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Water Hardness
1.
The student pages with complete instructions for data collection using the NXT can be found on the CD that accompanies this book. See Appendix A for more information.
2.
Ivory( liquid soap works very well in this experiment. Alternatively, you can shave flakes of unscented hand soap into a small volume of distilled water and mix to make a soap solution. Instruct your students to use 20 drops of this solution for each test. 

3.
We suggest that you set up the Conductivity Probes before the experiment. Set the selection switch on the amplifier box of the probe to the 0–2000 µS/cm range.  

4.
For purposes of this experiment, very hard water is any calcium-ion-rich solution with conductivity greater than 1000 µS/cm. You can prepare such a solution by adding calcium chloride, CaCl2, to a sample of local water, with stirring, until a conductivity reading of 1000 µS/cm is reached.  

5.
In Part II, 18 ( 150 mm test tubes work well.

6.
Part II is the more important part of this experiment. Be sure to devote adequate time and effort to it.

7.
Tap water in soft-water areas can have conductivity values less than 50 µS/cm. For example, the tap water in Portland, Oregon, the home of Vernier Software & Technology, has a value of about 25 µS/cm. The highest tap-water value we have measured was 1440 µS/cm for water from Sigonella, Italy. 

8.
The conductivity values reported in this experiment are really a reflection of all dissolved ions in samples. In this experiment, however, we are making the assumption that most of these ions are “hard water ions,” such as Ca2+, Mg2+, and HCO3–. Other ions found in freshwater samples, such as Na+, K+, or Cl–, would make a much smaller contribution toward the conductivity values reported.

9.
HAZARD ALERTS: 

Calcium chloride, dihydrate (CaCl2•2H2O): Slightly toxic. Hazard Code: D—Relatively Non-Hazardous.


Calcium chloride, anhydrous (CaCl2): Slightly toxic. Hazard Code: D—Relatively Non-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.
SAMPLE RESULTS

	
	Suds height
(cm)
	Conductivity
(µS/cm)

	Distilled water
	4
	0

	Very hard water
	0
	1005

	Tap water
	0
	740


ANSWERS TO QUESTIONS

1.
Answers will vary. The tap water in the Sample Results above would be considered hard because the sudsing test gave no suds and the conductivity value is approaching 1000 µS/cm.

2.
Answers will vary. The tap water tested above was groundwater from a region where the soil is rich in soluble calcium (Ca2+), iron(III) (Fe3+), and magnesium (Mg2+) ions. Surface water in the same area tends to be softer because of lower concentrations of these ions.

3.
Answers will vary.

4.
Answers will vary.
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