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Buffer Problems

A buffer is prepared by adding 0.60 moles of HC,H30, and 2.0 moles of
NaC;Hs0, to enough water to make 1.0 dm?® of solution. What is the pH?
(Ka=1.8x107)

What is the pH of a solution prepared by dissolving 15.0 g of NaHCO3; and
15.0 g of Na,COj in enough water to make a 0.250 dm?® solution?
(Ka=5.6 x10™)

4.13 g of NaCyH;O, is added to 250. mL of a 0.150 M HCgH;O4 solution. What is
the pH of the buffer? K, =2.75x 107

A buffer is made by adding 0.200 M HC;H30, and 0.150 M NaC,H30,. If
0.005 mol of NaOH is added to 125 mL of this buffer, what is the pH?
Ka=1.8x10"

A buffer is made by adding 0.200 moles of NH;Br and 0.075 moles of NH;3 to
a sufficient amount of water. If 0.015 moles of HCI are added to the buffer
solution, what is the pH? K,=5.6 x 10™%°,



1)

Solutions

Na = 0.60 mol HC,H;0, V=10dm®

np = 2.0 mol NaC,H;0, Ky=1.8x10°

[HC2H30,] = n/V
[HC,H30,] = 0.60 mol HC,H30,/(1.0 ém® x 1 L/1 dm®) = 0.60 M
[C2H30,] = n/V

[C2H30,] = 2.0 metNaC.H:0./(1.0 ém® x 1 L/1 dm®) x

1 mol CzHgOz-/ 1 mel—NaGgH;;@g =20M

HC;H30,(aq) « H'(aqg) + C;H30;(aq)

[]i 0.60 0 2.0
[1c -X +X +X
[1e 0.60 - x X X

Ka = [H'] x [C2H30,7]/[HC,H30,]
[H+] = Ka X [HC2H3OQ]/[CzH302_]
[H*]=1.8x 10 (0.60 - x)/(2.0 + X) ~ 1.8 x 10™ x 0.60/2.0

[H']1=5.4x10°M

% ion = [H+]/[HC2H302] X 100%
% ion = (5.4 x 10° M)/(0.60 M) x 100% = 9.0 x 10%

Because the % ion < 5%, 0.60 - x = 0.60 is a valid assumption.

pH = -log[H*] = -log(5.4 x 10°®) = 5.27



M, = 15.0 g NaHCOs V =0.250 dm?®

ms = 15.0 g Na,COs3 K.=5.6x10"

[NaHCO3] = n/V
[NaHCO3] = (15.0 gNaHCO; x 1 mol NaHCO3/84.01 g-NaHCO;3)/
(0.250 dm® x 1 L/1 dm®) = 0.714 M
[HCO3] = 0.714 mel-NaHCO4/L x 1 mol HCOs/1 metNaHCO; = 0.714 M
[Na,COs] = n/V
[Na,COs] = (15.0 g-NaxCO;3 x 1 mol Na,C03/105.99 g-NaCO3)/
(0.250 ém® x 1 L/1 ém®) = 0.566 M

[CO5%] = 0.566 mel-NaCOs/L x 1 mol CO5*/1 metNaCO; = 0.566 M

HCOs(aq) <« H*(aqg)+ COs*(aq)

[]i 0.714 0 0.556
[1c -X +X +X
[1e 0.714 - x X 0.566 + X

Ka = [H] x [CO3*]/[HCO3]

[H'] = Ka X [HCO3)/[CO57]

[H*]=5.6 x 10™ . (0.714 - x)/(0.566 + X) = 5.6 x 10™* x 0.714/0.566
[H1=7.1x10" M

% ion = [H*]/[HCO57 x 100%

% ion = (7.1 x 10™ M)/( 0.714 M) x 100% = 9.9 x 107%

Because the % ion < 5%, 0.714 - x = 0.714 is a valid assumption.

pH = -log[H*] = -log(7.1 x 10 = 10.15
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[HC9H704] = 0.150 M ms = 4.13 g NaCgH7O4

