SPECTROPHOTOMETRIC DETERMINATION OF A SOLUBILITY PRODUCT CONSTANT

Name_______________________________________________ Period_________

Prelab

1. Write the equation for the dissolving of solid Ag2CrO4 in water and the Ksp expression for 

    equilibrium.

2. a. Calculate the molar solubility of BaCrO4. Ksp = 2.1 x 10- 10. Show the equilibrium setup and 

        the calculation.

     b. Calculate the molar solubility of BaCrO4 in the presence of 0.020 M Na2CrO4. Show the 

         equilibrium setup and the calculation.

3.  The pH of a saturated Mg(OH)2 solution is 10.46.

     a. Calculate the [OH-1] in the solution. Show the calculation.

     b. Calculate the [Mg+2] in the solution. Show the calculation.

     c.  Calculate the Ksp of Mg(OH)2. Show the equilibrium setup and the calculation.

4. Which volumes of K2CrO4, AgNO3, and NaNO3 must be measured accurately in this 

    experiment and which ones can be approximate?

(over)

5. Why is it necessary to rinse the precipitate twice with NaNO3 (the rinsings that are discarded) 

    before the final amount of NaNO3 is added?

6. Why is it necessary to balance the centrifuge tubes before spinning them?

7. How full must the cuvette be in order to obtain accurate measurements?

8. What should be used as the “blank” for setting 100% T?

9. Should the point, zero absorbance and zero concentration, be included in this data set?

SPECTROPHOTOMETRIC DETERMINATION OF A SOLUBILITY PRODUCT CONSTANT

Objectives:   



1) To determine the solubility of a slightly soluble ionic compound



2) To calculate the solubility-product constant for silver chromate

Introduction: 

When soluble ionic compounds are dissolved in water, the solution usually contains just the ions that were present in the solid salt.  For example, in a saturated solution of KNO3, the solution contains only K+ and NO3- ions, and the dissolved salt is completely dissociated.  In solid KNO3 each ion is surrounded by ions of the opposite charge.  This is still largely true when the KNO3 is dissolved in water, but the ions are farther apart and each ion is surrounded by a cluster of water molecules that are more or less tightly bound to the ion.  The ions in solution are therefore said to be hydrated or “aquated”.

KNO3(s) (  K+(aq)   +  NO3-(aq)
The fact that a salt is slightly soluble suggests that the forces of attraction between the ions in the solid are larger than the forces between the ions of very soluble salts.  Many sparingly soluble salts do not completely dissociate into the ions present in the solids.  The equilibria that exist in solutions of slightly soluble salts, particularly those of heavy metals and transition elements, often contain other species.  For example, when lead (II) chloride is shaken in water, the solution contains not only the expected Pb2+(aq) and Cl-(aq) ions, but also undissociated molecules of PbCl2(aq) and PbCl+(aq) ions.  Clearly the solubility of PbCl2(s) would be larger than that calculated from the concentration of Pb2+(aq) or Cl-(aq).

Further complications arise due to the nonideal behavior of ions in solution.  At infinite dilution, ions behave independently.  As the concentration of dissolved ions in solution increases, electrostatic interactions between ions also increase and the ions fail to behave independently.  Therefore, the “activity” of the ions becomes somewhat less than their measured concentration and solubility isn’t directly a function of measured concentration.  One way to minimize the importance of ionic strength, is to maintain a large excess of inert electrolyte (e.g. NaNO3 or NaClO4).  In this way a constant ionic environment can be maintained even if one component of the solution is varied; hence ionic strength and ion “activity” remain constant even if equilibria are shifted with respect to other more dilute solution conditions.

In this experiment, a calibration curve for chromate ion is prepared using a constant electrolyte concentration.  This same electrolyte concentration is then used to dissolve unknown amounts of chromate ion.  These solutions can then be measured spectrophotometrically and compared to the calibration curve to determine the chromate concentration.  Because calibration solution conditions and the unknown solution conditions are identical, all of the problems addressed above are avoided.  The solubility product constant for silver chromate can be calculated from the chromate concentration.

Procedure:

Part A.  Preparation of Calibration Curve: 

Work in a group of four to obtain your calibration curve, but evaluate your data as pairs.  Use a buret to add 1.00, 5.00, 10.00, 15.00 mL of standardized 0.00240 M K2CrO4 to each of four clean, dry, labeled 100mL volumetric flasks.  Dilute each flask to the 100.00mL mark with 0.25 M NaNO3.  

Measure the transmittance of each solution at 375 nm.  Calculate the CrO42- molar concentration in each solution.   Calculate the absorbance and plot it versus CrO42- molar concentration to construct your calibration curve (see previous experiments to review preparation of calibration curve).

Part B.   Determination of Chromate Solubility  

1. Prepare three solutions in separate 12mL conical test tubes by adding 4mL of 0.00400 M AgNO3 to 4mL of 0.00240 M K2CrO4.  

2. Stopper each test tube.  Mix the solutions thoroughly at periodic intervals for about 10 minutes.  

3. Centrifuge for 30 seconds.  Decant the supernatant into the waste beaker and add 3 mL of 0.25 M NaNO3 to the precipitate left in the tube.  Mix each solution thoroughly for 5 minutes.

4. Centrifuge again. Decant the supernatant into the waste beaker and add 3 mL of 0.25 M NaNO3 to the precipitate left in the tube.  Mix each solution thoroughly for 5 minutes.

5. Centrifuge again. Decant the supernatant into the waste beaker. Add 5 mL of 0.25 M NaNO3 and mix periodically for 10 minutes.

6. Centrifuge and transfer the clear, pale yellow supernatant liquid from each of the test tubes to a clean, dry cuvette.  

7. Measure the transmittance of the three solutions.  Calculate the absorbance of the three solutions.

8. Use your calibration curve to calculate the molar concentration of CrO42- in each solution.

9. Calculate the Ksp for silver chromate. Show your calculations as well as your calibration curve and the determination of the concentration of chromate ion. Submit this for the lab report for this experiment.

SPECTROPHOTOMETRIC DETERMINATION OF A SOLUBILITY PRODUCT CONSTANT
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Lab Partner____________________________________________ Course_________

Data Table

Attach a Graphical Analysis graph of the calibration line of the CrO4-2 concentration. The graph should have labeled axes, and a linear regression line with slope intercept, and correlation factor.

Molarity of the stock K2CrO4 solution:____________________________

	Beer’s Law Plot Data

	Vol (mL CrO42-)
	Concentration (M)
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	Molar Solubility of Chromate - Data

	Trial
	%T
	Absorbance
	[CrO42-] (M)
	[Ag+1] (M)
	Calculated Ksp from data

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	


1. Show your equilibrium setup and calculations for each of the trials. Use the reverse side of this sheet.

2. Discuss any problems or sources of error that you encountered in the lab.

3. Discuss any improvements that could be made in the lab procedure.
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