REACTION  KINETICS

KINETICS:
The area of chemistry concerned with the speed at which reactions occur.
· Chemical reactions occur over time
· Reactants are not changed into products instantaneously 

I.  REACTION RATES:
Measuring the rate of a chemical reaction; the change in concentration of reactants and



products in a certain amount of time.

A.
Speed or rate of any event is measured by the amount of change that occurs in a given time.


B.
Rates can be expressed graphically. For example, speed is a rate (speed equals distance/time).


Ex.  Graph the following situations:


1. Constant speed

         2. Acceleration

  3. Deceleration

      4. Acceleration,











          constant speed,











          deceleration,


C.  Reaction rates are concerned with concentration.



          no motion



1. The unit for reaction rate is (Molarity) / (time) 



2. Square brackets [ ] are used to express molarity. 

          

3. Reaction rates vary greatly.
            


a. Some example of fast reactions are gasoline in a car engine combusting to 




     release tremendous amount of heat, striking a match 

            


b. Some examples of slow reactions are glucose in your body combusting to




     release heat, hazardous waste decomposing, spoiling of food in a refrigerator, 




     rusting of Fe in steel, 02 reacting with the rubber in tires. 

          

4.  It is incorrect to say that a fast reaction can be recognized by the fact that it produces 



     more product. The amount of products produced depends on the amount of reactant(s)



     used, not how quickly the reaction takes place.

D.  There are several observable properties that can be used to measure substances in a reaction.   



1.   Reactions involving gases:

            


a. we can measure the amount (volume) of gas produced at constant pressure.




b. we can measure the change in pressure of a gas produced at constant volume.





c.  graph the following data on the next page:
	Amount, mL
	Time, min

	0
	0

	13.1
	3

	30.8
	6

	41.6
	9

	47.3
	12

	48.5
	15


	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


Using the graph above, describe the rate of reaction for the following time periods (from 0 to 3 min, 3 to 9 min, and 9 to 15 min) below.


2. Reactions involving color: (color is directly related to concentration). 




a. we can look for the appearance or disappearance of color. 




b. Example: Zn(s) + Cu(NO3)2(aq) →Zn(NO3)2(aq) + Cu(s) 



    
    Copper (II) nitrate is bright blue solution.  How would you know when the reaction



     was 100% complete? 



3.  Some other observable properties that could be used to measure rate are change in 



      mass, change in temperature, production of an odor. 


E.  Reaction rates are usually expressed in terms of an equation called a rate law, which relates the

      concentration of the reactants to the rate of a reaction. 

                    Ex: For the reaction A + B → C + D the rate law is: 


      Rate = k[A]x[B]Y where k, x, and y are determined experimentally. 

II.  COLLISION THEORY:  Rates of chemical reaction depend upon the collisions between reacting particles.

A.  Particles must have the proper orientation and energy (speed) when they collide in order for the

      collision to be successful (a reaction to occur) and a new product formed.

B.  Any kind of change that affects the collision will also affect the rate of a reaction. 

III. FACTORS AFFECTING REACTION RATES:

A. Surface area -a larger surface area increases the frequency at which particles collide. 



1. An increase in surface area increases reaction rate. 



2. When particles collide more often, there is a higher chance for effective collisions to take place. 



3. Examples: 
a. A cube of sugar takes longer to dissolve in tea than equal amounts of




    granulated sugar. 





b. It will take longer to burn a large lump of coal than a smaller piece. 





c. Flour mills can explode when large amounts of flour are suspended in the air




    and is ignited by a spark. 


B. Concentration:  an increase in concentration means that there are more particles within a given volume.


1. Smaller distances between particles means that a higher probability of collisions occurs.



2. The more collisions that take place within a given amount of time mean a faster reaction rate. 



3. An increase in concentration increases the reaction rate. 



4. Examples:  consider the number of students in the commons area during a class and between


    classes.  When do you have a higher chance of running into your friends? 


C. Nature of Reactants:  the composition of reactants and complexity of the bonds that have to be broken



           and formed in order for the reaction to proceed affects the reaction rate. 



