Electrochemistry and redox reactions
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ELeo’crochemi,strg

overall weightage
JEE Main : 8-12 marks (out of 100)
_JEE Advanced: 12-16 marks (out of 120)

Typleally comprises -12% of the total chewmdistry section
Most Frequently Tested Concepts

Electrochemical Cells (32%)

Conductance and Conductivity (28%)

Electrolysis (22%)

Batteries and Corrosion (1£%)

1. Conductors - Basic Classification and Properties
Metallic Conductors
1. Fundamental Properties:
o Flow of electricity takes place without the decomposition of the
substance
o ELec’u/Lthg Ls produced due to the movement of electrons (flow of
matter)
O As temperature Lnereases, electrical conduction decreases due to
tnerease bn kernel vibrations
O Resistance Ls caused by vibrating kernels
o Faraday's law is not followed
Electrolytic Conductors
1. Fundamental Properties:
o Flow of electricity takes place with the decomposition of the
substance
O Electricity produced due to the movement of tons (flow of matter)
O As temperature Lnereases, 6L€ctr0t5tlc conductlon tnereases due to
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tnerease Ln dissoctation

O Resistance Ls caused by inter-lonie internctions and viscosity of
solvent

o Faraday's law is followed

2. Laws of Electrolysis

Faraday's First Law

* The mass of substance deposited/Liberated at any electrode Ls divectly
proportional to the qua Wc’utg of eLectrLthgj passed through the
6Lectr0L5t6

o Mathematical Form: W = Z X | X t

* \Wheve:
O W = Mass of substance deposited
O Z, = Electrochemical equivalent
O | = Current Ln avuperes
ot = Time Ln seconds

Faraday's Second Law

e Mathematical Form:

welght of X deposited Equivalent welght of X
welght of Y deposited  Equivalent welght of Y

Products of Electrolysis
1. For Molten Nacl:

o At Cathode: Na weetal (Nat + ¢~ — Nag)
o At Anode: Cly gas (CL™ — #/4Claoy + ¢7)
2. For Aqueous Nacl:
O At Cathode: Hp gas (Ha0m) + €7 — ety + OH @)
0 At Anode: Clp gas (CL7 oy — /=Cla@y + €7)
2. For Dllute Hr SOy,
o At Cathode: Hy gas (H gy + 7 — 4/ata o))
0 At Anode: Oy gas (2H20a) — O20 + 4H @y + 4¢7)
4. For Concentrated HaSOy:
0 At Cathode: Hy gas (H oy + ¢ — Yot on)
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o At Cathode: Hy gas (H”(aq) + 7 — ot oh)
0 At Anoole: SO ons (25042_(30D — 52082_(30D + 26_)

3. Conductance Parameters and Their Relationships

Specific conductance (K)

1. Deflnition:
o Reciprocal of specific resistance of solution of 1 em length
o Having 1 em= area of cross-section

2. Mathematical Form:
OK=1/p = l/Ra

O UnLts: ot ™ et ™ (or S ™t Ll Si)
Equivalent Conductance (Aea)
1. Definition:
o Conductance of all the lons produced from L gram equivalent of
electrolyte n a given solution
2. Mathematical Form:
0 Aeq = K X vV = K X 1000/Normality

O Units: ohm ™ e eq ™t
Molar Conductance (Am)
1. Definition:
o Conductance of all the lons produced by lonization of 1 mole of an
electrolyte ln a glven solutlon
2. Mathematical Form:
oA =K X v =K X 1000/M0Lmit5

O Units: ol ™ e mapl ™t
4. variation of Conductivity with Concentration

Molar cowduc’ci\/ﬁcg (Am) Ls a fundamental concept Ln
electrochemtistry that descrtbes how well an electrolyte solution
conducts electricity. The behavior of molar conductivity varies
significantly between strong and wenk electrolytes.

Strong EBlectrolytes

Strong electrolytes follow the Debye-Huckel Onsager equation: Am =

Ao - bve
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Strong electrolytes follow the Bebye-Huckel Onsager equation: Am =

Amoo - Ve

wheve:

* Amoo represents the molar conductivity at infinite dilution
(Limtiting wmolar conductance)

* b is a constant specific to the electrolyte type

® ¢ is the concentration

Strong electrolytes like KCL show only o small tnerease tn

conductance with dilutlon. This Ls because they are aLreadg completely

dissoctated Lnto Lons at all concentrations, so dilution owtg veduces the

Lnter-lonie tnteractions that hinder Lon movement.

wealk, Electrolytes

wealk electrolytes, such as CH2COOH (acetic aclal), behave quite

differently. They show a diramatic increase in conductance as dilution

approaches m{m’u%. This oceurs because:

* They dissoctate to a much lesser extent thaw strong electrolytes
* Dilutlon promotes further dissoclation according to
Le Chatelier's principle
e The increased dissociation Lleads to wmove Lons avatlable for
conducting electricity

Kohlrauseh's Law and tts Applications

Fundamental Principle

Kohlrauseh's Law states that the Limiting wolar conductivity of an
electrolyte Ls the sum of the individual contributions of its constituent
Lons.

