Chapter 14:
Acids and Bases

Acids Bases
Sour taste Bitter taste
React with active metalsto giveH,  Slippery feeling

Change colors of indicators, e.g.,
litmus turns from blue to red
Produce CO, when added to
limestone

Neutralize bases

Some acidic substances

Vinegar, tomatoes, citrusfruits,
carbonated beverages, black coffee,
gastric fluid, vitamin C, aspirin

Change colors of indicators, e.g.,
litmus turns from red to blue

Neutralize acids

Some basic substances
Household ammonia, baking soda,
soap, detergents, milk of magnesia,
oven cleaners, lye, drain cleaners

Common household substances that contain
acids and bases. Vinegar is a dilute solution
of acetic acid. Drain cleaners contain strong
bases such as sodium hydroxide.

Common acids

Name Strength

Use

Sulfuric acid Strong

Hydrochloricacid  Strong
Nitric acid Strong
Phosphoric acid Moderate

Acetic acid Weak
Propionic acid Weak
Citric acid Weak
Carbonic acid Weak
Boric acid Weak

Cleaning steel, car batteries, making
plastics, dyes, fertilizers

Cleaning metals and brick mortar
Making fertilizers explosives, plastics
Making fertilizers, detergents, food
additives

Vinegar

Swiss cheese

Fruits

Carbonated beverages

Eye drops, mild antiseptic




Common bases

Name Strength Use

Sodium hydroxide  Strong Drain cleaner, producing aluminum,
rayon, soaps and detergents

Potassium hydroxide Strong Producing soaps, detergents, fertilizers

Calcium hydroxide  Strong Producing bleaching powder, paper and
pulp, softening water

Ammonia Weak Producing fertilizers, explosives,

Sodium bicarbonate Weak

Sodium carbonate

Weak

plastics, insecticides, detergents
Antacid
Detergents, glass-making

z |
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14.1 The Nature of Acids
and Bases

Models of AC|ds and Bases

Arrhenius concept:
Acids produce H* in aqueous solution.
Bases produce OH" ion

Bronsted-Lowry model:
Acids are proton (H*) donors.
Bases are proton acceptors.

HCl + H,O ® CI + H;O*
acid base




Conjugate Acid/Base Pairs

HA(aq) + H,O(l) =H;0"(aq) + A (aq)

Acid Base Conjugate Conjugate
acid base
conjugate base ( ): everything that

remains of the acid molecule after a proton
is lost. ( )

conjugate acid ( ): formed when the
proton is transferred to the base. (

)

14.2 Acid Strength
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Acid Dissociation Constant (K,)
HA(aq) + H,O(l) =H;0"(aq) + A'(aq)

or HA(aq) — H"(aq) + A (aq)

« HoJaT] [H]a]

a [HA] [HA]

Q- -2—-a-Q

Sample exercise 14.1
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Acid Strength

HA(aq) + H,O(l)=H;0"(aq) + A" (aq)
Strong Acid:
Its equilibrium position lies far to the right.
[ :HNOgquq) ® H'gg + NOg )]
Yields a weak conjugate base. (NO3")
Weak Acid:
Its equilibrium position lies far to the left.
[ : CH;COOH (3 ¢y= H*(qy + CH;COO (]
Yields a much stronger (relatively strong)
conjugate base than water. (CH;COO")
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Fig. 14.4:Graphic
representation

of the behavior of
acids of different
strengths in
aqueous solution.
(a) A strong acid.
(b) A weak acid.

