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Abstract 

The kinetics of catalyzed reactions plays a vital role in understanding how chemical processes 

can be accelerated without altering the overall thermodynamic equilibrium. Catalysts function 

by providing alternative reaction pathways with lower activation energy, thereby increasing 

reaction rates while remaining chemically unchanged at the end of the process. This study 

focuses on the fundamental mechanisms of catalysis and the factors influencing rate 

enhancement in both homogeneous and heterogeneous systems. The analysis explores various 

catalytic mechanisms, including adsorption, surface reactions, and desorption steps in 

heterogeneous catalysis, as well as intermediate complex formation in homogeneous catalysis. 

Special attention is given to widely studied models such as the Langmuir–Hinshelwood and 

Eley–Rideal mechanisms, which describe interactions between reactants and catalyst surfaces. 

The role of active sites, catalyst structure, and surface area in determining reaction rates is also 

examined. Kinetic parameters such as rate constants, reaction order, and activation energy are 

evaluated to understand the efficiency of catalytic systems. The Arrhenius equation is utilized 

to explain the temperature dependence of reaction rates and the reduction of activation energy 

in the presence of catalysts. Additionally, the influence of mass transfer limitations, diffusion 

effects, and catalyst deactivation on overall reaction kinetics is discussed. 

Keywords: Catalysis, reaction kinetics, activation energy, catalytic mechanisms, rate 

enhancement 

 

Introduction 

The kinetics of catalyzed reactions is a fundamental area of chemical science that examines 

how catalysts influence the rate and pathway of chemical reactions. While thermodynamics 

determines whether a reaction is feasible, kinetics governs how fast the reaction proceeds. In 

many practical situations, reactions that are thermodynamically favorable occur too slowly to 

be useful, making catalysis essential for enhancing reaction rates and achieving efficient 

chemical transformations. A catalyst is a substance that increases the rate of a reaction without 

being consumed in the overall process. It achieves this by providing an alternative reaction 

pathway with a lower activation energy. As a result, a larger fraction of reactant molecules can 

overcome the energy barrier, leading to an increased reaction rate. Importantly, catalysts do 

not alter the equilibrium position of a reaction but only accelerate the attainment of equilibrium. 

Catalyzed reactions can be broadly classified into homogeneous and heterogeneous systems. 

In homogeneous catalysis, the catalyst and reactants exist in the same phase, often resulting in 

uniform interaction at the molecular level. In contrast, heterogeneous catalysis involves 

catalysts in a different phase, typically solid catalysts interacting with gaseous or liquid 

reactants. These systems are widely used in industrial processes due to their ease of separation 

and reusability. The mechanism of catalyzed reactions involves a series of elementary steps, 

including adsorption of reactants, formation of intermediates, surface reactions, and desorption 

of products. Models such as the Langmuir–Hinshelwood and Eley–Rideal mechanisms help 
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explain how reactants interact with catalyst surfaces and how these interactions influence 

reaction rates. Several factors affect the kinetics of catalyzed reactions, including temperature, 

pressure, concentration of reactants, and the physical and chemical properties of the catalyst. 

The Arrhenius equation provides a quantitative relationship between temperature and reaction 

rate, highlighting the role of activation energy in determining reaction speed. Additionally, real 

systems often involve complexities such as diffusion limitations, catalyst poisoning, and 

deactivation, which must be considered for accurate kinetic analysis. Understanding the 

kinetics and mechanisms of catalyzed reactions is crucial for the design and optimization of 

industrial processes. Applications span a wide range of fields, including petroleum refining, 

environmental remediation, pharmaceuticals, and renewable energy systems. By integrating 

mechanistic insights with kinetic modeling, researchers and engineers can develop more 

efficient, selective, and sustainable catalytic processes. 

 

Types of Catalysis: Homogeneous and Heterogeneous 

Catalysis can be broadly classified into two main types based on the physical state of the 

catalyst relative to the reactants: homogeneous catalysis and heterogeneous catalysis. This 

classification is essential for understanding reaction mechanisms, kinetics, and practical 

applications in chemical processes. 

