Equilibrio acido-base

 Teoria de Arrhenius. Una sustancia es
un acido si, en solucidbn acuosa, es
capaz ceder H*. Una sustancia es un
base si, en solucion acuosa, es capaz
ceder OH-.

Ello implica que las especies acida o
basicas, deben contener en su estruc-
tura H y OH para liberar.
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Teoria de Bronsted-Lowry

 Dador/Aceptor. Transferencia de proto-
nes.

 No supeditada a un solvente



Segun Bronsted un acido es un
donador de protones (H*) y una base
es un aceptor de protones (HY).
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La reaccion de neutralizacidon es una reaccion
entre un acido y una base

HCl(ac) + NaOH ¢y — NaCl + H»0 (ec. molecular)

H(Jrac) "‘OH(_aC) —> +H20(|)

Na*y Cl- son iones espectadores




-

tOtH = \('O'H) + (=Q=H)

H H
base(1) acid(2) acid(1) base(2)

o!- @;. 2. o
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More basic

More acidic

<

[H;07] pH [OH ] pOH
14.00 0.00
13.00 /\ 1.00
12.00 2.00
11.00 3.00
10.50 3.50
10.00 4.00
9.00 5.00
8.00 6.00
——7.00 ——  ——17.00
6.00 8.00
5.00 9.00
4.50 9.50
4.00 10.00
3.00 11.00
2.00 12.00
1.00 13.00
v 0.00 14.00
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1 M NaOH i
10~ 14 (pH 14.0)

Household
ammonia
(pH 11.9)

BASIC

Milkof [~ !
magnesia
(pH 10.5) | 10

Baking soda
(0.1 M) (pH 8.4)
Sea water [~ 8

(pH 7.0-8.5)
Blood

10771 (H74) 7
Milk
(pH 6.4)
Urine
(pH 5-7)

NEUTRAL

Beer
(pH 4-4.5)
Carbonated

water

(pH 3.9) L3
Vinegar
(pH 2.4-3.4)

ACIDIC
I
(]

Gastric juices
(pH 1.0-2.0)

1 M HCI
(pH = 0)

[Hi0%]
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TABLE 16.2

The Common Strong
Acids and Strong Bases

Acids Bases
HCl LiOH
HBr NaOH
HI KOH
HCIO, RbOH
HNO; CsOH
H2804a Mg(OH)z
C&(OH)Z
SI'(OH)2
B&(OH)Q

*H,SO, ionizes in two
distinct steps. It is a strong
acid only in its first ionization
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Ionization

Acid strength

Ionization Equilibrium Constant K pK
Acid K, = PK,
lodic acid HIO; + H,O H,0" + 105~ 1.6 X 10~ 0.80
Chlorous acid HCIO, + H,O0 H;0" + ClIO,~ 1.1 X 1072 1.96
Chloroacetic acid HC,H,CIO, + H,0 H,0" + C,H,Cl0,~ 1.4 X 1073 2.85
Nitrous acid HNO, + H,O H,0" + NO,~ 72 X 1074 3.14
Hydrofluoric acid HF + H,0 H,Ot + F~ 6.6 X 1074 3.18
Formic acid HCHO, + H,0 H,0" + CHO,~ 1.8 X 1074 3.74
Benzoic acid HC,Hs0, + H,O H3O+ + C;H;0,™ 6.3 X 1077 4.20
Hydrazoic acid HN; + H,0 H,0" + N;~ 1.9 X 1073 4.72
Acetic acid HC,H;0, + H,0 H;0" + C,H;0,~ 1.8 X 1073 4.74
Hypochlorous acid HOCI + H,O0 H3,O+ + OCl1™ 29 X 1078 7.54
Hydrocyanic acid HCN + H,0 H,O0" + CN~ 6.2 X 10710 9.21
Phenol HOC.H5 + H,0 H;0" + C,H;O™ 1.0 X 10719 10.00
Hydrogen peroxide H,0, + H,0 H,0" + HO, ™~ 1.8 10712 11.74
Base K, = Pk,
Diethylamine (C,H5),NH + H,O (C2H5)2NH2+ + OH™ 69X10¢ 3.16
Ethylamine C,HsNH, + H,0 C,HsNH;" + OH™ 43 %1074 3.37
Ammonia NH; + H,0 NH,* + OH™ 1.8 X 107 4.74
Hydroxylamine HONH, + H,0O HONH,; " + OH™ 9.1 X 107? 8.04
Pyridine C;HsN + H,0 CsHsNH" + OH~ 1.5x107? 8.82
Aniline C¢HsNH, + H,0 CcHsNH;™ + OH™ 74x10710 913

