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Chemistry 222   Name__________________________________________ 
Exam 3: Chapters 8-10               Fall 2010 
80 Points 
 
Complete five (5) of the following problems.  Each problem is worth 16 points.  CLEARLY mark 
the problems you do not want graded.  You must show your work to receive credit for problems 
requiring math.  Report your answers with the appropriate number of significant figures. 
 
1. Concisely discuss the validity of the following statements: (8 points each) 

a. A buffer solution is most effective at a pH within ±1 unit of the pKa for the acid used to 
make the buffer.  

 
The key here is that the buffer capacity for a buffer solution is best when the ratio of A- to HA 
is close to 1.  This occurs when the pH = pKa.  Within ±1 of the pKa the ratio is still 
reasonable, between 0.1 and 10.  Outside this range, there is too little of either A- or HA to 
allow for reasonable buffer capacity. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b. While the pH of a buffer is effectively independent of dilution, the capacity of the buffer 
diminishes as it becomes more dilute. 

 
The key points for discussion here are: 
• the ratio of weak acid to conjugate base stays essentially constant with dilution 
• the buffer capacity suffers as the buffer is diluted because the addition of strong acid or 

base will cause a larger shift in the weak acid:conjugate base ratio. 
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2. Why is every titration where an indicator is used to determine the endpoint subject to 
titration error?  Describe the appropriate choice and use of an indicator help minimize 
titration error. 
 
In order for an indicator to undergo its physical property (color) change in a titration, it must 
react with some titrant.  Therefore, we must add additional titrant after the equivalence point 
is reached in order for the indicator to react.  This difference between the volume required to 
reach the equivalence point and the volume required to cause a change in the indicator is 
our titration error.  The goal in any indicator-based titration is to minimize titration error so 
that the volume at the endpoint (indicator change) is as close to the equivalence point as 
possible.  To hep achieve this goal you should: 
 

1.  Choose an indicator whose transition range occurs near the equivalence point of the 
titration. 

 
2. Avoid adding excessive quantities of indicator so that only a minimal amount of titrant 

is required to consume the indicator and produce the color change. 
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3. Calculate the pH of the following solutions: (8 points each) 
a. A 3.6 x 10-8 F solution of HNO3.  

 
Although HNO3 is a strong acid, the concentration is low enough that we need to consider 
the contribution of water as a source of H+.  Start by writing mass and charge balance 
equations: 

Charge Balance:  [H+] = [NO3
-] + [OH-] 

Mass Balance:  [NO3
-] = 3.6 x 10-8M 

 
Substituting the mass balance expression in to the charge balance and using Kw, we can get 
everything in terms of [H+]: 

 
[H+] = 3.6 x 10-8 + Kw/[H+]  [H+]2 - 3.6 x 10-8[H+] - Kw = 0 

 
Solving the quadratic gives [H+] = 1.196 x 10-7 M or pH = 6.92 
 

 
 
 
 
 
 
 

b. A solution prepared by adding 7.21 mL of 2.14 M NaOH to 1.00 g of hypochlorous acid 
(HOCl, molar mass 52.46 g/mol, pKa = 7.53), 1.00 g sodium hypochlorite (NaOCl, molar 
mass 74.44 g/mol) and diluting to 100.0 mL. 

 
As NaOH is added to the solution, the hypochlorous acid (HOCl) will be converted to 
hypochlorite (OCl-).  The final ratio of A- to HA will determine the pH. 
 

1.00 g NaOCl x 1 mol NaOCl x 1 mol OCl- x 1000 mmol = 13.434 mmol OCl-

  74.44 g  1 mol NaOCl  1 mol   
 

1.00 g HOCl x 1 mol HOCl x 1000 mmol = 19.062 mmol HOCl 

  52.46 g  1 mol   
 

7.21 mL NaOH x 2.14 mol = 14.429 mmol OH- 

  L   
 

 HOCl + OH-  OCl- + H2O 
Start (mmol) 19.062  15.429  13.434  0 
End (mmol) 19.062 - 15.429  0  13.434+ 15.429  14.429

 
pH = pKa + log mol OCl- = 7.53 + log 13.434+ 15.429 = 8.43 

     mol HOCl  19.062 - 15.429  
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4. You need to prepare a pH 4.50 buffer by adjusting the pH of 200.0 mL of a 0.200 M solution 
of monosodium oxalate (NaHC2O4).  The only acid and base solutions you have available 
are 100 mL of 0.100 M NaOH, and 100 mL of 0.100 M HCl.  Given these solutions, can you 
make your buffer?  Justify your answer with appropriate calculations.   
(For oxalic acid, pKa1 = 1.252, pKa2 = 4.266.) 