1. The number of bonds to be broken/made and the strength of bonds broken/made can slow down


     or speed up a reaction rate. 



2. Reactions involving slight rearrangements of reactants tend to be very rapid (2H2 + 02 (2H2O).


3. Ex:  Reactions of very active metals (low electronegativity, lower left corner of the periodic


    table) with very active nonmetals (high electronegativity, upper right corner of periodic table.) 


D. Temperature -measure of the average kinetic energy for the particles in a substance. 



1. An increase in temperature usually increases the rate of reaction 




a. the increased temperature causes particles to move faster and collide more often 




b. effective collisions depend on particles having sufficient energy to overcome the



    activation energy barrier; the increased temperature (increased kinetic energy) means



    there will be more energetic collisions thus more effective collisions. 



2. The Rule of Thumb: For each 10ºC increase in temperature, the reaction rate doubles. 



3. Examples: 




a. Food spoils faster at room temperature than when it is refrigerated. 




b. Cake batter will only cook when it is heated. 




c. Plants grow more rapidly in warm weather than in cold.


E. Presence of a catalyst 



1. A catalyst is a substance that increases reaction rate without being consumed during reactions. 



2. Catalysts change the reaction mechanism by lowering the activation energy (Ea).  Ea is the min. 


     energy required for a collision to be effective.  Lower Ea means more effective collisions. 



3. Natural catalysts in the body are called enzymes. 



4. A common example is the catalytic converter in automobiles. The catalytic converter mixes


    toxic CO and N2O pollutants with air and passes them through a ceramic substrate


    coated w/ Pt, Rh, etc. that serve as catalysts.  This produces non-toxic C02 and NO2. 


F. Pressure:  only affects the reaction rates of gases.  Usually an increase in pressure will increase the rate


       for gaseous reactants but decrease the rate for gaseous products. 

Reaction Kinetics Homework

1.
What is meant by the rate of a chemical reaction?  To which of the following is it most similar: speed of a
car, distance it travels, or the time of travel?

2.
“A fast reaction can be recognized because it produces more product than a slow reaction.”  What other
factors must be considered to make this statement true?

3.
Does every collision between reactant particles lead to products?  Why or why not?

4.
One piece of magnesium reacts with 1.00 M HCl at 25ºC. Another piece of Mg (with the same mass) reacts
with 6.00 M HCl, also at 20ºC.  Which reaction occurs at a faster rate and why (use collision theory in your
answer).

5.
A chunk of zinc reacts with 1.00 M HCl at 25ºC. An equal mass of powdered Zn reacts with the same acid
at 25ºC. Which reacts faster? Explain using collision theory.

6.
How does temperature affect the average kinetic energy of colliding particles? If the temperature of a
reaction was increased by 40ºC, what factor would the rate change by?

7.
The rusting process of iron (conversion of iron in air to iron (III) oxide) is greatly increased by the presence
of water.  R.I.P.  is a protein that prevents the degradation of RNA. Which compound (water or R.I.P.) is a
catalyst and which is an inhibitor?

8.
Which reactant or product would you choose to measure in order to determine the rate of this reaction?
What property would you measure?

9.
What reactant of product would you choose to measure in order to determine the rate of this reaction? What
property would you measure?

10.
A change in pressure would cause a change in reaction rate for which of the following reactions? There
may be more than one.

2H2(g)  +  O2(g)  (  2H2O(l)

AgNO3(aq)  +  NaCl(aq)  (  AgCl(s)  +  NaNO3(aq)

2Al(s)  +  3Cu(NO3)2(aq)  (  2Al(NO3)3(aq)  +  3Cu(s)

HCl(aq)  +  NaOH(aq)   (  NaCl(aq)  +  H2O(l)

MgCO3(aq)  +  2HCl(aq)  (  MgCl2(aq)  +   CO2(g)  +H2O(l)

Zn(s)  +  H2SO4(aq)  (  ZnSO4(aq)  +  H2(g)