Mathematically: Awm = A+ 4 A

wheve X'+ and A= ave the lonie conductivities of cation and anlon at
infinite dilution.

Applications

1, Caleulating Molar Conductivity of wealk Electrolytes For weak acids
like cH=COOH: Aw (CH=zCOOH) = ACH=CO0- + AH+

This can be expanded using known values: Am(cHzcooH) = A
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m (CHzcooNa) + Ave(Hel) - A (Nacl)

1. Determining Degree of Dissociation (o) o = Acv/Ave This ratio
helps quantify how completely an electrolyte dissocintes.

2, Caleulating Dissociation Constants For wenk electrolytes: Ke =
caz/(1-a) where C Ls concentration and a is the degree of
dissociation.

3, Solubility caleulations For sparingly soluble salts: Solubility
(mol™2) = (K X 12000)/Nvt where K Ls the speal{’w conductance.

Electrochemical Cells

Electrochemical cells convert between chemical and electrical energy
through redox venactions. They come tn two matin types:

Galvanic cells

o Spontaneous converston ot chemical enmero to electrical ener
P 9 9

* Anode: Negative terminal, oxidation oceurs
® Cothode: Positlve terminal, reductlon occurs
ELectroLgtia Cells

* Non-spontaneous conversion requiring external electrical energy

® Anpoe: Positive terminal, oxidation oceurs

e Cathode: Negative terminal, veduction occurs

Nernst Equation and Cell Potential

The Nernst equation relates cell potential to concentration: € = €° -
(0.0591/W)log (1/[M(ag)n+1)

Applications include:

1. Cell Potential Caleulations For a veaction oA + B — xX + YY: Beell
= eeell - (0.0591/nW)log (IXIX[Y 1Y/ [AlalBlb) at 298K

2, Equilibrium Constants At equilibrivm (Ecell = 0): Ecell =
(0.0591/n)log Ke

Electrochemical Series and Predictions

The electrochemical series arvanges metals by their oxidation tendency.
This arrangement ennbles several predictions:

1. oxtdizing and rReducing Agent Strength
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* More positive E° ndicates stronger oxidizing agent
* More neaative E° ndieates stronger reducing ngent
2, Reaction Feastbility
* Positive Ecell Lndicates feastble veaction
e Neguative Ecell indicates non-feastble veaction
3, Metal Displacement Reactions
* Metals higher in the series can displace Lower metals from thelr salt
solutions
* Example: Zine can o{’uspmae Mgdm@m from aclds (Zn + H2SO04 —
ZNSO4 + H2)

Types of Cells

1, Primary Cells

* Single-use cells where veactions oceur only once

e Covwnot be recharged after oepletion

® Reactions are not veversible

Examples: a) Bry cell

* Anpdic Reaction: Zn(s) — Zn=2" (agq) + 2¢”

e Cathodic Reaction: MO, (s) + Nt (ag) + ¢ — Mno(OH) (s) +
NH3z(9)

* Used in portable electronics and flashlights

b) Mercury Cell

* Anodic Reaction: Zn(s) + 20H (ag) — Zno(s) + HO(L) + 2¢7

* Cathodic Reaction: HoO(s) + HrO(L) + 2¢7 — Ho (L) + 20H (agq)

