Chemistry 192
Problem Set 3
Spring, 2018
Solutions

1. Problem 3, page 782, textbook
Answer

(a)

HOBI' HQO H30+ OBI'_
(acid 1) + (base 2)=(acid 2) + (base 1)

HSO,  H,O0  H,0"  SOI
(acid 1) + (base 2)=(acid 2) + (base 1)

HS™ H,O H,S OH"™
(base 1) + (acid 2)=(acid 1) + (base 2)

CH:NHy  OH™  GH.NH, H,0
(acid 1) + (base 2)= (base 1) + (acid 2)

2. Calculate the pH and pOH of the following solutions of strong acids or bases:

(a) 0.0125 M HCl(aq)
Answer:
[H;0%] = 1.25 x 1072

pH = —log,,(1.25 x 107?) = 1.903  pOH = 14.00 — pH = 12.10



(b) 0.0460 M NaOH g,y
Answer:
[OH™] = 4.60 x 1072

pOH = —1log,,(4.60 x 1072) = 1.337  pH = 14.00 — pOH = 12.66

(C) 1.75 x1078 M HCl(aq)
Answer:
There are two equilibrium processes to consider

HCl(aq) + HQO(@) = Hgan) + Cl(_aq)

and
Hy0) + HoO) = H3O(+aq) + OH,,

All the OH,,, results from the self dissociation of water. We let z = [OH™].

The H;O" concentration has contributions from both equilibria. Then [H30"] =
x + 1.75 x 1078, Using the ion product of water

[H3OT][OH"] = 2(x + 1.75 x 107%) = 1.00 x 10~

or
22+ 1.75x 1082 —1.00x 1074 =0

Using the quadratic formula

—1.75x 1078 + \/(1.75 X 1078)2 4+ 4 x 1014 ]
T = 5 =9.20 x 1078, ~1.10 x 107",

Only the positive solution for x is physical and
pOH = —1og;,(9.20 x 107%) =7.04  pH = 14.00 — pOH = 6.96

(d) 1.75 x1078 M NaOH(aq)
Answer:
The method of solution is identical to the solution to problem 2c, except that we
set z = [H30"]. Then using similar algebra

pH = —1log;y(9.20 x 107%) = 7.04  pOH = 14.00 — pH = 6.96

3. Problem 14, page 782, textbook
Answer:
nom- = (0.125 L)(0.606 mol L™') = 0.0758 mol

0.0758 mol
B .
[OH™] GO0L 00.00505 M

pOH = —log,,(0.00505) = 2.297  pH = 14.00 — pOH = 11.70



4. Problem 19, page 782, textbook
Answer:
Before mixing

ng+ = (0.05000 L)(0.0155 mol L™") = 0.000775 mol

nor- = (0.07500 L)(0.0106 mol L™") = 0.000795 mol

After mixing

nopg- = 0.000795 mol — 0.000775 mol = 0.0000200 mol

., 0.0000200mol
OH™] = == 5r 1 — = 0:000160 M

pOH = — log,,(0.000160) = 3.796  pH = 14.00 — pOH = 10.20

5. Problem 20, Page 782, textbook
Answer:
[H;0T] =102 =758 x 107° M

ngo+ = (7.58 x 107* mol L7')(0.02500 L) = 1.94 x 10~* mol
[OH™] = 10"01265) = 447 x 107> M
nom- = (0.02500 L)(4.47 x 1072 mol L") = 1.17 x 107 mol

After mixing

nopg- = 1.17 x 1073 mol — 1.94 x 10™* mol = 9.76 x 10~* mol

9.76 x 10~* mol
H = = 1. 1072 M
O] 0.0500 L 9510

pOH = —log,,(1.95 x 1072) = 1.71  pH = 14.00 — pOH = 12.29

6. Calculate the volume of a 0.100 M aqueous KOH solution that must be added to 100.
ml of a 0.100 M aqueous HCI solution to obtain a solution having a pH=2.000.
Answer:

Before mixing
ng,o+ = (0.100 mol L™")(0.100 L) = 0.0100 mol

Let V= volume of the KOH solution to be added. Then the final H3O" concentration

1S

np,o+ _ (0.0100 mol — (0.100 mol L™V, 1
Viinal V +0.100 L e

(1072 mol L™")V + 1.00 x 10~ mol = 0.0100 mol — (0.100 mol L™")V/
(0.110 mol L")V = 0.00900 mol
V =0.0818 L = 81.8 mL




7. Given that sodium hydroxide is a strong base, calculate the pH of an aqueous 7.5 X
10~% M sodium hydroxide solution. Approximations do not work for this problem.

