AP Chemistry Free Response Question 1982 A

A buffer solution contains 0.40 moles of formic acid, HCOOH, and 0.60 moles of sodium formate,
HCOONa, in 1.00 L of solution. The equilibrium constant, i, of formic acid is 1.8 x 10,

(a) Calculate the pH of this solution
pK, = —log(1.8 x 107%) ~ 3.75

Since the solution contains both a weak acid and its conjugate base, we can use the Henderson-
Hasselbalch equation to calculate the pH. It is not necessary to calculate the actual
concentrations of the substances.

_ [HCOO™]\ 0.60mol _
pH = pK, + log <7[HCOOH] = 3.75 + log 020mal | = 3.9

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

According to the Henderson-Hasselbalch equation, the pH does not depend on the exact
concentrations of the conjugate acid-base pair, but only on the ratio of their concentrations.
Dilution decreases each concentration by the same factor, so the pH is not affected.

(c) A5.00 mL sample of 1.00 M HCIl is added to 100. mL of the original buffer solution.
Calculate the [H;0"] of the resulting solution.

HCl is a strong acid, so it will dissociate completely into H* and CI ions. The H" will react with
HCOQO' in a neutralization reaction which goes to completion.

H" (aq) + HCOO (aq) — HCOOH (aq)
First we calculate the moles of each substance in the solutions to be mixed:

ng+ = My+Vg+ = (1.00M)(0.005 L) = 0.005mol

(Technically, we should add these moles of H" to the moles of H" that were present in the buffer
solution before mixing; however, this can be neglected, since the original amount of was H* will
be very small compared to the amount produced by the HCI.)

— 0.60mol [ 229X _ 5 060 mol

nHCOO_ = U. mo 1000mL = U. mo
100 mL

nucoon = 0.40mol (moo—mmL> — 0.040mol



H" is the limiting reagent, so the reaction will proceed until all 0.005 moles of H" are reacted.

H'(aq) + HCOO (aq) — HCOOH (aq)
I 0.005 mol 0.060 0.040
C | -0.005mol - 0.005 mol +0.005 mol
F 0 mol 0.055 mol 0.045 mol

There are still moles of both the conjugate acid and the conjugate base, so we can again use the
Henderson-Hasselbalch equation to calculate the pH.

[HCOO™] 0.55 mol
H = pK, +log [ o2 1) 575 4 Jog (220MO) 5
pH=p +Og([HCOOH] 315+ log | 5 ipmor ) ¥ 383

Finally,

[H]=10"" =103 ~|1.5 x 107*M

(d) An 800. mL sample of 2.00 M formic acid is mixed with 200. mL of 4.80 M NaOH.
Calculate the [H;0"] of the resulting solution.

Part (d) can be answered in essentially the same way as part (c).

NaOH is a strong base, so it will dissociate completely into Na® and OH" ions. The OH" will
react with HCOOH in a neutralization reaction which goes to completion.

HCOOH (aq) + OH (aq) — H:0 (I) + HCOO" (aq)
First we calculate the moles of each substance in the solutions to be mixed.
noa- = Mon-Vou- = (4.80M)(0.200L) = 0.96 mol

NHCOOH = MHCOOHVHCOOH = (ZOOM) (0800 L) = 1.6 mol

Nucoo- = 0 mol



OH' is the limiting reagent, so the reaction will proceed until all 0.96 moles of OH" are reacted.

HCOOH (aq) + OH (aq) — H,O (l) + HCOO (aq)
I 1.60 mol 0.96 mol lots 0
-0.96 mol -0.96 mol | + 0.96 mol +0.96 mol
F 0.64 mol 0 mol lots 0.96 mol

There are moles of both the conjugate acid and the conjugate base present, so we can use the
Henderson-Hasselbalch equation to calculate the pH.

[HCOO™] 0.96 mol
H = pK, +log (o2 1) _ 375 4 Jog (2201} 599
pH=p +Og([HCOOH] 315+ 1og | Gamol ) 39

Finally,

[H]=10" =103 ~|1.2 x 107*M




