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

12.2 Se valoran 100,0 mL de NaOH 0,100 M con HBr 1,00 M. Hallar el pH para los
siguientes volumenes de acido anadido, y trazar un grafico de pH frente a Va: Va = a) 0, b)
1,00, c) 5,00, d) 9,00, €) 9,90, f) 10,0, g) 10,1y h) 12,0 mL.

Respuesta/  a) 12,996

b) 12,96

c) 12,68

d) 11,96

e) 11,0

f) 7,000

g) 3,0

h) 1,74
a)

[OH™] = 0,100 mol/L = [H*] = 1,01 x10~*3 mol/L
pH = 12,996

b)

HBr + NaOH — NaBr + H,0
mmolinicial 1,00 10,0 —_— —
mmolfing) - 9,0 —-- —

OH] = ——2 Ol _ 089 mol/L
[OH™] = H00,0 o0y mr, - %089 mol/
[H*] = 1,1 x10713 mol/L
pH = 12,96
0)

HBr + NaOH — NaBr + H,0
mmolinicial 5,00 10,0 —_— —
mmolfing) - 5,0 - —-
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OH] = MM _ 048 mol/L
[OH™] = 00,0 + 5,00y mp, - %048 mol/
[H*] = 2,1 x10713 mol/L
pH = 12,68
d)

HBr + NaOH — NaBr H,0
mmolipicial 9,00 10,0 —_ o
mmolfipa) - 1,0 —-- —-

[OH7] = Lommol g 5 41072 mol/L
= (100,0 ¥ 9,00) L, _ 2 X107 mol/
[H*] = 1,1 x10~12 mol/L
pH = 11,96
e)

HBr + NaOH — NaBr H,0
mmolinicial 9,90 10,0 —_— —
mmolfing) - 0,1 - —-

OH-1 = 0,1 mmol 9 %10~ mol /L
[OH™] = 100,04 9,00y mr, - 2 X107 mol/
[H*] = 1x107*! mol/L
pH =110
)
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H,0 = H* + OH~
Chinicial -
Chfina) - X X
Ky = [HT][OH™] = ) (x) = 1,01 x10~1*
x = 1,00 x1077 mol/L
pH = 7,000
g)

HBr + NaOH — NaBr + H,0
mmol;pjcial 10,1 10,0 — -
mmolgpal 0,1 - _— -

[H*] = (100(’)61+m1r3’011) — =9 x10™* mol/L
pH = 3,0
h)

HBr + NaOH — NaBr + H,0
mmol;jpicial 12,0 10,0 - —
mmolgpa 2,0 - _— -

[H*] = 2hmmol __ _ 0,018 mol/L

(100,0 +12,0) mL

pH = 1,74
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Curva de Valoracion

14,0

12,0
10,0
8,0
6,0
4,0
2,0
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12.6  Sevalora un acido débil HA (pKa = 5,000) con KOH 1,00 M La disolucion acida tiene
un volumen de 100,0 mL y una molaridad de 0,100 M. Hallar el pH para los siguientes
volimenes de base afiadida, y trazar un grafico de pH frente a V: Vi = a) 0, b) 1,00, c) 5,00,
d) 9,00, e) 9,90, f) 10,0, g) 10,1y h) 12,0 mL.

Respuesta/  a) 3,002

b) 4,05
C) 5,00
d) 5,96
e) 7,0
f) 8,977
g) 11,0
h) 12,26
a)
pK, = 5,000 = K, = 1,00 x10~°
[H*][AT]
HA#H-'- A- K =—=1’ 1—5
+ a [HA] 00 x10
HA = gt + A-
Chjpicial 0,100 0 0
Cnfipal 0,100 - x x «
HA]_ ®® ,
K, = HA] 0100 —x 1,00 x10
x =9,95x10"* mol/L = [H*]
pH = 3,002
b)
HA + KOH — KA + H,0
mmolipicial 10,0 1,00 —_ o
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mmolgna 9,0 1,00
HA] = 9,0 mmol = 0,089 mol/L
(HAT = 00,0 + 1,00y mL . »089 moV/
(A = —o0mmol 5 1075 mol/L
= 00,0 + Loy mL 00 X107 mol/
HA = H* + A~
Chinicial 0,089 9,90 x10°3
Cngipar 0,089 - x X 9,90 x103 + x
[H*][AT]  (%)(9,90 x1073 + x)
K, = = = 1,00 x1075
® " [HA] 0,089 — x D0 x10
x =8,9x107° mol/L = [H*]
pH = 4,05
<)
HA + KOH - KA + H,0
mmolipicial 10,0 5,00 —-- —
mmolg,a 5,0 -— 5,00 —
HA = ——ommol 548 mol/L
HAl = 000 15,00y mr -~ »048 mol/
_ 5,00 mmol
[A7] = 0,0476 mol/L

~ (100,0 + 5,00) mL
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HA = H* + A
Chinicial 0,048 0,0476
Cnfipal 0,048 - x X 0,0476 + x
[H*][A™]  (x)(0,0476 + x)
K, = = = 1,00 x1075
2~ T [HA] 0,048 — x X
x =1,0x107°> mol/L = [H*]
pH = 5,00
d)
HA + KOH — KA + H,0
MmOlinicial 10,0 9,00 - —--
mmolfina) 1,0 --- 9,00 —
HA] = ——ommol g 1073 mol/L
(HAl = 000 19,00y mp ~ 22 X107 mol/
[A7] = 200mmol __ _ ) 1596 mol/L
= 100,0 + 9,00) mL, . /0826 mol/
HA = H* + A”
Chinicial 9,2x10°3 0 0,0826
Cnﬁnal 9,2 x1073 - x X 0,0826 + x
H*][A"]  (x)(0,0826 + X
a=[ 1A7] _ ()( 2 )=1’00X10_5
[HA] 9,2x1073 — x
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x =1,1x10"® mol/L = [H]

pH = 5,96
e)
HA + KOH — KA H,0
MMmOl;p;cial 10,0 9,90 --- -
mmolgna 0,1 9,90
HA] = ——mmol 5 1 0m4 mol/L
(M= 00,0 49,00y m 0 X107 moV/
[A7] = 290 mmol __ _ ', 1901 mol/L
= 00,0 9,90 mL _ 0901 mol/
HA = H* +
Chinicial 9 x10 0 0,0901
Chfinal 9 x104 - x X 0,0901 + x
[H*][A]  (x)(0,0901 + x) .
Ka="THAT = oxtor—x - POOX0
x =1x1077 mol/L = [H*]
pH =70
f)
HA + KOH — KA H,0
MmOljnicial 10,0 10,0 —- -
mmolgj,,) " - 10,0 —
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B 10,0 mmol
~ (100,0 4+ 10,0) mL

[A™] = 0,0909 mol/L

K, = 1,00 x10™5 = K, = 1,01 x10~°

[OHT][HA]

A+ H,0=0H" +HA Ky, = A =1,01x107°
A” + H20 = OH™ + HA
Chjnicial 0,0909 — 0 0
Cnfing) 0,0909 - x . < )

_[OH7][HA] () _
Ko =—Ta7  ~ 00909 —x ~ “01x107

x =9,58x107% mol/L = [OH™]

pOH = 5,019 = pH = 8,977

g)
HA + KOH — KA + H,0
mmolinicial 10,0 10,1 - -
mmolgipa) - 0,1 10,0 -
0,1 mmol
[OH7] = = 9x10™* mol/L