Answer:
[H;OF][OH"] =1.0 x 107"

Let y = [H307] OH | =y+75x10"®
y(y +7.5x107%) =1.0x 107"

Y+ T75x107% —1.0x 107 =0

y— —7.5x 1078 £ [(7.5 x 107%)2 4 4.0 x 10714)1/2
N 2

Keeping the positive solution

y=[H307]=6.9x10°*M pH= —log,,(6.9 x 107%) = 7.16

8. Calculate the pH and percent ionization of a 2.00 M aqueous HCN solution given that
for the reaction
HCN(aq) + HQO(f) = HgOz;q) + CN(_Gq),

K, =4.1x 10710

Answer
H30+] [CNT]

_[
Ke="eN

[HCN] | [HsO"] | [CN7]
initial 2.00 M oM 0M
change -x M x M x M

equilibrium | (2.00-x) M | z M x M

1.2

— = 41x10710
2.00 — x

22282 x%x 10710

r=29x107"°
2.9 x 107
% ionized — ;700 % 100. = 1.4 x 1073%

pH = —log,,(2.9 x 107°) = 4.54



9. The pK, of phenol (CgH50H) when acting as a weak acid in aqueous solution is 9.99.
Calculate the pH of a 2.0 M phenol solution. Approximations work for this system.

Answer:

K,=10""%=1.0x 107"
C6H5OH(aq) + HQO(() = C@H5O(;q) + H30(+aq)

[CeH5O0H] | [CeH507] | [H307]
initial 2.0 M 0M 0M
change -y Y

equilibrium | (2.0 -y) M y M y M
2 2
Y ~Y —10x1070
20—y 20

y=v20x 10710 =14 x 107°> M = [H307"]
pH = —log,,(1.4 x 107°) = 4.84

10. When a 0.072 M aqueous solution of benzoic acid reacts

C@Hg,COOH(aq) + HQO([) = H30+

(aq

|+ CsH5COO0,

(aq)

the pH is found to be 2.68. Calculate the pK, for the reaction.
Answer
Let BA = CﬁH5COOH and A~ = CGH5COO’. Then

[H;0T] = 1072% =21 x 107° = [A7]

BA] [0 [[A]
initial 0.072 M OM |O0M
change -r M xM |2z M
equilibrium | (0.072-z) M | =z M |z M
r=21x10"°
[HsO*][A7] z? (2.1 x 1073)?

K, = =6.3x107°

T 0072—z  0.072—21x 103
pK, = —log(6.3 x 107°) = 4.20

[BA]



11. Formic acid (HCOOH) is a monoprotic acid with acid dissociation reaction
HCOOH(aq) + HQO(g) = HCOO(_aq) + Hgoaq).

The pH of a 1.20 x 1073 M formic acid solution is found to be 3.41. Calculate K, and
pK, for formic acid.

Answer:
[H30%] =103 =39 x 107*

[HCOOH] [H;07] [HCOO™|
initial 1.20 x 1073 M 0M 0M
change B3I9x107* M [39x107* M [39x10* M

equilibrium | 8.1 x 107* M [3.9x107*M | 3.9 x 107* M

 [HCOO |[H;07] (3.9 x 10712 »
Ke=""Hcoon] = sixiod 90

pK, = —log;y K, = —log;,(1.9 x 107*) = 3.73
12. Dimethylamine ionizes according to the reaction
(CH3)2NH(ag) + HoOp) = (CHy)oNHy ) + OHg

A 0.95 M solution of dimethylamine is found to have a pH of 12.32. Calculate the pK,
of the reaction.
Answer:

[(CH;),NH; [OH]
[(CH3)2NH]

pOH = 14.00 - pH =1.68 [OH ]| =10""% =21 x 1072

K, =

[(CH3),NH] | [(CH3),NH, | | [OH]
initial 0.95 M 0M oM
change -r M x M x M

equilibrium | (0.95-z) M x M x M
2 —2y2
x (211072

005—2 095—21x10-2
pKy = —log,,(4.7 x 107*) = 3.32



13.

