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Kinetics and Rate of Reaction

OBJECTIVES:

1. Define the term rate of reaction and describe the measurement of reaction rates.

2. Analyze data from rate experiments.

3. Describe and explain the collision theory.

4. Define activation energy and explain why reactions occur when the reacting species has greater internal energy than activation energy.

5. Explain that reactions can occur by more than one step and that one step, the rate-determining step, can determine the rate of reaction.

6. Predict and explain, using collision theory, the qualitative effect of particle size, temperature, concentration, inhibitors, and catalysts on the rate of a reaction.

Reaction kinetics, or rates of reaction, refers to the time it takes for a reactant to be converted in to a product.  The RATE of a reaction is the SPEED at which a reaction happens.  If a reaction has a low rate that means the molecules combine at a slower speed than a reaction with a high rate.  Some reactions take hundreds, maybe even thousands of years while other can happen in less than one second.  The rate of reaction depends on the type of molecules that are combining.

The most common method used to calculate the rate of reaction is to measure the change in concentration of the reactant(s) per second.  Rate of reaction is expresses as concentration per unit of time
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So you figured out that scientists like to know the rate of the reaction.  They like to measure different kinds of rates too.  Each rate that can be measured tells scientists something different about the reaction.  Here are a few types... 
Forward Rate: The rate of the forward reaction when reactants become products. 
Reverse Rate: The rate of the reverse reaction when products recombine to become reactants.
Net Rate: The forward rate minus the reverse rate. 

Scientists measure all of these rates by finding out the concentrations of the molecules in the mixture.  If you find out the concentration at two different times you can find out what direction the reaction is moving and how fast it is going.

The COLLISION THEORY states that a chemical reaction will occur if the collisions between molecules have enough energy.  The collision theory says that the more collisions in a system, the more likely combinations of molecules will happen.  So if there are a higher number of collisions in a system, more combinations of molecules will occur, the reaction will go faster, and the rate of that reaction will be higher.

Molecules must have a minimum energy and appropriate collision geometry in order to react.  The amount of energy required to form a new molecule is called ACTIVATION ENERGY.  It is the minimum amount of energy required to overcome the energy barrier in a reaction.  At the top of the energy barrier is found a molecule called activated complex.  It gets rid of its high potential energy by breaking apart, forming either the reactants or the products.  Both the reactants and the products have less potential energy than the activated complex.
Since many reactions happen with several steps, the rate for each step needs to be measured.  There will always be one step that happens the slowest. That slowest step is called the RATE DETERMINING STEP (the one reaction out of all of them that really determines how fast the overall reaction can happen).
Reactions happen, no matter what.  Chemicals are always combining or breaking down over and over again but not always at the same speed. There are a few things that really affect the speed of the reaction and the number of collisions that can occur.  These include concentration, temperature, presence of a catalyst, and the amount of surface area exposed.  All of these factors are related by the COLLISION THEORY.
CONCENTRATION: If there is more of a substance in a system there is a higher chance that molecules will collide and speed up the rate of the reaction.  If there is less of something, there will be fewer collisions and the reaction will probably happen at a slower speed.
TEMPERATURE: When you raise the temperature of a system the molecules bounce around a lot more (because they have more energy).  When they bounce around more they are more likely to collide.  That means they are also more likely to combine.  When you lower the temperature the molecules are slower and collide less.  That temperature drop lowers the rate of the reaction. 

PRESSURE: Pressure affects the rate of reaction especially when you look at gases.  When you increase the pressure the molecules have less space to move around.  That greater concentration makes them collide with each other more often.  When you decrease the pressure molecules don't hit each other as much and there are fewer collisions.  That lower pressure lowers the rate of reaction.
SIZE OF PARTICLE: If a particle is small, it has a smaller and more exposed surface area, which means more contact with other particles.  If there is more contact between particles, there is a higher chance of a reaction happening quickly.  Low surface area slows down a reaction because there is less contact between the substances.
Rate of reaction can also be affected by a limiting reactant, by a catalyst, or by an inhibitor.  A LIMITING REACTANT is the reactant that is used up first.  Once it is used up, the reaction stops and no new product is formed.  A CATALYST speeds up the rate of reaction without being used up it self or permanently changed.  It lowers the activation energy of the reaction.  For example, hydrogen iodide decomposes to hydrogen and iodine.  In the presence of platinum metal, this decomposition is much faster. Our bodies contain thousands of catalysts, which are often called enzymes. These organic catalysts allow reactions to occur which are essential to life, but which would occur too slowly if they were not catalyzed.  Catalysts provide a different pathway for the reaction, which has a lower activation energy than before. If a reaction has a low activation energy, its rate tends to be higher.  In an equilibrium reaction, the catalyst speeds up both forward and reverse reactions so the equilibrium is not changed, just achieved quicker. 

HOMOGENEOUS CATALYSTS are catalysts that share the same state as the reacting substances.  They are in the same phase (usually liquid or gas solution) as the reactants and products.

HETEROGENEOUS, or contact, CATALYSTS occurs when the catalyst is in a different state from the reactants.  Contact catalysts are materials with the capability of adsorbing molecules of gases or liquids onto their surfaces.  An example of heterogeneous catalysis is the use of finely divided platinum to catalyze the reaction of carbon monoxide with oxygen to form carbon dioxide.  This reaction is used in catalytic converters mounted in automobiles to eliminate carbon monoxide from the exhaust gases.  Another example of this would be using nickel (solid) to catalyze the hydrogenation of vegetable oils to make margarine.  The catalytic action here is usually explained by the adsorption of the reactants onto the catalyst (which is usually solid) in a side by side formation from which there is more time for them to react than in a simple collision.  For this reason, heterogeneous catalysis usually involved finely divided metals.  Metal powders expose far more surface area for adsorption than solid lumps.

In living things, proteins known as enzymes are catalysts that help reactions to take place in a shorter amount of time, or with less heat that is normally required.  
An INHIBITOR slows down a reaction.  Inhibitors are used to combine with one of the reactants, preventing the actual reaction from taking place.  This will either stop the reaction all together, or slow it down, like preservatives slow down the spoiling of food.            
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