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Name _____________________
Class ______________
Date _________


Activity B17: Acid Rain (pH Sensor)

	Concept
	DataStudio
	ScienceWorkshop (Mac)
	ScienceWorkshop (Win)

	Environment
	B17 Acid Rain.DS
	B17 Acid Rain
	B17_RAIN.SWS


	Equipment Needed
	Qty
	Chemicals and Consumables
	Qty

	pH Sensor (CI-6507)
	1
	Buffer solution: high pH 
	100 mL

	Base and support rod (ME-9355)
	1
	Buffer solution: low pH
	100 mL

	Beaker, 250 mL
	3
	Sodium hydrogen carbonate, NaHCO3, solid 
	5 g

	Beaker, 100 mL 
	4
	Sodium hydrogen sulfite, NaHSO3, solid 
	5g

	Berol-type pipette, 15 cm stem   
	3
	Sodium nitrite, NaNO2 , solid 
	5g

	Berol-type pipette, 2 cm stem
	3
	Water
	12 mL

	Berol-type pipette with 1.0 M HCl 
	1
	Water, distilled
	1 L

	Clamp, buret (SE-9445)
	1
	
	

	Test tube, 20 by 150 mm
	1
	

	Wash bottle
	1
	

	Protective gear
	PS
	


What Do You Think?

[image: image6.png]


The purpose of this activity is to “create” acid rain. What is acid rain and what causes it? How much will the pH of water be changed by different gases such as carbon dioxide and nitrogen dioxide?

Take time to write answers to these questions in the Lab Report section.

Background

[image: image7.wmf]Water vapor in the air can combine with other gases found in the air. You may be surprised to learn that rain water is slightly acidic. One reason is that water vapor can combine with carbon dioxide gas to form carbonic acid. The natural pH value of rainwater is usually between 6.0 and 6.9. Rainfall accumulates in rivers and streams causing a slight acidification.

Other gases found in the air can also combine with water vapor to form “acid rain”. For example, gases in automobile exhaust and other gases given off by combustion of fossil fuels can combine with water vapor to form sulfurous acid, nitrous acid, and nitric acid. 
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You will produce four of the constituents of acid rain and monitor their effect on the pH of water samples.

· carbonic acid, H2CO3

· nitrous acid, HNO2

· nitric acid, HNO3
· sulfurous acid, H2SO3
Carbonic acid is formed when carbon dioxide gas dissolves in rain droplets of unpolluted air: 
CO2(g) + H2O(l)  =====> H2CO3(aq)
Nitrous acid and nitric acid result from a common air pollutant, nitrogen dioxide (NO2). Most nitrogen dioxide in our atmosphere is produced from automobile exhaust. Nitrogen dioxide gas dissolves in rain drops and forms nitrous and nitric acid: 

2 NO2(g) + H2O(l)  =====> HNO2(aq) + HNO3(aq)

Sulfurous acid is produced from another air pollutant, sulfur dioxide (SO2). Most sulfur dioxide gas in the atmosphere results from burning coal containing sulfur impurities. Sulfur dioxide dissolves in rain drops and forms sulfurous acid:

SO2(g) + H2O(l)  =====> H2SO3(aq)

If large amounts of these gases are in the air, the pH of rainwater can drop drastically. Rainfall of low pH values directly affects the aquatic life in the rivers and streams where this water accumulates. Acid rain can also cause damage to plant life. 

	SAFETY REMINDERS
· Wear protective gear while handling chemicals.

· Follow directions for using the equipment.

· Dispose of all chemicals and solutions properly.
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For You To Do

First, calibrate the pH Sensor. Then build three ‘gas generators’ using Berol-type pipettes partially filled with three different compounds: sodium hydrogen carbonate, sodium hydrogen sulfite, and sodium nitrite. Each compound produces a different gas when hydrochloric acid is added (carbon dioxide from the sodium hydrogen carbonate, sulfur dioxide from the sodium hydrogen sulfite, and nitrogen dioxide from the sodium nitrite). 

In the second part of the activity, add a small amount of hydrochloric acid to each gas generator to activate each generator. 

Finally, collect the gas produced by each generator and bubble the gas through tap water. Use the pH Sensor to measure the change in pH of the water as the gas mixes with it. 

Use DataStudio or ScienceWorkshop to record and display the pH. Compare the change in pH created by carbon dioxide gas to the change in pH created by sulfur dioxide gas and nitrogen dioxide gas.

[image: image9.wmf]PART I: Computer Setup
1.
Connect the ScienceWorkshop interface to the computer, turn on the interface, and turn on the computer.

