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Concept QuickStart - Conductance of Electrolytic Solutions

Unit: Unit 2: Electrochemistry

Subject: For CBSE Class 12 Chemistry

Section 1: UNDERSTANDING THE CONCEPT

While we often think of electricity flowing through metal wires, it can also pass through
certain liquids, like salt water. There is a fundamental difference in how these two processes
occur. In metals, electricity is a flow of electrons. In solutions, however, the current is carried
by the movement of charged particles called ions. Understanding the unique principles
governing how ions conduct electricity in a solution is a critical building block for the entire
field of electrochemistry, from how batteries work to industrial chemical production.

1.1 What Is Conductance of Electrolytic Solutions? (Core Idea and Anchor Definition)

At its simplest, electrolytic conductance is a measure of how easily an electric current can
pass through a solution containing dissolved ions.

At the particle level, when a substance like a salt (an electrolyte) is dissolved in a solvent like
water, it dissociates into positive ions (cations) and negative ions (anions). When an electric
potentialis applied across the solution via electrodes, these ions begin to move. The cations
are drawn towards the negative electrode, and the anions are drawn towards the positive
electrode. This directed movement of charged ions through the solution constitutes the
electric current. The efficiency of this ionic movementisn't just about the number of ions; it's
also affected by the nature of the electrolyte itself, the size and solvation of the ions, the
viscosity of the solvent, the solution's concentration, and its temperature.

Electrolytic or ionic conductance is the conductance of electricity by ions present in
solutions.

A common point of confusion is the difference between conductivity (k) and molar
conductivity (Am), especially when a solution is diluted. While they sound similar, they
behave oppositely upon dilution. Conductivity (k) decreases because there are fewer ions in
any given unit of volume. However, molar conductivity (Am) increases because it accounts for
the total volume containing one mole of the electrolyte, and this volume increase more than
compensates for the drop in per-unit conductivity.

1.2 Why Conductance of Electrolytic Solutions Matters

Understanding the principles of electrolytic conductance is essential for both theoretical
chemistry and numerous practical applications. It is the foundation for technologies that
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convert chemical energy into electrical energy, such as batteries and fuel cells. It is also
central to industrial processes where electrical energy is used to produce vital chemicals like
sodium hydroxide and chlorine through electrolysis.

From an academic perspective, this topic is a core component of the electrochemistry unit.
The ability to define, differentiate, and calculate various measures of conductance (like
resistivity, conductivity, and molar conductivity) and explain their variation with concentration
is a key learning objective for board exams.

1.3 Why This Concept Exists

The concept of electrolytic conductance was developed to explain and quantify the
phenomenon of electricity passing through solutions. Without it, we could not explain why
pure water is a poor conductor while salt water conducts electricity well, nor could we design
and optimize devices that rely on this principle.

This concept provides the framework for measuring and comparing the ability of different
substances to form conductive solutions. This is crucial for real-world applications such as:

o Batteries: The function of all primary and secondary batteries depends on the
movement of ions through an internal electrolyte.

o Industrial Electrolysis: The large-scale production of many chemicals is achieved by
passing a current through an electrolytic solution.

e Corrosion: The rusting of iron is an electrochemical process that involves ionic
conductance through moisture on the metal's surface.

1.4 Analogies and Mental Image

To make this abstract process tangible, we can use the analogy of a busy waterway for cargo
ferries. Imagine a wide river connecting two major ports. The river itself doesn't move goods,
but it provides the medium for transport. Fleets of cargo ferries shuttle back and forth,
carrying goods from one port to the other, driven by commercial demand.

This scenario maps directly onto the components of electrolytic conductance:

o« The Waterway: Represents the solvent (e.g., water), the medium through which
movement occurs.

e The Cargo Ferries: Represent the ions (cations and anions), which are the mobile
charge carriers.

e The Cargo: Represents the electric charge being transported by the ions.

e The Demand at the Docks: Represents the applied voltage, the driving force that
directs the ferries (ions) to specific destinations (electrodes).
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Picture this: A beaker is filled with water molecules. An electrolyte, like potassium chloride
(KCl), is added and dissolves, breaking apart into a vast number of free-floating positive
potassium ions (K*) and negative chloride ions (Cl7), all dispersed among the water
molecules. Two platinum electrodes are then submerged in the solution and connected to a
power source. The moment the power is on, an electric field is established. All the K" ions
begin a directed drift towards the negative electrode, while all the Cl™ ions migrate towards
the positive electrode. This organized, two-way traffic of charged particles is the electric
current flowing through the solution.

This is what conductance of electrolytic solutions looks like in your mind's eye.
1.5 Everyday Context and Applications

A simple and observable phenomenon is the difference in conductivity between pure and salt
water. In a lab setting, if you place electrodes connected to a light bulb in a beaker of pure
water, the bulb will not light up, showing very low conductance. However, when you dissolve a
spoonful of table salt (NaCl) into the water, the bulb glows brightly. This happens because the
salt provides a high concentration of Na* and Cl™ ions, which act as charge carriers.

A critical technological application is the standard car battery (a lead-acid battery). Inside,
lead plates are submerged in a solution of sulfuric acid, which is a strong electrolyte. The
battery generates electricity through chemical reactions that produce and consume ions. The
ability of these ions to move freely through the acid solution—the electrolytic conductance—
is absolutely essential for the battery to deliver the high current needed to start a car.

