Sheet #14:  Weak Acid and Diprotic Acids

1).  A 0.10 M solution of nicotinic acid (HC6H4NO2; Ka = 1.4 x 10-5) is prepared.  What is the pH of this solution at 25 oC?

Step1:  Identify species in solution:  HC6H4NO2, H+, C6H4NO2- and H2O
Step 2:  Identify H+ donating species:  HC6H4NO2 and H2O

Step 3:  Identify the major H+ donating species and write the Ka expression for it:



Ka = [H+][C6H4NO2-]/[HC6H4NO2]

Step 4:  Setup an ICE box.



HC6H4NO2  ⇋  H+  +  C6H4NO2-

I:
0.10

0
0


C:
-x-

+x
+x


E:
0.10 –x 
+x 
+x

Step 5:  Solve for x.  If necessary, make assumptions about expression.



1.4 x 10-5 = x2/0.10 –x

(Assume x is small)


1.4 x 10-5 = x2/0.10



x = 0.00118
Step 6:  Check assumption with the 5% rule.



0.001/0.10 x 100 = 1%


Assumption was valid!
Step 7:  Solve for H+ (aq) ion concentration and pH.



[H+] = 0.00118


pH = 2.93
2).  Ascorbic acid (Vitamin C) is a diprotic acid, H2C6H6O6.  What is the pH of a 0.10 M solution?  What will be the concentration of C6H6O62-? Ka1 = 7.9 x 10-5 and Ka2 = 1.6 x 10-12.  

When working with a diprotic acid, we need to do two equilibrium expressions.  Work out the concentration of [H+] from the first ICE box following steps 1-7 from above.  




H2C6H6O6  ⇋  H+  +  HC6H6O6-


I:
0.10

0
0


C:
-x

+x 
+x


E:
0.10 –x 
+x
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Solve for x = 
The concentration of [H+] from Ka1 = 0.0028 M.  [HAsc-] = 0.0028 M
Once we have these values, we can setup a second ICE box for the Ka2 expression.  Do this on the other side of this paper.  Remember, the H+ from the Ka1 must be included in the Ka2 expression.  [H+] = 0.0028.   [Asc2-] = 1.6 x 10-12.  pH = 2.55.




HC6H6O6-  ⇋
H+  
+  
C6H6O62-


I:
0.0028

0.0028

0



C:
-x

+x

+x




E:
0.0028-x
0.0028+x
+x



Solve for x

For this di-protic acid, the second dissociation does not noticeably alter the pH.  This will usually be true for multi-protic acids:  The pH will depend on Ka1!

