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Acid rain, and its negative impacts, have been an important topic in environmental science for many years. The U.S. Environmental Protection Agency (EPA) has defined acid rain as a term that refers to a mixture of dry and wet material containing higher than normal amounts of sulfuric and nitric acids that deposits out of the atmosphere. A combination of natural events, such as volcanic activity and decaying vegetation, and man-made phenomena, such as the combustion of fossil fuels, contributes to the formation of acid rain by emitting gases such as sulfur dioxide (SO2) and oxides of nitrogen (NOx). These gases react with atmospheric water, oxygen, and other gaseous substances, which eventually produces sulfuric and nitric acid. The impact of acid rain can be widespread, sometimes stretching over a hundred miles from the source of the emitted gases. 
Over time, statues made of marble will suffer ill effects from exposure to acid rain. The objectives in this investigation are (1) to demonstrate and measure the effect of acid rain on exposed stone surfaces, and (2) to calculate the rate of acid degradation of limestone.
pre-lab activity
Use your knowledge of chemical equations and reactions to explore the characteristics of acid rain and its possible effects on stone statues.
1. Write chemical equations describing the reactions for the formation of acid rain.
2. What types of stone are used to make statues? Describe the different chemical makeup and characteristics of various types of stone.
3. An example of an acid rain and calcareous stone reaction is that of hydrochloric acid and calcium carbonate. Write the chemical equation(s) for the reaction(s) between calcareous stone and acid rain. Include the state symbol of each reactant and product. 
4. List some factors that might affect the rate of this reaction. 
initial investigation
In the Initial Investigation, you will gain practice with collecting data from the reaction between a solution of hydrochloric acid, HCl, and calcium carbonate (limestone). Based on the production of gas from the acid rain reaction, one method to measure the rate of this reaction is through changes in gas pressure. As shown in Figure 1, you will conduct the reaction in a sealed Erlenmeyer flask and follow the progress of the reaction by measuring the increase in pressure in the flask.
1. Obtain and wear goggles. Obtain gloves for handling the HCl solution.
2. Launch Graphical Analysis. Connect the Gas Pressure Sensor to your Chromebook, computer, or mobile device. The default data-collection mode (time-based) and the default settings are suitable for this method; no changes are needed.

Figure 1   
3. Set up the experiment apparatus.
a. Accurately measure out 40 mL of distilled water into a 125 mL Erlenmeyer flask.
b. Accurately measure out 10 mL of 6.0 M HCl solution into the flask. DANGER: Hydrochloric acid solution, HCl: Causes severe skin and eye burns and damage. Harmful if swallowed or inhaled. Do not eat or drink when using this product. Do not breathe mist, vapors, or spray. May be corrosive to metals.
c. Accurately measure and record the mass of one or more limestone chips. Use a total mass of 1.00–1.50 g. Caution: Treat all laboratory chemicals with caution. Prudent laboratory practices should be observed. 
d. Place a stirring bar into the flask and place the flask on a Stir Station, as shown in Figure 1. Use a utility clamp to secure the flask.
e. Test the stirrer speed. Select a moderately slow stirring speed that can be used throughout the investigation. Record the position of the control knob. 
f. Use the plastic tubing with two Luer-lock connectors to connect the two-hole rubber stopper assembly to the Gas Pressure Sensor, as shown in Figure 1. About one-half turn of the fittings will secure the tubing tightly. The valve connected to the stopper should stay closed during data collection. 
4. Start data collection. Add the limestone chip(s) to the flask, and immediately stopper the flask. Collect data for 300 seconds and then stop data collection.
5. Carefully remove the stopper from the flask to relieve the pressure. Dispose of the contents of the flask as directed. WARNING: Handle the reaction mixture with care. It is highly acidic and may cause burns to the skin. Retrieve the limestone chip (or chips) and dry it (or them). Measure the mass of the dry limestone chip(s).
6. Repeat Steps 3–5, using 6.0 M sulfuric acid, H2SO4, for the second run. Note: The previous data set is automatically stored. DANGER: Sulfuric acid, 6.0 M, H2SO4: Causes severe skin burns and eye damage. Do not breathe mist, vapors, or spray. Maybe be harmful if inhaled. Harmful to aquatic life. Considerable heat generated when diluted with water. 
planning for the final investigation
In the Initial Investigation, you completed one method of measuring the effect of an acid on a carbonate-based rock. Discuss your results and form hypotheses about the reasons for the observed measurements. In your discussion, consider these points:
· How are the results of your Initial Investigation similar and different to other groups?
· How can the rate of the reaction between HCl solution and CaCO3 be determined?
· What factors affect the rate of the reaction?
· How can you test some of the factors that affect reaction rate?
As you plan for the Final Investigation of the effect of acid rain on a marble statue, consider the following issues:
· Although sulfuric acid is considered a major component of acid rain, its effect on a limestone chip in the Initial Investigation was minimal compared to the reaction of HCl and limestone. Is there a test method that will show the effect of sulfuric acid on limestone?
· What is the best molar concentration of acid to use in your testing?
· Acid rain affects stone over a long period of time. Can you simulate this long term degradation of marble within the time constraints of your coursework?
final investigation
As you carry out your approved plan, consider the following questions:
· Have you allowed for contingencies with alternate tests in case you run into some unexpected difficulties in your original testing?
· Will the data you collect be a valid and reliable demonstration of the effect of acid rain?
· Will your data lead to a valid and reliable calculation of the rate at which an acid degrades stone?
· Is it important to conduct a reaction to completion (reacting an entire chip of stone) versus conducting a reaction that consumes a portion of limestone or marble?
analyzing results
When preparing your report, include
· A statement of the results: demonstrate and measure the effect of acid rain on stone statues
· A description of the procedure that you used in the investigation, including any changes that were made to the method that was used during the Initial Investigation
· An analysis of graphs, data, and supporting calculations in using short-term test results to predict a long term effect
· An explanation of the factors you could control and the factors you could not control, and their importance in demonstrating the effect of acid rain
Additional items to consider including in your report
· A comparison of your results with those of other groups
· Recommended modifications to the procedure that would increase accuracy, save time, or ensure that liquids are handled more efficiently and safely
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