EJERCICIOS RESUELTOS DEL LIBRO: ANALISIS QUIMICO CUANTITATIVO (HARRIS 2016)
PROF JORGE CAMPOS, FACULTAD DE FARMACIA, UCR

11.4  Considerar el 4cido diprético H2A de Ka1 = 1,00 x10* y Kaz2 = 1,00 x10°8. Hallar el pH
y las concentraciones de H2A, HA" y A% de a) HA 0,100 M, b) NaHA 0,100 M y ¢) Na,A
0,100 M.

Respuesta/  a) pH = 2,507, [H2A] = 0,097 mol/L, [HA] = 3,11 x103 mol/L y [A%] = 1,00

x10°¢ mol/L
b) pH = 6,000, [H2A] = 9,79 x10* mol/L, [HA"] = 0,098 mol/L y [AZ] = 9,81
x10™* mol/L
c) pH = 10,497, [H2A] = 1,01 x107'° mol/L, [HA"] = 3,17 x10™ mol/L y [A%] =
0,100 mol/L
a)
[H*][HA™]
H,A = H* + HA™ K,y =——=1,00x10"*
2 + al [HzA] X
H,A = H* + HA™
Cninicial 0,100
Cnﬁnal 0,100 - x X X
H*Y][HA™ x) (X
_IHATT @6 o

a7 [Hp,A] 0,100 —x
x = 3,11 x1073 mol/L = [H*] = [HA™]

pH = 2,507

[H,A] = 0,100 — x = 0,100 mol/L — 3,11 x1073 mol/L = 0,097 mol/L

[H][A%]
- =H* 2= = ——= -8
HA- = H* + A Koo = —pag— = 100 X10
3,11 x1073)[A%~
_{ AT 1,00 x10~8

27 (3,11x1073)
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[A%27] = 1,00 x1078 mol/L

b)

[HY] = Ka1Kaz2[HAT] + Kq1 Ky N Ka1KazF + K1 Ky
Kal + [HA_] Kal + F

HH] = (1,00 x10~4)(1,00 x10-8)(0,100) + (1,00 x10~4)(1,01 x10~14)
N 1,00 x10—* + 0,100

[H*] = 1,00 x107% mol/L

pH = 6,000
HA_\H++HA- K =w=100X10_4
2 at [H2A] '
(1,00 x1076)(0,100) a4
a1 = (] =1,00x10
=1, x107° mo
[H,A] = 1,00 x10™2 mol/L
[H*][A?"]
HA- = H* 4+ A2~ K, =———=1,00x10"8
+ a2 [HA—] 0 X 0
1,00 x107%)[A?~
= ( )[A™] = 1,00 x1078

Kaz = (0,100)

[A%?7] = 1,00 x1073 mol/L

[HAT] = F — [H,A] — [A*7]
[HA™] = 0,100 mol/L — 1,00 x10~3 mol/L — 1,00 x10~3 mol/L = 0,098 mol/L
con este valor de [HA™] recalculamos [H*] y pH,

CREACION DEL DOCUMENTO: MARZO 2021
ULTIMA REVISION: AGOSTO 2021



EJERCICIOS RESUELTOS DEL LIBRO: ANALISIS QUIMICO CUANTITATIVO (HARRIS 2016)

PROF JORGE CAMPOS, FACULTAD DE FARMACIA, UCR

y al hacerlo obtenemos

[H*] = 9,99 x10~"mol/L = pH = 6,000

con estos valores de [HA™] y [H*] recalculamos [H,A] y [A%7],
y al hacerlo obtenemos
[H,A] = 9,79 x10~* mol/L

[A?7] = 9,81 x10™* mol/L

con estos valores de [H,A] y [A?~] recalculamos [HA™],
y al hacerlo obtenemos

[HA™] = 0,098 mol/L = no debe repetirse el proceso

c)
K,2 = 1,00 x1078 = Ky; = 1,01 x107°
K,; = 1,00 x107* = Ky, = 1,01 x10~10
ol _ _ [OH™][HA™] _
A"+ H,0=0H™ + HA Kb1=W=1,01X10 6
A* + H,0 = OH~ + HA-
Cninicia] 0,100 - 0 0
Cnfinal 0,100 - x -— X
OH™||HA™ X)(x
_OHIHAT] . 00

