
Experiment 7-1 -- Finding an Equilibrium Constant, Kc
In this experiment, you will determine the equilibrium constant, Kc, for the following chemical reaction:

Fe3+(aq) + SCN-(aq)  
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When Fe3+ and SCN- are combined, equilibrium is established between these two ions and the FeSCN2+ ion. In order to calculate Kc for the reaction, it is necessary to know the concentrations of all ions at equilibrium: [FeSCN2+]eq, [SCN-]eq, and [Fe3+]eq. You will prepare four equilibrium systems containing different concentrations of these three ions. The equilibrium concentrations of the three ions will then be experimentally determined. These values will be used to determine the value of the equilibrium constant, Kc. 

In order to determine [FeSCN2+]eq, you will use the colorimeter shown below. The FeSCN2+ ion produces solutions with a red color. Because the red solutions absorb blue light very well, the blue LED setting on the colorimeter is used. The colorimeter measures the amount of blue light absorbed by the colored solutions (absorbance, A). By comparing the absorbance of each equilibrium system, Aeq, to the absorbance of a standard solution, Astd, you can determine [FeSCN2+]eq. The standard solution has a known FeSCN2+ concentration.
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To prepare the standard solution, a very large concentration of Fe3+ will be added to a small initial concentration of SCN- (hereafter referred to as [SCN-]i). The [Fe3+] in the standard solution is 100 times larger than [Fe3+] in the equilibrium mixtures. According to LeChâtelier’s principle, this high concentration forces the reaction far to the right, using up nearly 100% of the SCN- ions. According to the balanced equation, for every one mole of SCN- reacted, one mole of FeSCN2+ is produced. Thus [FeSCN2+]std is assumed to be equal to [SCN-]i.

Assuming [FeSCN2+] and absorbance are related directly (Beer’s law), the concentration of FeSCN2+ for any of the equilibrium systems can be found by:

[FeSCN2+]eq =  eq \F(Aeq ,Astd) X [FeSCN2+]std

You can use an "ICE" chart to determine the equilibrium concentrations of the other ions from their initial concentrations and the calculated equilibrium concentration of FeSCN2+ for each different trial.  Knowing the values of [Fe3+]eq, [SCN-]eq, and [FeSCN2+]eq, you can calculate the value of Kc, the equilibrium constant..

Objectives

•
To use Beer's Law to determine the concentration of FeSCN2+ in solution

•
To calculate the equilibrium constant for the reaction between iron (III) and thiocyanate

Apparatus and Materials

Computer
Lab Pro or SBI
Vernier colorimeter

Vernier adapter
plastic cuvettes
5 test tubes (20 x 150 mm)

thermometer
0.0020 M KSCN
0.0020 M Fe(NO3)3 (in 1.0 M HNO3)

10-mL graduated cylinder
stirring rod
0.200 M Fe(NO3)3 (in 1.0 M HNO3)

3 100-mL beakers
tissues or Kim-wipes



Procedure

1.
Obtain and wear goggles.

Note:  There are two different concentrations of Fe(NO3)3 (in 1.0 M HNO3)!  Be certain that you are using the correct solution for each step below!

2.
Label four 20 X 150 mm test tubes 1-4. Pour about 30 mL of 0.0020 M Fe(NO3)3 into a clean, dry 100-mL beaker. Pipet 5.0 mL of this solution into each of the four labeled test tubes.  CAUTION: Fe(NO3)3 solutions in this experiment are prepared in 1.0 M HNO3 and should be handled with care. Pour about 25 mL of the 0.0020 M KSCN into another clean, dry 100-mL beaker. Transfer 2, 3, 4 and 5 mL of this solution into Test Tubes 1-4, respectively. Obtain about 25 mL of distilled water in a 100-mL beaker. Then transfer 3, 2, 1 and 0 mL of distilled water into Test Tubes 1-4, respectively, to bring the total volume of each test tube to 10 mL. Mix each solution thoroughly with a stirring rod. Be sure to clean and dry the stirring rod after each mixing. Measure and record the temperature of the above solutions to use as the temperature for the equilibrium constant, Kc. Volumes added to each test tube are summarized below: 

	
	Test Tube

Number
	Fe(NO3)3
(mL)
	KSCN

(mL)
	H2O

(mL)

	
	1
	5
	2
	3

	
	2
	5
	3
	2

	
	3
	5
	4
	1

	
	4
	5
	5
	0


3.
Prepare a standard solution of FeSCN2+ by placing 18 mL of 0.200 M Fe(NO3)3 into a 20 X 150 mm test tube labeled “5”. Add 2 mL of 0.0020 M KSCN to the same test tube. Stir thoroughly.

