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EXPERIMENT 5:  DETERMINATION OF AN EQUILIBRIUM CONSTANT
1.  Introduction
Iron (III) reacts with thiocyanate anion to produce a colored complex, ferrothiocyanate.
Fe3+ (aq) + SCN- (aq)  FeSCN2+ (aq)
[bookmark: _GoBack]While the above equation suggests that the reaction proceeds in one way towards the product, these is not always the case in practice. It could proceed in either way, towards, the reactants or towards the products depending on the difference in the molar concentration of the components until a constant value for both the reactants and products is reached. In this case the reaction is said to have reached equilibrium and the chemical reaction will have two double arrows as follows: 
Fe3+ (aq) + SCN- (aq) ⇌ FeSCN2+ (aq)
At equilibrium, the rates of the forward reaction and reverse reaction are equal and no change in the amount of reactant or product will be measured. The molar concentration of both the reactants and the products will be fixed in a certain ratio, which is the equilibrium constant, Keq. To determine the equilibrium constant for the reaction, the following formula is used:
Keq = 
To calculate the equilibrium constant, the molar concentrations of all the three components must be known. The concentration of the complex will be determined using Beer’s Law and a spectrophotometer to determine the absorbance of the colored complex. It is measured at 450 nm absorbance. The Fe3+ and SCN- barely absorb light at this wavelength and hence do not tamper with the measurement of complex’s concentration. The initial concentrations of the reactants should be known and thus their concentration can be calculated at equilibrium while that of the complex is measured. When the concentrations of both the reactants and products at equilibrium are known, the equilibrium constant can be calculated.
2.  Procedure
	The experiment requires two parts.  First, the relation between the absorbance and concentration of the product must be determined:  a series of known concentrations of the product is plotted on a graph versus the absorbances determined by the spectrophotometer.  The reaction is run in this first part with a large excess of iron, so that the amount of thiocyanate is essentially completely used up and the amount of product is equal to the amount of thiocyanate used.
	In the second part, iron and thiocyanate are mixed in various concentrations to give the product.  The concentration of the product can be determined by using the graph made in part one.  The concentrations of the initial amounts of iron and thiocyanate are known, but not the concentrations left at equilibrium after the reaction.  These concentrations can be determined by subtracting the amount of product formed from the original concentrations of the iron and thiocyanate, since everything reacts in a 1:1 ratio.
3.  Data
Part 1:  	Initial [Fe(NO3)3] ______0.200 M______________________________
		Initial [KSCN]_________0.00200 M______________________________

	Test Tube
	mLs Fe+3 added
	mLs SCN- added
	[SCN-] after filling 50.00 mL vol. flask = [FeSCN+2]
	Absorbance

	1
	5 mL
	1 mL
	4.0 x 10-5 M
	0.187

	2
	5 mL
	2 mL
	8.0 x 10-5 M
	0.321

	3
	5 mL
	3 mL
	1.2 x 10-4 M
	0.464

	4
	5 mL
	4 mL
	1.6 x 10-4 M
	0.645

	5
	5 mL
	5 mL
	2.0 x 10-4 M
	0.855



To get the concentration of the complex ion, the concentration of [SCN-] was calculating because it was the limiting reagent and its concentration will be equal to that of the product.
The concentration of [SCN-] after dilution to the 50.0 mL mark was calculated using the stoichiometry formula: C1V1 = C2V2. 
For instance, in test tube one, the initial concentration of [SCN-] was 0.002 M and its volume was 1 mL. After dilution, the final volume was 50.0 mL. The final concentration was  =  = 0.00004 M. This was done for all the other test tubes before a graph of absorbance against was plotted.

Figure 1: graph of Absorbance (y axis) versus [FeSCN+2] (x-axis)
Part 2:  	Initial [Fe(NO3)3] __0.00200 M__________________________________
		Initial [KSCN]_____0.00200 M__________________________________
	Test Tube
	mLs Fe+3 added
	mLs SCN- added
	[Fe+3]
after mixing
	[SCN-]
after mixing
	Absorbance

	1
	3.00 mL
	1.00 mL
	0.0006 M
	0.0002 M
	0.124

	2
	3.00 mL
	2.00 mL
	0.0006 M
	0.0004 M
	0.213

	3
	3.00 mL
	3.00 mL
	0.0006 M
	0.0006 M
	0.332

	4
	3.00 mL
	4.00 mL
	0.0006 M
	0.0008 M
	0.412

	5
	3.00 mL
	5.00 mL
	0.0006 M
	0.001 M
	0.501



The concentration of [Fe+3] is calculated using the stoichiometry formula C1V1 = C2V2. For test tube one, initial concentration was 0.200 M and the initial volume was 3 mL. After being diluted, the final volume was 10 mL. The final concentration C2 will be  =  = 0.0006 M. This was done for all the test tubes and the same was done for [SCN-].
4. Data Analysis
Using the information from Part 2 and your graph, fill in the table below.
	Test Tube
	[FeSCN+2]eq from graph and absorbance
	[Fe+3] after mixing    minus [FeSCN+2] = [Fe+3] eq    
	[SCN-] after mixing    minus [FeSCN+2] = [SCN-] eq
	
Keq

	1
	0.00003 M
	0.0006 M
	0.0002 M
	250

	2
	0.00005 M
	0.0006 M
	0.0004 M
	208.3

	3
	0.00008 M
	0.0006 M
	0.0006 M
	222.2

	4
	0.0001 M
	0.0006 M
	0.0008 M
	208.3

	5
	0.00012 M
	0.0006 M
	0.001 M
	200



The concentration of the complex ion in the5 test tubes is calculated using the graph equation obtained in part 1, i.e., y = 4150x – 0.0036
For instance, in test tube 1, the absorbance of the complex ion was 0.124. To get its concentration, the absorbance is substituted in the graph equation
y = 4150x – 0.0036 where y is the absorbance and x the concentration
y = 0.124
Therefore, 0.124 = 4150x – 0.0036
0.124 + 0.0036 = 4150 x
0.1276 = 4150x
x = 0.00003 M
The same is done for the other four test tubes.
Determine the average Keq for the reaction.
Average Keq =  = 217. 8
Average Keq = 217.8
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