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Acid Rain

1.
The student pages with complete instructions for data collection using the LEGO MINDSTORMS NXT can be found on the CD that accompanies this book. See Appendix A for more information.
2.
The dilute H2SO4 is 0.1 M H2SO4 made by dissolving 5.6 mL concentrated reagent per liter, using distilled water. It should be made available in small dropper bottles. HAZARD ALERT: Severely corrosive to eyes, skin and other tissue; considerable heat of dilution with water; mixing with water may cause spraying and spattering. Solutions might best be made by immersing the mixing vessel in an ice bath. Always add the acid to water, never the reverse; extremely hazardous in contact with finely divided materials, carbides, chlorates, nitrates and other combustible materials. Hazard Code: A—Extremely hazardous. 


The hazard information reference is: Flinn Scientific, Inc., Chemical & Biological Catalog Reference Manual, 1-800-452-1261, www.flinnsci.com. See Appendix D of this book, STEM with Vernier and LEGO MINDSTORMS NXT, for more information.

3.
The hard water referenced in the experimental data is hard ground water. Your list of options includes the use of local hard water; hard (pH > 7.2 and [HCO3–] > 350 ppm), uncarbonated, bottled water from a hard-water region; and a “simulated” hard-water mixture of 5-10% pH 7 buffer and distilled water.

4.
The soft water referenced in the experimental data is a soft spring water. Your options include the use of local soft water; soft (pH < 6.0 and [HCO3–] < 25 ppm), uncarbonated, bottled water from a soft-water region; and “simulated” soft water made by mixing hard water and distilled water. A blend of 5–10% hard (local, if available) water and distilled water can be used.

5.
The “Temporary Storage Solution” used in this experiment is pH 7 buffer solution. It can be purchased through chemical supply companies’ catalogs, for example the Flinn Scientific, Inc., Chemical & Biological Catalog Reference Manual 2008. Further, Vernier Software & Technology sells a package of capsules for preparing buffer solutions of pH 4, 6, 7, and 10 (Order Code PHB). The “Temporary Storage Solution” can also be prepared using recipes found in the CRC, Handbook of Chemistry and Physics.
 6.
The pH 7 buffer solution used in this experiment is the same as the “Temporary Storage Solution” described above.can be purchased from chemical supply companies or it can be prepared using a recipe found in a Handbook of Chemistry and Physics. One such recipe specifies 30.31 g KH2PO4 and 5.15 g NaOH per liter of solution. Capsules for preparing pH 4, 7, and 10 buffer solutions are included in the pH Buffer Kit (Order Code PHB) available from Vernier.
 7.  The pH Sensor should stand in buffer solution when not in use to keep it from drying out. The term “Temporary Storage Solution” is used in the student procedure to avoid confusing this storage solution with the experimental buffer solution and with the “Sensor Storage Solution” in the long-term storage bottle provided by Vernier Software & Technology.
 8.
The “Temporary Storage Solution” can be contained in baby food jars or some similar sealable containers. After your students finish using the pH Sensors, you should return them to the small, plastic buffer-filled bottles supplied by Vernier. The “Temporary Storage Solution” can be sealed and stored in its container for future use.

SAMPLE RESULTS

Part I  CO2 and Distilled Water
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	Table I

Adding CO2 from your breath to water

	Maximum pH
	Minimum pH
	(pH

	7.13
	3.57
	3.56


Part II  H2SO4 and Distilled Water

	Table II

	Drops
	Distilled Water
	Hard Water
	Soft Water
	Buffer Solution

	0
	6.85
	7.72
	5.82
	6.97

	1
	3.79
	7.51
	3.92
	6.96

	2
	3.55
	7.38
	3.64
	6.95

	3
	3.39
	7.28
	3.47
	6.95

	(pH
	3.46
	0.44
	2.35
	0.02


ANSWERS TO QUESTIONS

1.
Part I
Distilled
Hard
Soft
Buffer


Water
Water
Water
Solution

7.04

6.85
7.72
5.82
6.97

– 4.78
– 3.39
– 7.28
– 3.47
– 6.95

2.26
3.46
0.44
2.35
0.02

2.
Distilled water has the largest pH change as the sulfuric acid is added. Because it is only slightly buffered, soft water usually has the second largest pH change. Buffer solution has the smallest pH change. Hard water, because it is well buffered, usually has the second smallest pH change.

3.
The pH of water that is “naturally buffered” changes little when acid is added.

4.
Water in much of the Midwest is buffered as chemicals, such as calcium carbonate, dissolve into it when the water flows over and through soil and rocks (limestone is a good example).

5.
This experiment shows that the pH of soft water changes drastically when acid is added; therefore, living things with a small pH-tolerance range would be more threatened by acid rain in a soft-water region, such as New England.

6.
Acid rain entering buffered bodies of water in the Midwest or Germany does not change the pH of the water significantly. Although smaller amounts of the acid rain produced in the Midwest and Germany reach New England and Scandinavia, respectively, this acid rain causes large drops in pH when it enters these poorly buffered waters.
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