Virtual AP Chem Experiment:  Ksp of PbI2 
Discussion:  In this experiment, you will determine the solubility product, Ksp value, for a relatively insoluble compound, PbI2.  The saturated solution contains solid PbI2 in equilibrium with its ions.  The equilibrium system can be established by simply dissolving solid PbI2 in distilled water until no more dissolves or by mixing solutions of Pb(NO3)2 and KI to form the precipitate.  The solid PbI2 will be removed from the saturated mixture using a centrifuge, then the [I-] remaining in solution at equilibrium can be determined spectrophotometrically by reacting it with NO2- ions in an acidic environment.  This will form an orange-brown solution of I2, which absorbs a sufficient amount of light with a wavelength of ~525 nm to make an accurate analysis of its concentration.  You will be using a Spectrophotometer, the Spec-20. 

In order for a compound to have a color, it must absorb some portions of visible light.  Visible light is one form of electromagnetic radiation with wavelengths ranging from approximately 350 nm to 800 nm.  White light contains all wavelengths in this visible region.  A compound will absorb visible radiation when it possesses the energy needed to move an electron from its lowest ‘ground’ state to some higher excited state.  When a sample absorbs visible light, the color we perceive is the sum of the remaining colors that are reflected or transmitted by an object and strike our eyes.  An opaque object reflects light, whereas a clear one transmits light.  If an object absorbs all wavelengths of visible light, then no wavelengths reach our eyes, and the color appears to be black.  The Spec-20 has a white light source that passes through a movable prism to change the wavelength of the emitted color.  This light will pass through the solution and strike a photocell.  A higher concentration of the colored solution absorbs more light (and transmits less) than a solution of lower concentration.  The Spec-20 monitors the light received by the photocell as either an absorbance or a percent transmittance value.  (Note:  It may be easier to read the % Transmittance scale to three significant figures and then convert to Absorbance using the equation:  






A = - log(%T / 100).

You are to prepare five I- solutions of known concentration (standard solutions).  Each is transferred to a small, cuvette that is placed into the Spec-20.  The amount of light that penetrates the solution and strikes the photocell is used to compute the absorbance of each solution.  When a graph of absorbance vs. concentration is plotted for the standard solutions, a direct relationship should result, as shown in Figure 1 below.
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Figure 1





The direct relationship between absorbance and concentration for a solution is known as Beer’s law.  The concentration of [I-] at equilibrium in the saturated solutions is then determined by measuring its absorbance with the Spec-20.  By locating the absorbance of the unknown on the vertical axis of the graph, the corresponding concentration can be found on the horizontal axis (follow the arrows in Figure 1).  The concentration of the unknown can also be found using the slope of the Beer’s law curve.

Problem:  Can you determine the Ksp value of a saturated solution of lead (II) iodide, using a Spec-20 to help collect and analyze the experimental data?

Procedure:
1.
From the stock solutions available, measure out about 25 mL of 0.0120 M Pb(NO3)2 in 0.20 M KNO3(aq) in a small beaker. (The KNO3 is present in all solutions as an inert salt, that will keep the ionic strength relatively constant and promote the formation of well-defined crystalline precipitates of PbI2.)  To a second beaker add 25 mL of 0.0300 M KI in 0.20 M KNO3(aq), and to a third, add 60 mL of 0.20 M KNO3(aq).  
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2.
Label four test tubes 1 to 4.  Pipet 5.00 mL of the 0.0120 M Pb(NO3)2 solution into each tube.  Then add 2.00 mL of the 0.0300 M KI solution to test tube 1, and 3.00, 4.00 and 5.00 mL to test tubes 2, 3, and 4, respectively.  Add enough 0.20 M KNO3 to the first three tubes to make the total volume 10.00 mL in each tube. Stopper each test tube and shake vigorously at intervals of several minutes while you are proceeding with the next part of the experiment. After at least 15 minutes of reaction time with occasional shaking, the solutions in test tubes 1 to 4 should be saturated.  The composition of the final mixture in each tube is summarized in the following chart:
	
	Test Tube
Number
	0.0120 M Pb(NO3)2
(mL)
	0.0300 M KI
(mL)
	0.20 M KNO3
(mL)

	
	1
	5.00
	2.00
	3.00

	
	2
	5.00
	3.00
	2.00

	 
	3
	5.00
	4.00
	1.00

	
	4
	5.00
	5.00
	0.00


3.
Prepare six standard solutions of [I-] with known molarities by first adding 10.00 mL of the 0.0300 M KI to 20.00 mL of 0.20 M KNO3(aq).  This mixture has a molarity of 0.0100 M KI in 0.20 M KNO3(aq).  Make five other standards with molarities of [I-] equal to 0.00800, 0.00600, 0.00400, 0.00200, and 0.00100, by mixing the 0.0100 M KI with 0.20 M KNO3 in the following proportions:

	
	[I-] in standard

(M)
	0.0100 M KI
(mL)
	0.20 M KNO3
(mL)
	