After dissociation,
Before dissociation at equilibrium
HA HY A~
(@
HA HA
HY A~
(b)

Fig. 14.5: The
relationship of
acid strength and
conjugate base
strength for the
reaction:

HA(aq) + H,0()=H_0*(aq) + A" (aq)

(HA)
(A9

Relative
acid
strength

‘Weak

Very
weak

Relative
conjugate
base

strength

f

Very
weak

Fig. 14.6: (&) A strong acid HA is completely
ionized in water. (b) A weak acid HB exists mostly
as undissociated HB molecules in water. Note that
the water molecules are not shown in this figure.
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TABLE 14.1 Various Ways to Describe Acid Strength

Property

Strong Acid

Weak Acid

K, value

Position of the dissociation
(ionization) equilibrium

Equilibrium concentration of
H* compared with original
concentration of HA

Strength of conjugate base
compared with that of water

K, is large
Far to the right

[H'] = [HAL

A™ much weaker
base than H,O

K, is small
Far to the left

[H'] <[HAJ

A™ much stronger
base than H,O
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- monoprotic acid ( ):

1 acidic proton, HCI

- diprotic acid ( ):

2 acidic proton, H,SO,

- triprotic acid ( ):

3 acidic proton, HCI
Oxyacids ( ):
the acidic proton

Organic acids ( ):
—COOH (carboxyl group)

H,SO,
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Water as an Acid and a Base

Water is amphoteric (it can behave
either as an acid or a base).

H,O(l) + H,O0()==H;0"(aq) + OH (aq)
lon-product constant (or dissociation constant):
Ky = [H3O*][OH-] = [H*][OH"]

Ky =17 10 % at 25C

T-, K, P indicating an endothermic process
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TABLE 14.2 Values of K, for Some Common Monoprotic Acids

Formula Name Value of K,*

HSO,~ Hydrogen sulfate ion 12 %1072

HCIO, Chlorous acid 1.2 X 1072 =
HC,H,CI0, Monochloracetic acid 135 X 107° ®
HF Hydrofluoric acid 7.2 X 107* g
HNO, Nitrous acid 40 % 107* o
HC,H,0, Acetic acid 1.8 X 107° g
[AI(H,0)¢]>* Hydrated aluminum(III) ion 14 X 107 %D
HOCI Hypochlorous acid 35 % 107* §
HCN Hydrocyanic acid 6.2 X 10710 S
NH," Ammonium ion 56 X 107" =
HOCH; Phenol 1.6 X 10710

Sample exercise 14.2
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14.3 The pH Scale

20




_The pH Scale
PH » - log[H"]

pH in water ranges from O to 14

At 25C, K, =1.00 " 10 = [H*] [OH]

pK,, = 14.00 = pH + pOH
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14.4 Calculating the pH of
Strong Acid Solutions

14.5 Calculating the pH of
Weak Acid Solutions
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IH pH
10" 14 <— 1 MNaOH
O RE
Basic 102 12 <— Ammonia f
(Household
0 ORI cleaner) §
e i j,. !
&
10° 9
0% 8 L H
~—Blood
Neutral 107 7 <— Pure water
~—Milk
10°¢ 6
s s Fig. 14.8: Fig. 14.9:
04 4 The pH scale pH meters
107 3 =~ Vinegar _ and pH values are used to
~— Lemon juice
Acidic 1072 2 ~<— Stomach acid Of some measure
o common acidity.
h o ~—1MHCl substances.
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Solving Weak Acid
Equilibrium Problems

T T i e R BN PP E R s PR

List major species in solution.

. Choose species that can produce H* and
write reactions.

. Based on K values, decide on dominant
equilibrium.

. Write equilibrium expression for
dominant equilibrium.

. List initial concentrations in dominant
equilibrium.
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6. Define change at equilibrium (as “x”

7. Write equilibrium concentrations in terms
of x.

8. Substitute equilibrium concentrations into
equilibrium expression.

9. Solve for x the “easy way.”
10.Verify assumptions using 5% rule.
11.Calculate [H*] and pH.

Be systematic, flexible, patient, and confident.
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An acetic acid
solution,
which is a
weak
electrolyte,
contains only
a few ions
and does not
conduct as
much current
as a strong
electrolyte.
The bulb is

only dimly lit.

Percent Dissociation
(lonization)

amount dissociated(M) .