PLT AT T 0,100 —x
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x = 3,17 x10~* mol/L = [OH™] = [HA™]

pOH = 3,499 = pH = 10,497

[A2~] = 0,100 —x = 0,100 mol/L — 3,17 x10~* mol /L = 0,100 mol/L

_ _ [OH~][H,A] .
HA™ + H,0 2 OH™ + H,A Ky = ———2-=1,01x10"10
[HA-]
3,17 x10~%)[H,A
! JIHAJ_ 1,01 x10710

K., =
b2 (3,17 x10~%)

[H,A] = 1,01 x10~° mol /L
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11.5  Sial acido malénico, CH2(CO2H)y, lo designamos abreviadamente como HoM, hallar
el pH y las concentraciones de HoM, HM~y M? en a) HoM 0,100 M, b) NaHM 0,100 M y ¢)
NaxM 0,100 M.

Respuesta/  a) pH = 1,951, [H2M] = 0,089 mol/L, [HM] = 0,0112 mol/L y [M*] = 2,01

x107 mol/L

b) pH = 4,276, [H2M] = 3,47 x1073 mol/L, [HM"] = 0,093 mol/L y [M?] = 3,53

x1073 mol/L

c) pH = 9,346, [H2M] = 7,11 x107'2 mol/L, [HM] = 2,24 x10 mol/L y [M*] =

0,100 mol/L

a)
[H*][HM™]
H,M = H* + HM~ K,y =——=1,42x1073
H,M = H* + HM~™
Cninicial 0,100
Cnﬁnal 0,100 - x X X
HtY][HM~ X)(x
Ka1 =[ JIHMT]__G0&) =1,42x1073

[H,M] 0,100 —x
x = 0,0112 mol/L = [H*] = [HM]

pH = 1,951

[H,M] = 0,100 — x = 0,100 mol/L — 0,0112 mol/L = 0,089 mol/L

[Ht][M?7]
- =H*t 2= = — = —6
HM~ = H* + M Kao =~ = 201%10
0,0112)[A%*™
_{ AT _ 2,01x107°

27 (0,0112)
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[M2~] = 2,01 x107° mol/L

b)

[H*] = Ka1Kaz [HM~] + Ka1 Ky — Ka1Ka2F + Ky Ky
K1 + [HM_] K, +F

—— (1,42 x10-3)(2,01 x10-6)(0,100) + (1,42 x10~3)(1,01 x10~14)
1,42 x10-3 + 0,100

[H*] = 5,30 x10™° mol/L

pH = 4,276
[H*][HM"]
H,M = H* + HM~ Ky = ————=1,42x1073
i T HM]
(5,30 x107%)(0,100)
= =1,42x1073
. ;M S
2 = 3,73x107° mo
[H,M] = 3,73 x1073 mol/L
(H][M?7]
- + 2— — — -6
HM- =2 H*+M Kaz V] 2,01x10
5,30 x107°)[M?~
_§ M) =2,01x107°

az ™ (0,100)

[M27] = 3,79 x10~3 mol/L

[HM~] = F — [H,M] — [M*"]
[HM~] = 0,100 mol/L — 3,73 x1073 mol/L — 3,79 x1073 mol/L = 0,092 mol/L
con este valor de [HM~] recalculamos [H*] y pH,
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y al hacerlo obtenemos

[H*] = 5,30 x10~°mol/L = pH = 4,276

con estos valores de [HA™] y [H*] recalculamos [H,M] y [M?~],
y al hacerlo obtenemos
[H,M] = 3,43 x10~3 mol/L

[M27] = 3,49 x10~3 mol/L

con estos valores de [H,M] y [M?~] recalculamos [HM ],
y al hacerlo obtenemos

[HM~] = 0,093 mol/L

si repetimos de nuevo el proceso obtenemos
[H,M] = 3,47 x10~3 mol/L
[M2~] = 3,53 x10~3 mol/L
[HM~] = 0,093 mol/L