(100,0 +10,1) mL

B 10,0 mmol
~ (100,0 4+ 10,1) mL

[A™] = 0,0908 mol/L
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A~ + H,0 = OH~ + HA
Chinicial 0,0908 9 x104
Cnginal 0,0908 - x -— 9x104 + x X
[OHT][HA] (9x10™* + x)(x)
= = =1,01x107°
b [A-] 0,0908 — x X
x = 1x1077 mol/L
"1=9x10"* + x = 9x10™* mol/L + 1x10~7 mol/L = 9 x10™* mo
[OH™] = 9x107* 9x10~* mol/L + 1x10~7 mol/L = 9 x10~* mol/L
pOH = 3,0 = pH = 11,0
h)
HA + KOH — KA + H,0
mmolinicial 10,0 12,0 —_ o
mmolfipg - 2,0 10,0 —
[OH™] = 20mmol __ _ 0,018 mol/L
=000+ 120) mL . 018 mol/
A = 20O _ ) 1893 mol/L
A1 = 7000 7 120) mL -~ »0893 mol/
AT + H,0 = OH~ + HA
Chinicial 0,0893 0,018
Chfinal 0,0893 - x --- 0,018 + x x
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« _ [OH7][HA] _ (0,018 +x)(x)
P77 [AT T 0,0893 —x

=1,01x107°

x = 5,0 x10~° mol/L
[OH"] = 0,018 + x = 0,018 mol/L + 5,0 x10~° mol/L = 0,018 mol/L

pOH = 1,74 = pH = 12,26
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Curva de Valoracion
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PROF JORGE CAMPOS, FACULTAD DE FARMACIA, UCR

12.8  ;Cual es el pH en el punto de equivalencia cuando se valora acido hidroxiacético
0,100 M con KOH 0,0500 M?

Respuesta/ 8,175

Representamos acido hidroxiacético como HA

[H*][AT]
HA=H*+ A~ K, =———=1,48x10"*
+ a [HA] X
_ _ [OH™][HA] 1
A +H20$0H + HA Kb =T= 6,82 x10
Si tenemos 20,0 mL de HA
20.0 mL 0,100 mmol HA 1 mmol KOH mL PPy
k ES ES =
~m mL Tmmol HA ~ 0,0500 mmol KOH
HA + KOH — KA + H,0
mmolip;cial 2,00 2,00
mmolgp,) - - 2,00 ---
A= —200mmol 1333 mol /L
A= Zo0 1200y mp - 20333 mol/
A™ + H,0 = OH~™ + HA
Cninicia] 0,0333 - 0 0
Cnfinal 0,0333 - X - X X
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_[OHT][HA] = (&)

K, = = = 6,82 x1011
b [A-] 00333 —x _ 82X

x =1,51x107% mol/L = [OH]

pOH = 5,821 = pH = 8,175
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12.10 Cuando se anaden a 22,63 mL de disolucion acuosa de NaOH 1,214 g de acido
ciclohexilaminoetanosulfénico (tabla 10.2) disueltos en 41,37 mL de agua, el pH resultante

es 9,24. Calcular la molaridad del NaOH.

Respuesta/ 0,11 mol/L de NaOH

Representamos acido ciclohexilaminoetanosulfénico como HA

[H*][A"]
— + - —_— = —-10
HA = H* + A Ka = a = #1x10

1000 mmol HA

207,29 g HA = 5,857 mmol HA

1,214 g HA *

Si tenemos "x" mmol de NaOH

HA + OH™ — A~ + H,0
mmolinicia] 5,857 X — _—
mmolgipa 5,857 - x -—- X —
pH = pK, + logm
) [HA]

X
9,24 = 9,39 + logm

X = 2,4 mmol NaOH

2,4 mmol KOH

22,63 mL = 0,11 mol/L
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12.14  Se valora una alicuota de 100,0 mL de una base débil B (pKp = 5,000) 0,100 M con
HCIO4 1,00 M. Hallar el pH después de anadir los siguientes volimenes de acido, y
representar graficamente el pH frente al volumen anadido. Va = a) 0, b) 1,00, c) 5,00, d) 9,00,
e) 9,90, f) 10,0, g) 10,1y h) 12,0 mL.

Respuesta/  a) 10,994

b) 9,95
c) 9,00
d) 8,04
e) 7,0
f) 5,019
g) 3,0
h) 1,74
a)
pKy, = 5,000 = K, = 1,00 x107°
OH~™][BH?
B+ H,0 = OH™ + BH* Ky = % =1,00x1075
B + H,0 = OH™ + BH*
Cninicia] 0,100 -== 0 0
Cnﬁnal 0,100 - x - X X
[OH7][BH"]  (x)(x)
= = = 10_5
Ky [B] 0100 —x V00X
x =9,95x10"* mol/L = [OH™]
pOH = 3,002 = pH = 10,994
b)
B + HCIO, — BH* + Clog
mmolipicial 10,0 1,00
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mmolgipa 9,0 -— 1,00 -—-
Bl = —0mmol o080 mol/L
B = A00,0 + 1,00y mp, -~ %089 mol/
BH*] = ——0mmol g 50 11073 mol/L
= 1000 + o0y mL 00 X107 mol/
B + H,0 = OH™ BH*
Cninicia] 0,089 - 0 9,90 x1073
Cnfipa 0,089 - x -—- X 9,90 x1073 + x
[OHT][BH*]  (x)(9,90x1073 + %)
= — =1 1 =5
[B] 0,089 — x 00x10
x =8,9x107° mol/L = [OH™]
pOH = 4,05 = pH = 9,95
c)
B + HCIO, — BH* + Cloy
mmol;;ia 10,0 5,00
mmolg,a 5,0 - 5,00 ---
B] = 5,0 mmol = 0,048 mol/L
Bl = Ho00+ 500 mL - »048 mol/
5,00 mmol
[BH*] = = 0,0476 mol/L

(100,0 + 5,00) mL

CREACION DEL DOCUMENTO: MAYO 2021
ULTIMA REVISION: AGOSTO 2021



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

PROF JORGE CAMPOS, FACULTAD DE FARMACIA, UCR

B + H,0 = OH™ + BH*
Chinicial 0,048 0 0,0476
Cnfinal 0,048 - x X 0,0476 + x
[OH][BH*] (x)(0,0476 + X)
= = = 1,00 1075
b [B] 0,048 — x X
x =1,0x107> mol/L = [OH™]
pOH = 5,00 = pH = 9,00
d)
B + HClO, — BH™ + ClO;
MMmOlip;cial 10,0 9,00 —- -
mmolgina 1,0 -- 9,00 —
B = —ommol o 1073 mol/L
Bl = T00.0 19,000 mp ~ 2 X107 mol/
[BH*] = 20mmol__ _ ) 4826 mol/L
= 100,07 9,00) mL _ 0826 mol/
B + H,0 = OH™ + BH*
Cninicial 9,2 x1073 - 0 0,0826
Cnﬁnal 9,2 x1073 - x - X 0,0826 + x

