Osukuuni Practice Questions
CHEM 3811
ACIDS & BASES/BUFFERS

1. What volume of 0.250 M NaOH should be added to 13.5 g of tris hydrochloride (FM = 157.60 g/mol, pKa = 8.07) to give a pH of 7.35 in a final volume of 500.0 mL?
HA  +  OH-  ↔  A-  +  H2O

mol OH- added = mol A- produced

mol HA = (13.5 g)/(157.60 g/mol) = 0.0867 mol

Use H-H equation to find mol A-
pH = pKa + log[(x)/(F-x)], F = 0.0867 mol 
mol A- = mol OH- added = x = 0.014 mol
volume NaOH = 0.014 mol/0.250 M = 0.055 L

2. The pH of a 1.00 x 10-2 M solution of cyanic acid (HOCN) is 2.77 at 25 oC. Calculate Ka for HOCN from this result.

HA  +  H2O  ↔  A-  +  H3O+
[H3O+] = 10-2.77 = 1.7 x 10-3 M = x
Ka = x2/F = (1.7 x 10-3)2/1.00 x 10-2 = 2.9 x 10-4
3.  For propanoic acid (HC3H5O2, Ka = 1.3 x 10-5), determine the concentration of all species present, the pH, and the percent dissociation of a 0.100 M solution.
HC3H5O2  +  H2O  ↔  C3H5O2-  +  H3O+
Ka = x2/F = x2/0.100  and x = 1.1 x 10-3 M = [C3H5O2-] = [H3O+]

Percent dissociation = x/F = 1.1%

Percent dissociation is less than 5% so good approximation

[HC3H5O2] = F - x = 0.100 M - 1.1 x 10-3 M = 0.099 M
pH = - log(1.1 x 10-3) = 2.96
4. A solution is prepared by dissolving 0.56 g benzoic acid (C6H5CO2H, Ka = 6.4 x 10-5) in enough water to make 1.0 L of solution. Calculate [C6H5CO2H], [C6H5CO2-], [H+], [OH-], fraction of dissociation, and the pH of the solution.

F = Initial [C6H5CO2H] = (0.56 g)/(122.13 g/mol) = 4.6 x 10-3 mol/L
Ka = x2/F = x2/4.6 x 10-3 and x = 5.4 x 10-4 M

Percent dissociation = x/F = 12%

Percent dissociation is greater than 5% so approximation is not appropriate

Ka = x2/(F-x), solve quadratic equation to get x = [C6H5CO2-] = [H+] = 1.4 x 10-4 M 

[OH-] = 1.0 x 10-14/1.4 x 10-4 = 7.1 x 10-11 M
Fraction of dissociation = x/F = 0.030
[C6H5CO2H] = F - x = 4.6 x 10-3 M - 1.4 x 10-4 M = 4.5 x 10-3 M

pH = - log(1.4 x 10-4) = 3.85
5. What mass of Ca(OH)2 is necessary to prepare 450.0 mL of a solution having a pH of 9.85?

Ca(OH)2  →  Ca2+  +  2OH-
[H+] = 10-9.85 = 1.4 x 10-10 M
[OH-] = 1.0 x 10-14/1.4 x 10-10 = 7.1 x 10-5 M

mol OH- = (7.1 x 10-5 M)(0.4500 L) = 3.2 x 10-5 mol
mol Ca(OH)2 = 3.2 x 10-5 mol/2 = 1.6 x 10-5 mol

mass Ca(OH)2 = (1.6 x 10-5 mol)(74.03 g/mol) = 1.2 x 10-3 g Ca(OH)2
6. Calculate the percent pyridine (C5H5N) that forms the pyridium ion (C5H5NH+), in a 0.10 M aqueous solution of pyridine (Kb = 1.7 x 10-9).
Kb = x2/F, solve for x = [OH-] = 1.3 x 10-5 M 
Percent association = (x/F) x 100 = 0.013%

7. Calculate the mass of HONH2 required to dissolve in enough water to make 100.0 mL of solution having a pH of 11.20 (Kb = 1.1 x 10-8).

[H+] = 10-11.20 = 6.3 x 10-12 M

[OH-] = 1.0 x 10-14/6.3 x 10-12 = 1.6 x 10-3 M

Kb = x2/F, solve for F = 230 M 
mol HONH2 = (0.100 L)(230 M) = 23 mol

mass HONH2 = (23 mol)(33.04 g/mol) = 760 g HONH2
8. For the reaction of hydrazine (N2H4) in water 



H2NNH2(aq) + H2O(l) ↔ H2NNH3+(aq) + OH-(aq)

Kb is 3.0 x 10-6. Calculate the concentrations of all species, fraction of association, and the pH of a 2.51 M solution of hydrazine in water.   

