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Introduction


Kinetics is the study of reaction rates.  It is important to know and be able to change the rate of a reaction.  Many reactions occur almost immediately and some can take months.  For a chemical reaction to be useful it must occur at a reasonable rate.  The main factors that influence the rate of a reaction are the concentration of reactants, surface area of reactants, the nature of the reaction, the temperature, the reaction mechanism (rate determining step), and if a catalyst is used.  


In general as the concentration of the reactants is increased the rate increases.  The reason for this phenomenon is that as you increase the concentration of the reactants there is a higher probability that reactant molecules will collide with one another, this increases the probability that there will be more successful collisions, which in turn increases the number of product molecules formed per unit time.


Normally as the surface area of the reactants increase the rate will also increase.  This is similar to when you increase the concentration.  As you increase the surface area of the reactants there is a higher probability of a successful reaction between reactant molecules.

The nature of the reaction itself affects the rate of the reaction.  Different chemicals have varying reactivities.  Some chemicals are just more reactive than others, these more reactive chemicals will precipitate a faster rate than chemicals that are less reactive.  


On the whole as you increase the temperature of a reaction the rate increases.  As you increase the temperature, the kinetic energy of the reactant molecules increase, the collisions increase and therefore the rate increases.  By and large as you increase the temperature of a reaction by 10(C the rate doubles.

For today’s lab we are using an oxidation-reduction reaction between oxalic acid, H2C2O4 and potassium permanganate, KMnO4.  
5 H2C2O4(aq)  +  2 KMnO4(aq)  +  3 H2SO4(aq)  (  10 CO2(g)  +  2 MnSO4(aq)  +  K2SO4(aq)  +  8 H2O(l)
                          purple




colorless
For this reaction we can measure the reaction rate by recording the time elapsed for the purple color of the permanganate ion, MnO4- to disappear.

The reaction mechanism can affect the rate of the reaction.  The rate can only be as fast as the rate determining step in a reaction.  Remember that the rate determining step is the slowest elementary step in a reaction.  Reactions with slower rate determining steps have slower rates.

The last variable that we will talk about is the use of a catalyst.  Addition of a catalyst increases the rate of a reaction.  A catalyst increases the rate of a reaction by decreasing the energy of activation, Ea.  Remember that the energy of activation is the minimum amount of energy that the reactants must have to reach the transition state, which in turn leads to the products.  Keep in mind that the transition state is the “in-between” state between reactants and products.







Procedure:  Very important to wear gloves today.  If you spill any solution on yourself, rinse with water for 3-5 minutes.
1. Nature of the reactants and rates
A) Acids and rates

i. Label 4 small test tubes
1. 3 M H2SO4  (sulfuric acid)

2. 6 M HCl  (hydrochloric acid)

3. 6 M CH3COOH  (acetic acid)

4. 6 M H3PO4  (phosphoric acid)

ii. Half-fill each test tube with the appropriate acid

iii. Add a 1-cm magnesium strip to each test tube

iv. Observe any reaction taking place

v. Observe the rates of these reactions with respect to each other 

1. List in order of increasing rate, slowest to fastest

vi. Place waste in proper waste container

B) Metals and rates

i. Label 3 small test tubes

1. Zn

2. Mg

3. Cu

ii. Half-fill each test tube with 6 M HCl

iii. Add 1-cm strips of Zn, Mg, and Cu to appropriate test tube

iv. Observe any reaction taking place

v. Observe the rates of these reactions with respect to each other 

1. List in order of increasing reactivity of metals, least reactive metal to most reactive metal

vi. Place waste in proper waste container

2. Temperature and rates
A) Label 6 150 mm test tubes and add to each by pipet:
	Test tube #
	0.01 M KMnO4
	3 M H2SO4
	0.33 M H2C2O4

	1
	1 mL
	4 mL
	0 

	2
	1 mL
	4 mL
	0

	3
	1 mL
	4 mL
	0

	4
	0
	0
	5 mL

	5
	0
	0
	5 mL

	6
	0
	0
	5 mL


B) Reaction time at room temperature, 25(C
i. Pour test tube 4 into test tube 1, start time

ii. Swirl mixture

iii. Stop time when purple color disappears

iv. Record time elapsed for color change

C) Reaction time at 40(C

i. Place test tube 2 and 5 into a warm water bath, 40(C

ii. Let sit for 5 minutes in warm bath

iii. Pour test tube 5 into test tube 2, start time

iv. Swirl mixture

v. Stop time when purple color disappears

vi. Record time elapsed for color change

D) Reaction time at 60(C

i. Place test tube 3 and 6 into a hot water bath, 60(C

ii. Let sit for 5 minutes in warm bath

iii. Pour test tube 6 into test tube 3, start time

iv. Swirl mixture

v. Stop time when purple color disappears

vi. Record time elapsed for color change

Place waste in proper waste container

E) Plot data

i. Plot temperature (y-axis) vs. time (x-axis)

ii. Use scatter graph with markers and curved line

3. Concentration of reactants and rates

A) Magnesium-hydrochloric acid system

i. Label 4 test tubes and add 5 mL of respective acid to each
1. 6 M HCl

2. 4 M HCl

3. 3 M HCl

4. 1 M HCl

ii. Calculate how many moles of HCl are in 5 mL of each for test tube 1-4

iii. One at a time, weigh 1-cm Magnesium strip

1. add to 6 M HCl test tube, start time

2. End time when all Magnesium is gone

3. Now do the same for the 4 M, 3 M, and 1 M HCl test tubes

4. Calculate the number of moles of magnesium added to each trial

Place waste in proper waste container

iv. Plot data

1. Plot (mol HCl/mol Mg) on y-axis and time in seconds for reaction to complete on x-axis

2. Use scatter graph with markers and straight lines

Data Sheet:

Part 1 


A.  List the acids in order of increasing reaction rate with magnesium


B.  List the metals in order increasing reactivity

Part 2

Time for permanganate ion to disappear

Temperature of the reaction


B.  


 Seconds


25(C



C.  


 Seconds


40(C



D.  


 Seconds


60(C


Graph temperature vs. time

Part 3

	Molarity of HCl
	Volume of HCl
	mol HCl
	Mass Mg
	mol Mg
	mol HCl

mol Mg
	Time (sec)

	6 M


	5 mL
	
	
	
	
	

	4 M


	5 mL
	
	
	
	
	

	3 M


	5 mL
	
	
	
	
	

	1 M


	5 mL
	
	
	
	
	


Graph (mol HCl / mol Mg) vs. Time 

Pre-Lab Questions:

1. Name 4 factors that can affect the rate of a reaction?

2. How does adding a catalyst increase the rate of a reaction?

3. Why doesn’t changing the pressure affect the rate of a reaction done in an aqueous solution?

4. Why must you wear gloves while doing this lab?

Post-Lab Questions:

1. From your graph in part 2, interpret the effect of temperature on reaction rate.  Be specific, using your results

2. From your graph in Part 3, what can you interpret about the correlation between reaction rates and the concentration of reactants?  Be specific, using your results
‡
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