_ [OH7][BH"]  (x)(0,0826 +x)
PT Bl T 92x1073 —x

=1,00x107°
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x =1,1x10"° mol/L = [OH]

pOH = 5,96 = pH = 8,04

e)
B + HCIO, — BH* + Clo;
MMmOl;p;cial 10,0 9,90 --- -
mmolgna 0,1 9,90
B = 0,1 mmol 9 x10~* mol/L
B]= @000 79,00 mr, -~ 2 X107 mol/
[BH*] 2,90 mmol 0,0901 mol/L
= =0, mo
(100,0 + 9,90) mL
B +H,0 = OH- + BH*
Cninicial 9 x10™4 === 0 0,0901
Chfinal 9 x10°% - x 0,0901 + x
[OHT][BH*]  (x)(0,0901 +x) .
b= TR = oxiot—x - 00x10
x =1x10"7 mol/L = [OH7]
pOH=7,0=pH=7,0
f)
B + HCIO, — BH* + Clo;
mmolipicial 10,0 10,0 —_ o
mmolgna - - 10,0 -
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10,0 mmol
(100,0 + 10,0) mL

[BH*] = = 0,0909 mol/L

K, = 1,00x1075 = K, = 1,01 x10~°

[H*][B]

BH* = H* + B K, = BO] =1,01x107°
BH* = H* +
Chinicial 0,0909 0
Chfinal 0,0909 - x X
+
L.
x =9,58x107° mol/L = [H*]
pH = 5,019
g
B + HCIO, - BH* Clo,
mmolinicial 10,0 10,1 --- ---
mmolgipa - 0,1 10,0 -
[Hf] = (100?61+m1n(;,011) — =9 x10™* mol/L
[BH*] = 100mmol 0,0908 mol/L

(100,0 + 10,1) mL
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BH* = HY + B
Chinicial 0,0908 9 x10-4
Cnfinal 0,0908 - x 9 x104 + x X

_[HT][B]  (9x107* +x)(x)
~ [BH*] ~ 0,0908 —x

K, =1,01x10~°

x = 1x1077 mol/L

[H*] =9x107* 4+ x = 9x10™* mol/L + 1 x10~7 mol/L = 9 x10~* mol/L

pH = 3,0
h)
B + HCIO, — BH* +
mmolinicia] 10,0 12,0 —
mmolﬁnal -—= 2,0 10,0
[H*] = 20 mmol = 0,018 mol/L
= 1000 + 120y mL . »018 mol/
BHH = —o0mmol o3 mol /L
[BHT] = (100,0 + 12,0) mL _ mol/
BH* = H* + B
Cninicial 0,0893 0,018
Cnfinal 0,0893 - x 0,018 + x X
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_ [H*][B] _ (0,018 + x)(x)
~ [BH*] = 0,0893 —x

K, =1,01x107°

x = 5,0 x10~° mol/L
[H*] = 0,018 + x = 0,018 mol/L + 5,0 x10~° mol/L = 0,018 mol /L

pH = 1,74
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Curva de Valoracion
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2,0

0,0
0,0 2,0 4,0 6,0 8,0 10,0 12,0
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12.17  Se valora una disoluciéon que contiene 50,0 mL de bencilamina 0,0319 M con HCI
0,0500 M. Calcular el pH después de anadir los siguientes volumenes de acido: Va = a) 0, b)
12,0, ¢) % Ve, d) 30,0, €) Ve y f) 35,0 mL.

Respuesta/  a) 10,92
b) 9,56
c) 9,34
d) 8,15
e) 5,52
f) 2,74

Representamos bencilamina como B

[H*][B]
+ gt — — -10
BH" = H" +B K, (HA] 4,5x10
OH™][BH™
B+ H,0=0H +BH* K, =$= 2,2 x1075
a)
B + H,0 = OH~™ + BH*
Cninicia] 0,0319 - 0 0
Cnfinal 0,0319 - x -— X X
[OHT][BH"] &)
Ky = = =2,2x107°
b [B] 00319 —x _~°%
x = 8,3x107* mol/L = [OH]
pOH = 3,08 = pH = 10,92
b)
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B + HCl — BH* + CI~
MmOlinjcial 1,60 0,600 --- ---
mmolgip,) 1,00 0,600
B] = Lo0mmol __ 0,0161 mol/L
B]=&o0 12,0y mp . 0161 mol/
[BH*] = 0600mmol _ 9,68 x10~3 mol/L
=00+ 120y mL o8 x107 mol/
B + H,0 = OH™ + BH*
Chjpicial 0,0761 - 0 9,68 x1073
Cnfipa 0,0161 - x -— X 9,68 x103 + x

_ [OH7][BH*]  (x)(9,68x107° +x)

b [B] 00T6l—x X107
x = 3,6 x107°> mol/L = [OH]
pOH = 4,44 = pH = 9,56
0)

B + HCl — BH* +
mmol;picial 1,60 0,800 — —
mmolfipg) 0,80 0,800

[B] 0,80 mmol = 0,012 mol/L

~ (50,0 + 31,9/2) mL
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0,800 mmol
BH*] = : = 0,0121 mol/L
[BH"] = 0.0 +31,9/2) mL mol/
B + H,0 = OH™ BH*
Cninicial 0,012 - 0 0,0121
Cnginal 0,012 - x - X 0,0121 + x
[OH-][BH*] (x)(0,0121 + %) L
b= - ooiz—x _ »2x10
x = 2,2x107° mol/L = [OH™]
pOH = 4,66 = pH = 9,34
d)
B + HCl — + Cl-
mmolipcial 1,60 1,50 —
mmolga 0,10
B = — 0Ol ) 1072 molyL
Bl = 5007300y mL - b2 X107 mol/
1,50 mmol
BH*] = - = 0,0188 mol/L
BH] = 500+ 30,0 mL mol/
B + H,0 = OH™ BH*
Cninicial 1,2 x1073 - 0 0,0188
Cnginal 1,2 x1073 - x -—- X 0,0188 + x
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_ [OH7][BH*] _ (x)(0,0188 +x)

b B Lzx0d—x - 22X107
x =1,4x107° mol/L = [OH™]
pOH = 5,85 = pH = 8,15
e)
B + HCI — BH* + Cl~
mmol;picial 1,60 1,60 - —
mmolgina - - 1,60 -—-
(BH*] = —80mmol__ ) 1195 mol/L
(50,0 + 31,9) mL
BH* = H* + B
Chjnicial 0,0195 0 0
Chfinal 0,0195 - x X X
+
RCCRE R
x =3,0x107® mol/L = [H*]
pH = 5,52
f)
B + HCl — BH* + CI7
mmol;pjcial 1,60 1,75 — -
MMOlfina) 0,15 1,60
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+ 0,15 mmol 3
[H*] = (50,0 + 35,0) mL = 1,8 x107° mol/L
[BH*] = Lo0mmol __ 0,0188 mol /L
T (50,0 +350) mL mol/
BH* = H* + B
Chjnicial 0,0188 1,8 x10°3
Cnfinga) 0,0188 - x 1,8 x1073 + x v

_[H*][B]  (1,8x107° +x)(x)

K. = =
2~ [BH] 0,0188 — x

= 4,5x10"10

x = 4,7 x107° mol/L
[H*] =1,8x1073 + x = 1,8 x10™3 mol /L + 4,7 x10~° mol/L = 1,8 x10~3 mol/L

pH = 2,74
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12.18 Calcular el pH de la disoluciéon que resulta al mezclar 50,00 mL de NaCN 0,100 M

con
a) 4,20 mL de acido perclérico 0,438 M.
b) 11,82 mL de acido perclérico 0,438 M.
c) ;Cuél es el pH del punto de equivalencia usando acido perclérico 0,438 M?

