Chem104



Quiz 6 - Answers

Self Check Due by 5PM Thursday.  

1. In class I described how an iron(II) salt, ferrous sulfate, could be used to adjust the pH of garden soil.  Other transition metal ions also have acidic behavior.  Which is the strongest acid in the list below?

[Co(H2O)6]2+  pKa 8.88

[Cu(H2O)6]2+  pKa 6.79

[Fe(H2O)6]2+  pKa 9.49

[Fe(H2O)6]3+  pKa 2.20 This is the strongest acid of these metal ions because it has the smallest pKa which will correspond to the largest Ka value.
2. Calculate the pH of a 0.100M solution of:

(a) acetic acid       (Ka 1.80 x 10-5)

Write the reaction:

AcOH  + H2O  <==> AcO-  + H3O+ described by a Ka where

Ka = [AcO-] [H3O+] / [AcOH] = 1.8 x 10-5  
So a 0.100M solution of acetic acid will produce H3O+ and be acidic. 

How much [H3O+]?

Set up ice box:
 [AcOH] 

[AcO-]
 

[H3O+] 

Initial


0.100


0 M


0 M

Change

- x 


+ x 


+ x
Equil


0.100 -x

x


x
Make substitutions into Ka = [AcO-] [H3O+] / [AcOH]
1.8 x 10-5  = (x)2 / (0.100 -x)

Now assume (0.100 -x) ~ 0.100, i.e., that x is very small compared to 0.100 M.

Then 1.8 x 10-5  = (x)2 / (0.100)

x = 0.00134 M = [H3O+]

pH = -log 0.00134 = 2.87

(b) [Fe(H2O)6]3+   (pKa 2.20) 

(Note that the reaction involves only one H2O on Fe(2+), i.e.,
Use this reaction:

[Fe(H2O)6]3+   +   H2O   <==>    [Fe(H2O)5(OH)]3+   +   H3O+

Ka = [Fe-(OH)] [H3O+] / [Fe(H2O)6]3+   = 10-2.2 = 6.3 x 10-3  

So a 0.100M solution of acetic acid will produce H3O+ and be acidic. 

How much [H3O+]?

Set up ice box:
 [Fe(H2O)6]3+] 
[Fe-(OH)]  

[H3O+] 

Initial


0.100


0 M


0 M

Change

- x 


+ x 


+ x
Equil


0.100 -x

x


x
Make substitutions into Ka = [Fe-(OH)] [H3O+] / [Fe(H2O)6]3+
6.3 x 10-3 = (x)2 / (0.100 -x)

Now assume (0.100 -x) ~ 0.100, i.e., that x is very small compared to 0.100 M.

Then 6.3 x 10-3 = (x)2 / (0.100)

x = 0.0251 hmmmmm, this x isn’t that small compared to 0.100.  Can’t neglect it!

Must solve quadratic: 6.3 x 10-3 = (x)2 / (0.100 -x)

x = 0.0221 = [H3O+]
pH = -log 0.0221 = 1.66
(c) Consider your results in part (a) and (b): do they surprise you at all? Why or why not?

The pH is lower for ferric ion, Fe3+, than for acetic acid at the same concentration.

This is a little surprising to you, perhaps, that a metal ion can be sooooo acidic!

But of course the fact that ferric ion has a smaller pKa already indicates it will be a stronger acid.
3. A solution of sodium acetate has pH 8.9.  What is its concentration?

Sodium acetate, NaAcO (AcO = CH3CO2-) will dissociate into Na+ ions and acetate ions.  The Na ions will not contribute to any acid/base reactivity.  Acetate is the conjugate base of acetic acid and will behave like a weak base.

The important contribution to pH will be:

AcO-  + H2O  <==> AcOH  + OH-   described by a Kb where

Kb = [AcOH][OH] / [AcO-] 

Kb can be found from the Ka for acetic acid like this:   

Kw/Ka = Kb;  10-14 / 1.8 x 10-5  = 5.56 x 10-10 
So Kb = [AcOH][OH] / [AcO-] = 5.56 x 10-10 
In this problem we already know pH = 8.90 
so pOH= 5.10 and [OH-] = 7.936 x 10-6 M.  Since acetic acid formed in the reaction must equal the [OH], we also know that [AcOH] = 7.936 x 10-6 M.
Set up ice box:
[AcO-]

 
[AcOH] 

[OH] 

Initial


x M


0 M


0 M

Change

- 7.936 x 10-6 
+7.936 x 10-6  
+7.936 x 10-6 M
Equil


x - 7.936 x 10-6
7.936 x 10-6

7.936 x 10-6
Make substitutions into Kb = [AcOH][OH] / [AcO-] 

5.56 x 10-10 = (7.936 x 10-6)2 / (x - 7.936 x 10-6)

Now assume (x - 7.936 x 10-6) ~ x, i.e., that 7.936 x 10-6 is very small compared to x.

Then 5.56 x 10-10 = (7.936 x 10-6)2 / x 

x= (7.936 x 10-6)2 / 5.56 x 10-10

x = 0.113 M
The concentration of sodium acetate is 0.113 M - 7.936 x 10-6  ~ 0.113 M.
