Practice with weak acid equilibria when X is not negligible (quadratic formula)

Calculate the pH and the concentration of all species present in a 0.002 M HF solution, the Ka of HF = 3.5 x 10-4

1. Write the principal and subsidiary reactions and label so



HF  +  H2O(l)  (  H3O+  +  F-


Ka = 3.5 x 10-4



2 H2O(l)  (  H3O+  +  OH-


Kw = 1 x 10-14

To distinguish which reactions is the principal reaction, #1 water is never the 
principal reaction and #2 pick the reaction with the largest equil. constant, K

HF  +  H2O(l)  (  H3O+  +  F-


Ka = 3.5 x 10-4  Principal Rxn

2. Write an equilibrium expression for the principle reaction



Ka = [H3O+] [F-] / [HF]

3. Make an equilibrium table for the principal reaction


       HF            +           H2O(l)  (          H3O+       +        F-

Initial M
.002




0

0


( M

-x




+x

+x


Eq. M

.002 – x



x

x

4. Put values from table into Ka expression



Ka = (x(x) / (.002-x)  =  x2 / (.002 – x)

5. Assume that x is negligible compared to the initial concentration of acid





Therefore the Ka expression becomes




Ka = x2 / .002

6. Solve for x



3.5 x 10-4  = x2 / .002


x = 8.37 x 10-4


Check to see if your assumption  x<<.002 is correct



.002 - 8.37 x 10-4 = .001



The concentration of the acid did change!! So your assumption that 



x<< .002 is incorrect.  You must now use the quadratic formula!!

7. Put the Ka expression into a quadratic formula state  ax2 + bx +c = 0



3.5 x 10-4   =  x2 / (.002 – x)

 

x2 = 7 x 10-7 – 3.5 x 10-4x



x2 +3.5 x 10-4x – 7 x 10-7 = 0



a = 1



b = 3.5 x 10-4


c=  -7 x 10-7
8. Use the quadratic formula to solve for x


X = -b ( ((b2 – 4 ac)  =   -3.5 x 10-4 ( (3.5 x 10-4)2 – (4*a*-7 x 10-7)
                   
      2a                                    2(1)



X = 6.8 x 10-4  or  -1.03 x 10-3
9. 6.8 x 10-4  = x, now you can fill in the table and find for the pH and the OH-


[H3O+] = 6.8 x 10-4           pH = -log [H3O+] = 3.2



Kw = [H3O+] [OH-]              1x10-14 / 6.8x10-4 = [OH-] = 1.47 x 10-11


[HF] = .002 -  6.8 x 10-4   = .001



[H3O+] = [F-] = x = 6.8 x 10-4   
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