Respuesta/  a) 9,43

b) 2,54
05,15
_ [H*][CN™] .
HCN = H* + CN K, = W = 6,2x10 S
_ _ [OH™][HCN] _
CN™ + H,0 = OH™ + HCN Ky =W=1,6X10 5
a)
CN- + HCIO,, - HCN +  Clo;
mmolinicial 5,00 1,84 -—= -—=
mmolfipa) 3,16 ~~- 1,84 -—-
ON-] = —temmol e oL
[CNTT = B0 07 420y mL, -~ »0°83 mol/
(HON] = —82mmol 0 329 mol/L
= 150.0 +4.20) mL . 0339 mol/
CN- + H,0 = OH™ + HCN
Chinicial 0,0583 0 0,0339
Cllginal 0,0583 - x X 0,0339 + x
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_ [OHT][HCN] _ (x)(0,0339 + %)

b= TN T oose3—x - WX
x = 2,7x107° mol/L = [OH7]
pOH = 4,57 = pH = 9,43
b)
CN- + HClO, - HCN + clog
mmolipicial 5,00 5,18 - -—-
mmolgipa - 0,18 5,00 -—-
[H'] = 5 0’3’18 1"1"“81;; — = 2,9x107 mol/L
(HON] = —80mmol 5 559 mol /L
(50,0 + 11,82) mL
HCN = H* + CN~™
Chinicial 0,0259 2,9 x10°3
Cnfinal 0,0259 - x 2,9 x103 + x X
+ - -3
TSR
x = 5,5x107° mol/L
[H*] =2,9x1073 + x = 2,9 x1073 mol/L + 5,5 x107° mol/L = 2,9 x10~3 mol/L
pH = 2,54
<)
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CN- + HClO, — HCN clo;
MmOlinjcial 5,00 5,00 --- ---
mmolging) - - 5,00 -
[HCN] = 500mmol __ 0,0814 mol/L
= 00 f 1L m . V0814 mol/
HCN = H* + CN™
Cninicial 0,0814 0 0
Cl’lﬁna] 0,0814 - X X X
H*][CN~ x) (X
L [ T

27 [HCN] = 0,0814 —x

x =7,1x10"¢ mol/L = [H*]

pH = 5,15
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12.23  Se valora el compuesto dibasico B (pKb1 = 4,00, pKb2 = 8,00) con HCI 1,00 M. La
disolucion inicial de B es 0,100 M, y tiene un volumen de 100,0 mL. Hallar el pH para los
siguientes volumenes de acido anadido, y representar graficamente pH frente al volumen
anadido: V, = a) 0, b) 1,00, c) 5,00, d) 9,00, e) 10,0, f) 11,0, g) 15,0, h) 19,0, i) 20,0 y j) 21,0 y k)
22,0 mL.

Respuesta/  a) 11,49
b) 10,91
¢) 10,00
d) 9,04
e) 8,00
f) 6,95
g) 6,00
h) 5,04
i) 3,54
j) 2,08
k) 1,80

[OH™][BH"]

B+ H,0 = OH™ + BH* Ky = 8] =1,0x107*
- [OH™][BHS*] _
BH* + H,0 = OH™ + BH3* Ky, = T 1,0 x1078
a)
B + H,0 = OH~ + BH*
Cninicia] 0,100 - 0 0
Cnﬁnal 0,100- x - X X
[OHT][BH']  (x)(x)
Ky, = = =1,0x107*
b1 [B] 0,100 — x X

x = 3,1x1073 mol/L = [OH]

pOH = 2,51 = pH = 11,49
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b)

B + HCl — BH™ + CI7
mmolipicial 10,0 1,00 —- —-
mmolﬁnal 9,0 -— 1’()() —

B = ——ommol 189 mol/L
Bl = T00.0 x Looymp - »089 mol/
[BH*] = L00mmol __ 9,90 x10~3 mol/L
= 00,0 + 100y mL, _ 00 X107 mol/
B + H,0 = OH™ + BH*
Cninicial 0,089 e 0 9,90 x1073
Cnﬁnal 0,089 - x -== X 9,90 x1073 + x
OH~][BH* x)(9,90 x1073 + x
b1=[ Il ]=( X )=1,0X10‘4
[B] 0,089 —x
x =8,2x107* mol/L = [OH]
pOH = 3,09 = pH = 10,91
0)

B + HCl — BH* + CI-
MMmOl;p;cial 10,0 5,00 —-- —-
mmolfipg 5,0 --- 5,00 —

5,0 mmol
[B] = = 0,048 mol/L

(100,0 + 5,00) mL
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[BH*] 5,00 mmol 0,0476 mol /L
= = , mo
(100,0 + 5,00) mL

B + H,0 = OH™ + BH*
Chinicial 0,048 0 0,0476
Chfinal 0,048 - x 0,0476 + x
OH7][BH*] (x)(0,0476 + x
b1=[ Il ]=( ) )=1,0)(10‘4
[B] 0,048 — x
x =1,0x10"* mol/L = [OH™]
pOH = 4,00 = pH = 10,00
d)
B + HCl — BH* + (7
MMmOl;p;cial 10,0 9,00 --- -
mmolgna 1,0 9,00
B] = 10 mmol = 9,2 x1073 mol/L
Bl = 200,0 ¥ 9,00y mL -~ »2 X107 mol/
[BH*] = 200 mmol___ 4 0826 mol/L
= 100,01 9,00) mL _ 0826 mol/
B + H,0 = OH~™ + BH*
Chinicial 9,2x10°3 0 0,0826
Clfinal 9,2 x1073 - 0,0826 + x
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_ [OH7][BH*] _ (x)(0,0826 + x)

= =1 1 —4
bt [B] 92x103—x _ Ox10
x =1,1x107° mol/L = [OH™]
pOH = 4,96 = pH = 9,04
e)

B + HCI — BH* + cl-
mmolipicial 10,0 10,0 —_ o
mmolgina - - 10,0 -—-

[BH*] = 100mmol __ 0,0909 mol/L

= 00,0 + 10,0) mL . #0909 mol/
[H+] — KalKaZ [BH+] + Ka1KW KalKaZF + KalKW
Kal + [BH+] Kal + F
ey = | (LOXL07)(0X10710)(0,0909) + (10 x10-9) (1,01 x1074)
- 1,0 x10~% + 0,0909
[H*] = 1,0 x10~8 mol/L
pH = 8,00
f)

BH* + HCl — BHZ* + -
Mmolip;cjal 10,0 1,00 - .
mmolfipg 9,0 --- 1,00 —
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BH] = ——2mmol 081 mol/L
[BH™] = H000 7 10y mp - »081mo
1,00 mmol
BH2*] = ‘ = 9,01 x10~3 mol/L
[BHZ"] (100,0 + 11,0) mL x107* mol/
BH* + H,0 = OH~ + BH3*
Cninicia] 0,081 - 0 9,01 x1073
Cnfinal 0,081 - x -— X 9,01 x103 + x

_ [OH7][BHZ*] _ (x)(9,01x1073 +x)

