The Rules of the Invisible World

A Masterclass in Electrolysis

Electrolysis is the deliberate decomposition
of a chemical compound in its agueous or

fused state. It is driven by the passage of a ' | 5] LY
direct electric current, forcing a strict | | B
exchange of electrons. It is not magic;itis a ] - 1
calculated redox reaction with absolute, A 4
unbending rules. P
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Visual Legend: The Dual Rules

- Oxidation / Anode / Anions / Loss of Electrons

. Reduction / Cathode / Cations / Gain of Electrons
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The Physical Arena:
Components of the Electrolytic Cell

Electrolyte (The Medium)

An ionic compound (molten
or agueous) that conducts
electricity and undergoes
decomposition.

The Voltameter

The non-conducting vessel
containing the reaction.

Anode

The electrode connected to the
positive terminal. It acquires a
positive charge and attracts anions.

\I

Cathode

The electrode connected to the
negative terminal. It acquires a
negative charge and attracts cations.
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The Players:

lons and the Absolute Exchange of Electrons

Anions
Negatively charged. Migrate to the Anode.

OIL

Anode to become a neutral atom. ,;
/ \
. |

Cl'--1e-— CI

Oxidation Is Loss \ /
An anion sheds an electron at the | - @ \‘ A cation catches an electron at the
:

Cations
Positively charged. Migrate to the Cathode.

—RI1G

Reduction Is Gain

Cathode to become a neutral atom.

Na'*+ 1e-— Na

Core Rule
The number of electrons gained at the cathode exactly equals the number of electrons donated at the anode.
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The Mechanics of Conduction: Electrons vs. lons

In 1887, Svante Arrhenius established that electrolytes dissociate into free positive and

negative charges, unlocking the mechanics of liquid conductivity.

Metallic Conduction
(e.g., Copper Wire)

Flow of electrons (negligible mass).

—
(

Electrolytic Conduction
(e.g., Aqueous CuS0O,)

Flow of ions (denser than electrons).

Good conductors in solid and molten state.

Good conductors in aqueous or molten

state only.

No transfer of matter occurs.

Transfer of matter physically occurs.

Parent metal remains chemically intact
(physical change only).

Electrolyte decomposes to form new
products (chemical change).
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Unlocking the Lattice: Molten vs. Aqueous Dissociation

Solid ionic compounds are non-electrolytes. Their ions are locked by strong electrostatic forces and must be freed to conduct electricity.

The Molten State (Heat)

Heat provides the kinetic energy required to overcome | Polar water molecules exert physical force. The slightly negative
electrostatic attraction, allowing ions to break their bonds and oxygen pulls on cations, while the slightly positive hydrogens pull
move freely. on anions, dissolving the solid into a mobile solution.




The Electrolyte Spectrum: Measuring Dissociation
P e P 50 e T e et P o o ] B s B = e e ==
Strong Electrolytes Weak Electrolytes Non-Electrolytes
|
Almost completely dissociated in Only partially dissociated. Poor Do not undergo chemical
solution. Allows large amounts of conductors of electricity. decomposition or conduct electricity.
electricity to flow.
Particles Particles Particles
Mainly free ions. A mix of ions and un-ionised molecules. | Molecules only (covalent compounds).
1
Examples Examples Examples
Dilute HCI, Sulphuric Acid (H,S0,), Acetic acid (CH,COOH), Carbonic Distilled water, Alcohol,
aqueous NaCl, NaOH. acid, Ammonium hydroxide. Sugar solution, Kerosene.
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The Electrochemical Ladder:
The Hierarchy of Discharge

Mechanism Rule:

lons at the lower end of the series
lonise least readily, meaning they
discharge at their respective
electrodes with the most ease.

Cations - Migrate to Cathode

Most difficult
to discharge

v

Easiest to
discharge

Potassium (K'*)
Calcium (Ca?*)
Sodium (Na')

Anions - Migrate to Anode
r

Sulphate (SO*)

Nitrate (NO,")

Lead (Pb?*)
Hydrogen (H™)

Chloride (CI™)

Bromide (Br")

Copper (Cu?*)
Silver (Ag™)

Hydroxyl (OH")

Discharge Zone

Most difficult
to discharge

\4

Easiest to
discharge

16:9
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Selective Discharge: Rules of the Invisible Competition

When multiple ions of the same charge arrive at an electrode simultaneously, only one is discharged. The winner
winner is determined by a strict hierarchy of rules.
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1. Position in the Series (The Default Rule)

I

|

The ion positioned lower in the electrochemical series will l
always be discharged first. (e.g., Cu?* wins over H").

|
ey ——— T e —r—— e e o =l

2. Concentration (The Override)

=

A significantly higher concentration of an ion can override

( its position in the series. L]

e Example: In dilute NaCl, H'* and OH* discharge.

In highly concentrated NaCl, CI' suddenly beats OH' due
to sheer volume, evolving Chlorine gas at the anode.

A
3. Nature of the Electrode (The Ultimate Trump Card)

Inert electrodes (Platinum/Graphite) just watch.

Active electrodes (Copper/Silver) participate in the reaction,
completely overriding both previous rules for anions.
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Controlled Environment 1: Molten Lead Bromide (PbBr,)

- B 1 | The Setup
11| —®) —
) N2 « Apparatus: Silica crucible (withstands high heat), heated from
E'T outside.
g » Electrodes: Inert graphite (used over platinum as it is unaffected
by reactive bromine vapours).
Graphite | | Graphite » Electrolyte: Molten PbBr,. Temperature: >380°C. lons present:
[anode] [cathode] Pb2* and Br1- only.

