.”
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Word Symbol/lon ~
Little Li “‘,»"‘
King K Contact WhatsApp Number: 492 331 5014353
Cleverly |[Cs

Bakes Ba

Cakes Ca

Maughty |[Ma

Monkeys Mg

Alvways Al

Hide HaO
Zesty 2
Fresh Fe*
Cakes Cd
Pretty |PbSOs
Cool Co

Maughty |Mi

Squirrels |5n

Play

Funmy

Happy
Cats

Singing

Cool

Inspiri

MMuffins MO~

Forewver F2






