SPECTROPHOTOMETRIC DETERMINATION OF AN EQUILIBRIUM CONSTANT

NAME:___________________________________ COURSE:_________PERIOD:______

Prelab

1. The solutions used to construct the calibration curve (Beer's Law plot) for FeSCN2+ have an excess of Fe3+ and a known initial concentration of SCN-.  Explain why the concentration of FeSCN2+ can be assumed to equal that of the initial SCN- concentration. 

2. Calculate the concentration of FeSCN2+ in standard solution 4. Show your work. 

3. Calculate the initial (after mixing but before any reaction takes place) concentration of Fe3+ and SCN- for solution 3 of procedure part 2. Show your work.

4. If the equilibrium concentration of FeSCN2+ is found to be 5.00 x 10-5 M using solution 3 of procedure part 2, calculate the equilibrium concentration of Fe3+, SCN-, and the resulting equilibrium constant for the reaction. Show your equilibrium setup and your work




Fe3+(aq)  +  SCN-(aq)  (  FeSCN2+(aq)
SPECTROPHOTOMETRIC DETERMINATION OF AN EQUILIBRIUM CONSTANT
Objectives:

1. Solutions of known concentration will be prepared used to produce a Beer’s Law calibration plot for FeSCN2+
2. The equilibrium constant for this complex ion will be determined using the Beer’s Law plot.

Introduction:

Ferric iron (Fe3+) reacts with thiocyanate (SCN-) in aqueous solution to form a soluble complex ion (FeSCN2+) that has a blood-red color. The Fe3+ is pale yellow and the SCN- is colorless.  The equilibrium reaction is represented by the simple equation: 



Fe3+    +    SCN-      (     FeSCN2+

       (pale yellow)
    (colorless)
    (blood-red)


the equilibrium constant expression is: [image: image1.wmf]K
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In this experiment, the numerical value of Kc will be determined by determining the equilibrium concentrations of all three species and inserting those values into the expression for Kc.  The equilibrium concentration of FeSCN2+ will be measured spectrophotometrically, while the equilibrium concentrations of Fe3+ and SCN- will be calculated from the known initial (non-equilibrium) concentrations of these two reagents and the spectrophotometrically measured concentration of FeSCN2+. 

Consider the following chart showing "initial", "change", and "equilibrium" conditions for the system prepared by mixing solutions of ferric nitrate and potassium thiocyanate. 





Fe3+(aq)  +  SCN-(aq)  (  FeSCN2+(aq)
	
	Fe3+
	SCN-
	FeSCN2+

	initial concentration
	 A
	 B
	 0

	change in concentration
	-x
	-x
	+x

	equilibrium conc.
	(A - x)
	(B - x)
	(x)


In this chart A and B represent initial concentrations of the two reactants after mixing (each is diluted in the mixing process) but before any reaction to form the complex has occurred.  

[For example, if 5.00 mL of 0.00200 M Fe3+ is diluted to a final volume of 10.0 mL by the addition of other reagents, then the initial concentration (A) is: 
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The calculation of B (initial concentration of SCN-) is done similarly.]  Of course, x is the equilibrium concentration of FeSCN2+, which is measured spectrophotometrically.  Evaluation of A, B, and x permits calculation of Kc since 
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Procedure:
1.  Spectrophotometric Calibration Curve (Beer's Law Plot) for FeSCN2+ 

To determine [FeSCN2+] spectrophotometrically it is necessary to construct a Beer's Law plot from measured absorbances of a series of standards, solutions containing known concentrations of FeSCN2+.  This series of standards can be obtained by preparing mixtures, each containing a different known amount of SCN- (the limiting reactant) and a large excess of Fe3+ to drive the reaction to essentially complete conversion of SCN- to FeSCN2+ employing LeChatelier's principle.  Prepare each of the following standard solutions in 250-mL flasks. Use a 25mL graduated cylinder for the 0.200M Fe3+ solution, a 100mL graduated cylinder for the 0.1M HNO3 solution, and a 50.00mL buret for the 0.00200M SCN- solution. Swirl the solutions to thoroughly mix them. Your instructor may have prepared these standard solutions before the lab.