~ hasta aqui es suficiente

K., = 2,01x1076 = Ky, = 5,02 x10~°

Ka = 1,42x1073 = Ky, = 7,11 x10712

_ [OH™][HM"]

M?~ 4+ H,0 =2 OH" + HM~ K, = T 5,02 x10™°
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M2~ + H,0 = OH~ + HM~
Cninicia] 0,100 - 0 0
Cnfinal 0,100 - x -— X X

w2 [OHTIHMT] ()
LT IMZ] T 0,100 —x

=5,02x107°

x = 2,24 x1075 mol/L = [OH™] = [HM™]

pOH = 4,650 = pH = 9,346
[M2-] = 0,100 — x = 0,100 mol/L — 2,24 x10~° mol/L = 0,100 mol/L

_ [OHT][H,M]

HM™ + H,0 2 OH™ + H,M Ky, = T 7,11 x10712

_ (2,24x107%)[H,M]

Ky, = = 7,11 x10712
b2 (2,24 x10-5) 11x10

[H,M] = 7,11 x10™12 mol/L
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11.6  Calcular el pH de una disolucién de piperacina 0,300 M. Calcular la concentracion
de cada una de las formas de la piperacina en esta disolucion.

Respuesta/  pH = 11,599, [B] = 0,296 mol/L, [BH*] = 4,01 x103 mol/L y [BH2?*] = 2,17
x1072 mol/L

K,, = 1,86 x10710 = Ky, = 5,43 x1075

Ka, = 4,65x1076 = Ky, = 2,17 x10™°

Representamos piperacina como B

_ [OH™][BH™] s
B+H,0=0H" +BH* Ky, =—m - 5,43 x10
B + H,0 = OH~ + BH*
Cninicia] 0,300 - 0
Cnﬁnal 0,300- x < X X
OH™][BH™ x)(x
_OHTIBH (90 _ (oo

K1 = [B] ~ 0300—x
x = 4,01 x1073 mol/L = [OH™] = [BH*]

pOH = 2,397 = pH = 11,599
[B] = 0,300 — x = 0,300 mol/L — 4,01 x10~3 mol/L = 0,296 mol/L

_ [oH7][BHZ"]

BH* 4+ H,0 = OH™ + BH3* Kpz = BEH - 2,17 x107°
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_ (401 x1073)[BH3"]

Ky, = = 2,17 x10~°
b2 (4,01 x10-3) X

[BH2*] = 2,17 x10~° mol/L
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11.11  ;Cuantos gramos de Na,COs (105,99 g/mol) se deben afnadir a 5,00 g de NaHCO3
(84,01 g/mol) para producir 100 mL de tampon de pH 10,0007

Respuesta/ 2,96 g de NaxCO3

mol NaHCO;5
5,00 g NaHCO; * 84.01 g NalCO + 0,100 L = 0,595 mol NaHCO; /L
) 3
[H*][CO3]
HCO3 = H* + C0%~ Ky =—————=4,69x10711
H = pK,; +1 [CO3]
p - p a2 Og [HCO;]
[CO37]

10,000 = 10,329 + log

0,595

[CO37] = 0,279 mol /L

0,279 mol CO2~ 1 mol Na,CO; 105,99 g Na,COs
* *
L 1 mol CO3~ mol Na,CO,

«0,100 L = 2,96 g Na,CO;
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11.12  ;Cuantos mL de NaOH 0,202 M se deben anadir a 25,0 mL de acido salicilico 0,0233
M (2-hidroxibenzoico, 138,12 g/mol) para ajustar el pH a 3,500?

