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Acids and Bases
8.3 Weak Acid and Base Equilibria
Worksheet Key

1) The following questions pertain to a 2.2 M solution of hydrocyanic acid, HCN, at
25°C. pKa=9.21 at 25°C.
a. Find the concentrations of all species present in the solution at

equilibrium.
K =107"% B
: - _[HICNT]_ )W)
K =10°% K@ = =
a [HCN] I
K, =6.2x 1™ 32
6:2x107% = —_assunie 2.2 -x=2.2
2.2
| + CN- ¥ =(2.2)(62x10™"
HEN, -3 H e o +ENT ¥ =CLINEZRI0)
i 39 0 0 x=3. e~ M
C ¥ 5 1 [HCN]=22M
E 29 - ¥ X ¥ [H,O*]=[CN"]=3.7x10" M

b. Find the pH of the solution.

pH =—log[H,07]=-log(3.7x10° M) =4.43

c. Identify the strongest base in this system.

CN' 1s the strongest base in this system. H,O and CN™ compete for protons and CN” wins
most of the time. We know this because the equilibrium lies far to the left.

2) The following questions pertain to a 0.50 M solution of HOC1 at 25°C.
pKa = 7.46 at 25°C.
a. Find the concentrations of all species present in the solution at

equilibrium.
K, =107 X - [H'][OCT] _ (x)(x)
P s °  [HOCI] 050 - x
2 3
K, =35x10"° 3.5%107 = 0“‘_0 assume 0.50 - x =0.50
D
HOCl,,,, > H",, +OCI", £ = (0.50)3.5x10™)
5 e 0 a x=13x107M
- b L [HOCI] = 0.5M
E 0.50 - x % X

[H,0"]1=[0CI']=1.3x10"'M
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b. Find the pH of the solution.

pH=—log[H ]=—log(1.3x107M)=3.89

c. Identify the strongest base in this system.

OCT 1s the strongest base 1n this system. H,O and OCI” compete for protons and OCI
wins most of the fime. We know this because the equilibrium lies to the left.

3) The pH of distilled water at 25°C is 7.0. When the temperature is increased to
37°C the pH drops to 6.8. At both temperatures the water is considered to be
neutral as [H;O ] = [OH']. Explain why the pH drops when the temperature
increases.

K 1s temperature dependent and the autodissociation of water i1s an endothermic process.
H:O +heat —=H +0H

As heat 1s added, the equilibrium shifts to the right to use up that heat. This causes the

[H;0 7] and [OH] to increase at the same rate. The pH is lower because [H;07] is higher.

4) The following questions pertain to a 0.58 M solution of benzoic acid, HC;H;s0,, at
25°C. K. =6A%10"
a. Find the concentration of H;O (ag) in the solution.

[H][CHO, ] ()
0.58 - x

! [ H L

HC,H,0,,, > H"

+C,H;0, (o

assume 0.38 -x=0.58

(aq) 2
.
. 6.4%107 =
I 0.58 0 0 iR
L " E ¥ =(0.58)(6.4x107)
E 058 - x x X

x=4/(0.58)(6.4x10)
x=[H,07]=6.1x10"M

b. Fimnd the pH of the solution.

pH =—log[H ]=—-1log(6.1x107° M) =2.21
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5) Find the concentration of H30+(nq) m a 1.75 M solution of lactic acid, HC;Hs0Os,
at25°C. K,=1.38x10™

- _HOICHO ] )
“ [HC,H0,] 175-«x

HCH. Qs H gy T CHO, assume 1.75 -x=1.75M
! 123 0 0 1.38%10% =~
(_‘r -X + x + x ]_75

. {58 s . . x> =(1.75)(1.38x107)

x=4/(1.75)(1.38x107)
x=[H,0"]=1.55x10M

6) Write the equilibrium expression for the ionization of HOIL and calculate the
concentration of HOI(ag) in solution if [H;0"] = 2.3 x 107 M and pK; =10.7 at

o el
=y —y+ i +1rOyT™ o -5
HOIW)+HEO® e I—Ij() (a6 + O (ag) K = [H™][OI ]: (2.3%x10°)23%10 ")
¥ _1077% ‘ [HOI] -2
K =107 assume x—2.3x107° = x
3 o] —552
K, =2x10™" 5 gt - (2-3x107)"
B x
HOI(M) = H (ag) + Ol (ag) (2_3X10‘5)?
] X 0 0 e 2x10—31
C x +23x107°  +2.3x107 x =30