4.
Plug the colorimeter into the adapter cable in Channel 1 of the LabPro or SBI. Connect the LabPro or SBI to the computer. Firmly press in the cable ends. 

5.
Plug in the LabPro or SBI, turn on the computer, and open Logger Pro.

6.
Set up the computer for the colorimeter with “selected events” or “events with entry” as the data collection mode.
7.
You are now ready to calibrate the colorimeter. First prepare a blank by filling a cuvette 3/4 full with distilled water. To correctly use a colorimeter cuvette, remember:

 
• All cuvettes should be wiped clean and dry on the outside with a tissue.


• Handle cuvettes only by the top edge of the ribbed sides.


• All solutions should be free of bubbles.


• Always position the cuvette with a clear side facing toward the white reference mark at the right of the cuvette slot on the colorimeter.

8.  To calibrate the cuvette at 0% and 100% transmittance:


•
Choose “Sensors” from the “setup” pulldown menu.  Click on “Perform Now.”  Place the blank cuvette in the cuvette slot of the colorimeter and close the lid. Turn the wavelength knob of the colorimeter to the 0% T position. In this position, the light source is turned off, so no light is received by the photocell. When the voltage reading displayed on the screen stabilizes, click “keep” under “Reading 1.’ 


•
Turn the wavelength knob of the colorimeter to the Blue LED position (470 nm). In this position, the colorimeter is calibrated to show 100% of the blue light being transmitted through the blank cuvette. When the displayed voltage stabilizes, click “keep” under “Reading 2.” Click “OK” to exit the calibration screen.  Leave the wavelength knob of the colorimeter set to the Blue LED position for the remainder of the experiment.

9.
You are now ready to collect absorbance data for the four equilibrium systems and the standard solution. Click “collect” on Logger Pro.  Empty the water from the cuvette and rinse it twice with ~1-mL portions of the Test Tube 1 solution. Then fill the cuvette 3/4 full with the solution from Test Tube 1. Wipe the outside of the cuvette with a tissue and then place the cuvette in the colorimeter. After closing the lid, wait for the percent transmittance value displayed on the screen to stabilize. Once the reading has stabilized, click “keep” to store the value.

10.  Discard the cuvette contents as directed by your teacher. Rinse the cuvette twice with the Test Tube 2 solution and fill the cuvette 3/4 full. Follow the procedure in Step 9 to find and store the % Transmittance of this solution.

11.  Repeat the Step 10 procedure to find the absorbance of the solutions in Test Tubes 3, 4, and 5 (the standard solution).

12.  When you have finished collecting data, click “Stop.”  Record the five % Transmittance values and calculate the absorbance for each [Absorbance = 2-log(%T)].   

Data and Observations


You should measure and record the temperature of each solution, and record the % Transmittance.


Analysis of Data

Write the expression for the equilibrium constant, Kc.

Calculate the initial concentration of iron (III) and thiocyanate in each test tube, 1-5.  This can be done by multiplying molarity times volume of the solution used, divided by the total volume in the test tube.  The initial concentration of FeSCN2+ in each case is zero.  For test tube 5 (standard), the initial concentration of thiocyanate is assumed to be equal to the equilibrium concentration of FeSCN2+, since a large excess of iron (III) was added.  This equilibrium concentration of FeSCN2+ in test tube 5 will be the standard used in the equation to calculate the equilibrium concentrations for the other tubes.

Use the equation below to calculate the equilibrium concentration of FeSCN2+ in each test tube mixture, 1-4.  Test tube 5 is the standard (std).

[FeSCN2+]1 =  
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1

A

A

 X [FeSCN2+]5
Construct an "ICE" chart for each test tube, and calculate all equilibrium concentrations.  Use these concentrations to calculate the value of the equilibrium constant for this reaction at this temperature (specify units).  Calculate an average value for the equilibrium constant.  Is this value constant?
Conclusion


State what you learned and analyze the procedure.  What is the significance of the numerical value of the equilibrium constant?  The accepted value for the equilibrium constant, Kc, at 25°C is 150.  Calculate your percent error.  Give some possible explanations for your error.  Be specific.  Identify the strengths and weaknesses of your procedure.  Make any suggestions to improve the experiment.

Lab Report
Your lab report should contain data and observations, analysis, and conclusion.
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