AP Chemistry Lab #1 - What Makes Hard Water Hard?
Have you ever had difficulty lathering soap or find that the scum in your shower

constantly needs to be removed?  These are signs of “hard water.”  Soap doesn’t lather well in hard water because metal ions, such as Ca2+, form precipitates, creating “soap scum.”  Because this happens, soap is a less effective cleanser in hard water.  While these metal ions are generally harmless, hard water has other disadvantages, such as “boiler scale.”  Boiler scale is a scaly buildup of the precipitate of calcium carbonate, CaCO3, which occurs when the calcium ions in hard water have precipitated with dissolved carbonate ions, CO32-.  Boiler scale can reduce the energy efficiency of water heaters and ultimately result in increasing layers of salt deposits.


One way to control the formation of boiler scale is through water pretreatment, such as installing a water softener.  Water softeners typically replace Ca2+ ions with soluble Na+ salts.  Other water softeners cause the calcium carbonate to form before the water is circulated to the water heater.  When the hard water within your home is 120-150 mg/L as CaCO3, it is recommended that a water softener is installed.  If the hardness falls 

between 60-120 mg/L as CaCO3, the hardness is considered to be moderate and acceptable to use without a water softener.

Hard water may contain various metal ions, including Ca2+, Mg2+and Fe2+.   In order to fully determine the hardness of water, each ion must be isolated separately.  These ions or analytes can be isolated by precipitation reactions and collected through a process called gravimetric analysis, where the precipitate is isolated, purified, dried and massed.  From the mass of the known composition of the precipitate, the amount of the analyte in the original solution can be calculated using stoichiometry.  The following reaction is an example of this process:
Ca2+ (aq) + Na2CO3 (aq) ( 2Na+ (aq) + CaCO3 (s)

Once the salt is precipitated, it can be collected through filtration.  All of the impurities should be removed from the precipitate through washing and drying.

Science Practices: [2.C, 2.B, 4.D, 5.A, 5.B, 5.E, 5.F, 6.B]  
Objective

How can the hardness of water be determined from a given sample?  What techniques and calculations are required to determine water’s hardness?
Safety
1. Wear protective goggles and an apron throughout the laboratory activity.

2. Be aware of the proper techniques in using vacuum filtration.

Materials

50-mL samples of calcium chloride solutions (unknown concentrations)


50-mL samples of 0.50 M sodium carbonate solutions





250-mL beaker


glass stir rod

labeling tape



100-mL graduated cylinder

pipettes

 ring stand



utility clamp 



Buchner funnel
 filter paper


Erlenmeyer vacuum flask with hose
balance

distilled water bottle


Ice water



Procedure


Design a procedure that will determine the unknown concentration of Ca2+ ions as

mg of CaCO3 per Liter of solution in a 50 mL sample of water.  Write down a detailed

step by step procedure.  Show your proposed procedure to your teacher before attempting

the experiment yourself.  You may use all of the equipment and chemicals listed above. 
Observations


Include all observations relating to this lab before and after its completion. 
Data 

Create your own data table from the procedure above.  Make sure to include a title for this table.  Make sure to include your water sample #.  Make sure to include how many grams of precipitate were collected after each drying.
Calculations   
1. Write the balanced chemical equation for the reaction that occurred between the sodium carbonate and the water sample.  (Assume that your water sample contained calcium chloride solution).
2. How many grams of precipitate were collected?  What was the precipitate?
3. The sample of hard water (CaCl2) that you were given was concentrated 200 times in order to produce a more significant precipitate.  Therefore, your hard water sample is only 1/200 of the original sample of water.  Given this information, calculate the hardness, in mg/L as CaCO3 of the original water sample?

4. Based on the amount of CaCO3 produced, calculate the moles of calcium chloride in your original solution.

5. Which was the limiting reactant in this experiment and why?

6. If your hard water sample actually contained 2.00 grams of CaCl2, What was the theoretical yield of CaCO3 produced in this lab?

7. Using calculation #6, calculate your % yield of CaCO3 produced in this experiment.

Discussion
· Answer the objective of the lab and explain HOW you calculated your results.
· What was the hardness of your original water sample (before concentrating it)?

· Based on your results, quantitatively determine if your water sample soft, 

moderate or hard by comparing to water softening values.

· What specifically makes water “hard”?

· What detrimental effects can occur from having hard water in your home?

Additional Discussion Questions
NOTE: you must write down the questions as well as the answers.  They must 
ALWAYS be in complete sentences.

1.  Why was the precipitate heated twice in the drying oven?

2.  If you forgot to wash the precipitate that was first collected with distilled water before drying it, would the mass of the precipitate be larger or smaller?  Explain.

3.  From what you read in the introduction, if the water sample you were given came from your home, would a water softener be recommended?  Why or why not?

4.  Based on the results of this experiment, if 50.0 mL of 0.60 M Na2CO3  was used instead of 50.0 mL of 0.50 M Na2CO3 would the amount of precipitate produced be more, less or the same as what was produced in this lab.  Explain.
5.  If excess Na2SO4 (aq) is added to a 42.53 mL sample of Ba(NO3)2 (aq), what is the formula for the precipitate?
6.  In question #5, if the precipitate that formed was 3.046 grams, what was the molarity of the Ba(NO3) 2 ?
7.  A 5.000 gram mixture contains strontium nitrate and potassium bromide.  Excess Pb(NO3) 2 (aq) is added to precipitate out 0.7822 grams of PbBr2 (s).  a) What is the % by mass of the potassium bromide in the original mixture?                                                                                                             b) What is the percent by mass of the strontium nitrate in the original mixture?
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