F.6 Chemistry Practical

Experiment 17

Title:    Determination of the Equilibrium Constant for a Reversible Reaction

Purpose: To determine the equilibrium constant for the reaction between Fe3+ and SCN- ions

Theory :

   In a reversible reaction, a chemical equilibrium is reached when the rate of the forward reaction

   equals that of the backward reaction. At equilibrium, the product of the concentrations of the

   reactants always bears a constant ratio to the concentrations of the products, provided the 

   temperature during the reaction remains constant. This constant is known as the equilibrium

   constant for the reaction.

   In this experiment, you are required to determine the equilibrium constant for the reaction:

         


   for which the equilibrium constant Kc is given by

         


   To calculate the value of Kc, it is necessary to determine the concentrations of each of the ions 

   present at equilibrium. This can be carried out colorimetically as FeSCN2+ is the only highly

   colored species in the solution. The colour intensity of the solution depends on the concentration 

   of FeSCN2+ ion and the depth of solution. Thus 1 cm depth of a 1M colored solution will appear

   to possess the same colour intensity as a 2 cm of a 0.5M solution of the same material. Hence if 

   two solutions of unequal concentration appear to be of the same colour, then the ratio of their

   concentrations is simply the inverse of the two depths.

Apparatus: 5 clean test-tubes (16x120mm), a white tile, a ruler, measuring cylinder (25 ml),

          pipette (5ml and 10ml), beaker (100ml and 250ml)

Chemicals: Aqueous iron(III) nitrate (~0.2M), Aqueous potassium thiocyanate (0.002M)

Procedure:
1.  Line up 5 clean test-tubes. All at the same diameter and label them with 1, 2, 3, 4, 5. Add 5ml of

    KSCN (0.002M) solution to each of these 5 test-tubes. To test-tube 1, add 5ml of Fe(NO3)3 solution (0.2M). This will be used as the standard.

2.  Measure 10 ml of the 0.2M Fe(NO3)3 solution in a measuring cylinder and fill to the 25ml mark with deionized water. Pour the solution into a clean dry beaker to mix it. Measure 5ml of this solution and pout it into test-tube 2. The concentration of the Fe(NO3)3 solution is now diluted to 0.08M. Save the Fe(NO3)3 solution for part 3.

3.  Again measure 10ml of the Fe(NO3)3 solution of 0.08M into a measuring cylinder and discard the  

   remainder. Fill the measuring cylinder with water to the 25ml mark and pour the solution into a

   clean dry beaker to mix. Pipette 5ml of this solution into test-tube 3. The Fe(NO3)3 solution is 

   now diluted to 0.032M. Save the remainder of the Fe(NO3)3 solution for part 4.

4.  Continue dilution in this way until you have 5ml of successively more dilute Fe(NO3)3 solution in   

   each test-tube.
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5.  Wrap a strip of paper around test-tubes 1 and 2 to exclude light from the side. Look vertically

down through the solution towards a white tile. If the colour intensities appear the same,

measure the depth of each solution to the solution from the standard tube with a dropper into

a clean dry beaker until the colour intensities in the two test-tubes are the same. Do not discard

the portion you removed into the beaker as you may use some of this solution again. The 

matching may be accomplished by removing more standard than seems necessary and then

replacing part of it drop by drop.

6.  When you have adjusted the depth such that the colour intensities are the same in each test-tubes, measure the depth of both solutions to the nearest mm.

7.  Repeat the procedure with test-tubes 1 and 3, 1 and 4, 1 and 5.

Data :  Complete the table below

 Test-tube no.
 Height of liquid

   in test-tube
 Comparison height of

   liquid standard
 



     2




     3




     4




     5




Calculations:  In your calculations assume the following facts:

(a) The iron(III) nitrate and potassium thiocyanate exist in their respective solutions entirely as ions,

   and both solutions are diluted on mixing.

(b) In the standard tube 1, essentially all the thiocyanate ions have reacted to form thiocyanoiron(III) 

   complex ions.

1.  Calculate the initial concentration of Fe3+(aq) ions in all the test-tubes. 

2.  Calculate the initial concentration of the SCN-(aq) ion, in all the test-tubes.

3.  Calculate the equilibrium concentration of the FeSCN2+(aq) ion using your ratio of depth, R.

     [FeSCN2+ ] = R x Concentration of FeSCN2+ in the standard.

4.  Calculate the equilibrium concentration of Fe3+(aq) by subtracting the equilibrium concentration

of the FeSCN2+(aq) ion from the initial concentration of the Fe3+(aq) ion.

5.  Calculate the equilibrium concentration of SCN-(aq) by subtracting the equilibrium concentration

    of the FeSCN2+(aq) ion from the initial concentration of the SCN-(aq) ion.

6.  Calculate the equilibrium constant Kc for this reaction.

7.  Show all your calculations and tabulate your results in the table below:

 Test-tube

    no.
     Initial

 [Fe3+]    [SCN-]
         At Equilibrium

 [FeSCN2+]   [Fe3+]     [SCN-]
         Kc 

    2 




    3




    4




    5
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