1. Homogeneous Catalysis 

In homogeneous catalysis, the catalyst and reactants exist in the same phase, typically in a 

liquid or gaseous medium. Because all species are uniformly distributed, reactions occur at the 

molecular level, allowing for better interaction between catalyst and reactants. 

Key Characteristics: 

• Uniform mixing of catalyst and reactants 

• Formation of intermediate complexes 

• High selectivity and controlled reaction pathways 

• Difficult separation of catalyst after reaction 

Mechanism: 

Homogeneous catalytic reactions generally proceed through the formation of intermediate 

species. The catalyst temporarily reacts with the reactants to form an activated complex, which 

then decomposes to yield products while regenerating the catalyst. 

Example: 

Acid-catalyzed esterification, where an acid catalyst facilitates the reaction between an alcohol 

and a carboxylic acid to form an ester. 

Advantages: 

• High reaction efficiency 

• Better control over reaction selectivity 

• Suitable for fine chemical and pharmaceutical synthesis 

Limitations: 

• Catalyst recovery is challenging 

• Possible contamination of products 

• Limited industrial scalability in some cases 



Revista Infoacceso, 13(2), May - Aug 2026    ISSN: 2311-7605 

 

153 

 

2. Heterogeneous Catalysis 

In heterogeneous catalysis, the catalyst and reactants are present in different phases, most 

commonly a solid catalyst with gaseous or liquid reactants. The reaction occurs at the surface 

of the catalyst, making surface properties crucial. 

Key Characteristics: 

• Catalyst exists in a separate phase (usually solid) 

• Reactions occur on active sites on the surface 

• Easy separation and reuse of catalyst 

• Widely used in industrial processes 

Mechanism: 

The process typically involves several steps: 

1. Adsorption of reactants onto the catalyst surface 

2. Surface reaction forming intermediates 

3. Desorption of products from the surface 

Example: 

Hydrogenation of alkenes using metal catalysts like nickel, where hydrogen and the alkene 

adsorb onto the catalyst surface and react to form alkanes. 

Advantages: 

• Easy separation and recyclability 

• Suitable for large-scale industrial applications 

• Greater catalyst stability 

Limitations: 

• Lower selectivity in some cases 

• Mass transfer and diffusion limitations 

• Surface deactivation over time 

3. Comparative Overview 

Basis Homogeneous Catalysis Heterogeneous Catalysis 

Phase Same phase Different phases 

Interaction Molecular level Surface level 

Mechanism Intermediate formation Adsorption–reaction–desorption 

Separation Difficult Easy 

Industrial Use Limited Extensive 

Both homogeneous and heterogeneous catalysis play vital roles in chemical kinetics and 

industrial chemistry. While homogeneous catalysis offers better selectivity and mechanistic 

clarity, heterogeneous catalysis dominates industrial applications due to its practicality, 

stability, and ease of separation. Understanding the differences between these two types is 

crucial for selecting appropriate catalytic systems for specific reactions. 

 

Reaction Mechanisms in Catalyzed Systems 

Reaction mechanisms in catalyzed systems describe the step-by-step sequence of elementary 

reactions through which reactants are converted into products in the presence of a catalyst. 
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Unlike uncatalyzed reactions, catalyzed pathways involve intermediate species and lower 

activation energy routes, making the process faster and more efficient. 

1. Nature of Catalytic Mechanisms 

A catalytic mechanism consists of a series of elementary steps, each representing a simple 

molecular event such as bond breaking, bond formation, or molecular rearrangement. The 

overall reaction is the sum of these steps, while the catalyst participates in intermediate stages 

but is regenerated at the end. 

