(Building on: Galvanic Cells & Nernst Equatinn)
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Conductance of
Electrolytic
Solutions

Understanding how ions carry
electrical current: from fundamental

resistance to molar conductivity.




FUNDAMENTAL PHYSICS

TopAll

Resistance & Resistivity

Resistance )

The hindrance to the flow of electrical
current through a specific object.

Geometry Directly proportional to length o
Dependency: Inversely proportional to area o

Unit: Ohm @

Resistivity

The inherent resistance of a specific
material, regardless of its overall shape.

Defined as the resistance of a substance
when it is exactly 1 meter long with a 1 m?
cross-sectional area.

Unit: Ohm metre

Cell Constant (G*)



THE CHEMICAL INVERSE A

Conductance & Conductivity
€
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Conductance @ Conductivity (RGeS

The ease with which electric current flows The inherent ability of a material to conduct
through an object. The exact inverse of current. The exact inverse of Resistivity. Also
Resistance. known as specific conductance.

Unit: Siemens per meter

G = 1/R KEE=V/io)

Unit: Siemens (S) or mho @O’
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MECHANISM COMPARISON

Two Ways to Conduct

Metallic (Electronic)
Conductance

TopAll

Electrolytic (lonic)
Conductance

+ Charge
Carriers

Movement of Electrons 6

Movement of lons o ’

R Chemical
Change

None. Physical composition
remains entirely unchanged.

Decomposition. Electrochemical
reactions occur at the electrodes.

& Temperature
Effect

Conductance DECREASES with
heat (due to metal lattice vibration
hindering flow).

Conductance INCREASES with heat
(due to increased kinetic energy and
lower viscosity).



a0OLUTION DYNAMILCS

Variables of

Electrolytic Flow
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'® More ions per unit volume initially
increases total conductivity (but
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Temperature

Increased heat equals
increased kinetic energy,
meaning higher conductivity.

Concentration

decreases molar conductivity).

-

Note: Unlike wires, solutions are a physical
obstacle course for moving ions.
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Nature of Electrolyte O TopAll

Strong electrolytes

completely dissociate.

Weak electrolytes partially v
dissociate.

lon Size & Solvation

o @ O Larger or heavily solvated
(water-wrapped) ions move

Chrd :
@) slower, reducing flow.

Solvent Viscosity

O —| Higher viscosity creates more
_(t._.ﬁ)_ physical friction, leading to
lower conductivity.
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DATA LANDSCAPE

Conductivity Across Materials

. Conductors (Metals & Alloys)

~103S m™
Examples: Copper (5.9 x 103), Sodium (2.1 x 103)

Aqueous Solutions (The Variable Zone)

10°t010'Sm1 —eo
Examples: 0.1 M HCI (3.91), Pure Water (3.5 x 10-3)

" Insulators (Glass & Plastics)

<106 S m-!
A Examples: Teflon (1.0 x 10-18), Glass (1.0 x 10-16)

Aqueous solutions are highly variable intermediate conductors—their conductivity

depends entirely on the presence and concentration of dissolved ions.




SUMMARY & SYNTHESIS A

lons Carry the Current
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The External Circuit —e

{F, Electrolytic Conductance

The Internal Circuit —Q\\ \/\EL——[@| [ [‘:ﬁ I:a
\S
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While the Nernst Equation and Gibbs Energy dictate the potential {) of the battery, the

conductance () of the solution dictates how efficiently that potential can drive current.
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