
Problem Set #8 Solutions – 2008 
 
From Whitten: Ch. 19 #’s 15, 35, 51ac&e 
 
15.   What ratio of [NH3] to [NH4

+] gives a buffer that is: 
a. pH 9.55? 
 pH = pKa + log10([NH3]/[NH4

+]) 
 9.55 = 9.25 + log10([NH3]/[NH4

+]) 
 [NH3]/[NH4

+] = 10+0.3 = 2.0 
a. pH 9.10? 
 pH = pKa + log10([NH3]/[NH4

+]) 
 9.10 = 9.25 + log10([NH3]/[NH4

+]) 
 [NH3]/[NH4

+] = 10-0.15 = 0.71 
 
35. One liter of a buffer solution is prepared by dissolving 0.115 mol of NaNO2 and 0.070 mol 
of HCl in water.  What is the pH of this solution?  If the solution is diluted twofold with water, what 
is the pH? 
 
Full equation: HCl(aq) + NaNO2(Aq) !  NaCl(aq) + HNO2(aq) 

Net ionic: H+
(aq) + NO2

-
(aq) !  HNO2(aq) 

 

Titration of a weak base with a strong acid will go to completion.  0.115 mol of NO2
- reacts with 

0.070 mol of H+ to yield 0.045 mol of NO2
- as excess reagent and 0.070 mol of HNO2 as product.  

Since volume is 1 liter, concs. are 0.045 M NO2
- and 0.070 M HNO2. 

 
 pH = pKa + log10([NO2

-]/[HNO2]) 
 pH = 3.34 + log10(0.045 M/0.070 M) = 3.1  
 
51. A 36.30 mL soample of 0.245 M HNO3 solution is titrated with 0.213 M KOH.  Calculate 
the pH of the solution: 
a. Before the addition of KOH. 
 [H3O

+] = 0.245 M, since HNO3 is a strong acid. 
 pH = -log10(0.245 M) = 0.61 
c. After 13.20 mL of KOH has been added. 
 Total volume = 13.20 mL + 36.30 mL = 39.50 mL 
 (0.01320 L)(0.213 mol/L) = 2.81 x 10-3 mol of KOH has been added 
 (0.03630 L)(0.245 mol/L) = 8.89 x 10-3 mol HNO3 present initially (excess) 
 Final is excess HNO3 (8.89 x 10-3 mol – 2.81 x 10-3 mol)/(0.03950 L) = 0.154 M 
 pH = -log10(0.154 M) = 0.81 
e. after 38.72 mL of KOH has been added: 
 Total volume = 38.72 mL + 36.30 mL = 75.02 mL 
 (0.03872 L)(0.213 mol/L) = 8.24 x 10-3 mol of KOH has been added 
 Final is excess HNO3 (8.89 x 10-3 mol – 8.24 x 10-3 mol)/(0.07502 L) = 0.0087 M 
 pH = -log10(0.0087 M) = 2.1 
 
 



Whitten, Ch 20:  
15.  Calculate molar solubilities, concentrations of constituent ions, and solubilities in grams per liter 
for the following compound at 25°C: 

 



 
 
29. Sodium bromide and lead nitrate are soluble in water.  Will lead bromide ppt when 1.03 g NaBr 
and 0.322 g of Pb(NO3)2 are dissolved in sufficient water to make 1.00 L solutions? 
 

 
 



1. An imidazolium (HIm+) buffer starts with 0.10 M of both conjugate acid and base (Im).   
a.  Calculate the change in pH if HCl is added to the buffer to a final concentration of 0.01 M.  
(The pKa of HIm+ is 6.8). 
 
 Initial pH: 
 pH = pKa + log10([Im]/[HIm+]) =  
 pH = 6.8 + log10(0.10/0.10) = 6.8   
 
 Im + HCl !  HIm+ + Cl- 
 
 So, final concs. of Im and HIm+ will be 0.09 M Im and 0.11 M HIm+ after HCl addition. 
 pH = 6.8 + log10(0.09 M/0.11 M) = 6.7 
 
 Change in pH is -0.1 
 
b. Repeat the calculation assuming that you start with 0.18 M HIm+ and 0.02 M Im.  What is 
the initial pH and what would be the final pH? 
 
