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Course code: CHM 210 

Course title: Physical Chemistry I 

Course credit load: 2 Units 

Series 1: Kinetic Theory and Behaviour of Gases 

Series 2: Thermodynamics, Entropy, and Free Energy 

Series 3: Chemical Kinetics and Reaction Mechanisms 

Series 4: Photochemistry and Spectroscopy Fundamentals 

Series 5: Electrochemistry and Conductance Laws 

Proposed Outline Series 1 

1.1 Fundamentals of kinetic theory 

• 1.1.1 Postulates of kinetic theory 

• 1.1.2 Assumptions and limitations 

• 1.1.3 Connection to ideal gas behaviour 

1.2 Behaviour of ideal gases 

• 1.2.1 Gas laws (Boyle’s, Charles’, Avogadro’s, Ideal Gas Law) 

• 1.2.2 Derivation of molecular velocity formula 

• 1.2.3 Applications of kinetic theory to ideal gases 

1.3 Behaviour of real gases 

• 1.3.1 Deviations from ideal behaviour 

• 1.3.2 Van der Waals equation 

• 1.3.3 Compressibility factor and practical implications 

1.4 Applications of kinetic theory and gas behaviour 

• 1.4.1 Industrial and laboratory relevance 

• 1.4.2 Predicting physical properties of gases 

• 1.4.3 Link to thermodynamics and later Series 

Introduction 

In organic chemistry, reactions often proceed through short-lived species known as reactive 

intermediates. These intermediates, such as carbocations, free radicals, and carbenes, play a 

crucial role in determining the pathways and outcomes of reactions. Rearrangement reactions, 

where atoms or groups shift within a molecule, further illustrate the dynamic nature of chemical 
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transformations. Understanding these concepts equips learners with the ability to explain reaction 

mechanisms and predict products with confidence. 

The aim of this Series is to introduce you to the major types of reactive intermediates, explain 

their formation and stability, and explore common rearrangement reactions that occur in organic 

chemistry. 

We shall commence this Series by examining the nature and types of reactive intermediates. 

Next, we will explore their stability and methods of formation. Following that, we will move on 

to rearrangement reactions, considering examples such as hydride shifts and ring expansions. 

Finally, we will conclude by linking these concepts to practical applications in organic synthesis 

and mechanism prediction. 

Series Learning Outcomes  

Upon completing this Series, you should be able to: 

• SLO 1.1 define the postulates of kinetic theory of gases, 

• SLO 1.2 explain the assumptions and limitations of kinetic theory, 

• SLO 1.3 apply kinetic theory to derive the molecular velocity formula, 

• SLO 1.4 analyse the behaviour of ideal gases using gas laws, 

• SLO 1.5 evaluate deviations of real gases from ideal behaviour, 

• SLO 1.6 demonstrate the use of the Van der Waals equation in describing real gases, 

• SLO 1.7 assess the practical applications of kinetic theory and gas behaviour in 

laboratory and industrial contexts. 

 

1.1 Fundamentals of Kinetic Theory 

1.1.1 Postulates of kinetic theory 

The kinetic theory of gases is a model that explains the behaviour of gases by considering them 

as composed of a large number of small particles (atoms or molecules) in constant random 

motion. The main postulates are: 

• Gas particles are extremely small compared to the distances between them. 

• They move in random straight-line motion until they collide. 

• Collisions between particles and with container walls are perfectly elastic, meaning no 

energy is lost. 

• The average kinetic energy of particles is directly proportional to the absolute 

temperature of the gas. 

Fill in the blank: According to kinetic theory, the average kinetic energy of gas particles is 

proportional to the absolute ______. 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

 

Figure 1.1 Postulates of kinetic theory of gases. 

1.1.2 Assumptions and limitations 

The kinetic theory makes simplifying assumptions to explain gas behaviour. For example, it 

assumes that gas particles have negligible volume and no intermolecular forces. These 

assumptions hold true for ideal gases but not for real gases, especially at high pressures and low 

temperatures. The limitations of the theory become evident when gases deviate from ideal 

behaviour, requiring corrections such as those introduced in the Van der Waals equation. 

Fill in the blank: The kinetic theory assumes that gas particles exert no ______ forces on each 

other. 

 

Assumptions and Limitations of the Kinetic Molecular Theory 

• Core Assumptions: 

• Point Particles: Gas particles are treated as having negligible volume; the gas is 

mostly empty space. 

• No Intermolecular Forces: There are no attractive or repulsive forces between 

particles. 

• Elastic Collisions: Collisions are perfectly elastic, meaning total kinetic energy is 

conserved. 

• Constant Random Motion: Particles move in straight lines in random directions. 

• Limitations (Real Gas Deviations): 

• High Pressure: At very high pressures, the volume of the gas particles 

themselves becomes significant relative to the container volume. 

• Low Temperature: At low temperatures, gas particles move slowly, and 

intermolecular attractive forces can no longer be ignored, leading to potential 

condensation into a liquid phase. 
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Box 1.1 Assumptions and limitations of kinetic theory  

1.1.3 Connection to ideal gas behaviour 

An ideal gas is a hypothetical gas that perfectly obeys the assumptions of kinetic theory. The 

behaviour of ideal gases is described by the ideal gas law: PV=nRT, where P is pressure, V is 

volume, n is number of moles, R is the gas constant, and T is temperature. Kinetic theory 

provides the molecular basis for this law, linking macroscopic properties such as pressure and 

temperature to microscopic particle motion. 

Fill in the blank: The ideal gas law is expressed as ______ = nRT. 

Macroscopic 

Property 
Microscopic Interpretation 

Pressure ($P$) 
The frequency and force of particle collisions against the container 

walls. 

Volume ($V$) 
The total space available for particles to move, representing the 

"empty space" between them. 

Temperature ($T$) The measure of the average kinetic energy of the gas particles. 

Amount of Gas 

($n$) 
The total number of particles present within the container. 

Table 1.1 Connection between kinetic theory and ideal gas law  

Pilot questions 1.1 

1. State two postulates of the kinetic theory of gases. 

2. What does kinetic theory assume about the volume of gas particles? 

3. Under what conditions do gases deviate from ideal behaviour? 

4. Write the equation of the ideal gas law. 

5. How does kinetic theory explain the relationship between temperature and kinetic 

energy? 

 

1.2 Behaviour of Ideal Gases 
1.2.1 Gas laws (Boyle’s, Charles’, Avogadro’s, Ideal Gas Law) 

The behaviour of ideal gases can be explained using several fundamental gas laws. Boyle’s law 

states that the pressure of a fixed amount of gas is inversely proportional to its volume at 

constant temperature. Charles’ law shows that the volume of a gas is directly proportional to its 

absolute temperature at constant pressure. Avogadro’s law states that equal volumes of gases at 

the same temperature and pressure contain equal numbers of molecules. These laws combine to 

form the ideal gas law, expressed as PV=nRT. 
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Fill in the blank: According to Boyle’s law, pressure is inversely proportional to ______ at 

constant temperature. 

 

Figure 1.2 Fundamental gas laws.  

1.2.2 Derivation of molecular velocity formula 

The kinetic theory provides a molecular basis for gas laws by linking macroscopic properties to 

microscopic motion. The root mean square velocity (u\_rms) of gas molecules is derived from 

kinetic theory and is given by: 

urms=3RTM 

where R is the gas constant, T is the absolute temperature, and M is the molar mass of the gas. 

This formula shows that molecular velocity increases with temperature and decreases with molar 

mass. 

Fill in the blank: The root mean square velocity of gas molecules increases with ______ and 

decreases with molar mass. 

Gas Molar Mass (kg/mol) urms (m/s) 

Hydrogen ($H_2$) $0.002016$ $1920.12$ 

Oxygen ($O_2$) $0.03200$ $481.95$ 

Carbon Dioxide ($CO_2$) $0.04401$ $410.96$ 

Table 1.2 Root mean square velocity of selected gases  

1.2.3 Applications of kinetic theory to ideal gases 

The kinetic theory explains how pressure arises from collisions of gas molecules with container 

walls, and how temperature reflects the average kinetic energy of molecules. These insights 

allow chemists to predict gas behaviour under varying conditions. For example, the theory 

explains why lighter gases diffuse faster than heavier ones, and why pressure increases when 

temperature rises at constant volume. 

Fill in the blank: According to kinetic theory, pressure results from collisions of gas molecules 

with the ______ walls. 
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Applications of Kinetic Molecular Theory 

• Diffusion and Effusion: Kinetic theory explains how gas particles naturally spread from 

areas of high concentration to low concentration (diffusion) and how they escape through 

tiny openings (effusion). Lighter gas particles possess higher velocities, causing them to 

diffuse and effuse more rapidly than heavier ones, as governed by Graham's Law. 

• Pressure-Temperature Relationship (Gay-Lussac’s Law): By linking temperature to 

the average kinetic energy of particles, the theory explains that increasing the temperature 

of a gas in a fixed volume causes particles to strike the container walls with more 

frequency and greater force, resulting in a predictable increase in pressure. 

• Molecular Motion and Thermal Energy: The theory provides a foundation for 

understanding thermal phenomena, illustrating that heat is the manifestation of the total 

kinetic energy of particles. This allows scientists to calculate properties like the root 

mean square velocity, providing insight into the behavior of gases at varying thermal 

states. 

Box 1.2 Applications of kinetic theory to ideal gases  

Pilot questions 1.2 

1. State Boyle’s law in words. 

2. What does Charles’ law show about the relationship between volume and temperature? 

3. Write the formula for root mean square velocity. 

4. How does molecular velocity depend on molar mass? 

5. What does kinetic theory explain about the origin of pressure in gases? 

 

1.3 Behaviour of Real Gases 
1.3.1 Deviations from ideal behaviour 

While the ideal gas law provides a useful model, real gases often deviate from it under certain 

conditions. At high pressures, the volume of gas particles can no longer be considered negligible, 

and at low temperatures, intermolecular forces become significant. These deviations explain why 

gases such as carbon dioxide and ammonia do not perfectly obey the ideal gas law. 

Fill in the blank: Real gases deviate from ideal behaviour especially at high ______ and low 

temperatures. 
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Figure 1.3 Deviations of real gases from ideal behaviour. 

1.3.2 Van der Waals equation 

To account for deviations, the Van der Waals equation modifies the ideal gas law: 

(P+aV2)(V−b)=nRT 

Here, a corrects for intermolecular forces, while b accounts for the finite volume of gas particles. 

This equation provides a more accurate description of real gases, especially under non-ideal 

conditions. 

Fill in the blank: In the Van der Waals equation, the constant a corrects for ______ forces 

between gas particles. 

Gas a (L2⋅bar⋅mol−2) b (L⋅mol−1) 

Oxygen ($O_2$) $1.382$ $0.03186$ 

Nitrogen ($N_2$) $1.370$ $0.0387$ 

Carbon Dioxide ($CO_2$) $3.640$ $0.04267$ 

Table 1.3 Van der Waals constants for selected gases  

1.3.3 Compressibility factor and practical implications 

The compressibility factor (Z) is defined as Z=PVnRT. For an ideal gas, Z=1. For real gases, 

deviations from unity indicate non-ideal behaviour. Engineers and chemists use compressibility 

charts to predict gas properties in industrial processes, ensuring accuracy in applications such as 

gas storage and transport. 

Fill in the blank: For an ideal gas, the compressibility factor Z is equal to ______. 

Practical Implications of Real Gas Behavior 

The behavior of real gases often deviates from the predictions of the ideal gas law ($PV=nRT$). 

In industrial settings, where gases are often handled under extreme conditions, these deviations 
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are critical to account for. The compressibility factor ($Z$) serves as a correction factor to 

quantify this departure from ideal behavior, defined as $Z = \frac{PV}{nRT}$. 

Why the Compressibility Factor Matters in Industry 

• Gas Storage: For high-pressure storage tanks, assuming ideal behavior can lead to 

significant errors in calculated capacity. Understanding $Z$ ensures that pressure limits 

are safely managed to prevent tank failure or inefficient storage. 

• Pipeline Transport: Natural gas transmission through long-distance pipelines requires 

precise calculations of gas density and flow rates. Because these gases are subjected to 

high pressures, the compressibility factor is essential for accurate metering and 

compressor design. 

• Chemical Engineering Processes: In high-pressure synthesis (e.g., ammonia production 

or catalytic cracking), reaction kinetics and product yields are highly sensitive to molar 

volume. Engineers use $Z$ to adjust parameters for optimal performance and safety. 

• Safety and Economics: Accurate modeling prevents underestimation of gas quantities, 

which is vital for both economic accounting and ensuring that pressure relief systems are 

correctly sized for emergency scenarios. 

By incorporating the compressibility factor, industries can move beyond theoretical models to 

achieve high-precision operational safety and efficiency. 

Box 1.3 Practical implications of real gas behaviour  

Pilot questions 1.3 

1. Under what conditions do real gases deviate from ideal behaviour? 

2. Write the Van der Waals equation. 

3. What does the constant b represent in the Van der Waals equation? 

4. Define the compressibility factor Z. 

5. Why is the compressibility factor important in industrial applications? 

 

1.4 Applications of Kinetic Theory and Gas Behaviour 
1.4.1 Industrial and laboratory relevance 

The kinetic theory of gases is not only a theoretical concept but also has practical applications 

in both industry and laboratory settings. In laboratories, it helps chemists predict how gases will 

behave under different conditions, which is essential for designing experiments. In industry, it is 

applied in processes such as gas liquefaction, refrigeration, and combustion systems. 