2.
Connect the pH sensor DIN plug into Analog Channel A on the interface.

3.
Open the file titled as shown:

	DataStudio
	ScienceWorkshop (Mac)
	ScienceWorkshop (Win)

	B17 Acid Rain.DS
	B17 Acid Rain
	B17_RAIN.SWS


•
The DataStudio file has a Workbook display, a Graph display, and a Table display. Read the instructions in the Workbook. 

•
The ScienceWorkshop document has a Graph of pH versus Time and a Table display of pH.

•
Data recording is set at ten measurements per second (10 Hz) and a ‘Stop Condition’ at 100 seconds.

PART II: Sensor Calibration and Equipment Setup
Calibrate the Sensor

•
To calibrate the pH Sensor you will need a wash bottle, distilled water, three beakers, and buffer solutions of high pH (e.g. pH 10) and low pH (e.g. pH 4). Put distilled water into the wash bottle and into one of the beakers. Put buffer solutions in the other two beakers.

[image: image10.wmf]1.
Remove the pH electrode from its bottle of buffer solution. Connect the electrode to the pH Sensor amplifier. To connect the electrode, push the BNC plug onto the receptacle on the Sensor amplifier and turn the BNC plug clockwise until it ‘clicks’ into place.

2.
Use the wash bottle to rinse the end of the electrode. Soak the pH electrode in the beaker of distilled water for 10 minutes.

•
NOTE: While the electrode is soaking you can set up the equipment.

[image: image11.wmf]3.
In the Experiment Setup window, double-click the pH Sensor icon.

[image: image12.wmf][image: image13.wmf]•
In DataStudio, the Sensor Properties window will open. Click the ‘Calibration’ tab. In ScienceWorkshop, the Sensor Setup window will open.

[image: image14.wmf]4.
Calibrate with the high pH buffer solution.

· Put the end of the pH electrode into the high pH buffer solution. 

· Check the voltage under ‘Current Reading’ in DataStudio or next to ‘Cur Value:’ in ScienceWorkshop. 

· When the voltage stabilizes, click the ‘Take Reading’ button under ‘High Point’ in DataStudio or the ‘Read’ button in the row for ‘High Value:’ in ScienceWorkshop.

· Enter the pH value of the buffer solution. 

5.
Thoroughly rinse the pH electrode with distilled water and dry it with a tissue.

6.
Calibrate with the low pH buffer solution.

· Put the end of the H electrode in the low pH buffer solution.  

· Check the voltage under ‘Current Reading’ in DataStudio or next to ‘Cur Value:’ in ScienceWorkshop. 

· When the voltage stabilizes, click the ‘Take Reading’ button under ‘Low Point’ in DataStudio or the ‘Read’ button in the row for ‘Low Value:’ in ScienceWorkshop.

· Enter the pH value of the buffer solution. Click OK to return to the Experiment Setup window.

7.
Thoroughly rinse the pH electrode with distilled water and dry gently.
Equipment Setup

[   ]
Prepare the gas generators. 

1.
Label three short-stem Berol pipettes with the formula of the solid they will contain: “NaHCO3” (for sodium hydrogen carbonate), “NaNO2” (for sodium nitrite) and “NaHSO3” (for sodium hydrogen sulfite). 

2.
Label three long-stem Berol pipettes with the formula of the gas they will contain: “CO2” (for carbon dioxide), “NO2” (for nitrogen dioxide) and “SO2” (for sodium dioxide). Use the 100-mL beaker to support the pipettes.

3.
Your teacher will supply a beaker containing powdered NaHCO3 (sodium hydrogen carbonate). Squeeze the bulb of the short-stem pipette labeled “NaHCO3” to push the air out of the bulb. Place the open end of the pipette into the powdered NaHCO3. Release the bulb to draw some of the powdered NaHCO3 into the pipette. Draw the powder into the pipette until there is just enough powder to fill the curved end of the bulb of the pipette when you hold the pipette with the bulb end down (see the diagram).
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4.
Repeat the previous step to fill the “NaNO2” and “NaHSO3” short-stem Berol pipettes with the corresponding powdered compounds.

5.
Get a Berol pipette with 1.0 Molar hydrochloric acid (HCl) from your teacher. 

· Caution: HCl is a strong acid. Hold the pipette gently, with the stem pointing up, so that HCl doesn’t drip out. 
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Insert the narrow stem of the HCl pipette into the larger opening of the pipette with the NaHCO3 (see the diagram.) Gently squeeze the HCl pipette to add about 20 drops of HCl solution to the powdered NaHCO3. 