 Initial pH: 
 pH = pKa + log10([Im]/[HIm+])  
 pH = 6.8 + log10(0.02/0.18) = 5.8   
 
 
 F inal concs. of Im and HIm+ will be 0.01 M Im and 0.19 M HIm+ after HCl addition. 
 pH = 6.8 + log10(0.09 M/0.11 M) = 5.5 
 
 Change in pH is -0.3 
 
2. Describe how to prepare 1.00 L of a 0.100 M ammonium buffer, pH 10.0 starting with a 5.0 
M solution of NH3 in water and a 2.0 M solution of HCl.  Specifically identify what volume of each 
solution you will need to add to create 1.00 L of a buffer of the appropriate pH. 
 
 pH = pKa + log10([NH3]/[NH4

+]) 
 10.0 = 9.3 + log10([NH3]/[NH4

+]) 
 [NH3]/[NH4

+] = 100.7 = 5.0 
 [NH3]  = (5.0) [NH4

+] 
 [NH3]+[NH4

+] = 0.10 M 
 
 Two equations, two unknowns:  [NH3] = 0.083 M, [NH4

+] = 0.017 M 
 
 To prepare 1.00 L, you need to add 0.100 mol of NH3 (available in 0.020 L of a 5 M 
solution) and 0.017 mol of HCl (available in 0.0085 L of a 2.0 M solution) and 0.963 L of water. 



3. Consider three proteins D, H and K.  Each of them uses a different amino acid side chain as 
a proton donor  (D = aspartic acid, H = histidine, K = lysine): 

pKa = 4.7  pKa = 6.8       pKa = 10.2 
 
a. Rank these three amino acid side chains in order of increasing acid strength. 
 
 D is stronger than H which is stronger than K. 
 
b. Use the Henderson-Hasselbalch equation to calculate the ratio of conjugate base to 
conjugate acid for each amino acid sidechain at pH = 7.0.  
 
 [D-]/[HD] = 107.0-4.7  = 2000 
 [H]/[HH+] = 107.0-6.8  = 1.6 
 [K]/[HK+] = 107.0-10.2 = 6.3 x 10-4 
 
c. In biochemistry, it is commonly accepted that histidine (H) is the best amino acid side chain 
for a protein to use if a proton donor is required for its function.  Based on your results in "a" & 
"b", explain why that is the case. 
 
 While D is the strongest acid, there is very little present at pH 7 (only one part in 2000).  His 
is a weaker acid by 100 fold, but just under half of H remains protonated at pH 7, so it can still act 
as an acid.  K is mostly in its conjugate acid form, but it’s a weak acid. 
 
 
4. Zn(OH)2 problem 
a. Zn(OH)2(s) "  Zn2+

(aq) + 2 OH-
(aq) 

 
 [Zn2+] (M) [OH-] (M) 
I 0 0 
C x 2x 
E x 2x 

 
 Ksp = 4.5 x 10-17 = (x)(2x)2 = 4x3 
 x = 2.24 x 10-6 
 [OH-] = 2x = 4.48 x 10-6 
 pOH = -log10[OH-] = 5.3 
 pH = 14 – 5.3 = 8.7 
 
b. [Zn2+] = 2.24 x 10-6 M 
 
c. If the buffer pH is 7, pOH = 14-7 = 7 and [OH-] = 1 x 10-7 M 
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 The role of the buffer is to hold pH constant, so… 
 

 [Zn2+] (M) [OH-] (M) 
I 0 1 x 10-7 
C x 1 x 10-7 
E x 1 x 10-7 

 
 Ksp = 4.5 x 10-17 = (x)( 1 x 10-7)2  
 [Zn2+] = x = 4.5 x 10-3 M 
  
 Note that the buffer acts to increase the solubility of Zn2+ in solution. 
 