Respuesta/ 2,22 mL de NaOH 0,202 mol/L

0,0233 mmol acido salicilico

25,0 mL = — = 0,582 mmol 4cido salicilico
Representamos acido salicilico como H,A
[H*][HA™]
H,A = H* + HA™ K,y =———=1,07x1073
2 + al [HzA] X
Si tenemos "x" mmol de NaOH

H,A + OH~™ — HA~ + H,0
mmolinicia] 0,582 X — _—
mmolgipa 0,582 - x - X -—-

[HA™]
[H2A]

pH = pK,; + log

X
3,500 = 2,971 + logm

x = 0,449 mmol NaOH

0,449 mmol KOH

0,202 mmol KOH/mL, . ~22 mk
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11.14  ;Cuantos gramos de NazSOjs (142,04 g/mol) y de acido sulfurico (98,07 g/mol) se
deben mezclar para obtener 1,00 L de tampoén de pH 2,800, y una concentracion total de
azufre (= SO4* + HSO4 + H2S04) 0,200 M?

Respuesta/ 26,6 g de Na2SOsy 1,31 g de H2SO4

Si tenemos "x" mol de H,SO, y "y" mol de Na,SO,

H,S0, + Na,S0, — 2NaHso,

MOlinicial X y g
molgipa - y - X 2x

[H*][S0i7]

= 1,02 x10~2
[HSO;] ,02x10

HSOZ = H+ + 804_ Kaz =

(5057
[HSO;]

pH = pK,, + log

2X

2,800 = 1,991 + log >

x+y=0200=y=0,200—x
0,200 — 2x
2,800 = 1,991 + log——

x = 0,0134 mol H,SO, = y = 0,187 mol Na,S0,

98,07 g H,S0,

0,0134 I H =131gH
,0134 mol H,SO, * mol H,50, , 31 g H,SO,
0,187 mol Na, 50, « 204 8Naz50s _ 0 0 Na,50
E3 =
207 MOT A2 s mol Na, SO0, 0B Ta25%
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11.17 a) Calcular el cociente [H3PO4]/[H2PO47] en una disolucion de KH2PO4 0,0500 M.
b) Hallar el mismo cociente para una disolucion K;HPO4 0,0500 M.

Respuesta/  a) 2,78 x1073
b) 3,4 x10°8

H*][H,PO;
H,PO, = H* + H,PO; Ky = % =7,11x1073
3FUy
[H*][HPO;"]
H,PO; = H™ + HPOz; K. —[HzPOZ] 6,32 x10
[H*][PO3~]
HPOZ~ = H* + PO}~ Ky=—————=7,1x10"13
a)
[H+] — KalKaZF + Kale
Ka1 +F
(H*] = (7,11 x1073)(6,32x1078)(0,050) + (7,11 x1073)(1,01 x10~14)
7,11 x10~3 + 0,0500
[H*] = 1,98 x1075 mol/L
H*][H,PO; 1,98 x107>)[H,PO;
_ [HIHPOT] HPOF] o
[H3PO4] [H3PO,]
[H3PO,] _ 3
[0,P0] = 2,78 x10
b)

[H+] — KaZKa3F + KaZKW
Kap +F
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HH] = (6,32 x10~8)(7,1 x10~13)(0,0500) + (6,32 x10~8)(1,01 x10~14)
N 6,32 x10-8 + 0,0500

[H*] = 2,4 x1071° mol/L

_ [HF][H,PO;] (2,4 x1071%)[H,POZ]

= =711x1073
at [H3PO,] [H3PO,]

[H3PO4]

———==3,4x107°
[H.PO;]
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11.19 Hallar el pH y la concentracion de cada una de las especies de lisina en una
disolucion de lisina-HCI, monohidrocloruro de lisina, 0,0100 M.

Respuesta/  pH = 5,70, [H3L?*] = 2,2 x10® mol/L, [H2L*] = 0,0100 mol/L, [HL] = 4,2 x10°°
mol/Ly [L] = 4,2 x10"" mol/L

Representamos lisina - HCl como H,L*

[H*][H,L"] _
HzL2* = H* + H,L* Ka = LT - 9,1x1073
H,L* @ H* +HL K =w=83x10‘10
T ML
[H*][L7]
- gt - — & -11
HL=H*+L K.z L 2,0 x10

[HY] = KaiKaz[Ho L] + Ka1 Ky Ka1Ka2F + Ka1 Ky
Ka1 + [HzL*] K,; +F

(H] = (9,1 x1073)(8,3 x10719)(0,0100) + (9,1 x10~3)(1,01 x10~14)
- 9,1x10-3 + 0,0100

