Factors Affecting Reaction Rates

Many reactions such as the spoiling of food need to be slowed down, while the rate of reaction necessary for the cooking of food needs to be increased.  How can an understanding of the factors that influence reaction rates be used by individuals or industry in food science?
PART A:  The effects of concentration on reaction rates.
Concentration (as represented by M) describes the number of moles of solute per unit volume of solution.
Rate can be described as change over time.  For example, when a sprinter runs a certain distance in a specific amount of time this ratio can be expressed as meters per second (m/s).  In this activity, we will be observing the rate at which a reactant is consumed or how quickly a product is produced in a chemical reaction.

Materials: 
3 test tubes




5 mL of 0.1 M HCl




5 mL of 1.0 M HCl




5 mL of 6.0 M HCl




Three - 2 cm strips of Mg ribbon




Stop watch


Safety:
Goggles and aprons should be worn at all times.

1. Write a balanced chemical equation for the reaction between magnesium and hydrochloric acid.  
2. Identify which substances are the reactants and which substances are the products.

· Place 5 mL of 1 M HCl into a test tube.  To this test tube, add one - 2 cm Mg strip.  

3. Record your observations as the reaction progresses. 

4. The rate at which the products are produced, or the reactants are consumed can be easily observed.  As a group, decide how to determine the rate of reaction.   Design an experiment to test the effect of changing the concentration of hydrochloric acid on the reaction rate.
5. Create a data table based upon your procedure.
√ TEACHER CHECK 1:  Share your procedure and data table with your
                                     teacher.

· Carry out your procedure and record your observations.

6. What is the effect of changing the concentration of hydrochloric acid on the reaction rate?

7. In general terms, what is happening to the amount of magnesium as the reaction proceeds?  How do you know?

Collision theory states that atoms, ions, and molecules must collide in order to react.  These colliding particles must also have the correct alignment and the reacting substances must have enough energy during the collision to react.  The 
role the concentration plays is as follows: the greater the number of reacting particles, the higher the probability that the particles will collide with the correct alignment and sufficient energy.  This leads to a faster reaction rate.
√ TEACHER CHECK 2:  Share your observations with your teacher.

PART B:  The effects of temperature on reaction rates.

Materials:
2 cm strips of Mg




6 M HCl

Test tubes




250 mL beakers

Ice

Tap water




Stop watch




Thermometer


Safety:
Goggles and aprons should be worn at all times.
· Based on what you learned in Part A and using the materials listed above, design an experiment and create a data table that will test the effects of temperature on reaction rates.
√ TEACHER CHECK 3:  Share your procedure and data table with your
    



  teacher.

· Carry out your procedure and record your observations in your data
table.

1. What is the effect of changing the temperature of the hydrochloric acid on the rate of the reaction?
2. How can the collision theory be used to explain your observations?

√ TEACHER CHECK 4:  Share your observations with your teacher.

PART C:  The effect of particle size on reaction rates.


Materials:
Marble chips




6 M HCl




Test tubes




Balance




Mortar and pestle

Safety:
Goggles and aprons should be worn at all times.
· Based on what you have learned in Parts A and B, design an experiment and create a data table that will test the effects of particle size on the rate of a reaction.

√ TEACHER CHECK 5:  Share your procedure and data table with your




  teacher.

· Carry out your procedure and record your observations.

1. What is the effect of changing particle size on the reaction rate?
2. In geometry you learned about surface area.  How does the surface area of the larger particle compare to the surface area of the smaller particle?

3. How can the collision theory be used to explain your observations?

√ TEACHER CHECK 6:  Share your observations with your teacher.

PART D:  The effect of a catalyst on reaction rates.

Hydrogen peroxide (H2O2), a compound that slowly over time, decomposes into water and oxygen.

A catalyst is a substance that increases the rate of reaction without being consumed in the reaction.


Materials:
3% H2O2



Catylase (a known catalyst)



Test tubes

Safety:
Goggles and aprons should be worn at all times.

1. Write a balanced chemical equation for the decomposition of hydrogen peroxide.

· Based on what you have learned in Parts A - C, design an experiment and create a data table that will test the effects of catalysts on reaction rates.

√ TEACHER CHECK 7:  Share your procedure and data table with your




  teacher.

2. What is the effect of the catylase on the rate at which the hydrogen peroxide decomposes?

3. Describe another reaction in which the addition of a catalyst would be beneficial?
√ TEACHER CHECK 8:  Share your observations with your teacher.

 PART E:  Application of Knowledge to Food Science

1. Using your knowledge of the collision theory and the effects of temperature on reaction rates, explain why when at a picnic perishable foods must be refrigerated within two hours.
2. Fresh meat appears as cherry red because of a protein known as Myoglobin that is found in the meat.  During a type of chemical reaction known as oxidation, oxygen reacts with the Myoglobin and removes electrons.  This oxidized Myoglobin appears as brown and gives the impression that the meat is not fresh.  Using your knowledge of reactant concentration and reaction rates, thoroughly explain why air tight packaging is important in increasing shelf life.
3. Sifting is a process used in baking to decrease particle size.  Why would some recipes call for using sifted flour when making cake batter?  Explain thoroughly. 

4. Chuck Roast is a cut of meat that is very tough and chewy.  The meat can be made tenderer by slow cooking it for a very long period of time in a liquid. It can be also be tenderized quickly by adding meat tenderizer to the meat.  Meat tenderizers are a class of proteins known as enzymes. Explain the role of meat tenderizer in speeding up the reaction. 
√ TEACHER CHECK 9:  Share your thoughts with your teacher.
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