Chemical Reactions at the Molecular Level

Methane and Oxygen Reaction Visual Description

An arrow points to the products: one carbon dioxide molecule with a central dark atom between two red atoms, and two water molecules, each with a red atom attached to two white atoms. Below the models is the chemical equation CH4 plus 2O2 produces CO2 and 2H2O.



Introduction to Collision Theory
For a chemical reaction to occur, the reactants must come in contact or collide with each other. However, not every collision between reacting molecules results in a reaction because the collision between the individual reacting molecules must be in the proper orientation and energetic enough to initiate the reaction. An initial input of energy is required because the reaction involves breaking reactant bonds. Increasing the reactant amounts or concentrations results in an increase in both the number of collisions and the number of collisions in the proper orientation. Furthermore, if the temperature of the reaction is raised, the average energy associated with each collision increases because the average velocity of the reacting particles increases. Any change in reaction conditions that results in increasing the number of molecular collisions, favorable collisions, or the energy of the collisions will favor the reaction.

 Reactions at the Molecular Level Transcript 
Collision Orientation and Activation Energy
The gas phase reaction between elemental hydrogen and elemental oxygen that produces water effectively illustrates the roles that collision orientation and energy play in a chemical reaction. Both of the reactant molecules, diatomic hydrogen and diatomic oxygen, are unsymmetrical, which means that not all collisions between these molecules are identical. Only some of the collisions between these molecules are in the proper spatial orientation so that the bonds of the reacting molecules are able to break as the O–H bonds of the product form. Furthermore, since product formation requires the breaking of reactant bonds, a correctly oriented collision alone is not sufficient to initiate the reaction. The collision must be energetic enough to initiate the breaking of the reactant bonds. Consequently, molecular hydrogen and molecular oxygen can be mixed in their proper stoichiometric ratio of two to one in a balloon, and although the reaction is highly favored, nothing happens until the reaction is initiated with a flame. Although without the flame, the individual reactant molecules in the balloon are colliding and a fraction of them are colliding in the proper orientation, the reaction does not occur because the individual collisions are not energetic enough to initiate the reaction. The addition of a flame causes a small number of the reactant gas molecules to move more rapidly, and as a result, the collisions between molecules are more energetic. This initiates the reaction. Once the reaction is initiated, the heat energy released in the reaction carries the reaction forward. The energy required to initiate or activate a chemical reaction is known as the activation energy and is usually designated as \(E_{a}\), where the subscript a stands for activation.

Nitrogen and Oxygen Collision Visual Description

The top two rows show ineffective collision, where the molecules collide but rebound unchanged. The bottom row shows an effective collision, where the NO and O3 molecules collide, form a temporary transition state (shown with a yellow glow), and then rearrange to form nitrogen dioxide (NO2, one blue and two red spheres) and an oxygen molecule (O2, two red spheres).





 Collision Orientation Transcript 

 Collision Energy Transcript 

Reaction Coordinate Diagrams


The change in free energy, or ΔG, as a single reaction event as the reaction proceeds from reactants to products can be plotted on the y-axis as a function of time on the x-axis. If the ΔG associated with the reaction is negative, the initial point on the plot will be higher on the y-axis than the final point on the plot, indicating the negative value of the ΔG associated with the reaction. As the reaction proceeds from reactants to products, the energy value on the y-axis increases to a maximum. This rise represents the activation energy associated with the reaction. The plot is similar for a reaction with a positive ΔG value, with the exception that the final energy value on the y-axis is higher than the initial energy value. On both plots, the activation energy is represented as the difference in height between the initial energy value and the highest point along the plot.
Graph of Gibbs Free Energy Visual Description

It depicts the reactants, a peak representing the transition state with an associated Gibbs free energy of activation (ΔG‡), and the products at a lower energy level. Molecular models of the reactants (HO- and CH3Br), the transition state ([HO---CH3---Br]‡), and products (CH3OH and Br-) are shown above their respective positions on the curve. The reaction shown is HO- + CH3Br yields [HO---CH3---Br]‡ yields CH3OH + Br-.





 Activation Energy and Energy Diagrams Transcript 
Catalysts
Although a mixture of hydrogen and oxygen gases does not react at room temperature without the addition of heat energy, it will react at room temperature if elemental platinum is present as a finely divided powder or mesh. In this case, hydrogen gas initially interacts with the surface of the platinum metal such that the bond between the two hydrogen atoms in the hydrogen molecule is broken, and the resulting two individual hydrogen atoms associate with the platinum metal. Because the bond between the two hydrogen atoms is broken, and the hydrogen-metal association is weak, the activation energy required to initiate the reaction with elemental oxygen is lowered, and the reaction is initiated at room temperature. A substance that facilitates a chemical reaction, such that it lowers the reaction activation energy, is known as a catalyst. A catalyst facilitates a chemical reaction, but it is not consumed or changed as a result of the overall reaction. In the case of the reaction of hydrogen with oxygen, the platinum metal catalyst is still present following the reaction. Catalysts work by providing an alternative reaction pathway that has a lower overall activation energy than the activation energy associated with the uncatalyzed reaction.
Graph of Energy Versus Reaction Visual Description

A red curve labeled "without enzyme" shows a high activation energy barrier. A blue curve labeled "with enzyme" shows a significantly lower activation energy barrier. Both curves start at the same reactant energy level (e.g., C6H12O6 + O2) and end at the same lower products energy level (CO2 + H2O), indicating that enzymes lower activation energy but do not change the overall energy released.



 Catalysts Transcript 
Catalysts Practice
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