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+ Potential Energy Diagrams: Transition States and Intermediates

The potential energy diagrams or the reaction progress curves are nothing but a visual representation
of the energy changes that occur during a chemical reaction. The energy of various species participating in the
reaction is plotted on the y-axis (ordinate) whereas the progress of the reaction on the x-axis (abscissa). Now
since a reaction can have transition states and intermediates (in addition to the reactants and final product), we
must discuss the corresponding potential energy diagrams.

» Potential energy Diagram of Reactions with Reactant, Product and Transition State

The transition state of an organic reaction is a specific configuration along the reaction coordinate
and corresponds to the highest potential energy along with this reaction coordinate. Furthermore, the transition
state is not an actual molecule that can be isolated, and therefore it is often marked with the double dagger or
star symbol to differentiate. The typical potential energy diagrams of endothermic and exothermic reactions

with reactants, products, and transition states are shown below.
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Figure 7. Typical potential energy curves for exothermic and endothermic reactions.

It is obvious from the potential energy diagrams that the enthalpy change is positive for an endothermic
reaction (AH > 0) and negative for an exothermic reaction (AH > 0). For exothermic reactions, the potential
energy of the reacting species first increases, attains a maximum at the transition state, and then decreases even
more than the reactants. For endothermic reactions, the potential energy of the reacting species first increases,

attains a maximum at the transition state, and then decreases less than the reactants.

Furthermore, it should also be noted that the energy gap between the transition state and reactant is
the activation energy (E,) which is responsible for the speed of the reaction. The higher activation energy leads

to slow transformation and vice-versa.
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» Potential energy Diagram of Reactions with Reactant, Product, Transition State, and Intermediates

The chemical species that are formed somewhere during the course of a chemical reaction are called
as reaction intermediates. Unlike transition states, these are actual molecules that are short-lived and unstable.
Sometimes they are called temporary reactants or products because they are neither present in actual reactants
nor the actual products. The typical potential energy diagram of a typical exothermic reaction with a reactant,
product, intermediate, and transition state is shown below.

Figure 8. Potential’energy diagram fot the“SNy reaction.

It is obvious from the potential energy diagrams that the intermediates are situated at the minima whereas the
transition states are shown at the maxima. Also, just like the previous case, the energy gap between the
transition state and reactant is the activation energy (£,) which is responsible for the speed of the reaction i.e.
the higher activation energy leads to slow transformation and vice-versa.

Reaction coordinate diagrams also give information about the equilibrium between a reactant or a
product and an intermediate. If the barrier energy for going from intermediate to product is much higher than
the one for the reactant to intermediate transition, it can be safely concluded that a complete equilibrium is
established between the reactant and intermediate. Nevertheless, if the reactant-to-intermediate barrier is
almost equal in energy to intermediate-to-product change, then no full equilibrium is set and steady-state

approximation becomes activated to dictate the kinetic rate expressions.
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