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ABSTRACT

Transition State Theory (TST), also known as Activated Complex Theory, provides an important theoretical
framework for understanding and qualitatively predicting the rates of chemical reactions. The theory proposes
that reactant molecules undergo transformation through a high-energy transition state or activated complex
before forming products. The rate of a reaction is strongly related to the Gibbs free energy of activation (AGY),
while the enthalpy of activation (AHZ) and entropy of activation (AS}) provide additional information about the
nature and organization of the transition state. The uploaded article emphasizes the application of these concepts
to organic reactions and mixed aqueous—organic solvent systems. It also discusses the Hughes—Ingold approach,
hydrogen bonding, ion-solvating power of solvents, and the role of activation parameters in interpreting reaction
mechanisms. Solvent polarity, solvation, molecular structure, substituent effects, and temperature can
significantly influence the stability of reactants, intermediates, and transition states, thereby modifying reaction
rates. The review demonstrates that combining Transition State Theory with solvent effects and activation
parameters provides a useful qualitative approach for understanding reaction mechanisms and comparing relative
reaction rates.
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INTRODUCTION

Prediction and interpretation of reaction rates are fundamental objectives of chemical kinetics and physical
organic chemistry. Although experimental kinetic measurements provide quantitative rate constants, theoretical
approaches are essential for explaining why reaction rates change with molecular structure, solvent, temperature,
and reaction mechanism. Transition State Theory occupies a central position in this area because it relates
molecular-level changes at the transition state to the observed kinetic behavior.[1-3]

Transition State Theory was developed independently by Henry Eyring, Meredith Gwynne Evans, and Michael
Polanyi during the 1930s. It considers the formation of a transient, high-energy activated complex along the
reaction coordinate. The stability and free energy of this transition state determine the probability that reactant
molecules will proceed toward products. Consequently, reactions having lower activation free energies generally
proceed more rapidly than reactions requiring higher energy barriers.[4-6]

The theory is particularly valuable in physical organic chemistry because it provides a framework for interpreting
nucleophilic substitution, elimination, addition, rearrangement, hydrolysis, catalysis, isotope effects, and
solvent-dependent reactions. It can also be applied to mixed aqueous—organic systems, where changes in solvent
polarity and solvation can alter activation parameters and reaction pathways. [7-10]

Page 1511
www.rsisinternational.org


http://www.rsisinternational.org/
https://doi.org/10.51583/IJLTEMAS.2026.150700114

INTERNATIONAL JOURNAL OF LATEST TECHNOLOGY IN ENGINEERING,
MANAGEMENT & APPLIED SCIENCE (IJLTEMAS)

ISSN 2278-2540 | DOI: 10.51583/IILTEMAS | Volume XV, Issue VII, July 2026

Transition State Theory

According to Transition State Theory, reactant molecules must reach a high-energy configuration called the
transition state or activated complex before conversion into products. The Gibbs free energy of activation, AGZ,
represents the free-energy barrier between the reactants and the transition state.

The rate constant can be expressed as:
k = (ksT/h) e CAGHRT)

where £k is the rate constant, kg is the Boltzmann constant, 7 is the absolute temperature, 4 is Planck's constant,
R is the gas constant, and AG] is the Gibbs free energy of activation.

A decrease in AGf generally results in an increase in the reaction rate, whereas an increase in AGJ produces a
slower reaction. Thus, comparison of activation free energies provides a useful qualitative method for predicting
relative reaction rates.[11-12]

Hughes—Ingold Theory and Reaction Mechanism

The Hughes—Ingold approach provides an important framework for interpreting organic reaction mechanisms.
It emphasizes electron movement, bond formation and bond cleavage, and the influence of electronic factors on
chemical reactivity. The approach is particularly relevant to nucleophilic substitution, electrophilic substitution,
addition, and elimination reactions.

Bond cleavage may occur through homolytic or heterolytic fission. Homolytic cleavage produces radicals,
whereas heterolytic cleavage produces ionic species. The nature of the solvent can influence these processes,
with polar solvents favoring ionic processes.

Electronic effects such as inductive effects, resonance effects, electromeric effects, and hyperconjugation
influence the stability and reactivity of organic species. The article also discusses important reactive
intermediates, including carbocations, carbanions, free radicals, carbenes, and nitrenes.

The Hughes—Ingold approach is useful for understanding SN1, SN2, E1, and E2 reactions, solvent effects,
substituent effects, reaction intermediates, and transition states. However, the article notes that the approach is
primarily qualitative and that highly complex systems may require molecular-orbital or computational
approaches for complete interpretation.[13-14]

Hydrogen Bonding and Solvent Effects

Solvent effects play a major role in determining reaction rates because solvents interact with reactants, transition
states, intermediates, and products. Hydrogen bonding and ion-solvating ability are two important solvent
properties considered in the article.

Hydrogen-bonding solvents can stabilize polar functional groups and influence the relative energies of reactants
and transition states. If the reactants are stabilized more strongly than the transition state, the activation energy
may increase and the reaction may become slower. Conversely, preferential stabilization of a polar transition
state can decrease the activation barrier and accelerate the reaction.

Polar protic solvents such as water, methanol, and ethanol can strongly solvate anionic nucleophiles. This
reduces nucleophilic reactivity and can slow SN2 reactions. In contrast, polar aprotic solvents such as acetone,
DMSO, DMF, and acetonitrile can solvate cations effectively while relatively weakly solvating anions, thereby
enhancing nucleophilicity.
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Ion-Solvating Power

Ion-solvating power describes the ability of a solvent to stabilize charged species through electrostatic
interactions. Polar solvents with high dielectric constants can stabilize ions and reduce electrostatic attraction
between oppositely charged species. This can promote ionization and reactions involving ionic intermediates.