E x-23x10° 23x10°  23x10° x =[HOI] = 30M
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7) A 0.45 M solution of propanoic acid, HC;Hs0,, experiences 1.58% 1onization.
a. Find the concentrations of all aqueous species in the solution at

equilibrium.
HC,H,0,,, — Hes + CH,0, .
I 0.45 0 0
c - 0.45(0.0158) +0.45(0.0158)  +0.45(0.0158)

E 045 - 0.45(0.0158) 0.45(0.0158) 0.45(0.0158)
0.45(0.0158)=7.1x10" M

[HC,H.0,]=0.45M —0.0071M = 0.44M
[H,0°]=[C,H,0, ]=7.1x10> M

b. Find the pH of the solution.

pH = —log[H"] = —log(7.1x10° M) =2.15

c. What concentration of HCI would produce a solution with the same pH as
a 0.45 M solution of propanoic acid, HC;Hs0O,? Justify your answer.

A 7.1x107 M solution of HC1 would have the same pH as a 0.45 M solution of propanoic
acid. We know this because HCI experiences 100% ionization.

pH = —log[H"] = —log(7.1x10° M) =2.15

8) Ina 0.57 M solution of propanoic acid, HOC¢Hs, 0.0684% of the acid has ionized.
a. Find the concentrations of all aqueous species i the solution at

equilibrium.
I 0.57 0 0
2 - 0.57(0.000684) +0.57(0.000684)  +0.57(0.000684)

E 057 - 0.57(0.000684)  0.57(0.000684) 0.57(0.000684)

0.57(0.000684) =3.9x107™* M/
[HOC,H,]=0.57M and [H,07]=[0C_H, 1=3.9x107 M
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b. Find the pH of the solution.

pH =—log[H,0"]=—1log(3.9x107* M) =3 .41

c. What concentration of HBr would produce a solution with the same pH as
a 0.57 M solution of propanoic acid, HOC¢Hs? Justify your answer.

A 3.9%107" M solution of HBr would have the same pH as a 0.57 M solution of
propanoic acid. We know this because HBr experiences 100% ionization.
pH =—log[H,0"]=—10g(3.9x107* M) =3.41

9) Calculate the pH of 1.5 M solution of hydroxylamine, NH,OH, at 25°C.

L=91X10"
NHQOH({TQ‘) —> NH2+(.SIQ) .3 OH_((}Q’)
I 15 0 0
2 —Xx +x +x
E 1.5—x X X

« _INHJOH] _ ()()
*  [NH,0H] 1.5-x

assume 1.5—x=1.5

(x)’

9.1x107° =

x=1.5%x9.1x10®° =1.2x10~* =[OH] =1.2x10*M
pOH = -log[OH J=-log(1.2x10™* A1) =3.92
pH =14—pOH = 14 -3.92=10.08
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10) Calculate the pH of 0.25 M solution of aniline, CsHsNH,, at 25°C.
C¢HsNH,(ag) + H,0(l) = C¢HsNH; (aq) + OH (ag) Ky,=43x10"°

C,H.NH, +H,0 = C,H,NH," + HO

i 0.25 0 0
& —x +X Lo
B 1095 % x X
- _[CHNHJOH] _ (x)(x)
B [C,H,NH, ] 0.25 =x

assume 0.25—x=0.25
43%x107" = Q
0.25
x=025%x43x10™ =1.2x10™M =[OH]
pOH = -log[OH " |=-log(1.0x107° M) = 5.00
pH=14-pOH =14 - 5.00 =9.00

11) Calculate the pH of 1.25 M solution of hydrazine, N,H,, at 25°C.
N,Haitaq) + H,O(1) = N,H;s (aq) + OH (aq) K,=89x107

N,H,+ HO= NJH’ + HO

¥ 1.25 0 0
- 0 +x X
E 1.25—x X X
~_DHSJOH] | (6)()

k [N2H4] 1.25—x
assume 1.25—x=1.25
8.9x107 )

