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    Dealing with Hard Water 
 
Name __________________________________ 
 
Purpose:  In this laboratory, you should imagine that you are designing a simple test that could 
be used by homeowners to determine how "hard" their water supply is, and therefore whether it 
would be worthwhile to purchase a water softener or some other method of improving the 
cleaning power of the water used for laundry. This experiment has at least as much to do with 
designing a simple experiment as it does the chemistry of water hardness. 
 
Reference: based on an exercise in Laboratory Inquiry in Chemistry, by Richard D. Bauer, 
James P. Birk, and Douglas J. Sawyer, Thomson-Brooks/Cole 2005. 
 
Background:   
The action of soaps and detergents is related to their structure: one end of the soap molecule 
consists of chains of relatively non-polar -CH2- groups, which tends to dissolve organic materials 
such as greases and oils (the dirt!).  Attached to this part of the molecule is a polar or ionized 
group, usually –CO2

-. Being ionized, this end of the molecule is very soluble in water.  The 
action of the soap, therefore, is to cause substances that otherwise would not dissolve, or would 
dissolve slowly, to be washed away in the liquid. 
When there are metal ions such as Ca2+, Mg2+, or sometimes Fe3+ in the water, they tend to 
interfere with the action of the soap or detergent, by tying up the polar or ionized end of the 
molecule.  For example, 
 
                                 2 C17H35CO2

-(aq)   + Ca2+(aq) � Ca(C17H35CO2)2(s)    
 
The metal ion is not harmful to your health if you drink the water.  In fact, some extra calcium 
might even be good for you!  However, it does mean that you have to use more soap or detergent 
to get your clothes or your body clean because you have to have enough to react with the metal 
ions, in addition to the amount you need for cleaning.  Furthermore, the solid material (above) 
also tends to be insoluble, leaving behind a soap "scum". 
One kind of hardness is very easy to remove.  It is called temporary hardness, and is a 
consequence of the presence of bicarbonates in the water.  These can easily be converted to solid 
carbonates by heating: 
 
                            Ca2+(aq) + 2 HCO3

- + heat  � CaCO3(s) + CO2(g) + H2O(l) 
 
The solid calcium carbonate clogs up hot water pipes and hot water heaters, but the water after 
cooling has less free calcium ion and so it is not as hard as it was before being heated.  
Permanent hardness is caused by chlorides and sulfate salts, which are not changed by heating. 
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Several different chemical substances are used to enhance the action of soaps and detergents in 
hard water, and you may have seen them in grocery stores. Even if you do not add such a 
substance to your laundry, it is already present in most commercial laundry detergents.  The goal 
of you and your laboratory team will be to determine which of several possible alternatives is 
most effective for this purpose.   
You can tell when the metal ions associated with water hardness are consumed, because it is 
only at that point that "lather" will be observed.  You can use the presence of persistent soap 
suds as an indicator that soap in excess of the amount tied up with the metal ions has been 
provided. 
 
Materials: 
 

• 0.00100 M CaCl2 solution, which has a hardness of 100 ppm 
• Soap solution   Your own water sample (from home, a pond, or river) 
• Distilled or deionized water Borax, Na2B4O7(s) 
• Sodium chloride, NaCl Sodium carbonate (washing soda), Na2CO3 
• Balance   Sodium phosphate, Na3PO4(s)  
• Sodium sulfate, Na2SO4 Safety goggles! 
• Beral pipets   Standard laboratory glassware 
 

Procedure: 
1. Write a brief description of the purpose of the experiment in your laboratory notebook. You 
should be trying to do two things: (1) estimate how hard the sample of water that you bought to 
lab is. (2) estimate how effective different laundry additives are. 
2. Confer with your laboratory partner(s) to decide on a procedure for carrying out this 
experiment.  After you have agreed upon a method that you believe will work, write a detailed 
description of it in your laboratory notebook, including a table into which your experimental data 
will be entered. Be sure to include every measurement that you intend to make, and use the 
appropriate units for each of them. 
3. Show your procedure to your laboratory instructor, and get his or her approval before 
beginning any laboratory work. 
 
Laboratory Report: 
In addition to the purpose and the data you recorded above, your report on this experiment 
should be useful to potential consumer of cleaning products for use in hard water.  Which 
"builders" (this is the name for such a substance) did you find to be most effective? On the basis 
of their effectiveness, what should be the relative price of the substances that you tested? 
 
In your opinion, did your laboratory partners contribute fairly to the completion of this 
experiment?  ______________.  If not, describe any discrepancy.  Turn in this sheet along with 
relevant pages from your laboratory notebook. 
 
 
 
Your name ____________________ 
 
Laboratory partner(s)  __________________ __________________ 


