Teacher Prep for Part 1:
1. Obtain (4) 2L containers and mark A, B, C, & D.
1.  Fill one bottle with exactly with 2L of distilled water Place 1.4g of calcium chloride (ice removal salt) or Magnesium Chloride crystal (Epsom salts) into a 2L container of distilled water.  This is the 1.0M stock solution and has total hardness of 391.8 ppm as calcium carbonate.  Label this as Container A.
1. To make a 0.1 dilution, take 100 ml of A and place in another 2L container B.  Add 1L of distilled water to container B.
1. To make a 0.01 dilution, take 100mL of B and  put into container C.  Add 1L of distilled water and to container C.
1. Fill Container D with 1L of distilled water as a control group.


EBT Indicator Solution
Dissolve .15g EBT in 30mL ethyl alcohol.  Stir to dissolve.   Be sure to prepared fresh solution (less than 2 weeks old).

EDTA
Dissolve 7.44g into 1L of distilled water.  This makes a .020M solution (this is needed for the formula). 


KEY IS A WORK IN PROGRESS.

KEY
4. An ion is a charged particle (atom) due to the gain or loss of electrons.  In this case, the ions are metals and have a positive charge due to the loss of electrons.
4. Ca, Mg, Fe, etc.
4. Carbon dioxide mixes with water in the soil/rock and creates carbonic acid which dissolved ions from the sedimentary rock.
4. Distilled water has been purified and contains no minerals/containments and neutral pH.  Distillation is often performed by boiling & condens
4. ing water.
4. Negative side effects of hard water is taste, odor, increased use of detergents for washing dished/clothing, increase cleaning products to clean soap scum, and deposits in pipes, coffee pots, driveways.
1. 




Name ______________________________			Date ___________ Period_______

Water Hardness

Introduction 
This lab is concerned with hardness, which is the amount of dissolved minerals in the water.  The primary causes of hardness are calcium (Ca+2) and magnesium (Mg+2) ions, but other metals such as strontium, iron, manganese, and aluminum can also contribute to hardness.  Of these, ferric iron and aluminum ions tend to have little effect on hardness in natural waters since they are not very soluble in water at natural pH levels.  

Since the hardness in water primarily originates from contact with the soil and with rock formations, hard waters tend to originate in areas where topsoil is thick and limestone formations are present.  Soft waters (those containing relatively little hardness) originate in areas where the topsoil is thin and limestone formations are sparse or absent.  

Because water is considered a "solvent", i.e., over time it can break down the ionic bonds that hold most substances together, it tends to dissolve and 'gather up' small amounts of whatever it comes in contact with.  In order for minerals to enter water from the rocks and soil, the water must be somewhat acidic.  Rainwater usually has a neutral pH and is incapable of dissolving most solids in rocks and soil, but carbon dioxide is released into the water by bacterial action as the water percolates down through the soil.  This carbon dioxide forms carbonic acid and makes the water acidic.  This acidic water dissolves limestone.  Since limestone is primarily composed of calcium carbonate, calcium is usually the largest cause of hardness in water.  But most limestone also has some impurities such as sulfates, chlorides, and silicates, which can also pass into solution as the carbonates dissolve away around them.  

Alkalinity (pH) is not hardness even though both enter the water from limestone.  To see why, consider the following chemical equation: 
CaCO3  Ca+2 + CO3-2
When calcium carbonate (CaCO3) from limestone is dissolved in water, it ionizes into calcium ions (Ca+2) and carbonate ions (CO3-2).  The calcium (metal) ions cause hardness in water while the carbonate ions cause alkalinity (pH). Hardness does not affect the pH of water; instead, it reacts with soap in water to form precipitates (soap scum and bathtub ring) and scale (minerals that re-crystallized).  Hardness can also damage some industrial equipment and can result in undesirable taste in drinking water.  The best way to determine if your water is hard is to test it.  However, hard water can leave evidence such as decreased efficiency of water heaters, deposits inside plumbing, spots on showers and dishes, and difficulty in cleaning and laundry tasks.  Hard water uses about twice as much detergent and cost consumers more money.

Very Soft Water-50 ppm or less
Soft/good water-50-150 ppm
Hard water-150-300 ppm
Very hard water-300 ppm or more
Note-Very soft water can corrode the metal pipes in which it is carried and as a result the water may contain elevated levels of cadmium, copper, lead and zinc.