	
	0.00800
	8.00
	2.00
	

	
	0.00600
	6.00
	4.00
	

	
	0.00400
	4.00
	6.00
	

	
	0.00200
	2.00
	8.00
	

	
	0.00100
	1.00
	9.00
	


4.
Next, pipet 3.00 mL of each standard solution into separate labeled test tubes.  To each tube, add 3.00 mL of 0.02 M KNO2(aq), potassium nitrite (not KNO3, potassium nitrate), and two drops of 6 M HCl(aq) to oxidize the I1- (aq) to I2(aq). The net ionic reaction of the standard KI solutions that react with the KNO2 and HCl to form the yellow-orange I2 aq) is:



2I1- (aq)  +  2 NO21- (aq)  + 4H1+ (aq)  (  I2(aq)  +  2NO(aq)  +  2H2O(l)    
The higher the concentration of the I1- (aq) used, the darker the color of the I2(aq) solution that will form.

5. 
Turn on the Spectrophotometer-20 and allow it to warm up for at least 10 minutes.

6. 
Prepare a “blank” by filling an empty cuvette (or small 13 x 100 mm test tube) 3/4 full with distilled water.

7. 
Switch the Spec-20 to read “% Transmittance”.  Set the wavelength to 525 nm and the transmittance to 0% with no cuvette in the instrument.

8. 
Place the “blank” in the Spec-20 and set transmittance to 100%.  The spectrophotometer should be re-calibrated in this fashion every few minutes or if the wavelength is changed.  Switch the Spec-20 to read “Absorbance” during the data collection time period.

9. 
Empty the water from the “blank” cuvette.  Using the 0.00100 M KI solution, rinse the cuvette twice with ~1mL amounts and then fill it 3/4 full.  Wipe the outside with a tissue, place it in the Spec-20, and close the lid.  Read and record the Absorbance value.  Discard the cuvette contents as directed by your teacher.  

10.
Using the 0.00200 M standard solution, rinse the cuvette twice with ~1mL amounts, and then fill it 3/4 full.  After closing the lid, wait for the value displayed on screen to stabilize, then read and record the Absorbance value.

11.
Continue testing the other solutions, starting with the most dilute KI to the most concentrated.  Using the absorbance and concentration values for the standard solutions, prepare a graph with Graphical Analysis of the concentration (X) and absorbance (Y) values.  Print out a graph of the “absorbance vs. molarity” for your standard solutions.

12.
Carefully, decant the saturated liquid from each of the four test tubes into clean, dry, centrifuge tubes.  Centrifuge for 3 minutes to settle any suspended PbI2 solid.  Pour the liquid into another small dry tube.  If there are any solid particles or yellow color remaining in the solution, centrifuge again.  Note:  If a centrifuge is not available, allow the mixtures to sit overnight to allow the precipitates to settle out.  When you have a clear liquid, dip a small piece of clean, dry paper towel into the liquid to remove any solid particles floating at the surface.  Pipet 3.00 mL of the clear, colorless solution into another dry tube, then add 3.00 mL of 0.02 M KNO2(aq), and two drops of 6 M HCl(aq) to oxidize the I- to I2.  

13.
Set up the Spec-20 again, and determine the absorbances of each of the saturated solutions from test tubes 1 to 4.  Use the calibration curve from the Beer’s Law plot to determine the [I-] at equilibrium in each tube.  Use an ICE chart to record the initial [Pb2+] and [I-], the changes that occurred, and the equilibrium [Pb2+].  Use these equilibrium concentrations to calculate the Ksp value for each tube.  Dispose of all Pb solids and solutions into the heavy metal waste container, as directed by your teacher.

Results & Calculations:
1.
Examine the graph of absorbance vs. molarity of I- added.  Determine the [I-] at equilibrium in each of the four test tubes, based upon the linear regression line for your calibration curve

2.
Based on the volumes of each reactant used, the final volumes of the mixtures, and the [I-] at equilibrium, calculate the [Pb2+] at equilibrium and the Ksp values in all four trials.  SHOW ALL WORK USED!

3.
Determine the average Ksp value, the standard deviation, and your percent error.

Conclusions:  Hand in your graph generated by the Graphical Analysis program and a work page with all of your calculations.  Make sure your have included proper labels and units and circle your final answer for the Ksp value.  Discuss the accuracy and precision of this experiment.

AP Chem Experiment:  Ksp of PbI2 
Sample Data:

	
	[I-] in standard (M)
	Absorbance
	

	
	0.0100
	0.722
	

	
	0.00800
	0.620
	

	
	0.00600
	0.500
	

	
	0.00400
	0.353
	

	
	0.00200
	0.180
	

	
	0.00100
	0.094
	


	
	Mixture Test Tube #
	Absorbance
	

	
	1
	0.300
	

	
	2
	0.382
	

	
	3
	0.419
	

	
	4
	0.493
	