=g - oosi—x 00T
x =9,0 x1078 mol/L = [OH™]
pOH = 7,05 = pH = 6,95
g
BH* + HCI — BH3* + -
mmol;picial 10,0 5,00 — —
mmolfipg 5,0 --- 5,00 —
5,0 1
[BH*] = 556 J:T;’;D — = 0,043 mol/L
(BHZ+] = ——o0mmol o2 mol/L
(100,0 + 15,0) mL
BH* + H,0 = OH™ + BHZ*
Chinicial 0,043 0 0,0435
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Chfinal 0,043 - x X 0,0435 + x

_ [OH7][BHZ*] _ (x)(0,0435 + x)

= =1,0x1078
b [BH*] 0,043 — x X
x =9,9x107° mol/L = [OH™]
pOH = 8,00 = pH = 6,00
h)
BHY + HCl — BH2* +  C-
mmolinicial 10,0 9,00 —_ o
mmolgina 1,0 9,00
[BH] 0 g0 8,4 x1073 mol /L
= =84x
(100,0 + 19,0) mL
[BHZ*] = 200mmol 766 mol/L
2 17(100,0 +19,0) mL ~
BH™ +H0 = OH™ - BHZ*
Chinicial 8,4 x10°3 0 0,0756
Chfinal 8,4 x10" - x X 0,0756 + X

_ [OH7][BHZ*] _ (x)(0,0756 + x)

= = = -8
Kbz [BH*] gaxi03—x _ 0x10

x =1,1x10"° mol/L = [OH™]

pOH = 8,96 = pH = 5,04
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i)
BH* + HCl — BH2* +  C-
mmolipicial 10,0 10,0 —_ o
mmolgna - - 10,0 -
[BHZ*] = 100mmol___ 1833 mol/L.
2 171100,0 + 20,00 mL mol/
BHZ" = H* + BH*
Cinicial 0,0833
Cnfina 0,0833 - x X «
H*][BH* x)(x
Ka1 = [ ][2+ J__0® 1,0 x107°
[BH2*]  0,0833 —x
x =2,9x107* mol/L = [H*]
pH = 3,54
)
BH* + HCl — BHZ* + -
Mmolip;cjal 10,0 11,0 - .
mmolfing - 1,0 10,0 —
1,0 mmol

[H*] =

=83 x10~2 mol/L
(1000 + 2L,0) mL . &3 X107 mol/
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(BH2*] = ——o0mmol 5 806 mol/L
247(100,0 +21,0) mL  ’
BHZ* = H* + BH*
Chinicial 0,0826 8,3 x10°3
Cngipar 0,0826 - x 8,3x1073 + x X

_ [H*][BH*]  (83x107° +x)(x)
a7 [BH2*]  0,0826—x

=1,0x107¢

x = 9,9 x107° mol/L

[H*] =8,3x1073 + x = 8,3x1073 mol/L + 9,9 x10~° mol/L = 8,3 x10~3 mol/L

pH = 2,08
k)
BH* + HCl — BH3* + -
MMmOl;p;cial 10,0 12,0 --- ---
mmolfipg - 2,0 10,0 —
2,0 mmol
HY] = : = 0,016 mol/L
N1 = 00,0 + 220) mL mol/
[BHZ*] = 100mmol __ _ 1620 mol/L.
21 = 7000+ 2z0) mr . 0820 mol/
BHZ+ = H* + BH*
Chjpicial 0,0820 0,016 0
Cnﬁnal 0,0820 - x 0,016 + x X
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_ [H*][BH*] _ (0,016 + x)(X)

_ = = 1,0 x10~¢
al = T BHZH] 0,0820 — x X

x = 5,1x107° mol/L
[H*] = 0,016 + x = 0,016 mol/L + 5,1 x107¢ mol/L = 0,016 mol/L

pH = 1,80
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Curva de Valoracion

14,0
12,0
10,0
8,0
6,0
4,0
2,0

0,0
0,0 5,0 10,0 15,0 20,0 25,0

mL de valorante agregados
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12.24  Se valora una alicuota de 100,0 mL del acido diprético H2A 0,100 M (pKa1 = 4,00,
pKa2 = 8,00) con NaOH 1,00 M. Hallar el pH para los siguientes volumenes afadidos de
base, y representar graficamente pH frente a Vy = a) 0, b) 1,00, c) 5,00, d) 9,00, e) 10,0, f)
11,0, g) 15,0, h) 19,0, i) 20,0 y j) 21,0 y k) 22,0 mL.

Respuesta/  a) 2,51
b) 3,09
¢) 4,00
d) 4,96
e) 6,00
f) 7,05
g) 8,00
h) 8,96
i) 10,46
j) 11,92
k) 12,20

[H*][HA™]
H,A = Ht + HA™ =——=1,0x10"*
AR =T HA] "
[H*][A%7]
HA- = Ht + A%~ K,, =———=1,0x10"8
+ a2 [HA_] X
a)
H,A = H* + HA™
Cninicia] 0,100 0 0
Cnfinal 0,100 - x X X
H*][HA™ X) (X
_HAT) 06

a7 [H,A] 0,100 —x
x = 3,1x1073 mol/L = [H*]

pH = 2,51
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b)
H,A + NaOH — NaHA + H,0
mmolipicial 10,0 1,00 —- —-
mmolﬁnal 9,0 -— 1’()() —
9,0 mmol
H,A] = = 0,089 mol/L
oAl = 760,04 1,00 mL mol/
1,00 mmol
HA™] = 0,0+ o0y mr, — 290 X107 mol/L
H,A = H* + HA™
Chjpicial 0,089 0 9,90 x10-3
Cl’lﬁna] 0,089 - x X 9,90 x1073 + x
_ [H*][HA™] \ (x)(9,90 x1073 + x) 10 x10-*
at [H,A] 0,089 — x ’
x =8,2x107* mol/L = [H*]
pH = 3,09
<)
H,A + NaOH — NaHA +  H,0
MMmOl;p;cial 10,0 5,00 —-- —-
mmolfipg 5,0 --- 5,00 —
5,0 mmol
H,A| = = 0,048 mol/L
[HA]

~(100,0 + 5,00) mL
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HA] = —=>20mmol o 0476 mol/L
= 1000 + 5,00) mL . /0476 mol/

H,A = H* + HA-
Chinicial 0,048 0 0,0476
Chfinal 0,048 - x X 0,0476 + x
_ HTHAT] (90,0476 +%) _ Lo8o)
al [H,A] 0,048 — x ’
x =1,0x10"* mol/L = [H"]
pH = 4,00
d)
H,A + NaOH — NaHA + H,0
MMmOl;p;cial 10,0 9,00 --- -
mmolgna 1,0 9,00
1,0 mmol
H,A] = : =9,2x1073 mol/L
oAl = 760,04 9,000 mL X107 mol/
9,00 mmol
HA™] = = 0,0826 mol/L
(HA™] = 00,0 £ 9,00) mL mol/
H,A = H* + HA~

Chinicial 9,2 x10°3 0 0,0826
Cnginal 9,2x1073 - x X 0,0826 + x
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_ [H*][HAT] _ (x)(0,0826 +x)

= = =1,0x10"*
T [HRA] 92x103—x 0%
x = 1,1x107°> mol/L = [H*]
pH = 4,96

e)