— . 100%
initial concentration(M)

% dissociation =

HA,

[HAl, P [H*] , % dissociation -

26

Figure 14.10: The effect of dilution on the
percent dissociation and [H*] of a weak acid
solution.

More concentrated More dilute

ntration

Perbe}nf di

ntration
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14.6 Bases

29

Ca(OH), : slaked lime
> SO,
SO,(g) + H,O() =H,SO4(aq)
Ca(OH),(aq) + H,SO;(aq)=CaS0;(s) + 2H,0(1)
>
lime-soda process: CaO+Na,CO4

Ca(OH)z(aq)+C/a2+(aq)+2HC03—(aq) ® 2CaC054+2H,0,

from hard water 31

Bases ( )

F1 “Strong” and “weak” are used in the
same sense for bases as for acids.

m strong = complete dissociation (hydroxide
ion supplied to solution)

NaOH(s) ® Na*(aq) + OH (aq)

m weak = very little dissociation (or reaction
with water)

H;CNH, (aq)+H,0(l) « H;CNH;*(aq)+O0H-(aq)

30

B(ag) + H,O(l) — BH"(aq) + OH"(aq)

Base Acid Conjugate  Conjugate
acid base

K, = |BH+[|B|]OH' |

TABLE 14.3 Values of K, for Some Common Weak Bases

Conjugate
Name Formula Acid Ky
Ammonia NH, NH,* 1.8 X 107
Methylamine CH;3NH, CH;NH;* 4.38 X 107
Ethylamine C,H;NH, C,HsNH;* 5.6 X 107
Aniline CgHsNH, CeHsNH;* 3.8 X 10710

Pyridine CsHsN CsHsNH" 1.7 X 107°
32




14.7 Polyprotic Acids
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TABLE 14.4 Stepwise Dissociation Constants for Several Common Polyprotic Acids

Name Formula Ko, K, K,
Phosphoric acid H;PO, 7.5 % 107° 62 x 107" 48 x 107"
Arsenic acid H3AsO, 5% 1073 8 x 107" 6% 1071
Carbonic acid H,CO,4 43 % 1077 5.6 % 107"

Sulfuric acid H,S0, Large 12 x 102

Sulfurous acid H,S0, 1.5 x 1072 1.0 % 1077

Hydrosulfuric acid* H,S 1.0 x 1077 ~107"

Oxalic acid H,G,0, 6.5 % 10?2 6.1 % 10°

Ascorbic acid H,C4H, 04 7.9 X 107° 1.6 X 1072
(vitamin C)
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Polyprotic Acids ( )

- can furnish more than one H* to the solution
- dissociate in a stepwise manner

H2CO3 — H+ + HCOs_ (Kal)
HCOy = H*'+COZ (K,

For a typical weak polyprotic acid,

Kal = Ka2 = Ka3

14.8 Acid-Base Properties
of Salts

36




14.9 The Effect of Structure
on Acid-Base Properties
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Structure and Acid-Base
Properties

Tupe Cation Anion Acidic Example
e 1 ) )| orBasc P
neutral neutral neutral NaCl
conj base of .
neutral ) . basic NaF
wesk acid
conj acid of -
neutral acidic NH,Cl
weak base 4
conj acid of | conj base of | depends on K, NHLCN
weak base | weak acid | & K, values 4
Qualitative Prediction of pH
for Solutions of Salts for
Which Both Cation and Anion
Have Acidic or Basic
Properties
K, > K, pH < 7 (acidic)
K, > K, pH > 7 (basic)
K, =K, pH = 7 (neutral) 37
TABLE 14.6 Acid-Base Properties of Various Types of Salts
Type of Salt Examples Comment pH of Solution
Cation is from strong base; anion is KCl, KNO;, Neither acts as an Neutral
from strong acid NaCl, NaNO, acid or a base
Cation is from strong base: anion is NaC,H,0,, Anion acts as a base; Basic
from weak acid KCN, NaF cation has no effect
on pH
Cation is conjugate acid of weak base; NH,CI, Cation acts as acid; Acidic
anion is from strong acid NH,NO; anion has no effect
on pH
Cation is conjugate acid of weak base;  NH,C,H;0,, Cation acts as an acid; Acidic if K, > K,
anion is conjugate base of weak acid NH,CN anion acts as a base basie if Ky, > K,.
neutral if K, = K,
Cation is highly charged metal ion: AlNO,);. Hydrated cation acts as  Acidic
anion is from strong acid FeCl, an acid; anion has no