You might think that increasing temperature would hinder the flow of electricity, asitdoesina
copper wire by causing atoms to vibrate more and obstruct electron flow. But actually, in an
electrolytic solution, the opposite is true. Increasing the temperature increases conductance.
This is because the higher temperature makes the solvent less viscous and gives the ions
more kinetic energy, allowing them to move more freely and quickly through the solution,
thereby carrying charge more efficiently.

This conceptual foundation prepares us to examine the formal definitions and quantitative
relationships presented in your textbook.

Section 2: WHAT THE TEXTBOOK SAYS (NCERT)

This section distills the core principles, definitions, and quantitative relationships for the
conductance of electrolytic solutions as presented in the NCERT textbook. These formal
concepts provide the official basis for calculations, comparisons, and academic evaluation.

2.1 NCERT Key Statements

Based on the official text, the following are the most critical conceptual statements regarding
the conductance of electrolytic solutions:
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1. Fundamental Quantities and Definitions: Electrical resistance (R) is directly
proportional to length (1) and inversely proportional to the area of cross-section (A),
given by R = p(l/A). The constant p is resistivity. The inverse of resistance is
conductance (G = 1/R), and the inverse of resistivity is conductivity (k = 1/p).

2. Two Types of Conductance: There is a fundamental difference between metallic (or
electronic) and electrolytic (or ionic) conductance. Metallic conductance is due to the
movement of electrons, and it decreases with an increase in temperature. Electrolytic
conductance is due to the movement of ions, and it increases with an increase in
temperature.

3. Effect of Dilution on Conductivity (k): The conductivity (k) of a solution always
decreases when the concentration is decreased (i.e., upon dilution). This is because
dilution reduces the number of ions present per unit volume of the solution, which are
the charge carriers.

4. Effect of Dilution on Molar Conductivity (Am): The molar conductivity (Am) of a
solution always increases with a decrease in concentration. Molar conductivity is the
conductance of the volume of solution containing one mole of the electrolyte (Am =
KV). Although conductivity (k) decreases on dilution, the total volume (V) increases
significantly, and this increase in volume more than compensates for the decrease in
conductivity.

5. Limiting Molar Conductivity (A°m): As the concentration of the electrolyte solution
approaches zero (infinite dilution), the molar conductivity reaches its maximum,
constant value. This value is known as the limiting molar conductivity.

2.2 NCERT Examples and Distinctions
The textbook uses specific examples and comparisons to solidify these concepts.
Worked Example: Calculating Conductance Properties (NCERT Example 2.5)

In Example 2.5, a problem is presented where the resistance of a 0.05 mol L™ NaOH solution
is measured in a cell with a specific diameter and length. The goal is to calculate the
solution's resistivity (p), conductivity (k), and molar conductivity (Am).

The calculation proceeds in clear steps:

1. First, the cross-sectional area (A) of the solution column is calculated from the given
diameter.

2. Next, resistivity (p) is calculated using the formula p = R * (A/L).
3. Conductivity (k) is then found by taking the inverse of resistivity (k = 1/p).

4. Finally, molar conductivity (Am) is calculated using the relationship Am = (k x 1000) /
Molarity.
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This example is important because it demonstrates the direct, step-by-step application of the
core formulas, connecting a physical measurement (resistance) to the key derived properties
of an electrolytic solution.

Metallic vs. Electrolytic Conductance

The textbook makes a clear distinction between the two ways materials conduct electricity.
The key differences are summarized below:

Basis of . .
o Metallic Conductance Electrolytic Conductance
Distinction
Charge Carriers [Movement of electrons. Movement of ions (cations and anions).
. : Can lead to chemical reactions (electrolysis) at
Chemical No chemical change occurs : .
. the electrodes, changing the solution's
Change in the substance. -
composition.
Effect of Conductance decreases as |Conductance increases as temperature
Temperature temperature increases. increases.

Understanding these formal definitions and distinctions is the first step. The next is to build
clarity on potential points of confusion and develop ways to remember them.

Section 3: CLARITY AND MEMORY

Mastering a concept requires more than just memorizing textbook definitions; it involves
clarifying common points of confusion and developing tools to recall key ideas under
pressure. This final section provides sharp clarifications to ensure a robust understanding of
electrolytic conductance.

3.1 Key Clarity Lines

These concise statements are designed to prevent common misunderstandings and reinforce
the most critical rules.

e Conductivity (k) is the conductance of one unit volume of a solution. Think of it as an
intensive property of the solution at a specific concentration.

e Molar Conductivity (Am)is the conductance of the total volume of solution
containing one mole of the electrolyte.

e Dilution always decreases conductivity (k) because it lowers the number of ions in
any given cubic centimeter.

e Dilution always increases molar conductivity (Am) because the total volume
containing one mole of ions expands, allowing them to move more freely.
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e The)*is aphysical property of the measurement cell (/A) and does not depend on the
solution inside it.

e An AC power source is used to measure the resistance of an ionic solution to prevent
the DC current from causing electrolysis and changing the solution's composition.
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