Fill in the blank: Kinetic theory is applied in industry for processes such as gas liquefaction and 

______ systems. 
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Plate 1.1 Industrial applications of kinetic theory.  

1.4.2 Predicting physical properties of gases 

Kinetic theory provides a framework for predicting physical properties such as pressure, 

temperature, and diffusion rates. For example, Graham’s law of diffusion explains why lighter 

gases diffuse faster than heavier ones. These predictions are crucial in chemical engineering, 

environmental science, and materials research. 

Fill in the blank: According to Graham’s law, lighter gases diffuse ______ than heavier ones. 

 

Figure 1.4 Diffusion of gases explained by Graham’s law.  

1.4.3 Link to thermodynamics and later Series 

The principles of kinetic theory form the foundation for thermodynamics, which will be 

explored in the next Series. By connecting microscopic particle motion to macroscopic 

properties, kinetic theory explains concepts such as internal energy and entropy. This link 

ensures continuity in learning, as the behaviour of gases provides a stepping stone to 

understanding broader physical chemistry topics. 

Fill in the blank: Kinetic theory connects microscopic particle motion to macroscopic properties 

such as internal energy and ______. 

The Bridge Between Microscopic Motion and Macroscopic Thermodynamics 
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Kinetic theory provides the mechanical foundation for thermodynamics by explaining 

macroscopic properties (like temperature and pressure) through the statistical behavior of 

individual particles. This connection allows us to understand how microscopic motion manifests 

as observable energy and disorder within a system. 

Key Thermodynamic Connections 

• Internal Energy ($U$): In an ideal gas, the internal energy is directly proportional to the 

total kinetic energy of its constituent particles. As particle velocities increase due to 

added heat, the system's internal energy rises. 

• Temperature ($T$): Kinetic theory defines temperature as a measure of the average 

translational kinetic energy of molecules. It is the bridge between the microscopic speed 

of particles and our macroscopic sense of "hot" or "cold." 

• Entropy ($S$): Entropy is fundamentally linked to the number of possible microscopic 

arrangements (microstates) a system can occupy. Kinetic theory helps explain entropy as 

a measure of the statistical probability of these arrangements, where higher disorder (or 

spread of energy) corresponds to higher entropy. 

• Statistical Mechanics: By analyzing the distribution of particle speeds (e.g., the 

Maxwell-Boltzmann distribution), kinetic theory allows us to derive thermodynamic laws 

from the bottom up, showing that macroscopic equilibrium is the most statistically 

probable state. 

Box 1.4 Link between kinetic theory and thermodynamics  

Pilot questions 1.4 

1. Mention one industrial application of kinetic theory. 

2. What physical property does Graham’s law of diffusion explain? 

3. Why do lighter gases diffuse faster than heavier ones? 

4. How does kinetic theory connect to thermodynamics? 

5. State one laboratory relevance of kinetic theory. 

 

Series Summary 

This Series has introduced you to the kinetic theory of gases and the behaviour of both ideal and 

real gases. We began with the fundamentals of kinetic theory, examining its postulates, 

assumptions, and connection to the ideal gas law. We then explored the behaviour of ideal gases 

through Boyle’s, Charles’, and Avogadro’s laws, as well as the derivation of molecular velocity. 

Following that, we studied real gases, focusing on deviations from ideal behaviour, the Van der 

Waals equation, and the compressibility factor. Finally, we considered practical applications of 

kinetic theory and gas behaviour in laboratories, industry, and their link to thermodynamics. 

By engaging with these topics, you have achieved the Series Learning Outcomes: you can now 

define the postulates of kinetic theory (SLO 1.1), explain its assumptions and limitations (SLO 
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1.2), apply kinetic theory to derive molecular velocity (SLO 1.3), analyse ideal gas behaviour 

using gas laws (SLO 1.4), evaluate deviations of real gases (SLO 1.5), demonstrate the use of 

the Van der Waals equation (SLO 1.6), and assess practical applications of kinetic theory (SLO 

1.7). 

 

 

Glossary of Terms 

• Kinetic theory of gases: A model describing gases as particles in constant random 

motion. 

• Ideal gas: A hypothetical gas that perfectly obeys the assumptions of kinetic theory. 

• Boyle’s law: Pressure is inversely proportional to volume at constant temperature. 

• Charles’ law: Volume is directly proportional to absolute temperature at constant 

pressure. 

• Avogadro’s law: Equal volumes of gases at the same temperature and pressure contain 

equal numbers of molecules. 

• Root mean square velocity (u\_rms): A measure of the average speed of gas molecules, 

derived from kinetic theory. 

• Van der Waals equation: A modified gas law accounting for intermolecular forces and 

finite particle volume. 

• Compressibility factor (Z): A measure of deviation of real gases from ideal behaviour. 

 

Concept Check Questions 1 

Objective questions 

1. (Linked to SLO 1.1) The average kinetic energy of gas particles is proportional to 

______. 

2. (Linked to SLO 1.2) Kinetic theory assumes that gas particles exert no ______ forces. 

3. (Linked to SLO 1.4) Which gas law states that equal volumes of gases contain equal 

numbers of molecules? 

4. (Linked to SLO 1.5) Real gases deviate from ideal behaviour at high ______. 

5. (Linked to SLO 1.6) Write the Van der Waals equation. 

Short-answer questions 

6. (Linked to SLO 1.1) State two postulates of the kinetic theory of gases. 

7. (Linked to SLO 1.2) Explain why kinetic theory assumptions fail at low temperatures. 

8. (Linked to SLO 1.3) Derive the formula for root mean square velocity. 
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9. (Linked to SLO 1.4) Describe the relationship between pressure and volume according to 

Boyle’s law. 

10. (Linked to SLO 1.7) Mention two industrial applications of kinetic theory. 

Long-answer questions 

11. (Linked to SLO 1.5 & 1.6) Discuss the deviations of real gases from ideal behaviour and 

explain how the Van der Waals equation accounts for these deviations. 

12. (Linked to SLO 1.7) Evaluate the practical significance of kinetic theory in laboratory 

experiments and industrial processes. 

Answers to Pilot Questions 1 

Pilot questions 1.1 

1. Gas particles move randomly and collisions are elastic. 

2. They have negligible volume. 

3. At high pressure and low temperature. 

4. PV=nRT. 

5. Temperature is proportional to kinetic energy. 

Pilot questions 1.2 

1. Pressure is inversely proportional to volume. 

2. Volume is directly proportional to temperature. 

3. urms=3RTM. 

4. It decreases with increasing molar mass. 

5. Pressure arises from collisions with container walls. 

Pilot questions 1.3 

1. High pressure and low temperature. 

2. (P+aV2)(V−b)=nRT. 

3. Finite volume of gas particles. 

4. Z=PVnRT. 

5. It ensures accuracy in gas storage and transport. 

Pilot questions 1.4 

1. Gas liquefaction. 

2. Diffusion. 

3. They have higher velocities. 
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4. It connects microscopic motion to entropy. 

5. Predicting gas behaviour in experiments. 

 

References and Attributions 1 

• Standard physical chemistry laboratory manuals. 
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• Suggested OER sources for illustrations: 

• Figure 1.1 Postulates of kinetic theory (OER diagram). 
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• Table 1.2 Root mean square velocity (OER table). 

• Box 1.2 Applications of kinetic theory (AI-generated summary). 

• Figure 1.3 Deviations of real gases (OER graph). 

• Table 1.3 Van der Waals constants (OER table). 

• Box 1.3 Practical implications of real gas behaviour (AI-generated summary). 

• Plate 1.1 Industrial applications (OER image). 
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• Box 1.4 Link to thermodynamics (AI-generated summary). 
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2.1 Laws of thermodynamics 

• 2.1.1 First law of thermodynamics (energy conservation) 

• 2.1.2 Second law of thermodynamics (entropy and spontaneity) 

• 2.1.3 Third law of thermodynamics (absolute entropy) 

2.2 Entropy and spontaneity 

• 2.2.1 Definition and significance of entropy 

• 2.2.2 Entropy changes in physical and chemical processes 

• 2.2.3 Criteria for spontaneity 

2.3 Free energy and equilibrium 

• 2.3.1 Gibbs free energy and Helmholtz free energy 

• 2.3.2 Relationship between free energy and equilibrium constant 

• 2.3.3 Applications in chemical reactions 

2.4 Practical applications of thermodynamics 

• 2.4.1 Thermodynamics in phase equilibria 

• 2.4.2 Thermodynamics in industrial processes 

• 2.4.3 Link to later Series (reaction rates and electrochemistry) 

 

 

Introduction 

In the last Series, we explored the kinetic theory of gases and how microscopic particle motion 

explains macroscopic properties. Building on that foundation, we now turn to thermodynamics, 

which provides a broader framework for understanding energy changes in chemical systems. 

Thermodynamics introduces concepts such as entropy and free energy, which are essential for 

predicting whether processes will occur spontaneously and how they reach equilibrium. 

The aim of this Series is to equip you with the ability to explain the laws of thermodynamics, 

analyse entropy changes, and apply free energy concepts to chemical reactions and equilibria. 

We shall commence this Series by examining the laws of thermodynamics, beginning with 

energy conservation and moving on to entropy and absolute entropy. Next, we will explore 

entropy in detail, considering its role in spontaneity. Following that, we will study free energy, 

focusing on Gibbs and Helmholtz functions and their relationship to equilibrium. Finally, we will 

conclude with practical applications of thermodynamics in phase equilibria, industrial processes, 

and their connection to later topics such as reaction rates and electrochemistry. 

Series Learning Outcomes 
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Upon completing this Series, you should be able to: 

• SLO 2.1 define the first, second, and third laws of thermodynamics, 

• SLO 2.2 explain the concept of entropy and its significance in physical and chemical 

processes, 

• SLO 2.3 analyse criteria for spontaneity using entropy changes, 

• SLO 2.4 calculate Gibbs free energy and Helmholtz free energy for chemical systems, 

• SLO 2.5 evaluate the relationship between free energy and equilibrium constants, 

• SLO 2.6 apply thermodynamic principles to phase equilibria and industrial processes, 

• SLO 2.7 assess the role of thermodynamics in linking energy changes to later topics such 

as kinetics and electrochemistry. 

 

 

 

 

 

 

 

 

 

2.1 Laws of Thermodynamics 
2.1.1 First law of thermodynamics (energy conservation) 

The first law of thermodynamics states that energy cannot be created or destroyed, it can only 

be transformed from one form to another. In the context of chemistry, this means that the total 

energy of an isolated system remains constant, although energy may change between heat and 

work. Mathematically, it is expressed as: 

ΔU=q+w 

where ΔU is the change in internal energy, q is heat supplied to the system, and w is work done 

on the system. 

Fill in the blank: The first law of thermodynamics states that energy cannot be ______ or 

destroyed. 
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Figure 2.1 Energy conservation in the first law of thermodynamics. 

2.1.2 Second law of thermodynamics (entropy and spontaneity) 

The second law of thermodynamics introduces the concept of entropy, which is a measure of 

disorder or randomness in a system. It states that in any spontaneous process, the total entropy of 

the universe increases. This law explains why certain processes, such as heat flowing from hot to 

cold, occur naturally. 

Fill in the blank: The second law of thermodynamics states that the entropy of the universe 

always ______ in a spontaneous process. 

 

 

The Second Law of Thermodynamics: Entropy and Spontaneity 

• The Law: The Second Law of Thermodynamics states that in any spontaneous process, 

the total entropy of the universe—the system plus its surroundings—always increases 

($\Delta S_{univ} > 0$). 

• Entropy ($S$): Entropy is a measure of the randomness, disorder, or dispersal of energy 

within a system. Processes naturally tend to proceed in a direction that leads to a state of 

higher entropy (greater disorder). 

• Spontaneity: A spontaneous process is one that occurs naturally under a specific set of 

conditions without the need for continuous external energy input. While the entropy of a 

system may decrease in some reactions (e.g., freezing water), the entropy of the 

surroundings must increase by a greater amount to ensure that the entropy of the universe 

increases overall. 

• Natural Direction: The law dictates the "arrow of time" for physical and chemical 

processes, favoring states where energy is more spread out and disordered rather than 

concentrated. 

Box 2.1 Key points of the second law of thermodynamics  

2.1.3 Third law of thermodynamics (absolute entropy) 
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The third law of thermodynamics states that the entropy of a perfect crystal at absolute zero 

temperature is zero. This provides a reference point for calculating absolute entropy values of 

substances. It is important because it allows chemists to determine entropy changes in reactions 

and processes with precision. 

Fill in the blank: According to the third law of thermodynamics, the entropy of a perfect crystal 

at absolute zero is ______. 

Substance State Absolute Entropy (S∘ in J⋅mol−1⋅K−1) 

Nitrogen ($N_2$) Gas 191.6 

Oxygen ($O_2$) Gas 205.2 

Carbon Dioxide ($CO_2$) Gas 213.8 

Table 2.1 Entropy values of selected substances at standard conditions  

Pilot questions 2.1 

1. State the first law of thermodynamics in words. 

2. Write the mathematical expression for the first law of thermodynamics. 

3. What does the second law of thermodynamics say about entropy in spontaneous 

processes? 

4. According to the third law of thermodynamics, what is the entropy of a perfect crystal at 

absolute zero? 

