Pre-Lab Questions
(Be sure to copy the data tables in your lab notebook)
1. What happens when KSCN is added to water?

2. Write the net ionic equation that represents the reaction that occurs when H+ is added to this solution. If H+ is added in excess, we can assume all of the SCN- is converted to __________.If 2.0 mL of 2.0x10-3 M of KSCN is added to excess HNO3, how many moles of HSCN will be produced? 
3. See the chemical equation given to you in the lab handout to see what happens when Fe3+ is added to the solution described in #2 above.  This is the reaction we wish to calculate the equilibrium constant for.  (Fe(NO3)3 will be the solution we will use in order to get Fe3+).  Give the equilibrium expression for this reaction.
Use the lab handout to answer questions 4 and 5:

4. Why is it possible that we can use a colorimeter to do this experiment?

5. How will we force the reaction to go almost to completion?  Use the chemical equation from #3 above and use LeChatlier’s Principle to explain.

6. Since the reaction will go to completion, the HSCN will be completely converted to FeSCN2+.  What stoichiometric ratio is this?  Use your calculation from #2 above to determine how many moles of FeSCN2+ are produced.  If the total solution volume is 100 mL, what is the concentration of FeSCN2+?
7. Obviously, if a second trial is done using 3.0 mL of KSCN instead of 2.0 mL, the concentration of FeSCN2+ will increase.  The more KSCN used, the more concentrated FeSCN2+ will be.  What will a plot of absorbance versus [FeSCN2+] look like (this is called a Calibration Curve)?  What kind of a relationship is this (direct or inverse)? Will the graph have an equation in the form of y=mx+b?
8. Suppose you had Excel give you the equation of this line.  What variable does y represent?  What variable does x represent? 

9. Using your answers to #8 above, if you measured Absorbance for some other solution of FeSCN2+, how could you calculate the [FeSCN2+]?  
10. So in general, how can you use a calibration curve to determine the [FeSCN2+]eq in any solution containing this ion?  (Just to clarify, you will only get one absorbance reading for a solution.)
11. So in this lab, you will make 5 standard solutions where Fe3+ will be in excess so that you can obtain a calibration curve.  Do the calculations necessary to fill in the data table below (note: using a spreadsheet such as “Excel” will allow you to make calculations much faster by copying your equation down a column).  You will measure absorbance values in the lab and fill in the last column then.  

	Standard Solution
	2.0x10-3 M

KSCN

(in 0.50 M

HNO3)
	Moles of SCN- added
	0.20 M Fe(FeNO3)3 (in 0.50 M

HNO3)
	Moles of Fe3+ added
	Total Solution Volume


	[FeSCN2+]
	Abs

	1
	2.0 mL
	
	98.0 mL
	
	
	
	

	2
	3.0 mL
	
	97.0 mL
	
	
	
	

	3
	4.0 mL
	
	96.0 mL
	
	
	
	

	4
	5.0 mL
	
	95.0 mL
	
	
	
	

	5
	6.0 mL
	
	94.0 mL
	
	
	
	


     (Using a spreadsheet such as Excel, you will plot Absorbance versus [FeSCN2+] to obtain your calibration curve and 
       your equation of the line in the form of y=mx+b.  What is the equation of the line you obtained?)
12. Once you have your calibration curve and equation, you now you have a way to measure [FeSCN2+]eq​. Measuring the Absorbance of a solution at equilibrium, you can use the equation from your calibration curve to calculate [FeSCN2+].  This will be [FeSCN2+]eq if the system is at equilibrium (not forced to completion). You will be measuring 5 test solutions that contain concentrations of Fe3+ that are not in excess to HSCN (compare the molarity of Fe(NO3)3 you will be using to prepare the standard solutions above to the molarity of the Fe(NO3)3 you will be using to prepare the test solutions below—the iron nitrate used to prepare the test solutions is ______ times more concentrated) . In this situation, the reaction is not driven to completion (HSCN does not completely react) so that there are fairly large percentages of all species present at equilibrium.  These test solutions will allow you to calculate the equilibrium constant for this reaction (at room temperature, 25(C):