Similar to questions 4 and 5

[OH-] = [H2NNH3+] = 2.7 x 10-3 M
and 
pH = 11.43

9. Codeine (C18H21NO3) is a derivative of morphine that is used as an analgesic, narcotic, or antitussive. It was once used in cough syrups but is now available only by prescription because of its addictive properties. If the pH of a 1.45 x 10-3 M solution of codeine is 9.61, calculate Kb.

pH = 9.61

pOH = 14 - 9.61 = 4.39

[OH-] = 10-4.39 = 4.1 x 10-5 = x

Kb = x2/F = (4.1 x 10-5)2/(1.45 x 10-3) = 1.1 x 10-6
10. Quinine (C20H24N2O2) is the most important alkaloid derived from cinchona bark. It is used as an antimalarial drug. For quinine, pKb1 = 5.1 and pKb2 = 9.7. Only 1 g of quinine will dissolve in 1900.0 mL of solution. Calculate the pH of a saturated aqueous solution of quinine. Consider only the reaction Q + H2O  ↔  QH+ + OH- described by pKb1, where Q = quinine.
F = [(1 g)/(324.46 g/mol)]/(1.9000 L) = 1.6221 x 10-3 M
Kb = x2/F, solve for x = [OH-] = 4.6 x 10-6 M 

Percent association = (x/F) x 100 = 0.28%, good approximation

pOH = 5.34
pH = 14 - 5.34 = 8.66

11. Calculate the pH of a solution containing 0.75 M lactic acid (Ka = 1.4 x 10-4) and 0.25 M sodium lactate. Lactic acid (HC3H5O3) is a common constituent of biologic systems. For example, it is found in milk and is present in human muscle tissue during exertion.
Use H-H equation and solve for pH = 3.38
12. A buffered solution contains 0.25 M NH3 (Kb = 1.8 x 10-5) and 0.40 M NH4Cl. Calculate the pH of this solution.
Use H-H equation and solve for pH = 9.06
13. Calculate the change in pH that occurs when 0.010 mol gaseous HCl is added to 1.0 L of a solution containing 5.00 M HC2H3O2 and 5.00 M NaC2H3O2. Ka for acetic acid is 1.8 x 10-5.
A solution of HC2H3O2 and C2H3O2- is a buffer solution

Initial mol HC2H3O2 = 5.00 mol

Initial mol C2H3O2- =  5.00 mol

pH before strong acid was added (use H-H equation) = pKa = 4.74
Addition of strong acid converts base to acid

Final mol HC2H3O2 = 5.01 mol

Final mmol C2H3O2- = 4.99 mol

pH after strong acid was added (use H-H equation) = 4.738 = 4.74
Change in pH ≈ 0
14. Carbonate buffers are important in regulating the pH of blood at 7.40. If the carbonic acid concentration in a sample of blood is 0.0012 M, determine the bicarbonate ion concentration required to buffer the pH of blood at pH = 7.40.



H2CO3(aq)  ↔  HCO3-(aq) + H+(aq) 

Ka = 4.3 x 10-7
Use H-H equation

pH = pKa + log[(x)/(0.0012 - x)] and solve for x = [HCO3-] = 1.1 x 10-3 M
15. A buffer is made using 45.0 mL of 0.750 M HC3H5O2 (Ka = 1.3 x 10-5) and 55.0 mL of 0.700 M NaC3H5O2. What volume of 0.10 M NaOH must be added to change the pH of the original buffer by 2.5%?
mmol HC3H5O2 = (0.750 M)(45.0 mL) = 33.8 mmol

mmol C3H5O2- = (0.700 M)(55.0 mL) = 38.5 mmol
pH of buffer before NaOH was added (use H-H equation) = 4.94

pH increases by 2.5% after adding NaOH = 4.94 + 0.12 = 5.06

pH = pKa + log[(38.5 + x)/(33.8 - x)] and solve for x = 4.6 mmol
volume NaOH = 4.6 mmol/0.10 M = 46 mL NaOH
16. The pH of white vinegar solution is 2.45. This vinegar is an aqueous solution of acetic acid with a density of 1.09 g/mL. What is the mass percentage of acetic acid in the solution? 

[H+] = 10-2.45 = 3.5 x 10-3 M = x

Ka = x2/F, solve for F = 0.72 mol/L = 43 g/L = 0.043 g/mL
Mass % = (0.043/1.09) x 100 = 3.9%

OR

pH = pKa + log[(x)/(F - x)]
Mass % = (0.044/1.09) x 100 = 4.0%

17. A chemist needs a buffer with pH 5.10. How many milliliters of pure acetic acid (pKa = 4.76, density = 1.049 g/mL) must be added to 465 mL of 0.0941 M NaOH solution to obtain such a buffer?

HA  +  OH-  ↔  A-  +  H2O

mol OH- added = mol A- produced = (0.465 L)(0.0941 M) = 0.0438 mol
pH = pKa + log[(0.0438)/(F - 0.0438)] and solve for F = 0.063 mol = 3.8 g

Volume acetic acid = (3.8 g)/(1.049 g/mL) = 3.6 mL
18. The pH of a household cleaning solution is 11.87. This cleanser is an aqueous solution of ammonia with a density of 1.00 g/mL. What is the mass percent of ammonia in the solution (pKa = 9.25)?

NH3  +  H2O  ↔  NH4+  +  OH-
pOH = 14 - 11.87 = 2.13

[OH-] = 10-2.13 = 7.4 x 10-3 M = x

Kb = x2/F, solve for F = 3.1 mol/L = 53 g/L = 0.053 g/mL

Mass % = (0.053/1.00) x 100 = 5.3%

19. A chemist needs a buffer with pH 4.40. How many milliliters of pure formic acid (HCOOH, pKa = 3.75, density = 1.220 g/mL) must be added to 325 mL of 0.0857 M NaOH solution to obtain such a buffer? 

HA  +  OH-  ↔  A-  +  H2O

mol OH- added = mol A- produced = (0.325 L)(0.0857 M) = 0.0278 mol
pH = pKa + log[(0.0278)/(F - 0.0278)] and solve for F = 0.034 mol = 1.6 g

Volume acetic acid = (1.6 g)/(1.220 g/mL) = 1.3 mL