5. Why is the third law important for calculating entropy changes? 

 

2.2 Entropy and Spontaneity 
2.2.1 Definition and significance of entropy 

Entropy is a measure of disorder or randomness in a system. It reflects the number of possible 

arrangements of particles and energy within that system. A higher entropy value indicates greater 

disorder. Entropy is significant because it helps explain why certain processes occur naturally, 

such as the mixing of gases or the melting of ice. 

Fill in the blank: Entropy is a measure of ______ or randomness in a system. 
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Figure 2.2 Entropy increase during melting.  

2.2.2 Entropy changes in physical and chemical processes 

Entropy changes occur during both physical and chemical processes. For example, when a solid 

dissolves in a solvent, entropy increases because particles become more dispersed. Similarly, in 

chemical reactions, entropy may increase or decrease depending on whether the products are 

more or less ordered than the reactants. The change in entropy (ΔS) is calculated as: 

ΔS=Sproducts−Sreactants 

Fill in the blank: Entropy increases when a solid dissolves in a ______. 

 

Table 2.2 Examples of entropy changes in processes  

2.2.3 Criteria for spontaneity 

A process is said to be spontaneous if it occurs naturally without external intervention. The 

second law of thermodynamics states that for a process to be spontaneous, the total entropy of 

the universe must increase. In practice, spontaneity is often determined by considering both 

entropy and free energy changes. For example, a reaction may be spontaneous if ΔS is positive, 

or if Gibbs free energy (ΔG) is negative. 

Fill in the blank: A process is spontaneous if the total entropy of the ______ increases. 
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Criteria for Chemical Spontaneity 

Spontaneity refers to the thermodynamic tendency of a process to occur without continuous 

external intervention. In chemical systems, this is determined by the interplay between enthalpy 

($\Delta H$), entropy ($\Delta S$), and temperature ($T$), as unified in the Gibbs free energy 

equation: 

$$\Delta G = \Delta H - T\Delta S$$ 

The Thermodynamic Determinants of Spontaneity 

• Gibbs Free Energy ($\Delta G$): This is the ultimate criterion. A process is 

spontaneous if $\Delta G < 0$ (exergonic). If $\Delta G > 0$, the process is non-

spontaneous; if $\Delta G = 0$, the system is at equilibrium. 

• Entropy ($\Delta S$): A positive change in entropy ($\Delta S > 0$), 

representing an increase in system disorder, strongly favors spontaneity. 

Processes that increase entropy are statistically more probable. 

• Temperature Dependence: Because temperature ($T$) acts as a multiplier for 

entropy in the Gibbs equation, high-entropy processes are more likely to be 

spontaneous at higher temperatures, whereas exothermic processes ($\Delta H < 

0$) can be spontaneous even at low temperatures. 

Box 2.2 Criteria for spontaneity  

Pilot questions 2.2 

1. Define entropy in simple terms. 

2. What happens to entropy when ice melts? 

3. Write the formula for entropy change in a reaction. 

4. State one example of a process where entropy increases. 

5. What condition must be met for a process to be spontaneous? 

 

2.3 Free Energy and Equilibrium 
2.3.1 Gibbs free energy and Helmholtz free energy 

Free energy is a thermodynamic quantity that helps predict whether a process will occur 

spontaneously. Gibbs free energy (G) is defined as: 

ΔG=ΔH−TΔS 

where ΔH is enthalpy change, T is absolute temperature, and ΔS is entropy change. A negative 

ΔG indicates a spontaneous process. Helmholtz free energy (A) is defined as: 

ΔA=ΔU−TΔS 

where ΔU is internal energy. Helmholtz free energy is particularly useful in systems at constant 

volume and temperature. 
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Fill in the blank: A process is spontaneous if Gibbs free energy change (ΔG) is ______. 

 

Figure 2.3 Gibbs free energy and spontaneity.  

2.3.2 Relationship between free energy and equilibrium constant 

The relationship between Gibbs free energy and the equilibrium constant (K) is given by: 

ΔG∘=−RTln⁡K 

where ΔG∘ is the standard Gibbs free energy change, R is the gas constant, T is absolute 

temperature, and K is the equilibrium constant. This equation shows that when K>1, ΔG∘ is 

negative, indicating a spontaneous reaction. 

Fill in the blank: When the equilibrium constant K is greater than 1, the standard Gibbs free 

energy change is ______. 

 

Table 2.3 Relationship between Gibbs free energy and equilibrium constant  
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2.3.3 Applications in chemical reactions 

Free energy concepts are widely applied in predicting the feasibility of chemical reactions. For 

example, Gibbs free energy helps determine whether a reaction will proceed under given 

conditions, while Helmholtz free energy is useful in electrochemical and biological systems. 

These applications make free energy a central tool in physical chemistry, linking 

thermodynamics to practical reaction analysis. 

Fill in the blank: Gibbs free energy helps predict whether a chemical reaction will ______ under 

given conditions. 

 

Applications of Free Energy in Chemical and Biological Systems 

Free energy functions—specifically Gibbs Free Energy ($G$) and Helmholtz Free Energy 

($A$)—are essential thermodynamic tools used to determine the direction and maximum useful 

work potential of chemical and physical processes. They quantify the balance between internal 

energy, entropy, and environmental constraints. 

Key Applications 

• Predicting Reaction Feasibility: 

• Gibbs Free Energy ($G$): Used for processes at constant pressure and 

temperature (e.g., most laboratory and industrial reactions). A negative $\Delta 

G$ indicates a spontaneous reaction. 

• Helmholtz Free Energy ($A$): Used for processes at constant volume and 

temperature (e.g., reactions in sealed rigid vessels or astrophysical systems). A 

negative $\Delta A$ indicates spontaneity under these conditions. 

• Electrochemical Processes: The maximum electrical work obtainable from a galvanic 

cell is equal to the decrease in Gibbs free energy ($-\Delta G = nFE_{\text{cell}}$). This 

relationship is foundational for designing batteries, fuel cells, and sensors. 

• Biological Systems: Metabolism relies on coupled reactions. Organisms drive non-

spontaneous reactions (positive $\Delta G$) by coupling them with highly exergonic 

processes, such as the hydrolysis of ATP, to ensure net negative free energy change. 

• Phase Transitions and Stability: Both potentials define the equilibrium state of matter. 

By calculating these values, scientists can predict the stability of crystalline phases or the 

conditions under which a gas will condense into a liquid. 

Box 2.3 Applications of free energy in chemical reactions  

Pilot questions 2.3 

1. Write the formula for Gibbs free energy. 

2. What condition of ΔG indicates spontaneity? 

3. State the relationship between Gibbs free energy and equilibrium constant. 

4. What does it mean when K>1? 
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5. Mention one application of Helmholtz free energy. 

 

2.4 Practical Applications of Thermodynamics 
2.4.1 Thermodynamics in phase equilibria 

Phase equilibria occur when different phases of a substance, such as solid, liquid, and gas, 

coexist in balance under given conditions. Thermodynamics explains this balance by relating 

energy changes to temperature and pressure. For example, the Gibbs free energy of a system 

determines whether a phase transition, such as melting or vaporisation, will occur. 

Fill in the blank: Phase equilibria occur when different phases of a substance coexist in ______ 

under given conditions. 

 

Figure 2.4 Phase diagram illustrating phase equilibria. 

2.4.2 Thermodynamics in industrial processes 

Thermodynamic principles are widely applied in industrial processes. For instance, in chemical 

manufacturing, thermodynamics helps optimise reaction conditions to maximise yield. In energy 

industries, it explains the efficiency of engines and turbines. Refrigeration and air conditioning 

systems also rely on thermodynamic cycles to transfer heat effectively. 

Fill in the blank: Thermodynamics explains the efficiency of engines and ______ in energy 

industries. 
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Plate 2.1 Industrial applications of thermodynamics.  

2.4.3 Link to later Series (reaction rates and electrochemistry) 

Thermodynamics provides the foundation for understanding reaction rates and 

electrochemistry, which will be explored in later Series. While thermodynamics predicts 

whether a reaction is feasible, kinetics explains how fast it occurs. Similarly, electrochemistry 

applies thermodynamic concepts to electrical energy and chemical change. This connection 

ensures continuity in learning and highlights the central role of thermodynamics in physical 

chemistry. 

Fill in the blank: Thermodynamics predicts whether a reaction is feasible, while kinetics explains 

how ______ it occurs. 

The Interdisciplinary Nexus: Thermodynamics, Kinetics, and Electrochemistry 

Thermodynamics provides the "big picture" of chemical potential, while kinetics and 

electrochemistry explore the pathways and mechanisms that realize those possibilities. Together, 

they form the core framework for understanding how, why, and how fast chemical changes 

occur. 

Key Theoretical Connections 

• Thermodynamics vs. Kinetics: Thermodynamics predicts whether a reaction can occur 

(spontaneity) by calculating the change in Gibbs free energy ($\Delta G < 0$). Kinetics, 

however, determines how fast the reaction proceeds by focusing on activation energy 

($E_a$) and reaction mechanisms. A reaction might be thermodynamically favorable but 

kinetically too slow to observe without a catalyst. 

• Thermodynamics and Electrochemistry: Electrochemical cells are essentially physical 

manifestations of thermodynamic principles. The potential difference ($E_{\text{cell}}$) 

of a galvanic cell is a direct measurement of the Gibbs free energy change ($\Delta G = -

nFE_{\text{cell}}$). This bridge allows us to predict the chemical work extractable from 

a system. 
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• Kinetics and Electrochemistry: In electrochemical systems, kinetics—specifically 

electrode kinetics—determines the current density and efficiency of the system. Factors 

like charge-transfer resistance and mass transport (diffusion) dictate the rate at which 

electricity can be generated or consumed. 

Understanding these links allows scientists to design more efficient industrial catalysts, high-

capacity batteries, and stable energy conversion technologies. 

Box 2.4 Link between thermodynamics, kinetics, and electrochemistry  

Pilot questions 2.4 

1. What does thermodynamics explain about phase equilibria? 

2. Mention one industrial process where thermodynamics is applied. 

3. How does thermodynamics contribute to refrigeration systems? 

4. What is the difference between thermodynamics and kinetics in predicting reactions? 

5. How does thermodynamics link to electrochemistry? 

 

Series Summary 

This Series has introduced you to the laws of thermodynamics, the concept of entropy, and the 

role of free energy in determining spontaneity and equilibrium. We began with the first, second, 

and third laws of thermodynamics, which establish the principles of energy conservation, entropy 

increase, and absolute entropy. We then explored entropy in detail, considering its definition, 

significance, and changes in physical and chemical processes, as well as criteria for spontaneity. 

Following that, we examined Gibbs and Helmholtz free energy, their relationship to equilibrium 

constants, and their applications in chemical reactions. Finally, we considered practical 

applications of thermodynamics in phase equilibria, industrial processes, and its link to later 

Series such as kinetics and electrochemistry. 

By engaging with these topics, you have achieved the Series Learning Outcomes: you can now 

define the laws of thermodynamics (SLO 2.1), explain entropy and its role in processes (SLO 

2.2), analyse criteria for spontaneity (SLO 2.3), calculate Gibbs and Helmholtz free energy 

(SLO 2.4), evaluate the relationship between free energy and equilibrium constants (SLO 2.5), 

apply thermodynamic principles to practical contexts (SLO 2.6), and assess the role of 

thermodynamics in linking energy changes to later topics (SLO 2.7). 

 

Glossary of Terms 

• First law of thermodynamics: Principle of energy conservation, stating that energy 

cannot be created or destroyed. 

• Second law of thermodynamics: Principle that entropy of the universe increases in 

spontaneous processes. 
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• Third law of thermodynamics: Principle that the entropy of a perfect crystal at absolute 

zero is zero. 

• Entropy (S): Measure of disorder or randomness in a system. 

• Spontaneity: Natural tendency of a process to occur without external intervention. 

• Gibbs free energy (G): Thermodynamic function predicting spontaneity at constant 

pressure and temperature. 

• Helmholtz free energy (A): Thermodynamic function predicting spontaneity at constant 

volume and temperature. 

• Equilibrium constant (K): Ratio of product to reactant concentrations at equilibrium. 

• Phase equilibria: Balance between different phases of a substance under given 

conditions. 

 

Concept Check Questions 2 

Objective questions 

1. (Linked to SLO 2.1) The first law of thermodynamics states that energy cannot be 

______. 

2. (Linked to SLO 2.2) Entropy is a measure of ______ in a system. 

3. (Linked to SLO 2.3) A process is spontaneous if the entropy of the ______ increases. 

4. (Linked to SLO 2.4) Write the formula for Gibbs free energy. 

5. (Linked to SLO 2.5) The relationship between Gibbs free energy and equilibrium 

constant is expressed as \Delta G^\circ = -RT \ln ______. 

Short-answer questions 

6. (Linked to SLO 2.1) State the second law of thermodynamics in words. 

7. (Linked to SLO 2.2) Explain why entropy increases when a solid dissolves in a solvent. 

8. (Linked to SLO 2.3) Give one condition under which a process is spontaneous. 

9. (Linked to SLO 2.4) Differentiate between Gibbs free energy and Helmholtz free energy. 

10. (Linked to SLO 2.6) Mention two industrial applications of thermodynamics. 

Long-answer questions 

11. (Linked to SLO 2.5) Discuss the relationship between Gibbs free energy and equilibrium 

constant, with examples. 