Solutions for Beer's Law Calibration Plot

	Standard

Solution
	mL of 0.200 M Fe3+ 

in 0.1 M HNO3
	mL of 0.00200 M SCN- 

in 0.1 M HNO3
	mL of 0.1 M HNO3

	1 (blank)
	25.0
	0.00
	75.0

	2
	25.0
	1.00
	74.0

	3
	25.0
	2.00
	73.0

	4
	25.0
	4.00
	71.0

	5
	25.0
	6.00
	69.0

	6
	25.0
	8.00
	67.0

	7
	25.0
	10.00
	65.0


Rinse the sample cuvette with distilled water between standards and then with a small amount of the next standard. Measure the standards from low concentration to high. Fill the cuvette ¾ full. Wipe the outside of the cuvette with Kimwipes. Set the wavelength on the spectrophotometer, for the FeSCN2+ complex, ( max = 447 nm. Use solution #1 as a blank to set the 100 %T. Measure the %T and calculate the absorbances of each solution. Record these values in Data Table 1. 

2.  Mixtures for Kc Determination

Prepare the following set of solutions for the measurement of [FeSCN2+] for the equilibrium constant determination.  Use burets for the volumetric measurements and buret the requisite solutions into clean, dry 25-mL flasks, and mix thoroughly.

Solutions for Determination of Kc
	Mixtures for Kc 
	mL of 0.00200 M Fe3+ in 0.1 M HNO3
	mL of 0.00200 M SCN- in 0.1 M HNO3
	mL of 0.1 M HNO3

	Blank
	5.00
	0.00
	5.00

	1
	5.00
	1.00
	4.00

	2
	5.00
	2.00
	3.00

	3
	5.00
	3.00
	2.00

	4
	5.00
	4.00
	1.00

	5
	5.00
	5.00
	0.00


Using a solution of 0.0010 M Fe3+ in 0.1 M HNO3 as a blank, measure the % T and calculate the absorbance of each solution (at 447 nm). Record these values in Data Table 2. 

Data and Data Treatment:

1. Calculate the [FeSCN2+] in each of the standard solutions. Be sure to take into account the dilution effect that occurs from mixing the components of each mixture. Record these values in Data Table 1.

2. Plot Absorbance versus [FeSCN2+] to obtain the Beer's Law calibration plot. Run a linear regression analysis and record the slope and y-intercept of the line. Record the values in Data Table 1.

3. Use the regression line from the Beer’s Law plot to calculate the equilibrium concentration of FeSCN2+ in each mixture for the Kc determination. Record these values in Data Table 2 and 3.

4. Calculate the initial [Fe3+] and [SCN-] in each mixture for the Kc determination before any reaction occurs. Be sure to take into account the dilution effect that occurs from mixing the components of each mixture.  Record these values in Data Table 3.

5. Calculate the equilibrium [Fe3+] and [SCN-] in each mixture and the value of Kc for each mixture. Record these values in Data Table 3.

6. Calculate an average value of Kc. Record this value in Data Table 3.

7. Calculate the average deviation. (Calculate the difference between each individual value for Kc and the average Kc.  Add the absolute values of these differences and divide the sum by five.) Record this value in Data Table 3.

SPECTROPHOTOMETRIC DETERMINATION OF AN EQUILIBRIUM CONSTANT
NAME:_______________________________________________________COURSE:________


PARTNER’S NAME:___________________________________________PERIOD:________

Data Table 1

Solutions for Beer's Law Calibration Plot

	Standard

Solution
	[FeSCN2+] in the Standard Solution
	Percent Transmittance

(%T)
	Absorbance

(A)

	1 (blank)
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	


Beer’s Law Regression Line Data:

Slope:____________________ y-intercept:_______________ correlation factor:_______

Data Table 2

	Mixtures for Kc
	Percent Transmittance

(%T)
	Absorbance

(A)
	[FeSCN2+] in the Equilibrium Solution

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	


Data Table 3

	
	[Fe3+]
	[SCN-]

	Mixtures for Kc
	Initial

(diluted)
	Equilibrium


	Initial

(diluted)
	Equilibrium


	[FeSCN2+]eq
	Kc

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	

	
	
	
	
	
	Average Kc
	

	
	
	
	
	
	Average Deviation
	


1. Include a Beer's Law plot with the regression line on Graphical Analysis with the lab report.

2. Show the equilibrium and calculation of Kc for mixture #5.

3. Briefly discuss the errors that contributed to the variation in the experimental values of Kc.
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