HyA + NaOH — NaHA + H,0

mmolipicial 10,0 10,0 —_ o

mmolgina - - 10,0 -—-

[HA™] = 100mmol ___ 1909 mol/L
= 1000 + 10,0y mL . #0909 mol/
[H+] — KalKaZ [HA_] + Kale — KalKazF + Kale
Kal + [HA_] Kal + F
= [0 x1074)(1,0 x1078)(0,0909) + (1,0 x107)(1,01 x10~14)
- 1,0 x10~* + 0,0909
[H*] = 1,0 x10~° mol/L
pH = 6,00

f)

NaHA + NaOH — Na,A + H,0

MMmOl;p;cial 10,0 1,00 --- -

mmolgna 9,0 - 1,00 -
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HA-] = —20mmol 0081 mol/L
AT = F000 + 10y mL -~ 081 mol/
(-] = —oommol 1075 mol/L
T 000 +1L,0) mL T Mo /
HA™ = H* + AZ-
Chinicial 0,081 0 9,01 x1073
Cnfinal 0,081 - x X 9,01 x1073 + x

_ [HY][A*7]  (0)(9,01x1073 +x)

2= A 0,081 —x =1,0x10"8
x =9,0 x10~8 mol/L = [H*]
pH = 7,05
g)

NaHA + NaOH — Na,A + H,0
mmol;picial 10,0 5,00 — —
mmolfipg 5,0 --- 5,00 —

[HA™] = >0 mmol = 0,043 mol/L
(100,0 + 15,0) mL
[A%7] = >00mmol ___ 0,0435 mol/L
(100,0 + 15,0) mL
HA~ = H* + A%
Chinicial 0,043 0 0,0435
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Chfinal 0,043 - X 0,0435 + x

_ [H*][A*7]  (%)(0,0435 +x)
27 [HA"] 0,043 -—x

=1,0x1078

x =9,9x107° mol/L = [H*]

pH = 8,00
h)
NaHA + NaOH — Na,A + H,0
mmolipicial 10,0 9,00 —_ o
mmOlfinal 1,0 - 9,00 .
HA-T = 1,0 mmol — 8,4x10~* mol/L
HA™T = 000 7 19,0y mL, -~ &4 X107 mo
[A*7] = MRommol 0,0756 mol/L
= @000+ 19,0 mL _ 20756 mol/
HA_ = H+ + Az_
Cnjnicial 8,4 x1073 0 0,0756
Cnfina] 8,4 X‘IO_3 - X X 0,0756 +x

_[HY[A%T]  ()(0,0756 + )

= = =1,0x1078
22 = TTHA] 8ax105—x 0%

x =1,1x107° mol/L = [H*]

pH = 8,96
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i)
NaHA + NaOH — Na,A + H,0
mmolipcial 10,0 10,0 —_ o
mmolfinga) - --- 10,0 —
[A*7] = 100mmol ', 0833 mol/1.
~ (1000 + 20,0) mL mol/
A% + H,0 = OH~ + HA-
Chinicial 0,0833 — 0
Cnfipal 0,0833 - x — <
[OH™][HA™] (x) (%)
= - =1,0x107
bt [A27] 0,0833 — x X
x =2,9x107* mol/L = [OH™]
pOH = 3,54 = pH = 10,46
)
NaHA + NaOH — Na,A + H,0
mmolipicial 10,0 11,0 —_ o
mmOlfipg) - 1,0 10,0 ---
1,0 mmol
-1 — y _ -3
IOR™] = A00.0+ 2,0y mp, - &3 %107 mol/L
. 10,0 mmol
[A7] = = 0,0826 mol/L

~ (100,0 + 21,0) mL
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AZ_ + Hzo = OH_ + HA_
Chinicial 0,0826 8,3 x10°73 0
Cnfinal 0,0826 - x 8,3 x1073 + x «

[OH™][HA"] _ (8,3x107° + x)(X)
[A2”]  ~  0,0826—x

Ky, = =1,0x1076

x = 9,9 x107° mol/L

[OH"] =8,3x1073 + x = 8,3 x1073 mol/L + 9,9 x107 mol/L = 8,3 x10~3 mol/L

pOH = 2,08 = pH = 11,92

k)
NaHA + NaOH — Na,A H,0
rnInOlinicial 10,0 ]2’0 . .
rnrrlOlfina\l - 2,0 10,0 .
[OH-] = 2,0 mmol — 0,016 mol /L
= 71000 + 22,0) mL _ »016mol/
[A2-] = 10,0 mmol — 0.0820 mol/L
~(100,0 + 22,0) mL _ mol/
AZ— + Hzo \_—\ OH_ + HA_
Chinicial 0,0820 0,016 0
Clllfina\l 0,0820 - x - 0,016 + x .
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« _ [OHTI[HAT] _ (0,016 +x)(x)
PLT U [AZT] T 0,0820 —x

=1,0x107°

x = 5,1x107° mol/L
[OH™] = 0,016 + x = 0,016 mol/L + 5,1 x107® mol/L = 0,016 mol/L

pOH = 1,80 = pH = 12,20
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Curva de Valoracion

14,0
12,0
10,0
8,0
6,0
4,0
2,0

0,0
0,0 5,0 10,0 15,0 20,0 25,0

mL de valorante agregados
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12.25 Calcular el pH a intervalos de 10,0 mL (desde 0 hasta 100,0 mL) al valorar 40,0 mL
de piperacina 0,100 M con HCI 0,100 M. Representar pH frente a V..

Respuesta/  a) 11,358
b) 10,203
¢) 9,729
d) 9,254
e) 7,532
f) 5,810
g) 5,332
h) 4,855
i) 3,408
i) 2,113
k) 1,845

Representamos piperacina como B

o . _ [oH7J[BHY] _ .
B + H,0 = OH™ + BH Koy = ——g— 5,43 x10

[OH™][BHZ"]

BH* + H,0 = OH™ + BH3* Kz = B " 217 x10~°
a)
B + H,0 = OH~ + B
Chinicial 0,100 —
Cnfinal 0,100- x — « §
L R 5,43 x107°

K1 = [B] 0,100 —x
x = 2,30x1073 mol/L = [OH7]

pOH = 2,638 = pH = 11,358
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b)

B + HCI — BH* + Cl-
mmolipicial 4,00 1,00 — —
mmolﬁnal 3,00 -== 1,00 -

Bl = —_>00mmol 00 mol/L
Bl = 0,0 7 10,0) mp, - %0600 mol/
[BH*] = LOOmmol 0,0200 mol /L
= @001 10,0y mL . 0200 mol/
B + H,0 = OH™ + BH*
Clinicial 0,0600 0 0,0200
Cnﬁnal 0,0600 - x - 0,0200 + X
[OH™][BH*] (x)(0,0200 + x)
Ky, = = = 5,43 x1075
b1 [B] 0,0600 — x X
x =1,61x10"* mol/L = [OH7]
pOH = 3,793 = pH = 10,203
c)

