PART A: Introduction
In this laboratory activity you will be observing a simple chemical change. Remember a chemical change involves the change of reactants to products. What does rate of change or rate of reaction mean in chemistry?  Simply it refers to the time it takes for reactants to change to products. When chemical changes are occurring to substances at the molecular level, these changes can be observed at the macroscopic level. When the changes from reactants to products are occurring slowly visually the molecular changes are slow. Conversely, when the rate of change is visually much faster the changes occurring at the molecular level are faster. Your focus will be on examining a simple method of measuring reaction rate, determining whether the rates of change are constant and understanding what is occurring at the molecular level when these changes are occurring. Finally you will use graphical information to determine the rate of the reaction.
Rate of Reaction (Calcium Carbonate and Hydrochloric Acid):

You will need:

A measuring cylinder
A marker

A plastic ruler

Chips of calcium carbonate (or an Extra Stength Tums-some Tums have low calcium carbonate levels and may be relatively unreactive))
A timing device
Hydrochloric acid (1M, 2M, 3M, 4 M)
Detergent

Digital Balance (Optional)

1. Place 20 mL of 1M acid in the flask.

2. Add 10 drops of detergent to the acid and swirl the cylinder to ensure the soap is entirely dissolved in the acid. Try to not make the solution lather.
3. Read these next two instructions carefully before performing them. Place a large marble chip or Tums tablet in the flask and immediately note the “0” level of the soap-acid solution in the cylinder. The calcium carbonate will immediately beginning to dissolve and the escaping gas will be captured in the soap bubbles.
4.  Every 10 seconds use the ruler to measure the height of the bubbles until the marble chip has dissolved or the reaction stops. It is likely the acid level will decrease during the reaction so ensure you measure the TOTAL bubble accumulation each time you measure as your “0” level will change. Record these heights in the chart below.
5. Once the reaction is completed determine the change in height of bubbles every 10 seconds and record this height change in the table below
	Time
	Height of Bubbles (mm)
	Change in Height (mm)
	Time
	Height of Bubbles (mm)
	Change in Height (mm)

	0 s
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1. Write a chemical equation for this reaction.

2. In reference to this equation, what does the changing height of the bubbles in the cylinder represent?

3. In the space below or on graph paper draw an accurate graph that represents the volume of carbon dioxide produced versus reaction time. Label your graph accurately.

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


4. Look at the graph of changing height of the bubbles during the reaction. 

a. Does the graph indicate the rate of gas production you might have expected? Explain. In particular you may have expected the graph to be immediately quite steep. Explain why there may a relatively slow reaction rate initially.
b. Is the reaction occurring at a constant rate? Explain why or why not.
c. Is there a time when the reaction is occurring at a faster rate? Circle this time in the graph? 
d. Is there a time when the reaction is occurring at a slower rate? Circle this time in the graph?
e. Calculate the reaction rate (per minute) for this chemical change: 
1. For the first minute.

average rate = height at the end point t2 – height at the first point t1
                             time at the end point t2 – time at the first point t1
an easier way to express this equation is:

average reaction rate = Δ quantity               (where Δ means “change in”)



          Δ time

2. For the second minute.

3. For the third minute.

4. For the time interval when the reaction is fastest.

5. For the time interval when the reaction is slowest.

6. For the overall reaction time.
5. Determine the instantaneous rate of reaction for a point along the reaction curve when the reaction is at its slowest. Do this by the tangent method. That is drawing a line tangent to the curve and determining the slope of the line.

6. Determine the instantaneous rate of reaction for a point along the reaction curve when the reaction is at its fastest. Do this by the tangent method. That is drawing a line tangent to the curve and determining the slope of the line.

7. Explain in a well-written paragraph with mention of  the particle (molecular) level and with reference to the equation what is happening when the reaction is occurring.

8. Explain why the reaction does not occur at a constant rate. You need to consider the nature of the two reactants and the number of particles available for reaction at any time. This will help to explain why the change from reactants to products at the particle level changes and is not constant during the reaction.
9. If there was a sudden increase in the temperature acid by placing the cylinder in a beaker of hot water, explain at the particle level why the rate of reaction might be expected to increase.
10. Weigh a Tums Tablet to determine its mass.________  If a tablet is 94% calcium carbonate determine the:

i. Average rate of consumption of the calcium carbonate in grams/second.

ii. Average rate of consumption of the calcium carbonate in moles/second.

iii. Average rate of consumption of the calcium carbonate in molecules/second.

Extension:

Carry out an investigation using this same apparatus to determine the influence of temperature, concentration or surface area on reaction rate. Plot these data collected on your original graph to compare graphically the rate of reaction. You should be able to explain at a molecular level why these changes may influence rate of reaction.
Summary:
In this laboratory activity you have been observing a chemical change. Specifically you have been investigating the rate of reaction. Reaction Rate is a measure of the change in the concentration of reactants to products per interval of time. The physical and chemical changes occurring to substances at the molecular level can be observed at the macroscopic level. For example, we see gases being formed or solids dissolving or disappearing as they burn.  When the changes are occurring slowly visually the molecular changes are slow. Conversely, when the rate of change is visually much faster the changes occurring at the molecular level are faster. The reaction rate can be measured by monitoring these observable changes per unit of time to the reactant or product. 
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