Lesson #7:  Keq manipulations and predicting equilibrium shifts using Keq

1. At temperature of 500oC, the equilibrium constant, Keq, for the nitrogen fixation reaction for the production of ammonia has a value of 6.0 x 10-2.  If there are 0.250M of H2, and 0.0500M NH3 present at equilibrium, what is the concentration of N2?
3H2(g)  +  N2(g)  (=======(  2NH3(g)

Orally:
Question:  Is this system presently at equilibrium?  Answer:  Yes.
Question:  Is it necessary to use an ICE box?  Answer:  No b/c nothing changes over time.

Step #1:  Write the Keq expression:

Keq =    [NH3]2







[H2]3[N2]

Step #2:  Rearrange the expression to solve for the unknown value:







[N2] =    [NH3]2







[H2]3 . Keq

Step #3:  Sub-in known values and solve:






[N2] =    [0.0500]2               =  2.7M






[0.250]3(6.0 x 10-2)
2. The Keq for the following reaction is 3.0.  Find the [SO3] if at equilibrium the [SO2] = 0.95M, [NO2] = 0.56M  and [NO] = 0.56M.


SO2(g)  +  NO2(g)  (========( SO3(g)  +  NO(g)



Keq = [SO3][NO]
-------(
[SO2][NO2]Keq = [SO3]





          [SO2][NO2]

          
        [NO]







(0.95)(0.56)(3.0) = [SO3]








0.56

2.9M = [SO3]
Orally:
Question:  What are the chances that you will end up with a perfect equilibrium if you take a “shwack” of reactants and products and you toss them into a closed container?

Answer:  The chance of a perfect equilibrium is remote b/c there is only one ratio of products to reactants that gives the Keq value and many ratios that don’t.

Question:  What happens to a chemical system that has not yet reached equilibrium?

Answer:  The system shifts until equilibrium is reached.

Question:  How do we determine whether a system is at equilibrium by looking at the initial values of reactants and products only?

Answer:  Let’s assume that the system is at equilibrium right from the “get-go”.  If we calculate K for this “trial”, it should be a perfect match with the Keq.  If the trial does not match Keq, the system will shift until it reaches equilibrium.

Predicting equilibrium shifts:
If the K trial (Q) = Keq, then the system is in equilibrium and no shift occurs.

If the K trial (Q) > Keq, then the system shifts left.

If the K trial (Q) < Keq, then the system shifts right.

3. Predict the direction of shift, if at all, when the following initial conditions are used:  4.0mol SO2, 3.0mol O2, and 2.0mol SO3 are added to a 10.0L container.  Keq for the reaction below is 48.

2SO2(g)  +  O2(g)  (========(  2SO3(g)

Step #1:  Calculate the concentrations of all species.  e.g.,  [SO2] = 4.0mol/10.0L = 0.40M

Step #2:  Write the Ktrial expression (i.e., same as Keq expression)



Ktrial = _[SO3]2__  =          (0.20)2       =  0.83





[SO2]2[O2]       (0.40)2(0.30M)

Step #3:  Compare the Ktrial with Keq (a Keq number line is handy)

      
[image: image1]
Since the Ktrial (Q) < Keq, the system must shift right to reach equilibrium. (Orally: i.e., We need to make more products before the system will reach equilibrium.)
4. For the following reaction Keq is 4.0.  Predict the direction in which the equilibrium will shift if 3.0mol HF, 2.0mol H2, and 4.0mol F2 are introduced into a 5.0L vessel.

2HF(g)  (==========(  H2(g)  +  F2(g)
[HF] = 3.0mol/5.0L = 0.60M
      [H2] = 2.0mol/5.0L = 0.40M
[F2] = 4.0mol/5.0L = 0.80M

Ktrial = [H2][F2]  =  (0.40)(0.80)  =  0.89


    [HF]2            (0.60)2

[image: image2]
Since the Ktrial (Q) < Keq, the system must shift right to reach equilibrium.

Assignment:  pg.71 #50-54.
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