Base strei
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TABLE 16.1 Relative Strengths of Some Common Bronsted-Lowry Acids and Bases

Acid Conjugate Base

Perchloric acid HCIO, Perchlorate ion
Hydroiodic acid HI Iodide ion
Hydrobromic acid HBr Bromide ion
Hydrochloric acid HCl Chloride ion
Sulfuric acid H,SO, Hydrogen sulfate ion
Nitric acid HNO;4 Nitrate ion

% | Hydronium ion® H, 0™ Water®
2 | Hydrogen sulfate ion HSO,~ Sulfate ion
:]J Nitrous acid HNO, Nitrite ion
= | Acetic acid HC,H;0, Acetate ion
§ Carbonic acid H,CO, Hydrogen carbonate ion
£ | Ammonium ion NH,* Ammonia
Hydrogen carbonate ion HCO;™ Carbonate ion
Water H,0 Hydroxide ion
Methanol CH,OH Methoxide ion
Ammonia NH; Amide ion

?The hydronium ion-water combination refers to the ease with which a proton is passed from one water molecule to another;
that is, H;O" + H,O — H,0 + H;0™

Copyright © 2007 Pearson Prentice Hall, Inc.



Acid Ionization Equilibria Ionization Constants, K pK
Hydrosulfuric? H,S + H,0 =< H,;0" + HS™ K, = 10X 107 pK, =7.00
HS™ + H,O — H;0" + §2~ K, =1x10"1 pK, = 19.0
Carbonic? H,CO; + H,0 == H;0" + HCO;~ K'a1 =44 %1077 pKEll = 6.36
HCO;~ + H,0 == H;0" + CO42~ K, =47x107" pK, = 10.33 -
Phosphoric H,PO, + H,0 =— H;0* + H,PO,~ K, =7.1X107 pK, =2.15 50
H,PO,” + H,0 =— H;0* + HPO,?~ K, =63x107° pK, =720 é
HPO,>~ + H,0 == H;0" + PO~ K, =42x1071 pK, = 1238 _.
Sulfurous® H,SO; + H,0 == H;0" + HSO;~ Ka1 =13 X 1072 pKEll = 1.89
HSO;™ + H,0 == H;0" + S0;2~ K, =62X1078 pK, =721
Sulfuricd H,SO, + H,0 == H;0" + HSO,~ Ka1 = very large pKal <0
HSO,” + H,0 =— H;0" +S0,%~ K, =11X1072 pK, =196
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H—ITT‘.'
H

ammonia
pKy, = 4.74

1T
H—(|3—1TI.

H H

methylamine

CH,NH,, pK, = 3.38
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Grado de Disoclacion
HC,H.O, +H,0 < H,0"+C,H,0O,”

C, —X X X
. [H30+][C2H302‘] .
2 [HC,H.0,]
2
18%10° = =
C,—X
Cus ]

>100 = se desprecia X
a,b

a,b= 4cido o base segun corresponda



Percent 1onization

HCI

100 - 5
(3.70) (2.70) "(2.40) (2.00)
30 —
60 — | HC2H30,
40 —
(4.29)
/
_— Qa (3‘58) (3.38)
O -

I I I I I I
0 0.0020 0.0040 0.0060 0.0080 0.010

Molarity of acid

( ) represents pH of solution
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Teoria acido-base de Lewis

« Un acido de Lewis es una especie (atomo,
lon 0 molécula) que es un aceptor de pares
de electrones.

« Una base de Lewis es una especie que es
dadora de pares de electrones.

 La reaccion entre ambos genera una
especie unida por enlace covalente llamada
aducto
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Al(H,0)3* + H,0 == [AI(OH)H,0)s]** + H,0"

i b
O/
. H,O0 OH
P i ST TP 2
0O — Al
H,0” | ~OH,
H O
7 %
. H H |
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