1:25

x=+/1.25x8.9x107 =1.05x10™ M =[OH]
pOH = -log[OH ™ |=-log(1.05x 10~ /) = 2.979
pH=14-pOH =14 -2.979 = 11.021




www.apchemsolutions.com

12) Calculate the pH of 1.75 M solution of ammonia, NH;, at 25°C. K, = 1.8 X 107

NH,+ H,0 = NH,” + HO

7 L.75 0 0
(B —X +x +x
E 1.75—x x x

_INH, JOH] _ (x)(x)
[NH, ] 1.75—x

assume 1.75—x=1.75

18x%10° =&

175
x=+1.75x1.8x10~° =5.61x10° M =[OH]

pOH = -log[OH J=-log(5.61x107° M) =2.251

pH=14—-pOH=14-2251=11.749

i

b

13) Calculate the pH of a 1.1 M solution of caffeine, CgH;,N4O-.
C3H10N403((?q) +H,0rl) = C3H11N402+((?q) =5 OH_((?(I‘) Ky=41X 10_4

CHNO + ILO —Odl N0 e B0

23 1.1 0 0
C —X +x +x
E l.1-x
« _INHSJOH] ()

i [NH, ] i
assume 1.1—x=1.1
Adsdot =

1:1

x=+1.1x4.1x10"* =0.021M =[OH]
pOH = -log[OH™ |=-log(0.021M) = 1.68
pH=14-pOH=14-1.68 =12.32

14) K, for acetic acid i1s 1.8 X 10"5_._ and K, for hypochlorous acid 1s 3.5 x 10% a1 25°C.
I£ 500.0 mL of 1.0 M acetic acid was mixed with 500.0 mL 1.0 M hypochlorous
acid, which conjugate base would have the highest concentration? Justify your
answer.

Acetic acid 1s stronger, as it has a larger K, value. Acid strength mcreases as K,
mcreases. The larger the K, value, the further fo the right the equilibrium position (more
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| products). For this reason, [CH3;COO] > [CIO].

15) The pH 1s 4.2 in a 0.50 M solution of an unknown acid. Find K, for the acid.

[H:0']=10%°=6.31x 10°M
_[H][AT] _(631x107)
°  [HA] 0.50

=796x107°

16) The pH of a 0.25 M CsHsN solution at 25°C is 9.25.
CsHsN(ag) + H,O(l) = CsHsNH ' (ag) + OH (aq)
a. Is the solution acidic or basic? Explain.

The solution is basic, as the pH is greater than 7.

b. Find the concentration of all the aqueous species in the solution.

pOH=14-pH=14-9.25=4.75

[OH ] =[C,H,NH"]= 107" =10 =1.8x10° M
[C.H.N]=025M

17)In a 0.450 M HONHS solution, [OH]=5.28 x 10 M.
HONH,(aq) + HO(l) = HONHj; (ag) + OH (aq)
a. Find [HONH;].

[OH]=[HONH; | =5.28x 10° M/

b. Find K.

-

_ [OH"][HONH,"] (5.28x107°)(5.28x10™°)
= o

[HONH, | 0.450

=6.20x107"

c. Find pOH.

pOH = —log[OH ] = —log(5.28x10° M) = 5.277

d. Find pH.

pH=14+=pOH =14 <5277 =8.123
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e. Find the percent ionization of HONH, in a 0.450 A/ HONH, solution.

TIEREE™T . s 5 107 A,
Yoionization = [ 5 lequttrin %100 = e 100=1.17x1072%
[HONH, ] 0.450M

inrtial

f.  What concentration of NaOH would be required to make a solution with
the same pH that was calculated 1 part d.?

528x107°M

g. Find the percent ionization of NaOH in the above solution.

100% as NaOH i1s a strong base.

18)In a 0.032 M NH; solution, [OH]=1.27 x 107 M.
NHs(aq) + HO(l) = NH4 (aq) + OH (aq)
a. Find [NHy4 ].

[OH]=[NH,]=127x10° M

b. Find Kj.

[OHT][NH," ] (1.27x107)

[NH,]  0.032-0.00127

The subtraction (0.032 —0.00127) was made in the denominator, because it affects the
value of the denominator when significant digits are taken into consideration.

3. 25% 107

N

[}

b

c. Find pH.

pOH = —log[OH ] = —log(127x 107 M) =2.896
pH =14 — pOH =14 — 2.896 = 11.104

d. Find the percent ionization of NH; in a 0.032 M NH; solution.

[NH4+]equjhbrium s 1.27x10° M
[NH, ] 0.032

x100=3.9%

Yionization =

initial

e. What concentration of KOH would be required to make a solution with the
same pH that was calculated i part c.?

127107 M
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f.  Find the percent ionization of KOH in the above solution.

