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Introduction
The chloride ion (Cl-) is an important anion found in solids and solutions.  Chloride is the predominant anion of sea water with a molarity of approximately 0.54 M.  It is an essential component of fluid systems in the body and is part of the regulatory mechanism for body fluid volume and osmotic pressure in cells.  An average human excretes approximately 16 mg of chloride per day, thus the detection of the chloride ion becomes germane to water treatment facilities.  Bleaching agents can also contribute to chloride ion concentrations in drinking water.  The chemical detection of the chloride ion is an important process in water purification and treatment.  In this experiment, we will determine the amount of chloride ion in an unknown sample of water using the Mohr method, which relies on the solubility differences of two anions and the titration endpoint of a precipitate.  The net ionic reaction during the titration is as follows:


Ag+   +   Cl-   →   AgCl(s)
The Ksp for AgCl is 1.8 x 10-10 and that for Ag2CrO4 is 1.2 x 10-12.  Thus, as silver ions are slowly added to solution, AgCl precipitates first, removing the chloride ions from solution.  As can be inferred, Ag+ ions react with almost all chloride ions before precipitation of Ag2CrO4 begins.  

Thus, the secondary reaction is

2AgNO3(aq)   +  K2CrO4(aq)   →  Ag2CrO4(s)   +   2KNO3(aq)
and results in a color change from yellow to reddish-brown at the end point.  Knowing the molarity of the titrant allows for calculation of the chloride concentration.

Materials: volumetric pipettes, three 250 mL Erlenmeyer flasks, 50 mL buret, ring stand and buret clamp, 100 mL graduated cylinder, stirrer, 0.100 M AgNO3, 1.0 M K2CrO4
Procedures
1.  Using the volumetric pipette, transfer 5 mL of your unknown chloride solution into each of three 250 mL Erlenmeyer flasks.  Add about 50 mL of distilled water to each.

2.  Clean a 50 mL buret and rinse with two 5 mL portions of AgNO3 solution.  Do not discard the rinse.  Fill the buret with the 0.100 M AgNO3 titrant solution.

3.  Add 3 drops of 1.0 M potassium chromate (K2CrO4) solution to the first flask which will give the solution a yellow color.

4.  Record the initial reading of AgNO3 in the buret, then slowly add AgNO3 to the flask while swirling or stirring.  Reddish specks form upon contact; slow down and continue until the reddish-brown color persists.  Record the volume of titrant used.

5.  Dispose of the contents in the flask in the waste bottle labeled Silver.

6.  Refill the buret and repeat steps 3, 4, and 5 for the other two samples.

7.  If time permits, determine the chloride concentration in a sample of your choice.

Analysis
1.  Calculate the molarity of the chloride ion in your unknown for each titration, then average the results.  Calculate the grams of chloride ion per liter.

2.  Discuss the significance of the Ksp of AgCl on the accuracy of the Mohr test.

3.  Suggest a method for detecting the presence of another anion of your choice using the technique employed in this lab, i.e., titration to an end point.

4.  Suggest a titration method for detecting the amount of the transition metal ion Cu2+ present in a solution of CuSO4 using a titration method.

5.  The Ksp of AgCl is larger than the Ksp of K2CrO4, yet K2CrO4 is more soluble than AgCl.  Explain the fallaciousness of the above statement.