V, = 250. mL Ka=2.75x10°

Ns = 413 g—N-&GgH-194X 1 mol NanH704/20215 g—N&GgH;Q4

ns = 0.0204 mol NaCyH-;O,4

[C9H704-] =n/V
[CoH,047] = 0.0204 mel-NaGgH-04/(250. mk x 1L/10° mb) x

1 mol CgH704/1 melNacsH:0,=0.0816 M

HCgH704(aQ) — H+(8.Q) + C9H7O4'(aq)

[Ii 0.150 0 0.0816
[]c -X +X +X
[ 0.150 - x X 0.0816 + X

Ka = [H"] x [CoH704/[HCsH7O4]
[H'] = Ka X [HCoH704)/[CoH7Ox]
[H']=2.75x10° - (0.150 - x)/(0.0816 + x) = 2.75 x 10 x 0.150/0.0816

[H]=5.06x10°M

% ion = [H*]/[HCeH;0,] x 100%
% ion = (5.06 x 10™° M)/( 0.150 M) x 100% = 3.37 x 10%%
Because the % ion < 5%, 0.150 - x = 0.150 is a valid assumption.

pH = -log[H*] = -log(5.06 x 10°) = 4.296



4)

[HC,H30,] = 0.200 M np = 0.005 mol NaOH
[NaC;Hz0] = 0.150 M K.=18x10°
V =125 mL

[HCzHgOz] =n/V
Ny = [HCzHgOz] x V =0.200 mol HCQHgOg/l: Xx125mbk x 1 -|=/:|.03 me

na = 0.025 mol HC,H30,

[C2H30,7T = 0.150 metNaCHsO./L x 1 mol C;H30,7/1 metNaC.H;0,

[C2H30,7=0.150 M

[CzHgOz-] =n/V
Np = [CzHgOz_] x V =0.150 mol CzHgOz-/l: Xx125mE x 1 l=/103 mL

np = 0.0188 mol C,H30,

Ny = 0.005 meNaoH x 1mol OH/1 melNaoSH = 0.005 mol OH"

HC2H302(aq) + OH(&C]) > C2H302'(aq) + HzO(l)
mol before rxn: 0.025 0.005 0.0188

mol after rxn: 0.020 0 0.0238

HC,H3;02(aq) < H'(aq) + C:H30,(aq)
[1i 0.020425 0 0.0238425
[]c -X +X +X

[l (0.020 - x)A425 X (0.0238 + x)425



Ka= [H+] X [C2H302-]/[HC2H302]
[H+] =K, X [HC2H302]/[C2H302_]
[H']=1.8x 107 (0.020 - x)/(0.0238 + x) ~ 1.8 x 10 x 0.020/0.0238

[H]1=15x10°M

% ion = [H*]/[HC,H30;] x 100%
% ion = (1.5 x 10™° M)/( 0.020 mel/125 mk x 1 £/10° mk) x 100%
% ion = 9.4 x 10°%

Because the % ion < 5%, 0.020 - x = 0.020 is a valid assumption.

pH = -log[H*] = -log(1.5 x 10”) = 4.82
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N, = 0.200 mol NH4Br n, = 0.015 mol HCI

np = 0.075 mol NH; K,=5.6x10"

n, = 0.200 mel-NH.Br x 1 mol NH, /1 metNH,B¥ = 0.200 mol NH,"

Na = 0.015 melHCH x 1 mol H'/1 meHHCSt = 0.015 mol H'

NHs(agq) + H'(ag) > NHs'(aq)
mol before rxn: 0.075 0.015 0.200

mol after rxn: 0.060 0 0.215

Assume 1.00 L, therefore: [NHs] =0.060 M, [NH,"] =0.215 M

NH;" (agq) H'(agq) + NHs(aq)

[]i 0.215 0 0.060
[1c -X +X +X
[1e 0.215-x X 0.060 + x

Ka = [H'] x [NH3)/[NH4]
[H] = Ka x [NH4 J/[NH3]
[H*]=5.6 x 10™ . (0.215 - x)/(0.060 + x) = 5.6 x 10™° x 0.215/0.060

[H]=2.0x10°M

% ion = [H*]/[NH4'] x 100%
% ion = (2.0 x 10 M)/0.215 M x 100% = 9.3 x 107%

Because the % ion < 5%, 0.215 - x = 0.215 is a valid assumption.

pH = -log[H*] = -log(2.0 x 10°) = 8.70