100% as KOH is a strong base. |

19) Citric acid H3CgHsO7 1s a polyprotic acid. Ky = 8.4 X 10* and K,, = 1.8 x 10~ at
25°C.
a. Which of the following species has the lowest concentration ina 1.0 M
H3C6H50? solution: H3C5H507‘(€T(Y}, H2C5H5()?_fﬂq), or H(?5H5072'(aq)‘?
Justify your answer.

[HCSHSO;Z'] 1s the lowest, because K> 1s smaller than K. ‘

b. Which of the following possesses the highest concentrationina 1.0 M
H3CsHs07 solution: H3CsHs0+(ag), HCsHsO5 (ag), or HC75H5072'(f7q)‘?
Justify your answer.

[H3CsHsO-] 1s the largest, because it 1s a weak acid. The equilibrium lies far to the left
(mostly reactants).

c. What is the equilibrium constant for the reaction below?
H3C6H507((Fq) + HaA W) — H30_f/(?q) 5 H3C5H507_(0(H

K. =84x10"

d. What is the equilibrium constant for the reaction below?
H;CsHs0(ag) + 2 HO(l) = 2 H;0 (agq) + HCsHsO;  (aq)

K'=K xK,
[H,0"'[HC,H,0," ] _ [H;0"][H,CH,0; ] ) [H,0"][HC,H,0," ]
[HscﬁH:’.O?] [H3C6HSO?] [HzcsHsO?_]
K’ =(8.4x107%)(1.8x107)
=130

20) pKy, = 1.00 for CH;NHa(aq) at 25°C. Find pK, for CH;NH; (aq) at this
temperature.

pK, =pK, +pk,
14-1.00 = pkK,
pK, =13
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21) You are given 10 mL of a hydrochloric acid, HCI, solution with a pH of 1.0. You
are required to change the pH to 2.0 by adding water. How much water do you

add?
when pH =1 when pH = 2
pH = —log[H"] pH =—log[H"]
[H]= 10" M [H*']= 10™aL
[H ]= 1x107"'M [H]= 1x107°M
.. 1 mol .- 1 mol
[H] =< [H"] =
0T 100 L

You will add 90 mL of water.

HCl is a strong acid, thus the number of moles of H™ will not change. To change the pH
we must change the concentration of H™. Reducing the concentration of H™ by a factor of
ten will cause the pH to increase by one. If the volume is increased by a factor of ten, the
concentration is reduced by a factor of ten. Thus, adding 90 mL of water will raise the
pH from 1.0 to 2.0.

22)You are given 100 mL of a solution of potassium hydroxide with a pH of 12.0.
You are required to change the pH to 11.0 by adding water. How much water do

you add?
when pH = 12 when pH= 11
pOH = 14 - pH pOH =14 - pH
pOH =14 -12 pOH=14-11
pOH =2 pOH =3
pOH = —log[OH | pOH = —log[OH ]
[OH ]= 107 [OH ]= 10"
[OH ]= Ix107°M [OH ]= 1x107°M
(OH ]= 1 mol (OH ]= .1 mol
100 L 1000 L

You will add 900 mL of water.

KOH is a strong base, so the number of moles of OH™ will not change. To change the pH
we must change the concentration of OH". Reducing the concentration of OH by a factor
of ten will cause the pOH to increase by one, and the pH to drop by one. If the volume is
icreased by a factor of ten, the concentration 1s reduced by a factor of ten. Thus, adding
900 mL of water will reduce the pH from 12.0 to 11.0.
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23)If the pH of a HBr solution is the same as the pH of a CH;COOH solution, 1s
[HBr] less than, equal to, or greater than [CH;COOH]? Justify your answer.

12

[HBr] < [CH3COOH]. HBr 1s a strong acid and experiences 100% 1onization.
CH;COOH 1s a weak acid and experiences much less than 100% 1onization. For this
reason, fewer moles of HBr are required to produce the same molar concentration of

H;O" in the solution.

24) At 25°C, the following weak acid solution has a pH of 3.6 and a K; of 1.9 x 10,
Which species has the highest concentration — A" or HA? (Hint: This problem can
be solved with a manipulation of the equilibrium expression.)

HA w) T H+{aq} e (aq)

(

K, = [H'][A]

[HA]
[AT] _ K, :1.9><10‘S
[HA] [H'] 107°°

Since 0.08 < 1, [HA] = [A7]
A question like this appeared on the 2015 Exam.

=0.08