[H*] = 2,0 x107° mol/L

pH = 5,70
[H*][H,L"] -
H3L2+ =H* + H2L+ Kal = W =9,1x10 3
2,0x107%)(0,0100
_ ¢ ) ) =9,1x1073

a [H;L2+]

[H3L?*] = 2,2 x107° mol/L
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[H*][HL] -
H2L+ = H* + HL Kaz = m = 8,3x10 10
_ (20x107%)[HL] _ 1
a2 — 0,0100 —8,3X10
[HL] = 4,2 x107° mol /L
[H*][L"]
HL=H" + L~ Ko =————=2,0x10""
+ a3 [HL] 0x10
2,0x107%)[L™
_ ¢ L] =2,0x107"

a3 7 42x10-6

[L7] = 4,2x1071 mol/L

[HpL*] = F — [H3L**] — [HL] — [L7]
[H,L*] = 0,0100 mol/L — 2,2 x107® mol/L — 4,2 x10~¢ mol/L — 4,2 x10~*! mol/L

[H,L*] = 0,0100 mol/L = no debemos utilizar aproximaciones sucesivas
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11.20 ;Cuantos mL de KOH 1,00 M se deben anadir a 100 mL de una disolucién que
contiene 10,0 gramos de hidrocloruro de histidina (histidina-HCI, 191,62 g/mol) para

obtener un pH de 9,307

Respuesta/ 85 mL de KOH 1,00 mol/L
Representamos histidina - HCl como H,His*

[H*][H,His"]

H3Hi52+ = H* + H,His™ Ky = W = 2x1072

[H*][HHis]

H,His* = H* + HHis Ka = W =9,5x1077

_ [H*][His™]

HHis = H* + His~ Ki3 = W =8,3x10710

1000 mmol histidina - HCI

10,0 g histidina - HCI =522 | histidina - HCI
,0 g histidina - HCI * 191,62 g histidina - HCI 52,2 mmol histidina - HC

Si tenemos "52,2 + x" mmol de KOH

H,His* + OH~ — HHis +  H,0
mmolycial 52,2 52,2
mmolgj,,) " - 52,2 —
HHis + OH™ — His™ + H,0
Mmolip;cjal 52,2 X — .
mmolﬁnal 52,2 -X — X L
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[His™]
[HHis]

pH = pK,; + log

X
9,30 = 9,08 + logm

x = 33 mmol KOH

mmolioiares KOH = 52,2 mmol + 33 mmol = 85 mmol

85 mmol KOH
1,00 mmol KOH/mL

= 85 mL

CREACION DEL DOCUMENTO: MARZO 2021
ULTIMA REVISION: AGOSTO 2021



EJERCICIOS RESUELTOS DEL LIBRO: ANALISIS QUIMICO CUANTITATIVO (HARRIS 2016)
PROF JORGE CAMPOS, FACULTAD DE FARMACIA, UCR

11.26 El 4cido HA tiene una pKa = 4,00. Usar las ecuaciones 11.17 y 11.18 para hallar la
fraccion en la forma HA y la fraccion en la forma A~ a pH 5,00.

Respuesta/  oyga = 0,091y aa- = 0,91

pK, = 4,00 = K, = 1,0 x10™* mol/L

pH = 5,00 = [H*] = 1,0 x10~> mol/L

[H*][A]
- gt 4 A — — -4
HA = H* + A Ka = —rap = LOXI0
_m 1,0 1075 0001
AT THHF K, T 1,0x10-5 + L,O0x10-%
K, 1,0 x10™*
= 0,91

A =TH" + K,  1L,0x10-5 + 1,0 x10-*
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11.27  Un compuesto dibasico, B, tiene pKp1 = 4,00 y pKp2 = 6,00. Hallar la fraccion de la
forma BH»?* a pH 7,00, usando la ecuacion 11.19. Fijarse que Ka1 y Ka2 en la ecuacion 11.19
son las constantes de disociacion acida de BH2?* (Ka1 = Kw/Kb2 y Kaz = Kw/Kp1)