When finished, remove the HCl pipette. Gently swirl the pipette that contains NaHCO3 and HCl.



Carbon dioxide gas, CO2, is generated in this pipette. Place the pipette bulb down in the 100-mL beaker to prevent spillage.

6.
Repeat this same procedure to add HCl to the pipette with the powdered NaHSO3 (sodium hydrogen sulfite). Sulfur dioxide, SO2, is generated in this pipette. Place this pipette bulb down in the 100-mL beaker to prevent spillage

7.
Repeat this procedure a third time to add HCl to the powdered NaNO2 (sodium nitrite) pipette. Nitrogen dioxide, NO2, is generated in this pipette. Return the HCl pipette to your teacher. Leave the three gas-generating pipettes in a 100-mL beaker until needed. 
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[   ]
Set up the pH Sensor

8.
Attach a 20 X 150 mm test tube to the base and support rod using a clamp. Add about 4 mL of tap water to the test tube. Rinse the pH electrode with distilled water and place the electrode into the tap water in the test tube.

[   ]
Collect the gas

9.
Squeeze all of the air from the bulb of the long-stem pipette labeled “CO2”. Keep the bulb completely collapsed and insert the long stem of the pipette down into the gas-generating “NaHCO3” pipette. The tip of the long-stem pipette should not touch the liquid in the “NaHCO3” pipette (see the diagram). Release the pressure on the bulb so that it draws gas up into it. Store the long-stem pipette and the “NaHCO3” pipette in the 100-mL beaker.

10.
Repeat the ‘gas collection procedure’ using the “NaNO2” and “NO2” pipettes.

11.
Repeat the ‘gas collection procedure’ using the “NaHSO3” and “SO2” pipettes.
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PART III: Data Recording
1.
Insert the long-stem pipette labeled “CO2” into the test tube, alongside the pH sensor, so that its tip extends into the water near the bottom of the test tube (see the diagram.)

2.
Start recording data. After 15 seconds, gently squeeze the bulb of the pipette so that bubbles of CO2 slowly bubble up through the solution. Use both hands to squeeze all of the gas from the bulb. Data recording automatically stops at 100 seconds. [image: image19.wmf]
3.
Remove the pH electrode from the test tube and rinse the electrode thoroughly with distilled water and return it to the sensor storage solution. 

4.
Discard the contents of the test tube as directed by your teacher. Rinse the test tube thoroughly with tap water. 

5.
Add 4 mL of tap water to the test tube. 

6.
Repeat the data recording process using NO2 gas.

7.
Repeat the data recording process using SO2 gas. 

8.
When you are finished, rinse the pH electrode with distilled water and return it to the sensor storage bottle. Dispose of the six pipettes as directed

Analyzing the Data
1.
Examine each run of data in your Table display to determine the minimum pH value and maximum pH value for the water for each gas. Record the values.

•
Hint: In DataStudio, click the ‘Statistics Menu’ button ([image: image4.png]


). In ScienceWorkshop, click the ‘Statistics’ button ([image: image5.png]


). 

2.
For each of the three gases, calculate the change in pH and record it.

3.
Record your conclusion and answer the questions in the Lab Report.

Record your results in the Lab Report Section

Lab Report - Activity B17: Acid Rain

What Do You Think?

The purpose of this activity is to “create” acid rain. What is acid rain and what causes it? How much will the pH of water be changed by different gases such as carbon dioxide and nitrogen dioxide?

Data Table

	Gas 
	Initial pH
	Final pH
	Change in pH (∆pH)

	CO2
	
	
	

	NO2
	
	
	

	SO2
	
	
	


Questions

1.
In this activity, which gas caused the smallest change in pH?

2.
Which gas (or gases) caused the largest change in pH?

3.
Coal from western states, like Montana and Wyoming, has a lower percentage of sulfur impurities than coal found in the eastern United States. How would burning low-sulfur coal decrease rainfall acidity? Use specific information about gases and acids to answer this question.

4.
High temperatures in the automobile engines cause nitrogen and oxygen gases from the air to react and form nitrogen oxides. What two acids in acid rain result from the nitrogen oxides found in automobile exhaust?

5.
Which gas and resulting acid in this experiment would cause rainfall in unpolluted air to have a pH value less than 7 (sometimes as low as 5.6)?

6.
Why would acidity levels usually be lower (pH higher) in actual rainfall than the acidity levels you recorded in this experiment? Rainfall in the United States generally has a pH between 4.5 and 6.0. 

Connect to the sensor.





Remove the bottle of buffer solution.
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