12. (Linked to SLO 2.6 & 2.7) Evaluate the practical applications of thermodynamics in 

phase equilibria, industrial processes, and its link to kinetics and electrochemistry. 

Answers to Pilot Questions 2 
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Pilot questions 2.1 

1. Energy cannot be created or destroyed. 

2. ΔU=q+w. 

3. Entropy of the universe increases. 

4. Zero. 

5. It provides a reference point for entropy calculations. 

Pilot questions 2.2 

1. Measure of disorder or randomness. 

2. Entropy increases. 

3. ΔS=Sproducts−Sreactants. 

4. Dissolution of a solid in a solvent. 

5. Total entropy of the universe must increase. 

Pilot questions 2.3 

1. ΔG=ΔH−TΔS. 

2. Negative. 

3. ΔG∘=−RTln⁡K. 

4. The reaction is spontaneous. 

5. Electrochemical systems. 

Pilot questions 2.4 

1. Balance between phases under given conditions. 

2. Chemical manufacturing. 

3. By explaining heat transfer cycles. 

4. Thermodynamics predicts feasibility, kinetics predicts rate. 

5. It applies energy changes to chemical and electrical systems. 

 

References and Attributions 2 

• Standard physical chemistry textbooks and laboratory manuals. 

• University lecture notes on thermodynamics and free energy. 

• Suggested OER sources for illustrations: 

• Figure 2.1 Energy conservation in the first law (OER diagram). 
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• Box 2.1 Key points of the second law (AI-generated summary). 

• Table 2.1 Entropy values of substances (OER table). 

• Figure 2.2 Entropy increase during melting (OER diagram). 

• Table 2.2 Examples of entropy changes (OER table). 

• Box 2.2 Criteria for spontaneity (AI-generated summary). 

• Figure 2.3 Gibbs free energy and spontaneity (OER diagram). 

• Table 2.3 Relationship between Gibbs free energy and equilibrium constant (OER 

table). 

• Box 2.3 Applications of free energy (AI-generated summary). 

• Figure 2.4 Phase diagram illustrating equilibria (OER diagram). 

• Plate 2.1 Industrial applications of thermodynamics (OER image). 

• Box 2.4 Link between thermodynamics, kinetics, and electrochemistry (AI-

generated summary). 

 

 

 

Course code: CHM 210 

Course title: Physical Chemistry I 

Course credit load: 2 Units 

Series 1: Kinetic Theory and Behaviour of Gases 

Series 2: Thermodynamics, Entropy, and Free Energy 

Series 3: Chemical Kinetics and Reaction Mechanisms 

Series 4: Photochemistry and Spectroscopy Fundamentals 

Series 5: Electrochemistry and Conductance Laws 

Proposed Outline Series 3 

3.1 Fundamentals of chemical kinetics 

• 3.1.1 Definition and importance of kinetics 

• 3.1.2 Rate of reaction and factors affecting it 

• 3.1.3 Experimental determination of reaction rates 
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3.2 Rate laws and reaction order 

• 3.2.1 Differential and integrated rate laws 

• 3.2.2 Determining reaction order 

• 3.2.3 Half-life and practical applications 

3.3 Reaction mechanisms and theories 

• 3.3.1 Elementary processes and molecularity 

• 3.3.2 Collision theory and transition state theory 

• 3.3.3 Complex mechanisms and rate-determining steps 

3.4 Photochemical reactions and applications 

• 3.4.1 Principles of photochemistry 

• 3.4.2 Examples of photochemical reactions 

• 3.4.3 Applications in industry and biology 

 

 

Introduction 

Chemical reactions are not only about what substances are formed but also about how fast they 

occur and the pathways they follow. This is the domain of chemical kinetics and reaction 

mechanisms, which provide insight into the speed of reactions and the step-by-step processes by 

which reactants transform into products. These concepts are crucial for understanding both 

laboratory experiments and industrial processes. 

The aim of this Series is to enable you to explain the principles of chemical kinetics, analyse rate 

laws, interpret reaction mechanisms, and apply photochemical concepts to practical situations. 

We shall commence this Series by exploring the fundamentals of chemical kinetics, including 

reaction rates and factors that influence them. Next, we will study rate laws and reaction order, 

focusing on how they are determined and applied. Following that, we will examine reaction 

mechanisms and theories, considering elementary processes, collision theory, and transition state 

theory. Finally, we will conclude with photochemical reactions, highlighting their principles, 

examples, and applications in industry and biology. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 3.1 define chemical kinetics and explain its importance in physical chemistry, 

• SLO 3.2 describe factors affecting reaction rates and demonstrate how rates are 

experimentally determined, 
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• SLO 3.3 apply differential and integrated rate laws to analyse reaction order, 

• SLO 3.4 calculate half-life for reactions and explain its practical significance, 

• SLO 3.5 explain elementary processes and molecularity in reaction mechanisms, 

• SLO 3.6 analyse reaction pathways using collision theory and transition state theory, 

• SLO 3.7 evaluate the role of rate-determining steps in complex mechanisms, 

• SLO 3.8 describe the principles of photochemistry and provide examples of 

photochemical reactions, 

• SLO 3.9 assess the applications of photochemical reactions in industry and biology. 

 

3.1 Fundamentals of Chemical Kinetics 
3.1.1 Definition and importance of kinetics 

Chemical kinetics is the branch of physical chemistry that studies the rates of chemical reactions 

and the factors that influence them. It is important because it helps chemists understand how 

quickly reactions occur, predict product formation, and design processes in both laboratory and 

industrial settings. For example, kinetics explains why some reactions happen in seconds while 

others take years. 

Fill in the blank: Chemical kinetics is the study of the ______ of chemical reactions. 

 

Figure 3.1 Reaction pathway illustrating kinetics. 

3.1.2 Rate of reaction and factors affecting it 

The rate of reaction is defined as the change in concentration of reactants or products per unit 

time. Several factors affect reaction rates: 

• Concentration: Higher concentration increases collision frequency. 

• Temperature: Higher temperature increases molecular energy and collision 

effectiveness. 

• Catalysts: Substances that lower activation energy, speeding up reactions. 
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• Surface area: Greater surface area of reactants increases reaction rate. 

Fill in the blank: A catalyst increases the rate of reaction by lowering the ______ energy. 

Factor 
Effect on 

Reaction Rate 
Mechanism 

Concentration Increases 
More particles per unit volume lead to a higher 

frequency of successful collisions. 

Temperature Increases 

Particles have higher average kinetic energy; a greater 

fraction of collisions exceed the activation energy 

($E_a$). 

Catalyst Increases 
Provides an alternative reaction pathway with a lower 

activation energy, allowing more particles to react. 

Surface Area Increases 

For heterogeneous reactions, increasing exposed 

surface area allows more particles to come into contact 

simultaneously. 

Table 3.1 Factors affecting reaction rate  

3.1.3 Experimental determination of reaction rates 

Reaction rates can be determined experimentally by measuring changes in concentration, 

pressure, or colour intensity over time. Common methods include: 

• Monitoring gas volume produced in a reaction. 

• Measuring changes in absorbance using spectrophotometry. 

• Tracking conductivity changes in ionic reactions. 

These methods provide data that can be used to calculate rate laws and understand reaction 

mechanisms. 

Fill in the blank: Reaction rates can be determined experimentally by measuring changes in 

______ over time. 

Methods for Determining Reaction Rates 

• Gas Volume Measurement: Used for reactions that produce a gaseous product. By 

collecting the gas in a gas syringe or over water in a graduated cylinder, the volume 

produced over time can be used to calculate the rate of reaction. 

• Spectrophotometry: Ideal for reactions involving colored species. As the reaction 

proceeds, the change in absorbance of light at a specific wavelength is measured, which 

correlates directly to the concentration of the species according to the Beer-Lambert Law. 
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• Conductivity Tracking: Effective for reactions that involve a change in the number or 

type of ions in the solution. By measuring the electrical conductivity of the mixture over 

time, one can monitor the consumption or production of ionic species. 

These experimental methods provide the raw data required to construct concentration-time or 

volume-time graphs. From these, chemists can determine reaction orders and rate constants. 

Box 3.1 Methods of determining reaction rates  

Pilot questions 3.1 

1. Define chemical kinetics. 

2. What does the rate of reaction measure? 

3. Name two factors that affect reaction rate. 

4. How does a catalyst influence reaction rate? 

5. Mention one experimental method for determining reaction rates. 

 

3.2 Rate Laws and Reaction Order 
3.2.1 Differential and integrated rate laws 

A rate law expresses the relationship between the rate of a chemical reaction and the 

concentration of its reactants. The differential rate law shows how the rate depends on reactant 

concentrations at a given instant, while the integrated rate law relates concentration to time, 

allowing us to predict how concentrations change during the course of a reaction. 

Fill in the blank: The differential rate law shows how the reaction rate depends on ______ 

concentrations at a given instant. 

 

Figure 3.2 Differential and integrated rate laws. 

3.2.2 Determining reaction order 

The reaction order indicates how the rate depends on the concentration of reactants. It is 

determined experimentally by analysing how changes in concentration affect the rate. For 

example, if doubling the concentration of a reactant doubles the rate, the reaction is first-order 

with respect to that reactant. The overall order is the sum of the individual orders. 
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Fill in the blank: The overall reaction order is the sum of the individual ______. 

Reaction 

Order 
Rate Law Example Reaction 

Zero-Order $\text{Rate} = k$ 
Decomposition of $NH_3$ on a hot tungsten 

surface 

First-Order $\text{Rate} = k[A]$ 
Radioactive decay or decomposition of 

$N_2O_5$ 

Second-Order 
$\text{Rate} = 

k[A]^2$ 

Dimerization of $NO_2$ or decomposition of 

$NO_2$ 

Table 3.2 Examples of reaction orders  

3.2.3 Half-life and practical applications 

The half-life (t\_{1/2}) of a reaction is the time required for the concentration of a reactant to 

decrease to half its initial value. For first-order reactions, half-life is independent of 

concentration, while for second-order reactions, it depends on the initial concentration. Half-life 

is widely used in radioactive decay studies, pharmacokinetics, and environmental chemistry. 

Fill in the blank: The half-life of a first-order reaction is ______ of concentration. 

Applications of Half-Life 

• Radioactive Decay (Nuclear Physics/Geology): Half-life is the cornerstone of 

radiocarbon dating. By measuring the ratio of parent isotopes to daughter isotopes 

in a sample, scientists can determine the age of archaeological artifacts, fossils, 

and geological formations with high precision. 

• Pharmacokinetics (Medicine): Understanding the biological half-life of a drug is 

essential for determining appropriate dosing schedules. It allows clinicians to 

predict how long a medication will remain active in the body, how often it needs 

to be administered to maintain a therapeutic range, and when it will be effectively 

cleared from the system. 

• Environmental Chemistry (Pollution Monitoring): Half-life is used to track the 

persistence of pollutants, such as pesticides or heavy metals, in the environment. 

It helps regulatory agencies model how long a contaminant will remain in soil or 

water sources, guiding cleanup efforts and assessing long-term ecological risks. 

The mathematical relationship for these applications is defined by: 

$$N(t) = N_0 \left(\frac{1}{2}\right)^{\frac{t}{t_{1/2}}}$$ 

where $N(t)$ is the remaining amount, $N_0$ is the initial amount, $t$ is the elapsed time, and 

$t_{1/2}$ is the half-life. 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

Box 3.2 Applications of half-life  

Pilot questions 3.2 

1. What does a rate law express? 

2. Differentiate between differential and integrated rate laws. 

3. How is reaction order determined experimentally? 

4. What is the overall reaction order? 

5. Define half-life and mention one of its applications. 

 

3.3 Reaction Mechanisms and Theories 
3.3.1 Elementary processes and molecularity 

A reaction mechanism describes the step-by-step sequence of elementary processes by which a 

chemical reaction occurs. An elementary process is a single step in this sequence, involving the 

collision and transformation of a small number of molecules. The molecularity of an elementary 

process refers to the number of reactant molecules involved in that step, such as unimolecular 

(one molecule), bimolecular (two molecules), or termolecular (three molecules). 

Fill in the blank: The molecularity of an elementary process refers to the number of ______ 

molecules involved in that step. 

 

Figure 3.3 Elementary processes and molecularity. 

3.3.2 Collision theory and transition state theory 

Collision theory states that for a reaction to occur, reactant molecules must collide with 

sufficient energy and proper orientation. The minimum energy required is called the activation 

energy. Transition state theory builds on this by proposing that during a reaction, molecules 

form a high-energy intermediate state known as the activated complex or transition state, which 

then transforms into products. 
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Fill in the blank: According to collision theory, molecules must collide with sufficient energy 

and proper ______ for a reaction to occur. 

Comparison: Collision Theory vs. Transition State Theory 

• Collision Theory: 

• Focus: Primarily focused on the frequency and geometric orientation of collisions 

between reactant particles. 

• Requirement: A reaction occurs if particles collide with sufficient energy 

(Activation Energy, $E_a$) and in the correct spatial orientation. 

• Model: Simplifies molecules as hard spheres. 

• Transition State Theory (Activated Complex Theory): 

• Focus: Provides a more detailed look at the internal energetic changes during the 

collision. 

• Requirement: Focuses on the formation of an "activated complex"—a high-

energy, unstable intermediate structure (transition state) that exists momentarily at 

the peak of the potential energy barrier. 