2 | The Reactions

= B
HU';EH |E‘_-gd A= ST Ca"c?hude: Metallic lead ions gain electrons
romide = : Pb<*+2e~ — Pb and deposit as a silvery grey metal.
_ B -/ (withstands
e o
e A f'-"“".-'".-// high hEﬂt} (-_ _\
Anode: Bromine ions lose electrons, pair
Bri--1le~ = Br up covalently, and evolve as
L (Br + Br — Br,) reddish-brown fumes. )
< Heat Source
= \\: 3 | Takeaway
. 1 A pure demonstration of REDOX with no competing ions. A metal is
- N yielded at the cathode, and a non-metal gas at the anode.
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Controlled Environment 2: Acidified Water

= +| ] i= «— €
» [
DC
D) i
e A (A)
2 Volumes I1 Volume [te
Hydrogen = “ Oxygen
[2 vols.] O | : [1 Vol.]
- L - .
| - H"'
Anode AT i Cathode
[platinum foil] G [platinum foil] |

The Setup

Electrolyte: Pure water is a non-electrolyte. Traces of
dilute H,SO, are added to catalyse dissociation.

Electrodes: Platinum (Inert).

The Reactions

Cathode: H'* + 1e— H (H + H — H,)

Hydrogen gas evolves.

Anode: 40H — 2H,0 + O, + 4e-

Both SO,% and OH'- migrate. Selective Discharge Rule 1
applies: OH" is lower in the series and discharges in
preference to SO,%-. Oxygen gas evolves.

The Evidence

For every 4H'* ions discharged at the cathode, 40H!- are
required at the anode. This produces a strict 2:1 volume ratio

of Hydrogen gas to Oxygen gas, perfectly mirroring the H,0
molecule.
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The Electrode Variable:
Observers vs. Participants

7 N
Inert Electrodes (Platinum / Graphite)
| \ b
E f’/’_ Anions — EL_——— - d
| {E‘g., OH_, 3042-} L . @ﬂ' o) |
\@ 8 ' ) @“H Gas Bubbles
e @ L @f (E'g'r DE]
© 0. ¢
@ = & b =
© AT 7.an”
®/ 1
T Anions ‘ g
| " (e.g., OH, S0,?) Electrolyte
| Action: Act strictly as an electrical bridge.
Result: Anions migrate to the anode, discharge their electrons,
and form gases (like 0,). The electrolyte's composition eventually
changes.
\ /

/.

N
_Active Electrodes (Copper / Silver / Nickel]

b

Anode
(Copper - Cu)

Action: The electrode itself enters the arena. The metal anode loses
electrons more easily than any competing anion can discharge.

Result: The anode physically dissolves, shedding ions into the
solution (Cu — 2e- = Cu?’). The anode visibly diminishes in mass.
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Controlled Environment 3: Aqueous Copper Sulphate (Active)

The Perfect Loop

The Blue Colour Proof

Setup: Aqueous CuSO, (acidified) with active copper electrodes.

Anode (Amber): Copper anode ionises (Cu - 2e” — Cu?*). It
loses mass. SO f and OH" are relegated to spectator ions.

Cathode (Cyan): Cu?* ions migrate, accept electrons, and
deposit as neutral Copper metal (Cu®* + 2e- — Cu). The cathode
gains mass.

The distinct blue colour of the solution depends entirely on the

presence of Cu?* jons.

Because every ion deposited at the cathode is instantly
replaced by a new one dissolving from the anode, the
concentration remains perfectly static.

The blue colour never fades.
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Industrial Application:
Precision Electroplating

Depositing a superior metal over a baser metal
to prevent corrosion and enhance appearance.

Cathode

The Blueprint Specs

(Spoon -
e.g., Iron)

ALWAYS the article to be plated

Cathode (Cyan) (e.g., the iron spoon).
Anode (Amber) | ALWAYS a block of the pure plating metal (e.g., Silver). It must be replaced periodically as it dissolves.
e Anaqueous solution of the plating metal.

Electrolyte e Crucial detail: For silver, Sodium Argentocyanide is preferred over Silver Nitrate. Its complex
jons migrate slower, and.inetropitr. Armay tines, ans migrate slower, ensuring a smooth, firm,
and even deposit.

Current Must be a direct current (DC). A low current for a longer time ensures a durable, uniform coating.

Its is completed.
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Heavy Industry: Electro-Refining of Copper

Purifying extracted metals using the principles of active electrodes.

"The Impure Anode

A thick block of impure copper.
It ionises into the solution,
gradually vanishing over time.

The Impurities

Highly electropositive metals
(Zinc, Iron) dissolve and remain in
solution.

Unreactive precious metals (Gold,
Silver) do not ionise; they simply
fall off as the copper matrix
dissolves, settling at the bottom
as valuable anode mud.

Cui’l‘
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The Pure Cathode

A pristine, thin sheet of pure
copper. Pure Cu?* ions
selectively discharge here,
thickening the sheet over time.



== i | — |
The Master Evidence Matrix
Experiment Electrodes Mechanism Cathode Product | Anode Product
: Simple thermal Lead metal Bromine gas
Molten PbBr, Inert Graphite dissociation (silvery) (reddish-brown)
Selective
e : : Hydrogen gas Oxygen gas
Acidified H,O Inert Platinum dlsgz?ggg of (2 volumes) (1 volume)
. Nil
: Active Electrode Pure Copper .
Aqg. CuSO Active Copper : . (Anode dissolves,
4 Override deposit generating Cuz*)
The Invisible rules of electron exchange govern the visible worldq,
from the splitting of water to the forging of modern metallurgy.
| I