B + HCl - BH* +  a
mmoliicial 4,00 2,00
mmolﬁnal 2,00 - 2,00 -

_ 2,00 mmol
"~ (40,0 + 20,0) mL

[B] = 0,0333 mol/L
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(BH*] = —220mmol 5 0223 mol/L
T 40,0 +200)mL_ ooeme
B + H,0 = OH- BH*
Clnicial 0,0333 0 0,0333
Cfinal 0,0333 - x 0,0333 + x
[OH-][BH*] (x)(0,0333 + x)
— — =54 1 =5
b1 [B] 00333 —x _ >3x10
x = 5,41 x107° mol/L = [OH~]
pOH = 4,267 = pH = 9,729
d)
B + HCl — BH* + CI-
mmol;p;cial 4,00 3,00
mmolgpa 1,00 -—- 3,00 --—-
B] = 100 mmol _ 0,0143 mol/L
B = 0,0+ 30,0y mp . 20143 mol/
[BH*] = —— 20 MO _ ) 6429 mol/L
= 40,0 +30,0) mL . 0429 mol/
B + H,0 = OH- BH*
Cninicia] 0,0143 - 0,0429
Cnfinar 0,0143 - x - X 0,0429 + x
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_ [OHT][BH*] _ (x)(0,0429 +x)

K = =54 1 -5
b1 [B] 00143 —x 4310
x = 1,81 x107°> mol/L = [OH]
pOH = 4,742 = pH = 9,254

e)

B + HCl — BH* + -

mmolipicial 4,00 4,00 —_ o

mmolgina 4,00

[BH'] = B0 mmol __ 4 4500 /L
T (40,0 + 40,0) mL o
[H+] — KalKaZ [BH+] + Ka1KW KalKaZF + KalKW
Kal + [BH+] Kal + F
[H*] = (4,65 x1076)(1,86 x10719)(0,0500) + (4,65 x1070)(1,01 x10~14)
- 4,65 x10-5 + 0,0500
[H*] = 2,94 x107® mol/L
pH = 7,532

f)

BH* + HCl — BHZ* + -

mmolinicial 4,00 1,00 —_— —

mmolfipg 3,00 - 1,00 -—-
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BH*] = ——00mmol 0323 mol/L
BHY] = G001 500y mp - 20333 mo
(BH2*] = —o0mmol 11 mol/L
277 (40,0 +50,00 mL
BH* + H,0 = OH~ + BHZ*
Chinicial 0,0333 0 0,0111
Chfinal 0,0333 - x X 0,0111 + x

_ [OH71[BH3*] _ (x)(0,0111 +x)

= = =2,17x107°
b2 [BH*] 0,0333 — x A7x10

x = 6,51x107% mol/L = [OH]

pOH = 8,186 = pH = 5,810

g)
BH* + HCI — BH3* + -
MMmOl;p;cial 4,00 2,00 —- -
mmolfipg 2,00 - 2,00 -—-
[BH*] = 200 mmol __ 0,0200 mol/L
= 400+ 60,0) mp 0200 mol/
(BH2+] = —20mmol 000 mol /L
= =V, mo
2 (40,0 + 60,0) mL
BH* + H,0 = OH™ + BHZ*
Chinicial 0,0200 0 0,0200
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Cnfinar 0,0200 - x - X 0,0200 + x

_ [OH7][BHZ*] _ (x)(0,0200 + x)

= = = -9
b2 [BH*] 00200 —x _ »17x10

x = 2,17 x107° mol/L = [OH]

pOH = 8,664 = pH = 5,332

h)
BH* + HCl — BHZ* + a-
mmol;p;cial 4,00 3,00
mmolgipa 1,00 -— 3,00 -—-
BH* = —00mmol g 05 1073 mol/L
BH™] = G001 70,0y mp - 209 X107 mo
[BHZt] = 300mmol __ 0,0273 mol/L
21 = G400+ 70,0y m, . %0273 mol/
BH* + H,0 = OH~ + BHZ*
Chinicial 9,09 x1073 0 0,0273
Cnfipal 9,09 x1073 - x -—- X 0,0273 + x

_ [OH7][BHZ*]  (x)(0,0273 + x)

= = = -9
Kbz [BH*] 9.00x107 —x _ ~17x10

x = 7,23x1071% mol/L = [OH]

pOH = 9,141 => pH = 4,855
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i)
BH* + HCl — BH2* +  a-
mmolipicial 4,00 4,00 —_ o
mmolgna 4,00
[BH3*] 4,00 mmol 0,0333 mol/L
= =0, mo
2 (40,0 4+ 80,0) mL
BHZ" = H* + BH*
Chjnicial 0,0333
Chfinal 0,0333 - x X «
[H*][BH™] (x) (%)
Ka1 = = = 4,65 %1076
a1 T T[BHZ*]  0,0333 —x X
x =3,91x10"* mol/L = [H*]
pH = 3,408
)
BH* + HCl — BHZ* + -
mmolipjcial 4,00 5,00
mmolfing - 1,00 4,00 —
1,00 mmol

[H*] =

= 7.69 x10~3 mol /L
(40,0 +90,0) mL _ /69 x107" mol/
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(BH2+] = —0mmol o 0g ol /L
2 77(40,0 490,00 mL
BH3* = HY + BH*
Chinicial 0,0308 7,69 x1073
Cngipar 0,0308 - x 7,69 x1073 + x X

_ [H*][BH*]  (7,69x107° +x)(x)
a7 [BHZY] T 0,0308—x

= 4,65 x107°

x = 1,86 x107° mol/L

[H*] = 7,69x1072 + x = 7,69 x103 mol/L + 1,86 x10~> mol/L = 7,71 x10~3 mol/L

pH = 2,113
k)
BH* + HCl — BH2* +  C-
mmol;cial 4,00 6,00
mmolgna 2,00 4,00
[H*] = 200mmol __ _ 143 mol/1,
= 40,0 + 1000y mL, . 0143 mol/
[BHZ*] = 100 mmol _ _ ;5286 mol/L
2 1740,0 + 100,00 mL mol/
BHZ* = H* + BH*
Cnjpicial 0,0286 0,0143 0
Cnfinal 0,286 - X 0,0143 + x X
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_ [H*][BH*] _ (0,0143 + x)(x)
“7 [BHZ] 00286 —x

= 4,65 x107°

x = 9,29 x107° mol/L
[H*] = 0,0143 + x = 0,0143 mol/L + 9,29 x107° mol/L = 0,0143 mol/L

pH = 1,845
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Curva de Valoracion

14,0
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10,0
8,0
6,0
4,0
2,0
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12.26  Calcular el pH cuando se valoran 25,0 mL de 2-aminofenol 0,0200 M con 10,9 mL
mL de HCIO4 0,0150 M.

Respuesta/ 5,093

Representamos 2 — aminofenol como BH

_ _ [OH™][BH]
B~ + H,0 = OH™ + BH Kb1=W=9,62x10
OH-][BH}
BH + H,0 = OH™ + BH} Ky, = % = 6,08 x10~10
BH + HClo, — BH3} + Clo;
mmolinicial 0,500 0,164 —_— —
mmolfina) 0,336 0,164
BH] = o6 mmol o o 10~% mol/L
BH] = Zs 07 100y mL ~ 36 X107 mol/
[BHZ] = Ol6tmmol _, o7 103 1/L
2l = 2504109 mL, XY o me
BH +H0 = OH™ + BH3
Chjnicial 9,36 x10°3 0 4,57 x1073
Cnﬁnal 9,36 x1073 - x - X 4,57 x1073 + x

Ko - [OH7][BH;]  (x)(4,57x107% +x)
P27 [BH] 9,36x1073 —x

= 6,08 x10710
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x =1,25x107° mol/L = [OH]

pOH = 8,903 = pH = 5,093
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12.29 Hallar el pH del punto de equivalencia cuando se valora una disolucion de tirosina
0,0100 M con HCIO4 0,00400 M.