• Model: Accounts for the distortion of chemical bonds as reactants transform into 

products. 

• Key Shared Concept: Both theories emphasize that the Activation Energy ($E_a$) is 

the indispensable energy barrier that must be overcome for reactants to successfully 

convert into products. 

Box 3.3 Collision theory vs transition state theory  

3.3.3 Complex mechanisms and rate-determining steps 

Many reactions occur through multiple steps, forming a complex mechanism. In such cases, one 

step is slower than the others and controls the overall rate of the reaction. This is known as the 

rate-determining step. Understanding which step is rate-determining helps chemists design 

catalysts and optimise reaction conditions. 

Fill in the blank: The slowest step in a complex mechanism is called the ______ step. 

Reaction Mechanism Elementary Steps 
Rate-Determining 

Step (RDS) 

$NO_2 + CO \rightarrow 

NO + CO_2$ 

1. $NO_2 + NO_2 \rightarrow 

NO_3 + NO$ (Slow) 

 

 

 

Step 1 
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Reaction Mechanism Elementary Steps 
Rate-Determining 

Step (RDS) 

2. $NO_3 + CO \rightarrow 

NO_2 + CO_2$ (Fast) 

$2NO_2 + F_2 \rightarrow 

2NO_2F$ 

1. $NO_2 + F_2 \rightarrow 

NO_2F + F$ (Slow) 

 

 

 

2. $F + NO_2 \rightarrow 

NO_2F$ (Fast) 

Step 1 

$2H_2 + 2NO \rightarrow 

2H_2O + N_2$ 

1. $2NO + H_2 \rightarrow N_2 

+ H_2O_2$ (Slow) 

 

 

 

2. $H_2O_2 + H_2 \rightarrow 

2H_2O$ (Fast) 

Step 1 

Table 3.3 Examples of complex mechanisms and rate-determining steps  

Pilot questions 3.3 

1. What is meant by an elementary process? 

2. Define molecularity and give one example. 

3. State the main requirement for a reaction according to collision theory. 

4. What is the transition state in a chemical reaction? 

5. What is the rate-determining step in a complex mechanism? 

 

3.3 Reaction Mechanisms and Theories 
3.3.1 Elementary processes and molecularity 

A reaction mechanism describes the step-by-step sequence of elementary processes by which a 

chemical reaction occurs. An elementary process is a single step in this sequence, involving the 

collision and transformation of a small number of molecules. The molecularity of an elementary 
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process refers to the number of reactant molecules involved in that step, such as unimolecular 

(one molecule), bimolecular (two molecules), or termolecular (three molecules). 

Fill in the blank: The molecularity of an elementary process refers to the number of ______ 

molecules involved in that step. 

 

Figure 3.3 Elementary processes and molecularity. 

3.3.2 Collision theory and transition state theory 

Collision theory states that for a reaction to occur, reactant molecules must collide with 

sufficient energy and proper orientation. The minimum energy required is called the activation 

energy. Transition state theory builds on this by proposing that during a reaction, molecules 

form a high-energy intermediate state known as the activated complex or transition state, which 

then transforms into products. 

Fill in the blank: According to collision theory, molecules must collide with sufficient energy 

and proper ______ for a reaction to occur. 

 

 

 

Comparison: Collision Theory vs. Transition State Theory 

• Collision Theory: 

• Core Focus: Based on the kinetic molecular theory, it posits that reaction rates 

depend on the frequency, energy, and geometric orientation of collisions between 

reactant particles. 

• Key Requirements: For a reaction to be successful, particles must collide with 

energy greater than or equal to the Activation Energy ($E_a$) and in the correct 

spatial orientation. 
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• Model: Typically represents reactant molecules as hard spheres. 

• Transition State Theory (Activated Complex Theory): 

• Core Focus: Examines the energetic changes occurring during the collision, 

focusing on the temporary formation of an unstable, high-energy intermediate. 

• Key Concept: Proposes that reactants must pass through a Transition State (or 

"activated complex")—a transient, high-energy arrangement of atoms—before 

transforming into products. 

• Model: Accounts for the continuous distortion of chemical bonds as reactants 

rearrange into products. 

• Shared Fundamental Concept: Both frameworks agree that the Activation Energy 

($E_a$) is the critical energy barrier that must be overcome for a reaction to proceed 

from reactants to products. 

Box 3.3 Collision theory vs transition state theory  

3.3.3 Complex mechanisms and rate-determining steps 

Many reactions occur through multiple steps, forming a complex mechanism. In such cases, one 

step is slower than the others and controls the overall rate of the reaction. This is known as the 

rate-determining step. Understanding which step is rate-determining helps chemists design 

catalysts and optimise reaction conditions. 

Fill in the blank: The slowest step in a complex mechanism is called the ______ step. 

Reaction Mechanism Elementary Steps 
Rate-Determining 

Step (RDS) 

$NO_2 + CO \rightarrow 

NO + CO_2$ 

1. $NO_2 + NO_2 \rightarrow 

NO_3 + NO$ (Slow) 

 

 

 

2. $NO_3 + CO \rightarrow 

NO_2 + CO_2$ (Fast) 

Step 1 

$2NO_2 + F_2 \rightarrow 

2NO_2F$ 

1. $NO_2 + F_2 \rightarrow 

NO_2F + F$ (Slow) 

 

 

 

Step 1 
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Reaction Mechanism Elementary Steps 
Rate-Determining 

Step (RDS) 

2. $F + NO_2 \rightarrow 

NO_2F$ (Fast) 

$2H_2 + 2NO \rightarrow 

2H_2O + N_2$ 

1. $2NO + H_2 \rightarrow N_2 

+ H_2O_2$ (Slow) 

 

 

 

2. $H_2O_2 + H_2 \rightarrow 

2H_2O$ (Fast) 

Step 1 

Table 3.3 Examples of complex mechanisms and rate-determining steps  

Pilot questions 3.3 

1. What is meant by an elementary process? 

2. Define molecularity and give one example. 

3. State the main requirement for a reaction according to collision theory. 

4. What is the transition state in a chemical reaction? 

5. What is the rate-determining step in a complex mechanism? 

 

3.4 Photochemical Reactions and Applications 
3.4.1 Principles of photochemistry 

Photochemistry is the branch of chemistry concerned with chemical reactions that are initiated 

by the absorption of light. When molecules absorb photons, they are promoted to an excited state 

with higher energy, which can lead to bond breaking, bond formation, or other chemical 

transformations. This principle explains processes such as photosynthesis and the degradation of 

dyes under sunlight. 

Fill in the blank: Photochemistry studies chemical reactions initiated by the absorption of 

______. 
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Figure 3.4 Principles of photochemistry. 

3.4.2 Examples of photochemical reactions 

Common examples of photochemical reactions include: 

• Photosynthesis: Plants convert carbon dioxide and water into glucose and oxygen using 

sunlight. 

• Photochemical smog formation: Nitrogen oxides and hydrocarbons react under sunlight 

to form pollutants. 

• Photodecomposition: Light causes the breakdown of compounds, such as silver halides 

in photographic films. 

Fill in the blank: Photosynthesis is a photochemical reaction where plants use ______ to convert 

carbon dioxide and water into glucose. 

Reaction Type Description Primary Mechanism 

Photosynthesis 

The biological process where 

plants convert light energy into 

chemical energy. 

$6CO_2 + 6H_2O + h\nu 

\rightarrow C_6H_{12}O_6 + 

6O_2$ 

Photochemical 

Smog 

Atmospheric pollution caused 

by sunlight reacting with 

vehicle emissions ($NO_x$ 

and VOCs). 

Formation of ground-level 

ozone ($O_3$) via $NO_2$ 

photolysis. 

Photodecomposition 

The breakdown of a chemical 

compound into smaller 

molecules by light. 

Bond cleavage (e.g., $AgCl + 

h\nu \rightarrow Ag + Cl$) used 

in historical photography. 

Table 3.4 Examples of photochemical reactions  
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3.4.3 Applications in industry and biology 

Photochemical reactions have wide-ranging applications. In industry, they are used in 

polymerisation, photography, and the design of solar cells. In biology, photochemistry explains 

vital processes such as vision and photosynthesis. These applications highlight the importance of 

light-driven reactions in both natural and technological contexts. 

Fill in the blank: Photochemical reactions are applied in industry for processes such as 

polymerisation and the design of ______ cells. 

Applications of Photochemical Reactions in Industry and Biology 

Photochemistry leverages the interaction between light and matter to drive specific chemical 

changes that are often more selective or energy-efficient than thermal alternatives. By using 

photons to excite electrons, these reactions provide unique pathways for synthesis, energy 

conversion, and signal transduction. 

Industrial Applications 

• Polymerization: UV-curing is used to rapidly harden specialized resins, inks, and dental 

fillings. Light-initiated radicals drive the formation of polymers, allowing for precise 

control over the timing and location of the solidification. 

• Photography: Traditional film photography relies on the photodecomposition of silver 

halides (e.g., $AgCl$), where light exposure creates a latent image that is subsequently 

intensified by chemical processing. 

• Solar Cells: Photovoltaic devices (like dye-sensitized solar cells) convert light into 

electricity by utilizing light-sensitive molecules to excite electrons, which are then 

harvested as an electric current, mimicking aspects of natural light-harvesting systems. 

Biological Applications 

• Photosynthesis: Perhaps the most vital photochemical process on Earth, it involves 

complex pigment systems (like chlorophyll) that capture light to drive the conversion of 

$CO_2$ and $H_2O$ into glucose and oxygen, sustaining the global food web. 

• Vision: The process of sight begins in the retina, where the absorption of a photon by the 

pigment rhodopsin causes a rapid conformational change (cis-trans isomerization). This 

chemical change triggers a cascade of nerve signals that the brain interprets as visual 

information. 

Box 3.4 Applications of photochemical reactions  

Pilot questions 3.4 

1. Define photochemistry. 

2. What happens to a molecule when it absorbs light? 

3. Give one example of a photochemical reaction in nature. 

4. Mention one industrial application of photochemical reactions. 
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5. How does photochemistry explain the process of vision? 

 

Series Summary 

This Series has introduced you to the principles of chemical kinetics and reaction 

mechanisms. We began with the fundamentals of kinetics, defining reaction rates and exploring 

the factors that influence them, as well as methods of experimental determination. We then 

studied rate laws and reaction order, distinguishing between differential and integrated forms, 

determining reaction order, and applying the concept of half-life. Following that, we examined 

reaction mechanisms, focusing on elementary processes, molecularity, collision theory, transition 

state theory, and the importance of rate-determining steps. Finally, we explored photochemical 

reactions, their principles, examples such as photosynthesis and smog formation, and their 

applications in industry and biology. 

By engaging with these topics, you have achieved the Series Learning Outcomes: you can now 

define chemical kinetics (SLO 3.1), describe factors affecting reaction rates and demonstrate 

experimental methods (SLO 3.2), apply rate laws to analyse reaction order (SLO 3.3), calculate 

half-life and explain its significance (SLO 3.4), explain molecularity and elementary processes 

(SLO 3.5), analyse reaction pathways using collision and transition state theories (SLO 3.6), 

evaluate rate-determining steps in complex mechanisms (SLO 3.7), describe photochemical 

principles and examples (SLO 3.8), and assess applications of photochemical reactions in 

industry and biology (SLO 3.9). 

 

Glossary of Terms 

• Chemical kinetics: The study of reaction rates and factors influencing them. 

• Rate of reaction: Change in concentration of reactants or products per unit time. 

• Catalyst: A substance that increases reaction rate by lowering activation energy. 

• Rate law: Mathematical expression relating reaction rate to reactant concentrations. 

• Reaction order: The power to which a concentration term is raised in the rate law. 

• Half-life (t\_{1/2}): Time required for a reactant concentration to reduce to half its initial 

value. 

• Reaction mechanism: Step-by-step sequence of elementary processes in a reaction. 

• Molecularity: Number of reactant molecules involved in an elementary step. 

• Collision theory: Theory stating that molecules must collide with sufficient energy and 

orientation to react. 

• Transition state theory: Theory describing the high-energy intermediate state during a 

reaction. 

• Rate-determining step: The slowest step in a multi-step mechanism that controls overall 

rate. 
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• Photochemistry: Study of chemical reactions initiated by absorption of light. 

 

Concept Check Questions 3 

Objective questions 

1. (Linked to SLO 3.1) Chemical kinetics is the study of reaction ______. 

2. (Linked to SLO 3.2) A catalyst lowers the ______ energy of a reaction. 

3. (Linked to SLO 3.3) The differential rate law relates rate to ______ at a given instant. 

4. (Linked to SLO 3.4) The half-life of a first-order reaction is ______ of concentration. 

5. (Linked to SLO 3.5) The molecularity of an elementary process refers to the number of 

______ molecules involved. 

Short-answer questions 

6. (Linked to SLO 3.1) Define chemical kinetics. 

7. (Linked to SLO 3.2) Mention two factors that affect reaction rate. 

8. (Linked to SLO 3.3) Differentiate between differential and integrated rate laws. 

9. (Linked to SLO 3.6) Explain the concept of activation energy in collision theory. 

10. (Linked to SLO 3.8) Give one example of a photochemical reaction in nature. 

Long-answer questions 

11. (Linked to SLO 3.7) Discuss the significance of the rate-determining step in complex 

mechanisms. 

12. (Linked to SLO 3.9) Evaluate the applications of photochemical reactions in industry and 

biology. 