14.

Hydrofluoric acid (HF(44)) is formed when gas-phase hydrogen fluoride (HF () is dis-
solved in water according to the reaction

HF(aq) + HQO(g) = F(_aq) + H30+

(aq)

The pK, of hydrofluoric acid is 3.18. Calculate the pH of a solution that forms when
0.25 grams of gas-phase HF are dissolved in water to make 1.2 L of solution. Approx-
imations do not work for this problem.

Answer:
K,=107""®=6.6x10"
Initially
1
(0.25) ((19 on—lrol 0) )

[HF] = e 8/ _1.0x102 M
[HE] [H;07] | [F]
initial 1.0x 102 M 0M 0M
change -y M yM |y M
equilibrium | (1.0x 102 —y)M | yM |y M

4 _ [F7][H;07] Y
6x107* = [ =
0.6>10 HF] 1.0 x 102 — y

P +6.6x107"y —6.6 x 1075 =0
Ignoring the negative solution

~ =66 x 107" 4+ [(6.6 x 107*)* 4+ 4(6.6 x 107%)]'/2

=22x1073
2

Y

[H30%] =22x 10" M  pH = —log,,(2.2 x 107%) = 2.66

Ethylamine, CoH;NH,, is a weak base in aqueous solution. The pH of a 1.0 M aqueous
ethylamine solution is measured to be 12.32. Calculate the pKj of ethylamine.
Answer:

CQH5NH2(aq) + HQO(@) = CQH5NH§_(aq) + OH(_aq)

pOH = 14.00 —pH=1.68 [OH ] =10""% =21 x 107

[CoH5NH,] [CoH;NHy ] [OH™]

initial Y 0 M 0 M
change | —21x102M |21 x102M |21x 102 M
equilibrium 0.98 M 21x102M | 21x 102 M




. [CQH5NH§_][OH_] o (21 X 1072)2 . _4
K=" mNn  — oos o0

pKy, = —log;,(4.5 x 107*) = 3.35
15. The two values for the pK, of hydrosulfuric acid according to the reactions
HaS(ag) + H20(0) = H30(,) + HS )

_ N + 2-
HS () + HaO() = H30(,) + 5,

are respectively 7.00 and 19.0. Calculate the concentrations of all species present in a
0.0100 and 0.00100 M aqueous solution of hydrosulfuric acid.

Answer: 1,0 (1S
3 -7
———— =1.00 x 10
[HaS]
[H;0][8*"] 19
—— =1.00x 10
[HS] "
(a) 0.0100 M
[HaS] [HS™] | [H30™]
initial 0.0100 M 0M 0M
change -x x x
equilibrium | (0.0100-2z) M | M | =z M

2 2

xr
— - —1.00x107"
0.0100 — = % 0.0100

22 =1.00x107? 2 =[H30T] = [HS"] = vV1.00 x 1079 = 3.16x10°° M  [H,S] = 0.0100 M

[HS7] [S*7] [H;07]
initial 3.16 x 107° M 0M 3.16 x 10° M
change -x x x
equilibrium | (3.16 x 107° -z) M | # M | (3.16 x 107° + ) M

2(3.16 x 107° + x)

~r =[S = ~19
S 16X 105 — 5 S ¢=187]=100x10

(b) 0.00100 M. In this case the approximations used in solving the previous case are
a bit large, and full solution to the quadratic equations are needed.



[H,S] [HS™] | H507]
initial 0.00100 M 0M 0M
change -x x x

equilibrium | (0.00100-z) M| 2 M | =z M

x2

T 100x 1077
0.00100 & _ 100 x 10

224+1.00x 10772 —1.00 x 10719 =0

—1.00 x 1077 £ 1/(1.00 x 10-7)2 +4 x 1.00 x 10-1
2

xr =
Keeping only the positive solution

z = [Hs0%] = [HS] =9.95 x 10°°  [H,S] = 0.00100 M

[HS™] [S*7] [H307]
initial 9.95 x 107 M 0M 9.95 x 107 M
change -x x x
equilibrium | (9.95 x 107°-2z) M | 2 M | (9.95 x 107° +2) M