	Test Solution
	2.0x10-3 M Fe(NO3)3
(in 0.50 M

HNO3)
	Moles of Fe3+ added
	2.0x10-3 M

KSCN

(in 0.50 M

HNO3)
	Moles of SCN- added 
	0.50 M HNO3
	[H+]eq
	Total Solution Volume
	Abs
	[FeSCN2+]eq
	Moles of FeSCN2+ at equ

	1
	5.0 mL
	
	1.0 mL
	
	4.0 mL
	0.50 M
	
	
	
	

	2
	5.0 mL
	
	2.0 mL
	
	3.0 mL
	0.50 M
	
	
	
	

	3
	5.0 mL
	
	3.0 mL
	
	2.0 mL
	0.50 M
	
	
	
	

	4
	5.0 mL
	
	4.0 mL
	
	1.0 mL
	0.50 M
	
	
	
	

	5
	5.0 mL
	
	5.0 mL
	
	0.0 mL
	0.50 M
	
	
	
	


         Why does it make sense that the [H+]eq is 0.50 M?  In other words, why isn’t it less than 0.50 M if some of it is 
         reacting to produce HSCN(as noted in your net ionic equation in #2)?
13. Do the appropriate calculations to fill in columns 3, 5, and 8 above.  Then measure the absorbance of these solutions using a colorimeter.  Using your equation from your calibration curve, fill in the [FeSCN2+]eq column and do the appropriate calculation to get the last column.
14. If you started with a certain amount of moles of Fe3+ in Test Solution 1 (see column 3 above), and you ended up with a certain amount of moles of FeSCN2+ (see last column for Test Solution 1), how do you calculate the moles of Fe3+ left over (this will represent the moles Fe3+ at equilibrium)?  If you divide moles of Fe3+ left over by the volume of the solution, this will be [Fe3+]eq.

15. In the same token, how can you calculate [HSCN]eq?
16. Now that you know how to calculate [Fe3+]eq and [HSCN]eq, and since you already know [H+]eq, and you already calculated [FeSCN2+]eq using the calibration curve, you can now calculate Kc for each test solution.  
17. Do the necessary calculations as described in #14-16 above to complete the following table:

	Test Solution 
	Moles of Fe3+ at equilibrium
	[Fe3+]eq
	Moles of HSCN at equilibrium
	[HSCN]eq
	Kc

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	

	5
	
	
	
	
	


18. Calculate the average value of Kc.
Post-Lab Discussion
1. In your lab report, show a sample of each type of calculation. Define equilibrium. Explain what is meant by an equilibrium constant.  Was the value constant for all your experiments?  Should it be constant?

2. What does the calculated value of the equilibrium constant, Kc, indicate regarding the degree of completeness of the reaction?  In other words, at equilibrium, are there mostly products, reactants, or relatively large amounts of both?

3. When the calibration graph was prepared it was assumed that essentially all of the HSCN present was combined with Fe3+ to form the complex ion.  Use the average value for Kc that you determined, and calculate the amount of HSCN that was not part of the complex ion for the standard solution in which 5.0 mL of KSCN was used.  Was the assumption valid?

4. Explain what a colorimeter (AKA spectrophometer) is and what it measures.  Describe how the “standard” solutions were obtained and used to determine concentrations of unknown solutions.  

5. When you use a spectrophotometer, should you set the wavelength of light to be the same color as that of the solution, or would a different color be more appropriate?  Explain.  What was the color of the light chosen for this experiment?  What was the color of the complex ion?

6. What degree of precision (how many significant figures) can you obtain with the spectrophotometer that was used (see your lab data)? What is the major source of error in this experiment (in other words, what measurement(s) were made with less precision)?
7. Suggest other experiments in which a spectrophotometer would be useful.