o Historically used n watches and small electronte devices

® [ £sS common now oue to envirommental concerns

1. Secondary Cells

* Rechargeable cells that can be used multiple times

* Chemical reactions can be reversed by passing current

* More cost-effective for Long-term use

Examples: a) Lead Storage Battery

* Anodic Reaction: PO(S) + SO42 (ag) — PUSO4(s) + 2¢7
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o Cathodic Reaction: POz (s) + S04 (ag) + 4H (ag) + 2¢7 —
PLsSO4(s) + 2H0(L)
* Commonly used bn automobiles
* During charging, these veactions are reversed
b) Nickel-Cadmiwm Cell
* Anodic Reaction: Cd(s) + 20H (ag) — Co(OH)2(s) + 2e”
* Cathodic Reaction: NLOz(s) + 2H20(L) + 2¢7 — NiL(OH)2(s) +
20H (aq)
* Used L portable electronics and emergency Lighting
* Kinown for thelr durability and Long cycle Life
1, Fuel Cells
* Convert chemical energy from fuel divectly into electrical energy
* Contlnuous operation as long as fuel is supplied
* Higher efficlency compared to traditional combustion engines
* Environmentally friendly power source
Example: Hydrogen Fuel Cell
* Anpdic Reaction: 2H2(9) + 40H (aq) — 4HL0(L) + 4¢”
* Cathodic Reaction: Oz(g) + 2t0(L) + 4¢” — 40H (ag)
* Overall Reaction: 2H,(g) + O2(g) — 2H20(L)
* Advantages:
o Only produces water as a byproduct
o High energy efficlency (up to €0p%)
O No moving parts, reducing maitntenance needs
o Ruick refueling compared to battery charging

Key Differences:
* Primary cells: One-time use, simple construction, affordable

o Secowda% cells: Reusable, higher tnitial cost, morve economical Long-
term

* Fuel cells: Contlnuous operation, requives fuel supply, highly
efficlent
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londie Mobility and Transport Phenomens

lonie Mobility

lonie mobility represents how fast lons move through a solution under
specific conditions. It Ls deflned as the speed of an lown in centimeters
per secondl (em/s) at tnfinite dilution when subjecteoi to a potential
aradient of 1 volt per centimeter (V/em). The unit of lonic mobility Ls
expressed as cm? VL ST

Understanding Lonte mobititg helps us comprehend several Lmportant
phenomena:

Slze Effects: smaller lons generally show Lower lonle conductivity
due to extensive solvation. This might seem counterintuitive at flrst,
but when we constder that smaller lons attract a lavger sphere of water
molecules (solvation shell), thelr effective size in solution becomes
Larger, reducing thelr mobility.

Spectal case of H” and OH™: These lons exhibit wausually high molar
conductivity compared to other Lons.

This exceptional behavior occurs through what we call the Grotthuss
mechanisim, where protons "jump" from one water molecule to another
rather than woving through the solution as a whole Lon.

Transport Numlers

The transport number tells us what fraction of the total curvent is
carried by each type of lon. We caleulate it using:

b= A (A + A

wheve:

ty" s the transport number of the cation
Ay Ls the Lonle conductivity of the cation at infinite dilution
A_c s the Lonle conductivity of the anion at tnfinite dilution

Salt Bridge and Liguid Junction Potential
< A salt bridge serves two cructal functions in electrochemicnl cells:

<+

<> 1t provides lons with stmilar conductance to maintain electrical
neutro L’Ltg
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< It elivminates the L’Lquidjuwotiow Potewtim that V\,atwaug oceurs due
to different lon diffusion rates

< Think of the Liguid junction potential Like a tratfic jam where
vehieles (lons) of different sizes try to move through a narrow
passage. Without a salt bridge, faster lons would create an uneven
charge distribution, affecting our measurements.

Specialized Electrodes and Thelr Applications

Metal-Metal lon Electrooles

These electrodes consist of o metal strip limmersed tn a solution

containing tts own lons. Common examples tnelude:

Zn/Z Y

cu/cu="

Ao/A0T

The electvode potewdat {oLLowg the Nernst equation, allowing us to
measure Lonw concentrations tn solution.

Amalgam Electrodes

These electrodes use a meercury amalgam instead of pure metal to

enhance activity. For example, the Zn-Ho/Zn=" electrode provides
move stable readings than pure zine. The amalgamation process:

lmproves repmducibuitg of measurements
Reduces unwanted sioe veactlons
Provides miove stable potewtim reacdings

Gos Electrodes
These use inert metals (usually platinum) to facilitate gas reactions.
Commown examples:

Pt, Hy/HT (hyolrogen electrode)
Pt, Clyo/Cl™ (chlovine electrode)

The platinum serves as a cotalyst and electron conductor but doesn't
participate tn the reaction d’wectLM.

Metal-Metal tnsoluble Salt-Salt Anton Electrodes

These complex electrodes bnvolve o metal tn contact with its sparingly
soluble salt and a solution containing the same anton. Examples
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unclude:

< Calownel electrode (Ho-H2Clz(s)-Kel(ag))
< Lead sulfate electrode (PO-PLSO4(s)-K2S04(0g))
< Stlver chloride electrode (Ag-Agcl(s)-kel(ag))

Redox Electrodes
These electrodes mensure electron transter between different oxiodation

states of the same element. The classic example is the Fe2*/Fe=" system,
where a platinum wive dips into a solutlon containing both forms of
Lron.