 
There are two equilibria here to consider: 

 
H2C2O4 = H+ + HC2O4

-  pKa1 = 1.25 
HC2O4

- = H+ + C2O4
2-  pKa2 = 4.26 

 
Since the desired pH of our buffer is closest to pKa2, we should focus on the C2O4

2-/HC2O4
- 

conjugate acid/base pair for our buffer.  This will require the addition of NaOH to convert 
some of the HC2O4

- to C2O4
2-.  What ratio of C2O4

2-/HC2O4
- is needed? 

 
pH = pKa2 + log mol C2O4

2- 
     mol HC2O4

-

 
4.50 = 4.26 + log mol C2O4

2- 
     mol HC2O4

-

 
Rearranging shows us that the ratio of mol C2O4

2-/mol HC2O4
- must be 1.714.  Do we have 

enough NaOH to do this?  How many mol NaOH are needed?  Initially, we have  
200 mL x 0.200 M = 40.0 mmol mol HC2O4

- 

 
1.7140 = mol C2O4

2- = x 
  mol HC2O4

-  40.0 - x
 
Solving for x tells us that we need 25.26 mmol NaOH to get to our desired ratio.  This 
requires 25.26 mmol x 1L/0.100mol = 252.6 mL NaOH, but we only have 100, therefore, we 
can't make the buffer! 
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5. Consider the fractional composition plot for a weak, diprotic acid (H2A) below.   

 
a.  On the plot, clearly label the lines that correspond to H2A, HA-,A2-   
b. Estimate pKa1 and pKa2 and explain how you arrived at your estimates. 

 
For any acid/conjugate base pair, the Henderson-Hasslebach equation tells us that the pH 
will equal the pKa if the ratio of acid to conjugate base is 1.  Using this information, we can 
estimate pKa1 buy looking at the pH when H2A and HA- are equal (both are 0.5).  This 
occurs at pH 3.5.  The same analysis for Ka2 requires us to look for the pH when A2- and 
HA- are equal (0.5).  This occurs at pH 5.5.  Therefore, our estimates are pKa1 = 3.5 and 
pKa2 = 5.5 

 
 
 
 
 
 
 
 

c. For this acid, is it possible to prepare a solution where 99% of the acid is present as 
HA-?  Justify your answer in terms of the tendencies of the equilibria occurring in 
solution. 
 

An examination of the line corresponding to HA- shows that the maximum HA- possible is 
~0.85.  This means that, at best, we could hope for a solution where 85% of the acid is HA-.  
Even if we prepare a solution by weighing out “pure” NaHA, the HA- has strong enough acid 
and base character that ~15% of the HA- will be converted to H2A and A2-. 

 

H2A 

HA-

A2-
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6. I've asked you to go into the lab and help me prepare some unknowns for a new acid/base 
titration experiment we are considering.  Unfortunately, I have neglected to label one 
solution and am nowhere to be found.  To identify the solution, you construct the titration 
curve below by titrating 20.00 mL of the acid solution with standard 0.100 M NaOH. From 
the titration curve and the list of possible solution compositions below, identify the 
composition of the solution.  Justify your reasoning by explaining why how you were able to 
rule out the imposters and choose the appropriate identity.  

 
Solution pKa 

A:  0.100 M H2SO4 strong, 2.00 

B:  0.100 M phosphoric acid 2.15, 7.20, 12.35 
C:  0.100 M succinic acid 4.21, 5.64 
D:  0.030 M HCl and 0.070 M acetic acid strong, 4.76 
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The presence of clearly-resolved breaks in the titration curve indicates the presence of at 
least two acidic protons with substantially different Ka's.  Also , the fact that the two 
equivalence points occur exactly at 20.00 mL increments indicates that the solution contains 
either a polyprotic acid, or two monoprotic acids present at identical concentrations.  This 
rules out D, since this solution will result in a titration curve with one equivalence point at 6 
ml and the second at 20 mL.  Solution A can also be ruled out because the relative 
strengths of the first and second proton on H2SO4 are so close that the curve would appear 
monoprotic, showing only a single discrete equivalence point.  Comparing what one would 
expect from solutions B and C, you would also expect that the equivalence points for 
solution C to be washed out because the two Ka's are so close.  Therefore, solution B seems 
likely.  How can we confirm this? 
 
For a polyprotic acid, we would expect the pH halfway to the first equivalence point to equal 
pKa1 and the pH halfway to the second equivalence point to equal pKa2.  From the plot, we 
find these values to be ~2.2 and ~7.2, respectively corresponding well to solution B and 
confirming our assignment.  The third proton for phosphoric acid is too basic to be titrated 
with 0.1 M NaOH, so we do not see a third equivalence point. 
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