Solubility Product and Potentiometric Titrations

Theory

Experimental Method

Standardizing the chloride ISE

Obtain about 40 ml of a standardized solution of sodium chloride in a small, clean, dry beaker.  If the beaker is wet, condition the beaker with some of the solution first.  The standardized sodium chloride solution should be approximately 1.00 M.   Carefully pipet 25.00 ml of the sodium chloride solution into a 250.0 ml volumetric flask.  Be sure to follow good pipeting procedure.  Add deionized water to nearly the mark, mix the contents, then add deionized water “to the mark” and thoroughly mix the solution.  Repeat this procedure with each successive solution a total of three times, each time using 25.00 ml of the new solution to make another solution.  At the end of the procedure you should have a total of five solutions (including the original), each of which is exactly 1/10th the concentration of the former solution.

Next, immerse the chloride-selective electrode in each of the five solutions, being sure to carefully rinse the electrode between each measurement.  In order to “condition” the electrode, you may want to rinse it with a bit of the solution to be measured before immersing it in the solution.   The probe must me immersed deep enough for the little holes on the sides are in the solution (about 1.5 cm).  The vernier probe should be set to measure “raw” voltage.  Wait long enough to be assured that the voltage reading is stable.  If you want really good data, you might want to measure the voltage for each solution two or three times and take an average.  When you analyze your data, you will use the voltages and concentrations of these five solutions as your calibration in order to measure the chloride concentration of unknown solutions.

Measuring Ksp of chloride salts
Now, obtain samples of saturated solutions of both thallium chloride and lead chloride.  Be very careful not to disturb the solutions, which would cause small particles of undissolved compound to become suspended in the solution, making your value of Ksp suspect.  Using the same procedure as above, measure the voltage (and therefore the chloride concentration) of both solutions.  As before, you should measure three times and take an average, both to get a feeling for the size of your random error, and to increase your confidence in the result.  Measure the temperature of the solutions.  Because you want Ksp of the compounds in the saturated solutions, it is best to measure the temperature of the solutions, not of your sample when you are measuring the voltage.  You will be using this data, plus your calibration graph from the known solutions to calculate Ksp for the two compounds.
Measuring the concentration of an unknown chloride solution.

Now you will do a potentiometric titration of a known silver nitrate solution with your unknown chloride solution in order to determine the concentration of chloride in your unknown.  You are more familiar with putting the unknown solution in the Erlenmeyer and the known solution in the buret, but this time you will do the reverse.  This will give a better endpoint than titrating chloride with silver ion.

Set up a buret and condition it with your unknown chloride solution.  Fill it to near the top with the solution.  To a 250 ml Erlenmeyer flask, pipet 10.00 ml of the standardized silver nitrate solution.  Be sure to write down the concentration of this solution!  Add a magnetic stirrer and insert the chloride selective electrode.  Before titrating, add sufficient deionized water to the silver nitrate to raise the solution level to the holes on the side of the probe.  This will NOT affect your ability to observe an end point.  Set up the drop counter using the identical method used in the titration curve lab.   Also, set up the Vernier probe so as to measure the number of drops and the voltage.  Perform a titration.  The voltage of the solution should hold fairly steady, but at the endpoint should change fairly dramatically.   Continue the titration for a few dozen more drops.   It may be advisable, in order to have a check on your data, to record the initial volume on the buret and the volume at which you see a definite deflection in the voltage of the CSE (chloride selective electrode).  The difference will give you a second means to obtain the volume at the end point in addition to that obtained from the drop counter and your titration curve.  Perform a second identical titration of your unknown as a check on the reproducibility of your data and so that you can get an average of the concentration of your unknown.   
Calculations

First, create a graph of voltage from the chloride selective electrode versus log of concentration of standardized and diluted standardized solutions.  The graph should be a straight line or nearly so.  If it is sufficiently linear, then perform a linear regression to obtain the value of “m” and “b.”  The linear equation should allow you to calculate the chloride concentration of any unknown solution simply by measuring the voltage of the solution.  At this point, you have successfully calibrated your electrode.   If you feel the graph is not sufficiently linear, you can free-hand the best curve you can to the data and interpolate chloride concentration directly from the curve you have drawn.
Next, calculate the chloride concentration for the thallium (I) and lead (II) chloride solutions using your calibration.  Calculate Ksp for these two compounds from your data.  Using “known” values for these two solubility products, calculate the percent error for your measurement.

Create a graph of voltage versus volume of chloride solution added from the titration of the standardized silver nitrate solution with your unknown chloride solution.  You will need to use the drop counter calibration from the previous lab.  Print out titration curves for both titrations you performed.  If the endpoint does not show a sufficiently sharp deflection, you may have to obtain the endpoint from drawing lines through the part of the curve before the endpoint and after the endpoint and obtain the endpoint from the intersection of the lines.  Now, bearing in mind the stoichiometry of the precipitation reaction between the ions, calculate the chloride concentration of your sample from the three titrations.  Calculate an average and report your result.