Thermodynamic Effictency of Fuel Cells

The 8{{Lclem05 M) Ls given b@:

N = Ac/Art = -nFE/AH Gt <

This ratio tells us how much of the total energy change (AH) con be
converted to useful electrical work (AG).

Concentration Cells

These cells generate potential from concentration differences rather
thaw different chemical species.

Fov exa mpLe:

Zlne concentration cell: Zn | Zn=2(Cq) ” Zn=2T(Cy) | Z N
qas concentration cell: PE(H) | Hel | (Hz) Pt

The cell potential depends on the concentration ratio:

Ecell = (0.0591/n)log (C2/Cq) Where Cp > Cq

Overvoltage

When we apply voltage to split water (6L€atmt5gls), we need more
voltage than thermodg na micmLLM p\/@d’wt@o{. This extra potethaL, called
overvoltaoe, occurs because:

The oxidation of H20 is kinetically slow

Additional energy Ls needed to overcome activation barriers
It can lead to unexpected reactions, such as chloride oxidation
oceurring before water oxidation at the anode
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()EE Mailn Online)

To finol the standard potential of M3+/M electrode, the
following cell is constituted :

PEIM [M3+ (0.001 mol L7 1) || Ag+ (0.01 wmol L-1)Ag
The emuf of the cell s found to be 0.421 volt at 29€ K.

The standard potentinl of half veaction M +ze- ——2M

at 298 K will be EOM 81/m $J
(Glvew : B (Agt/Ag) = at 292 K =0.20 Volt 5.059 0057 [V/“
o
(a) 0.22 Volt e EM — Ewi ,n J
() 0.66 Volt 6057, o oD\
- / lo
(¢) 0.32 Volt . ok = Eecdd 3= 5.0\
(d) 1.22 volt ° _ " <° \ O‘O
Eron = Eaﬁ‘/":ﬂ EM% Fayg = % *{M
cott st v
_ o —Ew /M EO = o,HQO
ot = © 2%
Given below are the half-cell veactions : -
Mn2+ +26 - - > Mn; B =-1.18V v~
2Mn? Bt te s > Mn2+); B = + 1.51V
The & for aMnt ——---—-- > Mwn + 2Mn 7 3+ will be 3¢
() -0.22 V; the reaction WLLL occur 2 MD =— Nh "’QW
(bé/-z.@ V; the veaction will nwot occur £ - 118 1—(’ 1.5‘9
el

(¢) -2.69 V; the reaction will oceur

(d) -0.33 V; the veaction will not occur. (JEE Main)

The standard veduction potentials for Zn ™ 2+/Zn,

NL724/NL and Fe ™ 2+/Fe are -zl 0.23 anol-0.44V respectively.
The veaction X + Y " 2+---2x "2+ + Y will be spontaneous
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NLT24/NL and Fe ™ 2+/Fe are QuZa- 0.23 anol-0.44V respectively.
The reaction X + Y 7 2+-—-2x" 2+ + Y will be spontaneous

when (s £y =t
— 7 —= — —= 1 ' 9—+
() X=NL Y= Zn (0) x=Zn, Y=NL 7 N Ze*t i
(b) Xx=Fe, Y=2Zn (d) X=Ni, Y=Fe s o o —
(1T JEE) E'= Egeqg — Eon
v v
The equivalent conductance of Nacl at concentration
C and at infinite dilution adg X andpAe, respectively).
The correct relatlonship betwegg A ang A Ls given as
(wWheve, the constant B Ls positive)
()EE Main) A
C C = +(BC
%) a%c)&e M\@@@)‘ ) Ac= Ao (B
— = - BiC
by bhoAee 10 Agey BC A Ke = A, — Bl
) Re=No ~
&)
Electrolysis of dilute agqueous Nacl solution was
cavvied out by passing 10 willi-ampere curvent. The
thme required to Liberate 0.01 mol of H2 gas at the
cathode Ls Y% ‘//1% 2
(1 Famd&% = 96500 C yol-1) ﬁ\o’ %\7
(1) 9.65 x 104 sec (¢) 22.95 X 1074 see o O
W 192 x10" 4 sec (d) 28.6 X 107 4 sec L= 2= 3
(11T )EE)



The amount of substance deposited by the passage of

1 amp of curvent for 1 second is equal to L v

(@) equivalent mass VA _\

ég)/moteoumr Mass T= \ X =
electrochemical equivalent

(o) speclﬁc equivalent.