The effect is particularly important for SN1 reactions because formation of a carbocation and leaving-group
anion is involved. Strong ion-solvating solvents can stabilize these species and decrease the activation barrier.
For SN2 reactions, however, strong solvation of anionic nucleophiles in polar protic solvents may decrease
nucleophilic reactivity.[15-16]

Activation Parameters and Mechanistic Interpretation

Activation parameters provide important information concerning the nature of the transition state and the
reaction mechanism. The principal parameters discussed are activation energy (Ea), enthalpy of activation
(AHY), entropy of activation (ASf), and Gibbs free energy of activation (AGY).

Enthalpy of Activation

AH{ represents the energy required to convert reactants into the activated complex. A lower AHj} indicates a
comparatively accessible transition state, whereas a higher AH} suggests a greater energetic requirement.
Changes in AHI caused by solvent or substituent variation may provide evidence for changes in the reaction
pathway.

Entropy of Activation

AS7T describes the change in molecular organization accompanying formation of the transition state. Positive
AS7T values are associated in the article with increased disorder and dissociative or unimolecular processes,

whereas negative AS} values indicate increased ordering and are characteristic of associative or bimolecular
processes.

Gibbs Free Energy of Activation
The relationship between activation enthalpy, activation entropy, and activation free energy is:
AGi = AHi — TASE

Because the rate constant depends exponentially on AG], even relatively small changes in activation free energy
can produce substantial changes in reaction rate.

Arrhenius Activation Energy
The Arrhenius relationship is:

k=Ae (—Ea/RT)
where Ea is the activation energy and 4 is the pre-exponential factor. Lower activation energy corresponds to an
energetically easier reaction pathway. Significant changes in Ea can provide evidence for changes in the rate-
determining step or reaction pathway.

Qualitative Prediction of Reaction Rates

The combined interpretation of activation parameters provides a useful qualitative method for predicting reaction
rates. The article associates low AHJ with easier transition-state formation, positive AS} with dissociative or
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unimolecular processes, negative AST with associative or bimolecular processes, low AGI with faster reactions,
and low Ea with a lower energy barrier.

Therefore, reaction-rate prediction can be approached by considering:

1. Stability of the transition state.

2. Gibbs free energy of activation.

3. Enthalpic requirements for bond breaking and formation.
4. Entropic changes during activation.

5. Solvent polarity and solvation.

6. Hydrogen-bonding interactions.

7. lon-solvating ability.

8. Molecular structure and substituent effects.

9. Temperature.

10. Nature of the reaction mechanism.

This approach is particularly useful for comparing related reactions and interpreting changes in reaction behavior
in aqueous and mixed-solvent systems.

Applications in Mechanistic Studies

Activation parameters and Transition State Theory can be used to differentiate SN1 and SN2 mechanisms,
distinguish E1 and E2 pathways, investigate solvent effects, determine the nature of transition states, identify
rate-determining steps, study substituent effects, and compare mechanisms in mixed aqueous and non-aqueous
solvents.

The integration of solvent effects with transition-state concepts is especially relevant to aqueous—organic
systems. Changes in solvent composition can modify solvation and the relative stabilization of reactants and
activated complexes, thereby changing the observed kinetic behavior.

Review and Critical Perspective

The material reviewed demonstrates that reaction rates cannot always be interpreted solely through a single
kinetic parameter. A more meaningful mechanistic interpretation emerges when AH{, AS{, AG}, Ea, molecular
structure, and solvent properties are considered together.

Transition State Theory provides the thermodynamic basis for understanding the activation barrier, while the
Hughes—Ingold framework helps interpret electron movement and reaction pathways. Solvent effects provide an
additional level of explanation by showing how hydrogen bonding and ion solvation modify the relative stability
of reactants and transition states.

The major strength of this integrated approach is its ability to provide qualitative predictions even when extensive
experimental kinetic information is unavailable. At the same time, the source recognizes limitations of qualitative
mechanistic approaches, particularly for highly complex chemical and biological systems, where more advanced
theoretical and computational methods may be necessary.

Future Perspectives
Future studies can extend this framework by combining experimental kinetic measurements with computational
chemistry, molecular simulation, and quantitative solvent-effect parameters. Such approaches could provide a

more detailed description of transition-state stabilization and solvent—solute interactions.

Particular attention may be given to mixed aqueous—organic solvent systems because relatively small changes
in solvent composition can alter polarity, hydrogen bonding, ion solvation, and the organization of reacting
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species. Integration of experimental activation parameters with computational transition-state analysis may
therefore improve qualitative and quantitative prediction of reaction rates.[17]

CONCLUSION

Transition State Theory provides a powerful theoretical basis for the qualitative prediction of reaction rates and
mechanisms. The relationship between Gibbs free energy of activation and reaction rate explains why reactions
having lower activation barriers generally proceed more rapidly. The combined use of AHZ, AS$, AG], and Ea
provides additional mechanistic information concerning transition-state formation, molecular organization, and
energy requirements.

Solvent properties, particularly hydrogen-bonding ability and ion-solvating power, strongly influence the
relative stabilization of reactants, transition states, intermediates, and products. The Hughes—Ingold approach
further contributes to mechanistic interpretation by relating electron movement, bond cleavage, substituent
effects, and solvent effects to organic reaction behavior.

Overall, the reviewed framework demonstrates that Transition State Theory, activation parameters, Hughes—
Ingold concepts, and solvent effects should be considered together for a meaningful qualitative interpretation of
reaction kinetics. This integrated approach is valuable in physical organic chemistry, catalysis, synthetic
chemistry, and the study of reactions in aqueous and mixed-solvent systems.
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