Key features: 

• Multi-step reaction pathway 

• Formation of short-lived intermediates 

• Regeneration of catalyst 

• Lower activation energy compared to uncatalyzed reactions 

2. Elementary Steps and Rate-Determining Step 

Each catalytic mechanism is composed of elementary steps, and among them, the slowest step 

is known as the rate-determining step (RDS). This step controls the overall reaction rate. 

For example: 

• Fast step: Formation of intermediate 

• Slow step: Conversion to product (rate-determining) 

Understanding the RDS is essential for developing rate laws and optimizing reaction 

conditions. 

3. Intermediate Formation and Catalyst Regeneration 

In catalyzed reactions, the catalyst forms temporary intermediates with reactants. These 

intermediates facilitate bond rearrangements and eventually decompose to yield products while 

regenerating the catalyst. 

General representation: 

Reactants + Catalyst → Intermediate → Products + Catalyst 

This cycle ensures that the catalyst is not consumed and can participate repeatedly in the 

reaction. 

4. Mechanisms in Homogeneous Catalysis 

In homogeneous systems, mechanisms typically involve: 

• Formation of coordination complexes 

• Proton transfer or electron transfer steps 

• Sequential transformation of intermediates 

These reactions occur at the molecular level and often exhibit well-defined kinetic models. 

5. Mechanisms in Heterogeneous Catalysis 

Heterogeneous catalytic mechanisms occur on solid surfaces and generally involve three main 

steps: 

1. Adsorption – Reactants attach to active sites on the catalyst surface 

2. Surface Reaction – Adsorbed species interact to form products 

3. Desorption – Products leave the surface, freeing active sites 

Surface properties such as pore size, surface area, and active site distribution play a crucial role 

in determining reaction rates. 

6. Common Mechanistic Models 

Two widely used models describe surface reactions: 
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• Langmuir–Hinshelwood Mechanism: Both reactants are adsorbed on the catalyst 

surface before reacting. 

• Eley–Rideal Mechanism: One reactant is adsorbed, while the other reacts directly 

from the fluid phase. 

These models help explain how surface interactions influence kinetics and reaction pathways. 

7. Energy Profile of Catalyzed Reactions 

Catalysts modify the reaction pathway by lowering the activation energy barrier. This results 

in a different energy profile compared to uncatalyzed reactions, with intermediate energy states 

representing transition states and intermediates. 

8. Importance in Kinetics and Process Design 

Understanding reaction mechanisms is essential for: 

• Deriving rate equations 

• Identifying controlling steps 

• Designing efficient catalysts 

• Optimizing industrial processes 

Reaction mechanisms in catalyzed systems provide a detailed understanding of how catalysts 

function at the molecular and surface levels. By analyzing intermediate steps, rate-determining 

processes, and energy changes, scientists and engineers can enhance reaction efficiency, 

improve selectivity, and develop advanced catalytic technologies for industrial and 

environmental applications. 

 

Conclusion 

The study of the kinetics of catalyzed reactions provides a clear understanding of how reaction 

rates can be significantly enhanced through the use of catalysts. By offering alternative reaction 

pathways with lower activation energy, catalysts enable faster and more efficient chemical 

transformations without being consumed in the process. The analysis of different catalytic 

mechanisms, including homogeneous and heterogeneous systems, highlights the importance of 

intermediate formation, surface interactions, and rate-determining steps in controlling reaction 

kinetics. Models such as Langmuir–Hinshelwood and Eley–Rideal further contribute to a 

deeper understanding of how reactants interact with catalysts at both molecular and surface 

levels. It is evident that several factors, such as temperature, pressure, catalyst properties, and 

mass transfer effects, play a crucial role in influencing reaction rates. Additionally, challenges 

like catalyst deactivation and diffusion limitations must be carefully addressed to maintain 

efficiency in practical applications. the integration of kinetic principles with mechanistic 

insights is essential for the design and optimization of catalytic processes. This understanding 

not only improves industrial productivity and selectivity but also supports the development of 

sustainable and energy-efficient technologies in modern chemical engineering. 
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