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Introduction
Inorganic substances are broadly classified as acids, bases, or salts.  With few exceptions, all common salts are strong electrolytes.  However, the solubilities of salts span a broad spectrum, ranging from slightly or sparingly soluble to very soluble.  

This experiment is concerned with heterogeneous equilibria of slightly soluble salts.  For true equilibrium to exist between a solid and solution, the solution must be saturated.  Thus the solubility equilibrium constant can be expressed solely on the concentrations of the ions.  The rule for writing the solubility product expression states that Ksp is equal to the product of the concentration of the ions in solution, each raised to the power of the coefficient in the equilibrium equation.

For the salt MA, the dissociation proceeds as:      

MA      ↔     M+    +      A- 
Ksp = [M+][A-]
For the salt MA2, the dissociation proceeds as:

MA2  
↔   M+    +     2A-
Ksp = [M+][A-]2
To determine the Ksp for a sparingly soluble salt, we need only determine the concentration of one of the ions, because the concentration of the other ion is related to the first ion(s concentration by a simple stoichiometric relationship.  In this experiment, we will determine the Ksp for silver chromate, Ag2CrO4, by measuring the concentration of the yellow chromate ion, CrO42-, using a spectrophotometer.  The dissociation proceeds as

Ag2CrO4(s)    ↔    2Ag+(aq)    +     CrO42-(aq)          
for which the Ksp = [Ag+]2 [CrO42-].

Materials
spectrophotometer, cuvettes, 5 mL pipettes, centrifuge tubes, 150 mm test tubes, No. 2 stoppers, buret, centrifuge, 0.0024 M K2CrO4, 0.25 M NaNO3, 0.004 M AgNO3
Procedures
A.  Calibration Curve for Chromate Ion
1.  Adjust the wavelength control on the spectrophotometer to 390 nm.  Now, turn on the device and allow to warm up 5 minutes.  With no sample in the holder, but with the cover closed, turn the zero adjust to bring the meter to zero on the percent transmittance scale. 

2.  Using a buret, add 1, 5, 10, and 15 mL of the standardized 0.0024 M K2CrO4 to each of four clean, dry 100 mL graduated cylinders and dilute to the 100 mL mark with 0.25 M NaNO3. Calculate the CrO42- concentration in each of these solutions.
3.  Fill the cuvette about halfway with distilled water and insert it into the holder, close the cover and rotate the light-control knob until the meter reads 100% transmittance.

4.  Switch scales and measure the absorbance of the four prepared solutions at 390 nm and plot the absorbance versus concentration to construct the calibration curve. [The absorbance can be calculated from the percent transmittance by A = 2 - log%T.]

B.  Determining Ksp of Ag2CrO4
1.  Using pipettes, accurately prepare in a 150 mm test tube 5 mL of 0.004 M AgNO3 to 5 mL of 0.0024 M K2CrO4.  Stopper each test tube.  Shake the solution thoroughly at periodic intervals over a 10 min period.  This will establish equilibrium between the solid phase and ions in solution.

2.  Transfer approximately 3 mL of each solution and most of the insoluble Ag2CrO4 to centrifuge tubes and spin two minutes.  Discard the supernatant and retain the precipitate.

3.  To the test tube add 2 mL of 0.25 M NaNO3.  Shake as before, then centrifuge.

4.  Transfer the clear, pale yellow supernatant liquid from the test tube to a clean, dry cuvette.  Measure and record the absorbance of the solution.  Using the calibration curve, calculate the molar concentration of CrO42- in the solution.  

Analysis
1.  Using the average CrO42- concentration of the class, determine the Ksp of Ag2CrO4.

2.  Determine the percent error of your Ksp calculation, then suggest sources of error.

3.  What is the molar solubility of Ag2CrO4?

4.  Many anions yield clear solutions, negating the spectrophotometer method for determining Ksp.  List several other experimental techniques you could use to determine the Ksp for a sparingly soluble salt that yields either a clear or colored solution.