Answers to Pilot Questions 3 

Pilot questions 3.1 

1. Study of reaction rates. 

2. Change in concentration per unit time. 

3. Concentration, temperature. 

4. By lowering activation energy. 

5. Measuring gas volume or spectrophotometry. 

Pilot questions 3.2 

1. Relationship between rate and concentration. 

2. Differential shows instantaneous rate; integrated shows concentration over time. 
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3. By analysing how rate changes with concentration. 

4. Sum of individual orders. 

5. Time for concentration to halve; used in radioactive decay. 

Pilot questions 3.3 

1. A single step in a mechanism. 

2. Number of molecules in a step; e.g., bimolecular. 

3. Proper orientation and sufficient energy. 

4. High-energy intermediate state. 

5. Slowest step controlling overall rate. 

Pilot questions 3.4 

1. Study of light-initiated reactions. 

2. Promoted to an excited state. 

3. Photosynthesis. 

4. Polymerisation or solar cells. 

5. Explains how light triggers nerve signals in the eye. 

 

References and Attributions 3 

• Standard physical chemistry textbooks and laboratory manuals. 

• University lecture notes on chemical kinetics and photochemistry. 

• Suggested OER sources for illustrations: 

• Figure 3.1 Reaction pathway illustrating kinetics (OER diagram). 

• Table 3.1 Factors affecting reaction rate (OER table). 

• Box 3.1 Methods of determining reaction rates (AI-generated summary). 

• Figure 3.2 Differential and integrated rate laws (OER graphs). 

• Table 3.2 Examples of reaction orders (OER table). 

• Box 3.2 Applications of half-life (AI-generated summary). 

• Figure 3.3 Elementary processes and molecularity (OER diagram). 

• Box 3.3 Collision theory vs transition state theory (AI-generated summary). 

• Table 3.3 Complex mechanisms and rate-determining steps (OER table). 

• Figure 3.4 Principles of photochemistry (OER diagram). 
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• Table 3.4 Examples of photochemical reactions (OER table). 

• Box 3.4 Applications of photochemical reactions (AI-generated summary). 
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Introduction 
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In the last Series, we explored chemical kinetics and reaction mechanisms, focusing on how fast 

reactions occur and the pathways they follow. We now turn to photochemistry and 

spectroscopy, which highlight the role of light in chemical processes and its use as a powerful 

analytical tool. These topics are essential for understanding both natural phenomena such as 

photosynthesis and modern techniques used in chemical analysis. 

The aim of this Series is to introduce you to the principles of photochemistry and spectroscopy, 

and to equip you with the ability to apply these concepts in explaining chemical reactions and 

analysing substances. 

We shall commence this Series by examining the principles of photochemistry, including light 

absorption, excited states, and examples of photochemical reactions. Next, we will explore the 

fundamentals of spectroscopy, considering the electromagnetic spectrum and the main types of 

spectroscopy such as UV-Vis, IR, and NMR. Finally, we will conclude with applications of 

spectroscopy in chemistry, focusing on structural determination, quantitative analysis, and 

industrial uses. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 4.1 explain the principles of photochemistry, including light absorption and excited 

states, 

• SLO 4.2 describe examples of photochemical reactions and their applications, 

• SLO 4.3 define spectroscopy and explain its importance in chemical analysis, 

• SLO 4.4 identify regions of the electromagnetic spectrum relevant to spectroscopy, 

• SLO 4.5 differentiate between UV-Vis, IR, and NMR spectroscopy, 

• SLO 4.6 apply spectroscopic methods to determine molecular structure, 

• SLO 4.7 demonstrate how spectroscopy is used for quantitative analysis, 

• SLO 4.8 evaluate the applications of spectroscopy in industrial and research contexts. 

 

 

 

 

 

 

 

 

 

 

 

4.1 Principles of Photochemistry 
4.1.1 Light absorption and excited states 
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Photochemistry is the study of chemical reactions initiated by the absorption of light. When a 

molecule absorbs a photon, it transitions from its ground state to an excited state, where 

electrons occupy higher energy levels. This excited state is less stable and can lead to chemical 

transformations such as bond breaking or bond formation. 

Fill in the blank: When a molecule absorbs a photon, it moves from the ground state to an 

______ state. 

 

Figure 4.1 Light absorption and excited states. 

4.1.2 Photochemical reactions and examples 

A photochemical reaction occurs when light energy initiates a chemical change. Examples 

include: 

• Photosynthesis: Plants use sunlight to convert carbon dioxide and water into glucose and 

oxygen. 

• Photodecomposition: Light breaks down compounds, such as silver halides in 

photographic films. 

• Photochemical smog formation: Sunlight triggers reactions between nitrogen oxides 

and hydrocarbons, producing pollutants. 

Fill in the blank: Photosynthesis is a photochemical reaction where plants use ______ to convert 

carbon dioxide and water into glucose. 

Reaction Type Description 
Primary Mechanism / 

Application 

Photosynthesis 

The biological process 

converting light into 

chemical energy. 

Captures photons via chlorophyll 

to synthesize glucose from 

$CO_2$ and $H_2O$. 
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Reaction Type Description 
Primary Mechanism / 

Application 

Photodecomposition 

The breakdown of a 

compound into simpler 

substances via light 

absorption. 

Used in historical photography 

(silver halide reduction) and waste 

treatment. 

Photochemical 

Smog 

A complex mixture of 

pollutants formed in the 

atmosphere. 

UV light triggers the reaction of 

$NO_x$ and VOCs to produce 

ground-level ozone ($O_3$). 

Table 4.1 Examples of photochemical reactions  

4.1.3 Applications of photochemistry 

Photochemistry has wide-ranging applications in both natural and industrial contexts. In biology, 

it explains processes such as vision and photosynthesis. In industry, photochemical reactions are 

used in polymerisation, photography, and solar energy conversion. These applications highlight 

the importance of light-driven reactions in everyday life and advanced technologies. 

Fill in the blank: Photochemistry is applied in industry for processes such as polymerisation and 

solar ______ conversion. 

Applications of Photochemistry in Biology and Industry 

Photochemistry utilizes light as a precise reagent to drive chemical transformations. By 

interacting with the electronic structure of molecules, photons can trigger reactions that are 

highly selective, energy-efficient, and often occur under ambient conditions where thermal 

reactions might fail. 

Key Applications 

• Biological Systems: 

• Photosynthesis: The foundational process for life on Earth, utilizing solar energy 

to drive the conversion of carbon dioxide and water into chemical energy 

(glucose) and oxygen. 

• Vision: Photochemical isomerization of retinal within the protein rhodopsin acts 

as the primary sensory trigger, converting incident light into a nerve impulse that 

the brain processes as vision. 

• Industrial Applications: 

• Polymerization: UV-curing technology uses light-initiated free radicals to 

rapidly polymerize resins and coatings, widely used in dentistry, high-

performance adhesives, and 3D printing. 
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• Photography & Imaging: Traditional analog photography relies on the light-

induced reduction of silver halide crystals, while modern photolithography uses 

light-sensitive polymers to etch intricate microchip designs. 

• Solar Energy: Photovoltaic and photocatalytic systems harness solar photons to 

generate electric current or drive chemical reactions (such as splitting water into 

hydrogen fuel), providing a pathway for sustainable energy production. 

Box 4.1 Applications of photochemistry  

Pilot questions 4.1 

1. Define photochemistry. 

2. What happens to a molecule when it absorbs light? 

3. Give one example of a photochemical reaction in nature. 

4. Mention one industrial application of photochemistry. 

5. How does photochemistry explain the process of vision? 

 

4.2 Fundamentals of Spectroscopy 
4.2.1 Definition and importance of spectroscopy 

Spectroscopy is the study of the interaction between matter and electromagnetic radiation. It is a 

powerful analytical tool because it provides information about the structure, composition, and 

properties of substances. Chemists use spectroscopy to identify unknown compounds, determine 

molecular structures, and measure concentrations in solutions. 

Fill in the blank: Spectroscopy is the study of the interaction between matter and ______ 

radiation. 

 

Figure 4.2 Basic principle of spectroscopy. 

4.2.2 Electromagnetic spectrum and interaction with matter 
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The electromagnetic spectrum consists of different types of radiation arranged according to 

wavelength or frequency, ranging from gamma rays to radio waves. In spectroscopy, specific 

regions of the spectrum are used to probe matter. For example, ultraviolet-visible (UV-Vis) 

radiation excites electrons, infrared (IR) radiation causes vibrations in bonds, and nuclear 

magnetic resonance (NMR) uses radio waves to study atomic nuclei. 

Fill in the blank: Infrared radiation in spectroscopy is mainly used to study ______ vibrations. 

 

Table 4.2 Regions of the electromagnetic spectrum used in spectroscopy  

 

4.2.3 Types of spectroscopy (UV-Vis, IR, NMR) 

There are several important types of spectroscopy: 

• UV-Vis spectroscopy: Measures absorption of ultraviolet and visible light, useful for 

studying electronic transitions and concentrations of coloured compounds. 

• IR spectroscopy: Measures absorption of infrared radiation, useful for identifying 

functional groups through bond vibrations. 

• NMR spectroscopy: Uses radio waves in a magnetic field to provide detailed 

information about molecular structure and environment of nuclei. 

Fill in the blank: NMR spectroscopy provides detailed information about the environment of 

______ in a molecule. 

Summary of Key Spectroscopic Techniques 

• UV-Vis Spectroscopy (Ultraviolet-Visible): 

• Principle: Measures the absorption of light in the UV and visible regions, which 

induces electronic transitions between energy levels in molecules. 

• Main Applications: Determining the concentration of solutions (Beer-Lambert 

Law), analyzing conjugation in organic molecules, and identifying metal 

complexes or colored compounds. 
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• IR Spectroscopy (Infrared): 

• Principle: Measures the absorption of infrared radiation, which causes bonds 

within molecules to vibrate (stretching and bending). 

• Main Applications: Identifying functional groups present in a compound. It acts 

as a "molecular fingerprint" to determine the presence of bonds like $C=O$, $O-

H$, or $N-H$, making it essential for organic synthesis identification. 

• NMR Spectroscopy (Nuclear Magnetic Resonance): 

• Principle: Uses strong magnetic fields and radio waves to interact with the nuclei 

of specific atoms (commonly $^1H$ and $^{13}C$). 

• Main Applications: Determining the complete molecular structure and 

connectivity of organic compounds. It provides detailed information about the 

chemical environment of atoms, allowing chemists to map out the carbon-

hydrogen framework of a molecule. 

These techniques are complementary: UV-Vis tells us about electronic structure, IR tells us what 

functional groups are present, and NMR tells us how the molecule is stitched together. Together, 

they form the primary toolkit for structural elucidation in chemistry. 

Box 4.2 Types of spectroscopy and their uses  

Pilot questions 4.2 

1. Define spectroscopy. 

2. What type of radiation does spectroscopy study? 

3. Which region of the electromagnetic spectrum is used to study bond vibrations? 

4. Mention one application of UV-Vis spectroscopy. 

5. What information does NMR spectroscopy provide? 

 

4.3 Applications of Spectroscopy in Chemistry 
4.3.1 Structural determination of molecules 

One of the most important applications of spectroscopy is in determining the structure of 

molecules. Techniques such as IR spectroscopy reveal the presence of functional groups through 

bond vibrations, while NMR spectroscopy provides detailed information about the arrangement 

of atoms in a molecule. UV-Vis spectroscopy can also give insights into conjugated systems and 

electronic transitions. Together, these methods allow chemists to build a complete picture of 

molecular structure. 

Fill in the blank: IR spectroscopy is particularly useful for identifying ______ groups in 

molecules. 
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Figure 4.3 Structural determination using spectroscopy. 

4.3.2 Quantitative analysis of substances 

Spectroscopy is also widely used for quantitative analysis, which involves measuring the 

concentration of substances in a sample. UV-Vis spectroscopy, for example, can determine the 

concentration of coloured compounds using Beer–Lambert’s law. This makes spectroscopy 

invaluable in fields such as pharmaceuticals, environmental monitoring, and food chemistry, 

where precise measurements are essential. 

Fill in the blank: The Beer–Lambert law relates absorbance to concentration and ______ path 

length. 

Technique 
Physical 

Basis 
Quantitative Application Example 

UV-Vis 

Spectroscopy 

Electronic 

transitions 

Determining concentration of dissolved metal ions or 

organic dyes using the Beer-Lambert Law ($A = 

\epsilon cl$). 

IR 

Spectroscopy 

Molecular 

vibrations 

Monitoring the rate of disappearance of a specific 

functional group peak to calculate reaction kinetics. 

NMR 

Spectroscopy 

Nuclear spin 

states 

Determining the relative molar composition of 

components in a mixture by comparing the integration 

(area) of signal peaks. 

Table 4.3 Spectroscopic methods for quantitative analysis  

4.3.3 Industrial and research applications 

Spectroscopy has extensive industrial and research applications. In industry, it is used for 

quality control, monitoring chemical processes, and developing new materials. In research, 

spectroscopy enables scientists to study reaction mechanisms, investigate biological molecules, 

and design advanced technologies such as solar cells and sensors. Its versatility makes it a 

cornerstone of modern chemistry. 
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Fill in the blank: Spectroscopy is used in industry for quality control and monitoring ______ 

processes. 

