A buffer solution contains 0.40 mole of formic acid, HCOOH, and 0.60 mole of sodium formate, HCOONa, in 1.00 liter of solution. The ionization constant, Ka, of formic acid is 1.8x10‑4.

(a)
Calculate the pH of this solution.

(b)
If 100. Milliliters of this buffer solution is diluted to a volume of 1.00 liter with pure water, the pH does not change. Discuss why the pH remains constant on dilution.

(c)
A 5.00 milliliter sample of 1.00 molar HCl is added to 100. milliliters of the original buffer solution. Calculate the [H3O+] of the resulting solution.

(d)
A 800.‑milliliter sample of 2.00‑molar formic acid is mixed with 200. milliliters of 4.80‑molar NaOH. Calculate the [H3O+] of the resulting solution.

Answer:

(a)
Using the Henderson‑HasselBalch equation
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= 3.92        {other approaches possible}

(b)
The pH remains unchanged because the ratio of the formate and formic acid concentration stays the same.

(c)
initial concentrations
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concentrations after H+ reacts with HCOO‑

0.38M + 0.05M = 0.43M HCOOH


0.57M ‑ 0.05M = 0.52M HCOO‑
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(d)
0.800L ¥ 2.00M HCOOH = 1.60 mol


0.200L ¥ 4.80M NaOH = 0.96 mol OH‑

at equil., (1.60 ‑ 0.96) = 0.64 mol HCOOH and 0.96 mol HCOO‑
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