Respuesta/  aygz+ = 0,91

pKpz = 6,00 = Kp, = 1,0x107° = K,; = 1,0x107®
pKp; = 4,00 = Kp; = 1,0x107* = K,, = 1,0x107°
pH = 7,00 = [H*] = 1,0 x10~7 mol/L

[H*][HB™]

=10 1078
[HBZ*] *

HB3" = H* + HB* K, =

[H*][B]
+ gt — — -10
HB* = H*+B K, = B 1,0x10

[H*]?
AyB2*t = T 12 T
2 [H ] + [H ]Kal + KalKaZ

(1,0 x1077)2
Aypzt = - - s — —os = 0,91
2 T (L,0x107)2 + (1,0 x107) (1,0 x1078) + (1,0 x10-8)(1,0 x10-19)
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11.28 a) ;Qué fraccion de etano-1,2-ditiol hay de cada una de sus formas (H2A, HA", A%)
a pH 8,00? b) ;Y a pH 10,00?

Respuesta/  a) ay,a = 0,88, aya- = 0,12y az2- = 4,5 x10*
b) agy, a = 0,050, Atgza- = 0,69 y ap2- = 0,26

Representamos etano — 1,2 — ditiol como H,A

[HT][HAT]
H,A = H' + HA™ K,y =———=1,4x10"°
2 + al [HzA] X
[H*][A?"]
HA- =2 H' + A%~ K,, = ————=3,7x10"11
+ a2 [HA_] X

pH = 8,00 = [H*] = 1,0 x10~8 mol/L

3 [H+]2
HH2A = THH]Z + [H* 1Ky, + KaiKaz

— (1,0 x1078)2 _oes
A T (1010752 + (L0 x10-5) (14 x10-9) + (14x10-9) (3,7 x10-11)
A Ko [H']
HA™ T TH*]2 + [H*]K,y + Kan Ko
_ (1,4x1079)(1,0 x107®) o1
AT T L0 X102 + (L0 x10-) (L4 x10-9) + (LAx10-2)(3,7x10-1D)
Onzm = KalKaZ
AT T [HY]? + [H¥]Kqy + Ko Koy
1,4 x107%)(3,7 x107 1
ap2- ( X ) = 4,5x107*

~ (1,0 x108)Z + (1,0 x10-8) (1,4 x10~9) + (1,4 x10-9)(3,7 x10~11)
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b)
pH = 10,00 = [H*] = 1,0 x1071% mol /L

(1,0 x10710)2

= = 0,050
FH2A = 10 x10-10)2 + (1,0 x10-10) (1,4 x10-9) + (1,4 x10-%)(3,7 x10-11)
_ (1,4 x1079)(1,0 x10710) A
FHA™ = 10 x10-19)2 + (1,0 x10-10) (1,4 x10-9) + (1,4 x10-9)(3,7 x10-11) _
1,4 x1079)(3,7 x10~11
Opz- ( ) ) 0,26

~ (1,0 x10710)2 + (1,0 x10-19) (1,4 x1079) + (1,4 x10-9)(3,7 x10-1%) _
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11.29  Calcular ay,a, aya- y ax2- para el acido maleico a pH a) 1,00, b) 1,91, c) 6,00, d)
6,33y €) 10,00.

Respuesta/  a) oy, = 0,89, aya- = 0,11y ap2- = 5,1 x107
b) oy, a = 0,49, ayga- = 0,51y ap2- = 2,0 X107
C) Qg,a = 5,5 X107, aypa- = 0,68 y ap2- = 0,32
d) ay,a = 1,9 x1075, aga- = 0,50 y ay2- = 0,50
e) ay,a = 1,7 X102, apga- = 2,1 x10% y ap2- = 1,0

Representamos acido maleico como H,A

[H*][HA"]

H,A = HY + HA™ Ky, =———=1,23x1072
[H*][A%"]