Applications of Spectroscopy in Industry and Research 

Spectroscopy serves as an essential analytical bridge, allowing for the precise identification and 

quantification of materials. Its applications range from routine industrial quality control to 

cutting-edge research in biological systems and advanced materials. 

Key Applications 

• Quality Control & Process Monitoring: Industries rely on spectroscopy to ensure 

product purity and consistency. For example, NIR (Near-Infrared) spectroscopy is 

standard in the pharmaceutical industry to verify ingredient concentrations in tablets in 

real-time, while UV-Vis is used to monitor wastewater discharge for compliance. 

• Biological & Medical Studies: Spectroscopy is critical for understanding life at a 

molecular level. Fluorescence spectroscopy is used to tag and track proteins in cellular 

imaging, and NMR is used in metabolomics to profile complex biological samples, aiding 

in disease biomarker discovery. 

• Advanced Technologies: > * Material Science: Raman spectroscopy is employed to 

analyze the structure of nanomaterials and carbon nanotubes, ensuring they meet specific 

mechanical and electrical properties. 

• Environmental Research: Laser-induced breakdown spectroscopy (LIBS) 

allows for remote, real-time sensing of chemical contaminants in soil and air, 

providing critical data for environmental preservation. 

By integrating these techniques, researchers and engineers can achieve a deeper understanding of 

molecular environments, leading to safer products and more efficient technological development. 

Box 4.3 Applications of spectroscopy in industry and research  

Pilot questions 4.3 

1. How does IR spectroscopy help in structural determination? 

2. What information does NMR spectroscopy provide about molecules? 

3. State the Beer–Lambert law in words. 

4. Mention one field where spectroscopy is used for quantitative analysis. 

5. Give two industrial applications of spectroscopy. 

 

Series Summary 

This Series has introduced you to the fundamentals of photochemistry and spectroscopy. We 

began with the principles of photochemistry, examining how molecules absorb light, move to 

excited states, and undergo photochemical reactions, with examples such as photosynthesis and 

photochemical smog. We then explored the fundamentals of spectroscopy, defining it as the 
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study of matter interacting with electromagnetic radiation, and considering the electromagnetic 

spectrum and the main types of spectroscopy (UV-Vis, IR, and NMR). Finally, we examined 

applications of spectroscopy in chemistry, including structural determination of molecules, 

quantitative analysis of substances, and industrial and research uses. 

By engaging with these topics, you have achieved the Series Learning Outcomes: you can now 

explain the principles of photochemistry (SLO 4.1), describe examples and applications of 

photochemical reactions (SLO 4.2), define spectroscopy and its importance (SLO 4.3), identify 

relevant regions of the electromagnetic spectrum (SLO 4.4), differentiate between UV-Vis, IR, 

and NMR spectroscopy (SLO 4.5), apply spectroscopy to structural determination (SLO 4.6), 

demonstrate its use in quantitative analysis (SLO 4.7), and evaluate its applications in industry 

and research (SLO 4.8). 

 

Glossary of Terms 

• Photochemistry: Study of chemical reactions initiated by absorption of light. 

• Excited state: Higher energy state of a molecule after absorbing a photon. 

• Photochemical reaction: Chemical change triggered by light energy. 

• Spectroscopy: Study of the interaction between matter and electromagnetic radiation. 

• Electromagnetic spectrum: Range of radiation types arranged by wavelength or 

frequency. 

• UV-Vis spectroscopy: Technique measuring absorption of ultraviolet and visible light. 

• IR spectroscopy: Technique measuring absorption of infrared radiation, useful for 

identifying functional groups. 

• NMR spectroscopy: Technique using radio waves in a magnetic field to study atomic 

nuclei. 

• Beer–Lambert law: Relationship between absorbance, concentration, and path length. 

• Structural determination: Use of spectroscopy to identify molecular structure. 

 

Concept Check Questions 4 

Objective questions 

1. (Linked to SLO 4.1) Photochemistry studies reactions initiated by absorption of ______. 

2. (Linked to SLO 4.2) Photosynthesis is a photochemical reaction where plants use 

______. 

3. (Linked to SLO 4.3) Spectroscopy is the study of matter interacting with ______ 

radiation. 

4. (Linked to SLO 4.4) Infrared radiation is used to study bond ______. 
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5. (Linked to SLO 4.5) NMR spectroscopy provides information about the environment of 

______ in molecules. 

Short-answer questions 

6. (Linked to SLO 4.1) Define photochemistry. 

7. (Linked to SLO 4.2) Mention one example of a photochemical reaction in industry. 

8. (Linked to SLO 4.3) State one importance of spectroscopy in chemical analysis. 

9. (Linked to SLO 4.6) How does IR spectroscopy help in structural determination? 

10. (Linked to SLO 4.7) Write the Beer–Lambert law in words. 

Long-answer questions 

11. (Linked to SLO 4.6) Discuss how UV-Vis, IR, and NMR spectroscopy complement each 

other in structural determination. 

12. (Linked to SLO 4.8) Evaluate the applications of spectroscopy in industry and research, 

with examples. 

Answers to Pilot Questions 4 

Pilot questions 4.1 

1. Study of light-initiated reactions. 

2. Molecule moves to an excited state. 

3. Photosynthesis. 

4. Polymerisation or solar energy conversion. 

5. Explains how light triggers nerve signals in the eye. 

Pilot questions 4.2 

1. Interaction of matter with electromagnetic radiation. 

2. Electromagnetic radiation. 

3. Infrared radiation studies bond vibrations. 

4. UV-Vis spectroscopy measures concentration of coloured compounds. 

5. NMR provides information about atomic nuclei environments. 

Pilot questions 4.3 

1. IR spectroscopy identifies functional groups. 

2. NMR provides detailed structural information. 

3. Absorbance is proportional to concentration and path length. 

4. Pharmaceuticals or environmental monitoring. 
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5. Quality control and process monitoring. 

 

References and Attributions 4 

• Standard physical chemistry textbooks and laboratory manuals. 

• University lecture notes on photochemistry and spectroscopy. 

• Suggested OER sources for illustrations: 

• Figure 4.1 Light absorption and excited states (OER diagram). 

• Table 4.1 Examples of photochemical reactions (OER table). 

• Box 4.1 Applications of photochemistry (AI-generated summary). 

• Figure 4.2 Basic principle of spectroscopy (OER diagram). 

• Table 4.2 Regions of the electromagnetic spectrum (OER table). 

• Box 4.2 Types of spectroscopy and their uses (AI-generated summary). 

• Figure 4.3 Structural determination using spectroscopy (OER diagram). 

• Table 4.3 Spectroscopic methods for quantitative analysis (OER table). 

• Box 4.3 Applications of spectroscopy in industry and research (AI-generated 

summary). 

 

 

Course code: CHM 210 

Course title: Physical Chemistry I 

Course credit load: 2 Units 

Series 1: Kinetic Theory and Behaviour of Gases 

Series 2: Thermodynamics, Entropy, and Free Energy 

Series 3: Chemical Kinetics and Reaction Mechanisms 

Series 4: Photochemistry and Spectroscopy Fundamentals 

Series 5: Electrochemistry and Conductance Laws 

Proposed Outline Series 5 

5.1 Principles of electrochemistry 

• 5.1.1 Redox reactions and electrode potentials 
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• 5.1.2 Electrochemical cells (galvanic and electrolytic) 

• 5.1.3 Applications of electrochemistry 

5.2 Conductance and its laws 

• 5.2.1 Definition of conductance and conductivity 

• 5.2.2 Kohlrausch’s law of independent migration of ions 

• 5.2.3 Factors affecting ionic conductance 

5.3 Applications of conductance laws 

• 5.3.1 Determination of solubility and dissociation constants 

• 5.3.2 Conductometric titrations 

• 5.3.3 Industrial and research applications 

 

 

 

 

    

 Introduction 

Electrochemistry connects the flow of electrons with chemical change, explaining processes such 

as corrosion, batteries, and electrolysis. Alongside this, the study of conductance laws reveals 

how ions move in solution and how their behaviour can be measured and applied. These 

concepts are central to both theoretical chemistry and practical applications in energy, industry, 

and research. 

The aim of this Series is to introduce you to the principles of electrochemistry and conductance, 

explain the laws governing ionic movement, and demonstrate their applications in chemical 

analysis and industry. 

We shall commence this Series by exploring the principles of electrochemistry, including redox 

reactions, electrode potentials, and electrochemical cells. Next, we will study conductance and its 

laws, focusing on definitions, Kohlrausch’s law, and factors affecting ionic conductance. Finally, 

we will conclude with applications of conductance laws, such as determining solubility, 

conductometric titrations, and industrial uses. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 5.1 define electrochemistry and explain redox reactions and electrode potentials, 

• SLO 5.2 describe the structure and function of galvanic and electrolytic cells, 
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• SLO 5.3 analyse practical applications of electrochemistry, 

• SLO 5.4 define conductance and conductivity in ionic solutions, 

• SLO 5.5 explain Kohlrausch’s law of independent migration of ions, 

• SLO 5.6 evaluate factors affecting ionic conductance, 

• SLO 5.7 apply conductance laws to determine solubility and dissociation constants, 

• SLO 5.8 demonstrate the use of conductometric titrations, 

• SLO 5.9 assess industrial and research applications of conductance laws. 

 

 

 

 

 

 

 

 

 

 

 

5.1 Principles of Electrochemistry 
5.1.1 Redox reactions and electrode potentials 

Electrochemistry is the branch of chemistry that studies chemical processes involving the 

transfer of electrons. At its core are redox reactions, where oxidation (loss of electrons) and 

reduction (gain of electrons) occur simultaneously. These reactions are fundamental to 

electrochemical cells. The tendency of a species to gain or lose electrons is measured as its 

electrode potential, expressed relative to a standard hydrogen electrode. 

Fill in the blank: Oxidation is defined as the ______ of electrons, while reduction is the gain of 

electrons. 

 

Figure 5.1 Redox reactions in electrochemistry.  
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5.1.2 Electrochemical cells (galvanic and electrolytic) 

An electrochemical cell is a device that converts chemical energy into electrical energy or vice 

versa. There are two main types: 

• Galvanic (voltaic) cells: These generate electricity from spontaneous redox reactions. A 

common example is the Daniell cell. 

• Electrolytic cells: These use electrical energy to drive non-spontaneous reactions, such 

as electrolysis of water. 

Fill in the blank: A galvanic cell generates electricity from ______ redox reactions. 

Feature Galvanic (Voltaic) Cell Electrolytic Cell 

Energy 

Conversion 

Chemical energy to Electrical 

energy 

Electrical energy to Chemical 

energy 

Spontaneity Spontaneous ($\Delta G < 0$) 
Non-spontaneous ($\Delta G > 

0$) 

Electron Flow 
From Anode to Cathode (via 

external circuit) 

Forced from external power 

source 

Anode Charge Negative ($-$) Positive ($+$) 

Cathode Charge Positive ($+$) Negative ($-$) 

Common 

Example 
Batteries (e.g., Alkaline, Lead-acid) 

Electroplating, electrolysis of 

water 

Table 5.1 Comparison of galvanic and electrolytic cells  

5.1.3 Applications of electrochemistry 

Electrochemistry has numerous applications in everyday life and industry. Examples include: 

• Batteries: Portable sources of electrical energy based on galvanic cells. 

• Electroplating: Using electrolysis to deposit a thin layer of metal onto a surface. 

• Corrosion prevention: Applying electrochemical principles to protect metals. 

• Industrial electrolysis: Large-scale production of chemicals such as chlorine and sodium 

hydroxide. 

Fill in the blank: Electroplating involves using electrolysis to deposit a thin layer of ______ onto 

a surface. 
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Applications of Electrochemistry 

• Batteries and Fuel Cells: These devices store and convert chemical energy into 

electrical energy. From the lithium-ion batteries in our smartphones and electric vehicles 

to fuel cells that generate power with high efficiency and low emissions, electrochemistry 

is the foundation of modern portable power and sustainable energy storage. 

• Electroplating: A process where a thin layer of metal is deposited onto a conductive 

surface using an electrolytic cell. This is widely used in manufacturing to improve the 

aesthetic appearance, corrosion resistance, or conductivity of base metals, such as 

chrome-plating automotive parts or gold-plating jewelry. 

• Corrosion Prevention: Electrochemical principles allow us to protect metal structures, 

such as bridges, pipelines, and ship hulls, from degradation. Techniques like cathodic 

protection involve making the metal structure the cathode of a galvanic cell, often by 

connecting it to a more "active" metal (a sacrificial anode) that corrodes instead. 

• Industrial Electrolysis: This large-scale application uses electrical energy to drive non-

spontaneous chemical reactions. It is essential for the production of vital elements and 

compounds, such as the extraction of aluminum from ore, the production of chlorine and 

sodium hydroxide from brine (the chlor-alkali process), and the purification of copper. 

Box 5.1 Applications of electrochemistry  

Pilot questions 5.1 

1. Define electrochemistry. 

2. What is oxidation in terms of electron transfer? 

3. Differentiate between galvanic and electrolytic cells. 

4. Mention one example of a galvanic cell. 

5. State one industrial application of electrochemistry. 

 

5.2 Conductance and Its Laws 
5.2.1 Definition of conductance and conductivity 

Conductance is the measure of how easily electric current flows through a solution. It is the 

reciprocal of resistance, meaning that a solution with low resistance has high conductance. In 

ionic solutions, conductance depends on the movement of ions under an applied potential. 

