CHM 212
Experiment #6 – Complexometric Determination of Ca2+ and Mg2+ in Water by EDTA Titration: Test for Water Hardness

In this experiment you will determine the hardness of a water sample by EDTA titration.  Water hardness affects the efficacy of your soap as well as the buildup observed in your shower and bathtubs.  EDTA is defined as being a tetradentate (or hexadentate, depending upon the source) chelating agent that forms a complex with various metal ions.  In the determination of water hardness you will determine the total content of Ca2+ and Mg2+ in the water sample.  In order to determine the Ca2+ and Mg2+ content you will form a complex between these two ions and EDTA (ethylenediamine tetraacetic acid).  EDTA is a tetraprotic acid (possessing four acidic protons, one on each of the acids) and is defined as being hexadentate in nature.  Hexadentate means that this species can attach to its target ion through six sites – the four acid groups, plus the non-bonding electrons on the N atoms.  The complex is formed between the totally deprotonated form of EDTA4- given the symbol Y4-, where the pertinent reaction is as follows:


Ca2+   +  Y4-    (  CaY2-   and


Mg2+  +  Y4-   (  MgY2-

In this experiment you will use a different type of indicator than that used in the previous experiments.  Here you will use eriochrome black T indicator.  Additionally, it is very important that the pH of the solution is maintained at 10 to ensure that the EDTA is in the appropriate form Y4- to ensure the proper reaction and accurate results.  To maintain the pH of the solution, you will employ a pH 10 buffer.


In the first part of this experiment you will find the total hardness of the water as the total Ca2+ +  Mg2+ that reacts with the EDTA.  Here we assume that these are the only two ions that react with the EDTA (particularly at this pH).  In the second part of this exercise you will analyze for only the Ca2+ content by precipitating Mg(OH)2 with strong base.  In this way, you will able to determine the concentration of each ion individually.
Procedures:
1. Dry Na2H2EDTA.2H2O (FM 372.24 g/mol) at 800C for 1 hour and cool in the dessicator.  Next, weigh out approximately 0.6 g of this EDTA and dissolve it in 400 mL of water with heating in a 500 mL volumetric flask.  Cool this solution to room temperature, dilute to the mark and mix the solution very well.

2. Rough titration: pipet approximately 50 mL of unknown sample into a 250 mL flask.  To this sample add 3 mL of pH 10 buffer (already prepared) and 6 drops of Eriochrome black T indicator.  Titrate with EDTA from a 50 mL buret and note when the color changes from wine red to blue.  Practice finding the endpoint several times by adding a little more unknown and titrating with more EDTA.  Save a solution at the end point to use as a color comparison for other titrations

3. Repeat the titrations with three samples to find an accurate value of the total Ca2+ + Mg2+ concentration.  

4. Perform a blank titration with 50 mL of distilled water and subtract eth valueof the blank from each of the results in step 3.

5. For the determination of Ca2+, pipet four unknown samples (50 mL each) into clean flasks.  Add 30 drops of concentrated (50wt%) NaOH to each solution and swirl for 2 minutes to precipitate Mg(OH)2.  The precipitate may or may not be visible, but follow the instructions as written.  Extreme care should be exercised when handling the 50wt% NaOH. It is extremely corrosive and will give  you a nice, nasty burn and/or eat your flesh.
6. To each of your solution in step 6 above you are to add ~0.1 g of solid hydroxynaphtol blue to each flask.  This indicator is used because it remains blue at a higher pH than does Eriochrome black T.  
7. Titrate one sample rapidly to find the end point; practice finding the endpoint several times if you’d like, as you did above by adding a little more unknown and titrating to the color change.
8. Titrate the other three samples carefully. After reaching the blue end point, allow each sample to sit for 5 minutes swirling occasionally to redissolve and precipitated Ca(OH)2.  then titrate back to the blue end point (repeat this procedure if the blue color turns to red upon standing).

9. Perform a blank titration with 50 mL of distilled water to which you add the same amount of hydroxynaphtol blue indicator and titrate with the EDTA solution.

10. Calculate the total concentration of Ca2+ and Mg2+, as well as the individual concentrations of each ion.  

11. Report the results with absolute standard deviations and relative standard deviations found by performing propagation of error analyis.

12. If you are extremely ambitious, you may also use this procedure to test for the hardness of a water sample of your choosing, e.g. a sample of tap water from your dorm or from a well on the farm, etc.
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