2(9.95 x 107¢ + x)

~r =[] = ~19
005 X106 — 5 ~r=I[157]=100x10

16. When phthalic acid combines with water, two equilibrium reactions occur

H2C8H404(aq) + HQO(Z) F\ Hgoaq) + HCSH4OZ(aq) Kal = 11 X 1073

and
HC8H4OZ(aq) + HQO([) = Hgoz;q) + CSH40421(71q) Kaz =39 x 10—6
Calculate the pH and concentrations of all species present in a 0.010 M phthalic acid
solution.
Answer: H,0][HCH,0;
Hj HCgH,Oy _3
K, = =1.1x10
! [H,CsH, O]
[HoCsH,O4] | [HCsH,Of ] | [H307]
initial 0.010 M 0M 0M
change -x x x
equilibrium | (0.010 - ) M x M x M




332

0.010 — z
22411 x 10722 - 1.1 x107° =0
—11x 107 £ /(1.1 x 1078)2 + 4 x 1.1 x 10~

=1.1x1073

xr =
2
r = [H30"] = [HCgH,0,] =28 x 107* M
[H;07][CsH, 057 6
Ky = — =3.9x10
2= [HCsH,0;] 8
[HCsH, Oy | [CsH,077] [H307]
initial 2.8 x 102 M 0M 2.8 x 107 M
change -x x x
equilibrium | ( 2.8 x 1072 —z) M x M (28 x 103 +x2) M

2(2.8 x 1072 + 1)

Rl 0, ST 39x% 1076 = [CgH,4OF ]

pH = —log,, 2.8 x 107% = 2.55

17. Germanic acid (HyGeO3) is a diprotic acid with pK,’s for the two protons in aqueous
solution given by pK,; = 9.01 and pK, 2 = 12.30. Calculate the equilibrium concen-
trations of HGeOgT(aq), Geog(_aq) and HgO?;q) and the pH for a 1.50 M aqueous solution
of germanic acid. Approximations work for this problem.

Answer:

K,y=10%"=98x 107" K,=10"23=50x10"1
HQGGOg(aq) + HQO(@) = HGeog(aq) + Hgo&q)

[HQGQOg] [HGGO?:] [H30+]
initial 1.50 M 0M 0M
change -y Y Y

equilibrium | (1.50 -y) M y M y M
98 % 10-10 — [HGeO3 |[H507] _ Y ~ Y
[HoGeOs] 1.50 -y  1.50

y = [H307] = [HGeO3;] =3.8 x 107> M pH = —log,,(3.8 x 107°%) = 4.42
HGeOg,,) + H2O() = GeO3,) + HsO(,

10



[HGeOy | (GeO3 ] [H;07]
initial 3.8x107° M 0 M 3.8 x107° M

change -y Y Yy
equilibrium | (3.8 x 1072 -y) M| yM | (38x107° +y) M

[GeO3 ][H;0"]  y(3.8x 107° +y) -

5.0 x 1071 = =
8 [HGeO;] 38 %1075y

[GeO3 ] =5.0x 107" M

18. Selenic acid (HySeQy) is a diprotic acid. Like sulfuric acid, the first proton is essentially
100% ionized in aqueous solution. The second proton dissociates according to the
reaction

HSGOZ(aq) + HQO(@) = SeOi_ + H30+

(aq) (aq)
with a pK, = 1.92. Consider a 0.10 M solution of selenic acid. Calculate the equilib-
rium concentrations of HSeO; and SeO?™, and the pH of the solution at equilibrium.
Approximations work for the dissociation equilibrium.

Answer:
[HSeO,] |[SeO; ]| [H;0']
initial 0.10 M 0M 0.10 M
change -y Y Y
equilibrium | (0.10-y) M| y M | (0.104+y) M

SeO3|[H30™]
[HSeO, |

K,=10712 =12x1072 = [

~ y(0.10+y)
T 010—y

[SeO7 ] = 1.2 x 1072
[HSeO;] = 0.10 — 1.2 x 1072 = 0.10 (to two significant figures)
[H30%] =0.10+12x 1072 =0.11 M
pH = —log;,(0.11) = 0.96
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