Conductivity is a related property that expresses conductance normalised for the dimensions of 

the solution (length and cross-sectional area), allowing comparisons between different 

electrolytes under standard conditions. 

Fill in the blank: Conductance is the reciprocal of ______. 
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Figure 5.2 Conductance in an electrolyte solution. 

5.2.2 Kohlrausch’s law of independent migration of ions 

Kohlrausch’s law states that at infinite dilution, each ion contributes independently to the total 

molar conductivity of the solution. This means that the limiting molar conductivity of an 

electrolyte can be expressed as the sum of the contributions of its cations and anions. The law is 

particularly useful for calculating dissociation constants and understanding ionic behaviour in 

dilute solutions. 

Fill in the blank: Kohlrausch’s law states that at infinite dilution, each ion contributes ______ to 

the total molar conductivity. 

Kohlrausch’s Law of Independent Migration of Ions 

Kohlrausch’s Law states that the molar conductivity of an electrolyte at infinite dilution is the 

sum of the individual contributions of its constituent ions. Each ion contributes a definite value 

to the total molar conductivity of the electrolyte, regardless of the nature of the other ion with 

which it is associated. 

Mathematical Expression: 

$$\Lambda_m^\circ = \nu_+ \lambda_+^\circ + \nu_- \lambda_-^\circ$$ 

• $\Lambda_m^\circ$ is the molar conductivity of the electrolyte at infinite 

dilution. 

• $\lambda_+^\circ$ and $\lambda_-^\circ$ are the molar conductivities of the 

individual cation and anion at infinite dilution. 

• $\nu_+$ and $\nu_-$ are the number of cations and anions per formula unit of the 

electrolyte. 

 

Importance: 
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• Determining Weak Electrolytes: It allows for the calculation of 

$\Lambda_m^\circ$ for weak electrolytes (like acetic acid), which cannot be 

determined directly by extrapolation of experimental data. 

• Calculating Degree of Dissociation: By comparing the molar conductivity at a 

given concentration ($\Lambda_m^c$) to the value at infinite dilution 

($\Lambda_m^\circ$), chemists can determine the degree of dissociation ($\alpha 

= \Lambda_m^c / \Lambda_m^\circ$) and the dissociation constant ($K_a$) of 

weak electrolytes. 

This law is a vital tool in electrochemistry, bridging the gap between theoretical ion behavior and 

practical experimental measurements in dilute solutions. 

Box 5.2 Kohlrausch’s law of independent migration of ions  

5.2.3 Factors affecting ionic conductance 

Several factors influence ionic conductance: 

• Concentration: At higher concentrations, ion–ion interactions reduce mobility. 

• Temperature: Increasing temperature generally increases ionic mobility. 

• Nature of ions: Smaller ions and those with higher charge density move more easily. 

• Solvent viscosity: Higher viscosity slows down ion movement. 

Fill in the blank: Increasing temperature generally ______ ionic mobility. 

Factor Effect on Ionic Conductance Underlying Mechanism 

Concentration 

Specific conductance generally 

increases with concentration; 

however, equivalent/molar 

conductance decreases as 

concentration increases. 

Increased concentration raises the 

number of charge carriers per unit 

volume, while high concentration 

leads to stronger interionic 

attractions, retarding ion mobility. 

Temperature Increases ionic conductance. 

Higher temperatures decrease 

solvent viscosity and increase the 

kinetic energy of ions, facilitating 

faster ion diffusion and mobility. 

Ion Nature 
Varies based on ion size, charge, 

and degree of solvation. 

Smaller, highly charged ions 

generally exhibit higher mobility, 

though extensive solvation 

(hydration) can increase an ion's 

effective size, thereby reducing its 

speed. 
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Factor Effect on Ionic Conductance Underlying Mechanism 

Solvent 

Viscosity 

Inversely related; higher viscosity 

decreases conductance. 

A more viscous solvent exerts 

greater frictional resistance on 

moving ions, impeding their 

migration through the medium. 

Table 5.2 Factors affecting ionic conductance  

Pilot questions 5.2 

1. Define conductance and conductivity. 

2. What does Kohlrausch’s law state? 

3. Mention one factor that affects ionic conductance. 

4. How does concentration influence ionic mobility? 

5. Why is conductivity useful for comparing electrolytes? 

 

5.3 Applications of Conductance Laws 
5.3.1 Determination of solubility and dissociation constants 

Conductance measurements are widely used to determine the solubility of sparingly soluble salts 

and the dissociation constants of weak electrolytes. By applying Kohlrausch’s law, chemists 

can calculate the limiting molar conductivity and use it to estimate how much of a salt dissolves 

or how strongly an acid or base ionises in solution. This is particularly useful in analytical 

chemistry and pharmaceutical studies. 

Fill in the blank: Conductance measurements can be used to determine the solubility of ______ 

soluble salts. 

 

Figure 5.3 Determination of solubility using conductance.  

5.3.2 Conductometric titrations 

Conductometric titrations are titrations in which the endpoint is determined by measuring the 

conductance of the solution rather than using an indicator. As the titration progresses, the 

conductance changes depending on the ions present. This method is especially useful for 

reactions where visual indicators are not effective, such as weak acid–weak base titrations. 
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Fill in the blank: In conductometric titrations, the endpoint is determined by measuring ______ 

of the solution. 

Titration Type 
Expected Conductivity 

Trend 
Underlying Chemical Reason 

Strong Acid–

Strong Base 

Conductivity decreases to 

the equivalence point, then 

increases. 

The highly mobile $H^+$ ions are 

replaced by less mobile $Na^+$ ions 

(forming $H_2O$), followed by an 

excess of mobile $OH^-$ ions. 

Weak Acid–

Strong Base 

Conductivity initially 

decreases, then increases 

significantly. 

Initial neutralization of the weak acid 

produces a salt; post-equivalence, the 

addition of excess $OH^-$ ions causes a 

sharp rise in conductivity. 

Precipitation 

Conductivity may increase 

or decrease depending on 

the specific ions involved. 

Driven by the removal of ions from the 

solution as an insoluble precipitate (e.g., 

$Ag^+ + Cl^- \rightarrow AgCl_{(s)}$). 

Table 5.3 Examples of conductometric titrations  

5.3.3 Industrial and research applications 

Conductance laws have significant industrial and research applications. In industry, they are 

used for quality control of electrolytes, monitoring water purity, and designing batteries and fuel 

cells. In research, conductance studies help in understanding ion transport, developing sensors, 

and studying biochemical systems. These applications demonstrate the practical importance of 

conductance beyond the classroom. 

Fill in the blank: Conductance laws are applied in industry to monitor water ______. 

 

 

Applications of Conductance Laws in Industry and Research 

The application of conductance laws—such as Kohlrausch’s Law of Independent Migration of 

Ions and the study of electrolytic conductivity—is vital for ensuring precision and safety across 

various fields. By measuring the ability of a solution to conduct electricity, we can infer ionic 

concentrations, purity levels, and electrochemical efficiency. 

Key Applications 

• Water Purity Monitoring: Electrical conductivity is the standard metric for assessing 

water quality. High conductivity in treated water indicates the presence of dissolved 

inorganic salts, heavy metals, or contaminants. Conductivity meters are essential tools in 

municipal water treatment plants and industrial boiler feed water systems to detect 

impurities in real-time. 
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• Battery and Fuel Cell Design: The efficiency of modern energy storage devices depends 

on the conductance of the electrolyte. Researchers use these laws to optimize ionic 

transport in lithium-ion batteries and fuel cell membranes, ensuring minimal internal 

resistance and maximum power density. 

• Advanced Chemical Sensors: Potentiometric and conductometric sensors leverage 

conductance changes to detect specific analytes. These sensors are widely used in 

environmental monitoring (detecting pollutants) and food safety (monitoring 

fermentation processes). 

• Biochemical Studies: Conductance measurements allow researchers to study the 

behavior of polyelectrolytes, such as DNA and proteins, in solution. Understanding how 

these biological molecules alter the conductance of a medium helps in determining 

molecular charge, folding state, and binding affinities. 

Box 5.3 Applications of conductance laws in industry and research  

Pilot questions 5.3 

1. How can conductance be used to determine solubility? 

2. What is the principle behind conductometric titrations? 

3. Give one example of a conductometric titration. 

4. Mention one industrial application of conductance laws. 

5. Why are conductance laws important in research? 

 

  

 

 

 

Series Summary 

This Series has introduced you to the principles of electrochemistry and conductance laws. 

We began with the fundamentals of electrochemistry, examining redox reactions, electrode 

potentials, and the structure of galvanic and electrolytic cells, alongside their practical 

applications. We then studied conductance and its laws, defining conductance and conductivity, 

explaining Kohlrausch’s law of independent migration of ions, and considering factors that 

influence ionic conductance. Finally, we explored applications of conductance laws, including 

the determination of solubility and dissociation constants, conductometric titrations, and 

industrial and research uses. 

By engaging with these topics, you have achieved the Series Learning Outcomes: you can now 

define electrochemistry and explain redox reactions (SLO 5.1), describe galvanic and 

electrolytic cells (SLO 5.2), analyse applications of electrochemistry (SLO 5.3), define 

conductance and conductivity (SLO 5.4), explain Kohlrausch’s law (SLO 5.5), evaluate factors 

affecting ionic conductance (SLO 5.6), apply conductance laws to solubility and dissociation 
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constants (SLO 5.7), demonstrate conductometric titrations (SLO 5.8), and assess industrial and 

research applications (SLO 5.9). 

 

Glossary of Terms 

• Electrochemistry: Study of chemical processes involving electron transfer. 

• Redox reaction: Simultaneous oxidation (loss of electrons) and reduction (gain of 

electrons). 

• Electrode potential: Measure of a species’ tendency to gain or lose electrons. 

• Galvanic cell: Electrochemical cell that generates electricity from spontaneous redox 

reactions. 

• Electrolytic cell: Electrochemical cell that uses electricity to drive non-spontaneous 

reactions. 

• Conductance: Measure of how easily current flows through a solution; reciprocal of 

resistance. 

• Conductivity: Conductance normalised for solution dimensions, allowing comparison 

between electrolytes. 

• Kohlrausch’s law: Principle stating that at infinite dilution, each ion contributes 

independently to molar conductivity. 

• Molar conductivity: Conductivity of an electrolyte solution per mole of solute at a given 

concentration. 

• Conductometric titration: Titration method where the endpoint is determined by 

measuring conductance. 

Concept Check Questions 5 

Objective questions 

1. (Linked to SLO 5.1) Oxidation is defined as the ______ of electrons. 

2. (Linked to SLO 5.2) A galvanic cell generates electricity from ______ redox reactions. 

3. (Linked to SLO 5.4) Conductance is the reciprocal of ______. 

4. (Linked to SLO 5.5) Kohlrausch’s law applies at ______ dilution. 

5. (Linked to SLO 5.8) In conductometric titrations, the endpoint is determined by 

measuring ______. 

Short-answer questions 

6. (Linked to SLO 5.1) Define electrochemistry. 

7. (Linked to SLO 5.2) Differentiate between galvanic and electrolytic cells. 
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8. (Linked to SLO 5.4) State the difference between conductance and conductivity. 

9. (Linked to SLO 5.6) Mention two factors that affect ionic conductance. 

10. (Linked to SLO 5.7) How can conductance be used to determine solubility? 

Long-answer questions 

11. (Linked to SLO 5.3) Discuss the applications of electrochemistry in industry and 

everyday life. 

12. (Linked to SLO 5.9) Evaluate the importance of conductance laws in industrial and 

research contexts. 

Answers to Pilot Questions 5 

Pilot questions 5.1 

1. Study of chemical processes involving electron transfer. 

2. Loss of electrons. 

3. Galvanic cells generate electricity; electrolytic cells consume electricity. 

4. Daniell cell. 

5. Electroplating or industrial electrolysis. 

Pilot questions 5.2 

1. Conductance is ease of current flow; conductivity is conductance normalised for 

dimensions. 

2. Each ion contributes independently to molar conductivity at infinite dilution. 

3. Concentration, temperature, ion nature, solvent viscosity. 

4. Higher concentration reduces mobility due to ion–ion interactions. 

5. It allows comparison of electrolytes under standard conditions. 

Pilot questions 5.3 

1. By applying Kohlrausch’s law to calculate limiting molar conductivity. 

2. Endpoint is determined by measuring conductance changes. 

3. Strong acid–strong base titration. 

4. Monitoring water purity. 

5. They help in studying ion transport and biochemical systems. 

 

References and Attributions 5 

• Standard physical chemistry textbooks and laboratory manuals. 
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• University lecture notes on electrochemistry and conductance. 

• Suggested OER sources for illustrations: 

• Figure 5.1 Redox reactions in electrochemistry (OER diagram). 

• Table 5.1 Comparison of galvanic and electrolytic cells (OER table). 

• Box 5.1 Applications of electrochemistry (AI-generated summary). 

• Figure 5.2 Conductance in an electrolyte solution (OER diagram). 

• Box 5.2 Kohlrausch’s law of independent migration of ions (AI-generated 

summary). 

• Table 5.2 Factors affecting ionic conductance (OER table). 

• Figure 5.3 Determination of solubility using conductance (OER diagram). 

• Table 5.3 Examples of conductometric titrations (OER table). 

• Box 5.3 Applications of conductance laws in industry and research (AI-generated 

summary). 

 

 

 

 

 

 

 

 

 

 

 

 

 


