Measuring Reaction Rates (C12-3-02) Demonstrations/Activities
Introduction: One of the special features of chemistry is that it is a form of inquiry which involves both systematic AND creative processes. Your teacher will demonstrate or suggest a series of changes that involve physical or chemical changes. You are asked to consider, observe or perform the activity and determine the average reaction rate for the complete reaction. That is the change occurring per unit of time. There will be questions asked about how the reaction rate might be measured. That is, how might the time required for reactant to become product be measured? Remember some reactions or changes might be slow and others may be fast. That is, some may require a longer or shorter period of time for the reactant particles to all become product particles. Be creative yet systematic in your suggestions!
Note: It is suggested that the following activities are demonstrated or discussed with students and they provide responses orally. The key is for students to suggest ‘quantitative’ measures. Get students to consider more than the obvious measures – change in conductivity, change in pH, change in gas volume, change in sugar content, change in mass, change in length. Emphasize that the macroscopic changes are evidence of the rate of change of reactants to products; that is, the change in concentration of reactant species (molecules, ions) to product species.
Change 1: Acid & Magnesium
Required: a length of magnesium ribbon; dilute hydrochloric acid and test-tubes.

1. Observe the reaction between hydrochloric acid and magnesium. Write a chemical equation for the reaction between magnesium and hydrochloric acid.

2. Using this information, describe a way you could measure the average reaction rate for a complete reaction between the acid and magnesium?

3. Use this procedure to determine the average reaction rate per second for this reaction. Show all calculations.
4. Consider the equation again and suggest other ways reaction rate might be measured.

Change 2: Combustion of a candle
Required: a digital balance, a candle, a match.

1. Observe the ignition and burning of a candle. Write a chemical equation for the combustion reaction between wax and oxygen.

2. Using this equation, describe a way you could measure the average reaction rate for the combustion of an amount of candle.

3. Use this procedure to determine the average reaction rate per second for this reaction. Show all calculations.

4. Consider the equation again and suggest other ways reaction rate might be measured.

Change 3: Evaporation of a Liquid
Required: a digital balance, a volatile liquid (hexane), a match.

1. Observe the evaporation of a volatile liquid on an overhead screen. Write a phase change reaction for the evaporation of the liquid.

2. Describe a way you could measure the average reaction rate for the evaporation of the liquid.

3. Use this procedure to determine the average reaction rate per second for this change. Show all calculations.

4. Consider the equation again and suggest other ways phase change rate might be measured.

Change 4: Rusting of Iron
Required: a piece of iron wool, digital balance
1. Look at a piece of iron that is rusting. Write an equation for the rusting of iron.

2. Using this equation, describe a way you could measure the average reaction rate for the rusting of this iron wool.

3. In what units would this rate of reaction be expressed?

Change 5: Melting of Ice
Required: a beaker of ice, graduated cylinder, electronic balance
1. Look at a beaker of ice that is melting. Write a phase change equation for the melting of ice.

2. Consider this equation and describe a way you could measure the average reaction rate for the melting of ice.

3. In what units would this rate of reaction be expressed?

4. Consider the equation again and suggest other ways phase rate of change might be measured.

Change 6: Decomposition of Fruit
Required: Rotting fruit, digital balance
1. Look at a piece of over ripened fruit. Suggest how you might measure the rate of decomposition (a chemical change) for a piece of fruit.

2. In what units would this rate be measured?

Change 7: Alka-Seltzer in Stomach Acid (Hydrochloric acid)

Required: Reaction of Alka-Seltzer in Stomach Acid (Hydrochloric acid)

1. Observe the dissolving of an Alka-Seltzer or Tums tablet in hydrochloric acid. Write the chemical reaction for the reaction of Alka-Seltzer (mainly calcium carbonate) with stomach acid (hydrochloric acid).

2. Suggest how you might measure the rate of stomach neutralization (a chemical change) for one tablet.

3. In what units would this rate be measured?

4. Use this procedure to determine the average reaction rate per second for this change. Show all calculations.
Change 8: Fruit Ripening
Required: Ripening Fruit, pH paper
1. Look at a piece of un-ripened fruit. Suggest how you might measure the rate of ripening (a chemical change) for a piece of fruit.

2. In what units would this rate be measured?

Change 9: Evaporation of Water

Required: beaker of water, a hot plate, graduated beaker.
1. Observe the evaporation of boiling of water. Write a phase change equation for the evaporation or boling of water.

2. Describe a way you could measure the average phase change rate change for the evaporation or boiling of water.

3. In what units would this rate of change be expressed?

4. Use this procedure to determine the average reaction rate per second for this change. Show all calculations.

5. Consider the equation again and suggest other ways phase rate of change might be measured.

Change 10: The Brewing of Coffee (Dissolving)

1. Write a phase change equation for the brewing of coffee in a coffee maker (assume Cf as a symbol for coffee).

2. Describe a way you could measure the average phase change rate change for this brewing process.

3. In what units would this rate of change be expressed?

4. Consider the equation again and suggest other ways phase rate of change might be measured.

How would you measure:

· The rate of milk souring?

· The rate of a tablet dissolving?

· The rate of an acid being neutralized?

· The rate of aging of a cheese?

· The rate of fermentation of a wine?

· The rate of a car’s gas consumption?

· The rate of sugar buildup in the urine?

· The rate of carbon dioxide levels in the atmosphere?

· The rate of carbon monoxide buildup in a home?

· The rate of action of yeast as a leavening agent in bread?

· The rate of bacterial activity in the mouth after eating?

Summary: Rate is the measure of change occurring per unit of time. In chemistry, reaction rates, including phase change rates, can be measured in a variety of ways. For example, we can measure the time taken for an amount of gas to be produced, an amount of precipitate to form, pH to decrease, or mass to change. By so doing we are measuring the time required for reactant to become product. Remember some reactions or changes might be slow and others may be fast. That is some may require a longer or shorter period of time for the reactant particles to all become products. 
