Chapter 6 - Chemical Kinetics
Chemical kinetics is the study of different ways to make chemical reactions speed up or slow down.  This is important in industry for making products.

Reaction rate is the rate at which a product is formed or a reactant is used up.  This can be measured by looking at properties such as mass, conductivity, color, volume, and pressure.  It can be expressed as change in concentration per unit time.  (mol/L.s)

r = (c ,    sample problem 
     (t

Take the larger concentration minus the smaller concentration.
Page 351- 356 shows graphs about the average rate of reaction and instantaneous rate of reaction.  Look over.

Go over pg. 359 sample problem 2 (stoich)

Do practice #1, 2 on page 360

Measuring Reaction Rates:
Scientists try to do this without disturbing the system.  Therefore, a color change or the production of a gas make it easy to measure the reaction rate.  

Refer to page 346 – 347 for reactions that: produce a gas, involve ions, or change color.  

6.2 – Factors Affecting Reaction Rate  
There are five factors that affect the rate of a reaction.  They are:  Concentration of reactants, temperature, surface area, presence of a catalyst, and the chemical nature of the reactants. (Other notes for this section and text-book)

Do pg. 365 #1

6.3 – Collision Theory and Rate of Reaction
Chemical bonds hold molecules together.  The collision theory states that chemical reactions can occur only if energy is provided to break those bonds and that the source of the energy comes from the kinetic energy of the molecules. 
Rate = frequency of collisions x fraction of collisions 

 that are effective

Frequency of collision is affected by [ ], Surface Area, and T.

Fraction of collisions is affected by nature of reactants, catalysts, and T.

Activation energy is the minimum energy with which particles must collide before they can rearrange in structure, resulting in an effective collision.  
If particles do not have enough energy they will not make it over the activation energy barrier and no products will form.

The activated complex is an unstable chemical molecule that contains partially formed and partially broken bonds representing the maximum potential energy point in change.  It may also be known as a transition state.  

6.5 Rate Laws and Order of Reaction  
There is a mathematical relationship between the reaction rate and the various factors that affect it.  First, you need a balanced equation.  

aX + bY  (  (products)

where “a” and “b” are the coefficients used to balance the equation and “X” and “Y” are the formulas for the reactants. 

The Rate Law states “ the rate, r, will always be proportional to the product of the initial concentrations of the reactants, where these concentrations are raised to some exponential values.”  This can be expressed as:  

r α [X]m[Y]n 

The exponents (m and n), do not have to equal the coefficients (a and b) in the balanced equation, and can have any real number value, including zero or fractions.  

The Rate Law Equation can be written as:

r = k[X]m[Y]n
where “k” is a rate constant, that can be determined empirically.  It is valid only for a specific reaction at a specific temperature.  

Eg.   2NO2  +  F2  (  2NO2F
The rate equation would be:

r = k[NO2]1[F2]1 
The fact that the exponents are the same, tells us that the rate in this reaction is equally dependent on the initial concentrations of each reactant.  The exponents are called the individual order of reaction.  

We can say that the order of reaction with respect to NO2 and F2 are both “1”, and that the overall order of reaction is 2 or (1 + 1).

6.6 Reaction Mechanisms 
Some reactions occur because the molecule absorbs light or bumps against a container wall changing kinetic energy into the potential energy needed to break a bond. 

Scientists believe that a series of elementary steps make up the overall reaction.  This is called the reaction mechanism.  These elementary steps are believed to involve one-, two-, or three-particle collisions.  (eg. building a car in a factory)

The slowest step in any reaction mechanism is called the rate determining step.  Eg. HBr(g)  +  O2(g)  (  HOOBr(g)
There are three rules that must be followed in proposing a mechanism:

¤  each step must be elementary, involving no more than

    three reactant molecules.

¤  the slowest or rate-determining step must be consistent 

    with the rate equation; and 

¤  the elementary steps must add up to the overall equation.

Relating Reaction Rate to Time:

In the classroom, it is much easier to take the time that a product is formed by some visible method, such as color change.  

The average rate is inversely related to the elapsed time. 

rav  = 1 

         (t 

Therefore, if the rate of a reaction in which some reactant A is consumed is rav  = [A]n , then:

1   = [A]n 

(t

“Remember that [A] is the initial concentration of the reactant, not the concentration that changes as the reaction proceeds.”

Chemical Kinetics and Half-Life

Most reactions are first order.  You know that reactions tend to be quicker at the beginning while there are lots of reactants that can collide with each other.  As products form the collisions decrease.  

Half-life is the time required for half of a substance to react.  

Equation relating half-life and the rate constant.

kt½  =  0.693

*This equation can only be used with first-order kinetics.

6.5 – Explaining and Applying Chemical Kinetics
Air molecules moving around us-some slow, some average, and some fast.

Heights of students on a class trip-some short, some tall, some average.  
Maxwell-Boltzmann distribution fits these patterns.  

“In a chemical reaction, an effective collision requires a minimum energy-energy of collision-which is converted into potential energy ( the activation energy) as the activated complex is formed.  This minimum energy is called the threshold energy.”

The threshold energy is affected in two possible ways by the chemical nature of reactants:

1. Some molecules have strong bonds and high activation  

     energy barriers, so most collisions are not effective.   

     Some molecules have weak bonds and low activation

     energy barriers, so the threshold energy is fairly low and

     many of the molecules are capable of colliding  

     effectively.

2. Collision geometry is also a factor.  Complicated molecular structures make it more difficult for bonds to be broken and for the molecules to collide in the correct orientation.

Concentration – For elementary reactions – the rate of the reaction is directly proportional to the concentration of the reactants.  If the [reactants] increases the rate increases.

Sfc. Area – “surface area affects collision frequency because reactants can collide only at the surface where the substances are in contact.”

Temperature – a measure of the average kinetic energy.  It’s been shown that a small increase in temperature seems to have a very large effect on reaction rate.  

Catalysts – lower the activation energy barrier so that more molecules can react with lower energy and become products.  

Heterogeneous catalyst is when the catalyst is of a different state than the reactants.  Eg. Pt is a solid catalyst used to react hydrogen and oxygen gas.

Homogeneous catalyst – the reactants and the catalyst are in the same physical state.  