Respuesta/ 2,66

Representamos tirosina como BH,

_ [0H"][BH"]

B2~ + H,0 = OH™ + BH™ Ky = 5] =3,0x107*
_ - [OH™][BH,] s
BH™ + HZO = O0H™ + BHZ sz = W = 1,6 x10
OH™][BH}
BH, + H,0 2 OH™ + BHY  Kp; = % = 1,5x10712
2
Si tenemos 10,0 mL de BH,
10.0 mL 0,0100 mmol BH, 1 mmol HCIO, mL 26 0 mL
k k k =
o m mL 1 mmol BH, 0,00400 mmol HCIO, o m
BH, + HClO, — BH3 + Clo;
mmolinicial 0,100 0,100 - -
mmolga 0,100
BHY| = —ao0mmol o6 %103 mol/L
BH:] = 001280y mp -~ >86x107" mol/
BH} = H* + BH,
Cninicia] 2,86 x1073 0 0
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CNfinal 2,86 x1073 - x X

[H*][BH"] 3]€9) 3
Kar = [BH3*] ~ 2,86x1073 —x 68x10

x =2,2x1073 mol/L = [H*]

pH = 2,66
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12.30 Este problema se refiere al aminoacido cisteina que representaremos
abreviadamente por H>C.

a) Se prepara una disolucion 0,0300 M disolviendo cisteina de potasio, K2C, en agua.
Se valoran 40,0 mL de esta disolucién con HCIO4 0,0600 M. Calcular el pH del primer punto
de equivalencia.

b) Calcular el cociente [C?]/[HC] en una disolucion de bromuro de cisteinio 0,0500
M (la sal es H3C*Br).

Respuesta/  a) 9,55
b) 7,39 x10°1°

[H*][H,C] _
H3C+ =H* + HZC Kal = W = 1,95 x10 2
[H*][HC™]
H,C=H" + HC™ K,, = ———=4,4x107"°
2C + HC a2 [HZC] x10
H*][C?™
HC™ = H* + C*~ Kaz = % =1,70x10"11
a)
200 mL 0,0300 mmol C>~ 1 mmol HCIO, mL 20.0 mL
ES ES * =
o m mL, Tmmol C~  0,0600 mmol HCIO, <~
c2- + HCIO, — HC- +  Clo;
mmol;cial 1,20 1,20 - -
mmolﬁnal - -—= 1,20 -
1,20 mmol
[HCT] = = 00,0200 mol/L

~ (40,0 + 20,0) mL

[H+] — KaZKaS [HC_] + KaZKW Kaz KaBF + KaZKw
KaZ + [HC_] Kaz + F
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] = (4,4 x10~9)(1,70 x10~11)(0,0200) + (4,4 x10~2)(1,01 x10~14)
N 4,4x10~9 4+ 0,0200

[H*] = 2,8 x1071° mol/L

pH = 9,55
H,C* = H* + H,C
Chinicial 0,0500 0 0
Cnﬁnal 0,0500 - X X X

_HAHC . 0® -
Kat = H,c7 00500 —x - L5107

x = 0,0230 mol/L = [H*]

_[H*][C?7] _ (0,0230)[C?"]

K..= 1,70 x10-1
a3 = TTHC] [HC] 70X
[C*]
= 73910710
[HC] *
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12.31  ;Cuantos gramos de oxalato de dipotasio (166,21 g/mol) se tienen que anadir a 20,0
mL de HCIO4 0,800 M para dar un pH de 4,400, cuando la disolucion se diluye a 500 mL?

Respuesta/ 6,28 g de K2C204

0,800 mmol HCIO,
20,0 mL = o = 16,0 mmol HCIO,

[H*][C,0%7]

HC,0r = H* + C,02~ K, = 4 | _542x10°5
Si tenemos "x" mmol de K,C,0,
HCIO, + K,C,0, —  KHC,0, + KClo,
mmolipiciag 16,0 X
mmolgipa - x — 16,0 16,0 -—-
[C,057]
H=pK., + log—2—2 -
4,400 = 4266 + log 1Y
A= %87 16.0
X = 37,8 mmOI K2C204
37.8 mmol K, C,0, » —2021 8K2C0s o0 v 0
E3 —
O MMOTR2%284 * 7000 mmol K,C,0, <0 B hzv2be
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12.47 Una muestra de 10,231 g de un limpia cristales que contiene amoniaco se diluye con
39,466 g de agua. A continuacion, se valoran 4,373 g de la disolucién con 14,22 mL de HCI
0,1063 M hasta alcanzar el punto final del verde de bromocresol. Hallar el porcentaje m/m
de amoniaco (17,03 g/mol) en el limpia cristales.

Respuesta/ 2,859 % m/m de NHj3
HCl + NH; — NH,CI

0,1063 mol HCI 1 mol NH; 17,03 g NH;

22l oML TmolHAl ~ molNH, . 025748 NHs
0.02574 ¢ NH (10,231 + 39,466) g totales 100 2859 0
ES ES =
’ § Vs 4,373 g alicuota 10,231 g muestra ’ 6m/m
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12.51 Se prepara una disolucién con 1,023 g de patrén primario TRIS (tabla 12.5) y 99,367
g de agua. Se valoran 4,963 g de esta disolucién con 5,262 g de HNO3(a) hasta alcanzar el
punto final del rojo de metilo. Calcular la concentracion del HNO3s (expresada en mol
HNOs/kg de disolucion).

Respuesta/  0,07934 mol/kg disolucién de HNO3
Representamos TRIS como B
HNO; + B — BH* + NO3

4,963 g alicuota mol B 1 mol HNO;,
* *
(1,023 +99,367) g totales 121,14gB 1 mol B

1,023 gB *

= 4,175 x107* mol HNO,

4,175 x10~* mol HNO; 1000 g disolucién
*k

= 0,07934 mol HNO; /kg disolucid
5,262 g disolucién kg disolucién mo 3/kg disolucién
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12.53 Se prepara una disolucion disolviendo 0,1947 g de HgO (tabla 12.5) en 20,0 mL de
agua que contienen 4 g de KBr. La valoracion de HCI precisa 17,98 mL para alcanzar el
punto final utilizando fenolftaleina. Calcular la molaridad del HCI.

Respuesta/  0,09999 mol/L de HCI

HgO + 4Br + H,0 — HgBrz™ + 20H™

HCl + OH~ — CI~ + H,0

1000 mmol HgO 2 mmol OH™ 1 mmol HCI
* *
216,59 gHg0 1 mmol HgO 1 mmol OH~

0,1947 g HgO = + 17,98 mL

= 0,09999 mmol HCl/mL = mol/L
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12.54  ;Cuantos gramos de hidrogenoftalato potasico hay que pesar para estandarizar una
disolucion de NaOH 0,0500 M, si se desean gastar 30,0 mL de base en su valoracién?

Respuesta/ 0,306 g de KHCgH404

KHCgH,0, + NaOH — KNaCgH, + H,0

0,0500 mol NaOH 1 mol KHCgH,0, 204,22 g KHCgH,O0,
k *
1000 mL 1 mol NaO mol KHCgH,O0,

30,0 mL =

= 0,306 g KHC8H4_O4_
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