Pre-Lab:  
Read the entire lab & highlight important details.  Answer the pre-lab questions #1-5.
Bring a home water sample in a plastic bottle to test at school in Parts 1 & 2.

1. Define ion (use textbook)?


2. Which 2 ions are usually to blame if water is “hard”?


3. How do these ions get into surface water and groundwater?


4. What is distilled water?




Part 1Soap Test

Equipment:  5 test tubes in a rack, bottle of soap, eye dropper

Procedure:
1. Use a graduated cylinder and obtain 5 mL of water sample A.  
2. Pour Sample A into a test tube.
3. Record the name of the water sample on the data table.
4. Add 3 drops of soap to the test tube.  Cover the end with a finger and shake vigorously for 5 seconds.  See if there is “lasting lather” (bubbles) after 5 seconds.  If not, add another 3 drops and repeat the shaking.  Continue until a lasting lather appears.  Record the number of drops to cause the lather.
5. Record the height of the “lasting lather”.  This solution is hard and has 392 ppm hardness.
6. Repeat steps 1-5 for water samples B, C, & D.  Solutions B & C are dilutions of A.  Solution D is distilled water.
7. Repeat steps 1-5 for water sample you brought to school. 
8. Compare your water sample to samples A-C and estimate which ones have common hardness.  The higher the lather height, the softer the water (provided you used 3 drops of soap).

	Water Sample
	Number of Soap Drops
	Lather Height (cm)
	Hard or Soft?

	
A
	
	
	

	
B
	
	
	

	
C
	
	
	

	
D
	
	
	

	

	

	
	

	If you added additional soap to create lather, then consider this water as harder than the samples that required 3 soap drops to make lather.



Part 1 Questions

1. Which water sample was the hardest?     		 Softest?

2. Describe the source of your water sample?   Is the water treated?



3. Why would distilled water be considered the control in this experiment?



4. Would you expect water in a limestone cavern to be hard or soft?  Explain?



5. If you spilled hard water on a dark countertop and it evaporated, what would the spill look like after it evaporated?










Part 2Titration Test
The most accurate method of measuring hardness is to have the water tested in a laboratory for the amounts of calcium and magnesium. In this titration, a buffer is added to change the water to the appropriate pH so EDTA will react.  EDTA is slowly added to the sample and reacts with calcium and magnesium in the water.  When all of the calcium and magnesium have been used up, the indicator will change color and you can calculate the amount of hardness that was present in the sample water by measuring the volume of EDTA added.
Equipment
Beaker, stirring rod or magnetic stirrer and stir bar, 25 mL pipette with pump or buret & clamp w/ring stand

Reagents
1. Distilled water 
1. Buffer solution:  Ammonia/Ammonium chloride (pH 10)
1. Indicator :  Eriochrome black T (EBT) 
1. EDTA titrant (0.020M)

Procedure-Use your water sample from home.
1. Measure 100 mL of your water sample and place in a beaker.  Record the amount of sample used on data table.
1. If available-test water hardness with hardness strips.  Record ____________ (be sure to record unit)
1. Add 2 mL of buffer solution to the beaker.  (This will change the pH of the sample water to about 10.0 to 10.1).  Stir with stirring rod or magnetic stirrer.  
1. Add 2 drops of indicator solution to the beaker.  Continue stirring.  
1. Record the beginning volume of EDTA (either in pipette or burette).
1. Continue stirring and add EDTA titrant until the indicator changes color.  The color will change from pinkish to blue.  It is easier to see color change with white paper beneath beaker.  
1. Record the amount of EDTA titrant required to reach the endpoint color.
1. Repeat procedures for trials 3x and average-if time permits.
1. Calculate and record the amount of hardness (as ppm CaCO3) in the water using the following formula.   Show work beneath formula.  Remember- mL units cancel out.

Hardness  = (mL Titrant) x (molarity of titrant) x (100,000)
                                                          (mL sample)





Results-Water Hardness Data

	Water Source-describe
	Sample Size (mL)
	Molarity of Titrant (M)
	Amount of Titrant (mL)
	Hardness (ppm CaCO3)

	
	

	
	
	

	

	
	
	
	



Questions:
1. Is your water sample hard?   		Explain.




2. Name 2 problems in the home can result from hard water?




3. Calculate hardness if you used the Hardness strip using this conversion:  
 17.1 PPM to equal 1 GPG.



4. Compare if the results of Part 1 and Part 2 are similar for your water sample.