HA™ = H* + A%~ Kyp =——— =4, 1077

pH = 1,00 = [H*] = 0,10 mol/L

_ [H+]2
HH2A = THH]Z + [H* 1Ky, + Ka1Kaz

Y (0,10)? — 089
H2A7(0,10)2 4 (0,10)(1,23 x1072) + (1,23 x10-2)(4,66 x10~7) ~
S Ka1[H']
HA [H+]2 + [H+]Ka1 + KalKaZ
(1,23 x1072)(0,10) 011

HHA™ = 10,10)2 + (0,10) (1,23 x10-2) + (1,23 x10-2) (4,66 x10~7)

— KalKaZ
[H+]2 + [H+]Kal + KalKaZ

O(Az—
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(1,23 x1072) (4,66 x10~7)

= - — — = 5,1x1077
(0,10)2 + (0,10)(1,23 x10-2) + (1,23 x10~2) (4,66 x10~7)

(XAZ—

b)
pH =191 = [H*] = 0,012 mol/L

_ (0,012)2 ~
*H2A = 70,012)2 + (0,012)(1,23 x1072) + (1,23 x10-2) (4,66 x10~7) _

0,49

_ (1,23 x1072)(0,012) _
HHA™ = 10,012)2 + (0,012)(1,23 x10-2) + (1,23 x10-2) (4,66 x10-7) _

0,51

(1,23 x1072) (4,66 x10~7)

= =2,0x10"5
(0,012)2 + (0,012)(1,23 x10~2) + (1,23 x1072) (4,66 x10~7) X

O(Az—

pH = 6,00 = [H*] = 1,0 x10~° mol/L

_ (1,0 x1076)2
FH2A = (10 x10-6)2 + (1,0 x10-6)(1,23 x10-2) + (1,23 x10-2) (4,66 x10~7)

=55x10"°

(1,23 x1072)(1,0 x10~°)

- = = 0,68
FHA™ = (1,0 x10-9)2 + (1,0 x10-6)(1,23 x10-2) + (1,23 x10~2) (4,66 x10~7)
B (1,23 x1072) (4,66 x1077) — 032
%2 = 1,0 x10-6)2 + (1,0 x10-9)(1,23 x10-2) + (1,23 x10-2) (4,66 x10-7) _
d)

pH = 6,33 = [H*] = 4,7 x10~7 mol/L

_ (4,7 x1077)2
HH2A = (3 7%10-7)2 + (4,7 x10-7)(1,23 x10-2) + (1,23 x10-2) (4,66 x10~7)

=1,9x10"°
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(1,23 x1072)(4,7 x10~7)

- = = 0,50
HHA™ = (4 7%10-7)2 + (4,7 x10-7)(1,23 x10-2) + (1,23 x10~2) (4,66 x10~7)
B (1,23 x1072) (4,66 x1077) — 050
O T 47 x10-7)2 + (4,7 x10-7)(1,23 x10-2) + (1,23 x10-2) (4,66 x10-7) _
e)

pH = 10,00 = [H*] = 1,0 x1071% mol /L

_ (1,0 x10710)2
%Hz2A = (10 x10-19)2 + (1,0 x10-10)(1,23 x10-2) + (1,23 x10-2) (4,66 x10-7)

=1,7x10712

_ (1,23 x1072)(1,0 x10710)
AHA™ = (1,0 x10719)2 + (1,0 x10~10)(1,23 x10~2) + (1,23 x10-2) (4,66 x10~7)

=2,1x107*

B (1,23 x1072) (4,66 x1077) _
"~ (1,0 x10710)2 4 (1,0 x10~10) (1,23 x1072) + (1,23 x1072) (4,66 x10~7)

OLAz— 1,0
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11.31 Una disolucion que contiene acido acético, acido oxalico, amoniaco y piridina tiene
un pH de 9,00. ;Qué fraccion de amoniaco esta sin protonar?

Respuesta/ 0,36

_ [H][NH;]

NHJ = H'+NH; Ko = —per— = 5,70 x1071°
4

pH = 9,00 = [H*] = 1,0 x10~° mol/L

K 5,70 x1071°
INHs = THH + K,  1,0x10-° + 5,70 x10-10

= 0,36
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