effect on pH
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Two factors for acidity in binary
compounds:

‘Y Bond Polarity (high is good)

N Bond Strength (low is good)




TABLE 14.7

Bond Strengths and Acid
Strengths for Hydrogen

Halides

Bond Acid

Strength Strength

H—X Bond (kJ/mol) in Water
H—F 565 Weak
H—Cl 427 Strong
H—Br 363 Strong
H—I 295 Strong

Bond polarity: H-F > H-Cl > H-Br > H-I

Bond strength: H-F > H-Cl H-Br > H-I
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Cl—O—H

Fig. 14.11:

The effect of _
the number of 0—Cl—0—H
attached -
oxygens on

the O—H bond o_

in a series of oo
chlorine

oxyacids.

O0—Cl—O—H

As the # of O atoms -
P the acid strength -

'O\

TABLE 14.8 Several Series of Oxyacids and Their K, Values

Oxyacid Structure K, Value
/0
HCIO, H*O*Clio Large (~107)
o
/O
HCIO; I-[fOfCI\ ~1
o
HCIO, H—0—Cl—0 12 x 1072
HCIO H—0—Cl BEPAIOR
O—H
H,SO,4 Hfofs\fo Large
o
O—H
7 2
H,S0, H—0—5 1.5 X 10
o
o
HNO, F=O=R Large
[e]
HNO, H—0—N—0 40x 107 42

TABLE 14.9 Comparison of Electronegativity of X and K, Value for a
Series of Oxyacids

Electronegativity
Acid X of X K, for Acid
HOCI Cl 3.0 4 %1078
HOBr Br 2.8 2 R 197
HOI I 2.5 % X 1™
HOCH, CH, 2.3 (for carbon in CHj) ~10715

Cl>Br> 1> C (in -CHy)
HOCI > HOBr > HOI > HOCH,4




14.10 Acid-Base Properties
of Oxides
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14.11 The Lewis Acid-Base
Model
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Oxides
RN RF RS T N LIRS RTY T A e

» Acidic Oxides (Acid Anhydrides):
g9 O- X bond is strong and covalent.

: SO,, NO,, CO,

« Basic Oxides (Basic Anhydrides):
g5 O- X bond is ionic.
: K,0, CaOo
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Lewis Acids and Bases

Lewis Acid: electron pair acceptor
Lewis Base: electron pair donor

3+
/H B ./H
A3 +6(0_ | —|AITO
H H/e
Lewis Lewis

acid base
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099"

Fig. 14.12:

Q OO Q
0«) - O ?'\)
o
Reaction of BF; with NH,.

A
-9 — @ d

QQ

Fig. 14.13: The Al(H,0)¢>" ion.

"

14.12 Strategy for Solving
Acid-Base Problems:
A Summary
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TABLE 14.10 Three Models for Acids and Bases
Model Definition of Acid Definition of Base
Arrhenius H™ producer OH™ producer
Bronsted—Lowry H™ donor H™ acceptor
Lewis Electron-pair acceptor Electron-pair donor
50
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= 1 List the major species in solution.
= 2 Look for reactions that can he assumed to go to completion—for example, a strong acid
dissociating or H* reacting with OH~.
"> 3 Fora reaction that can be assumed to go to completion:
a. Determine the concentration of the products.
b. Write down the major species in solution after the reaction.
= 4 Look at each major component of the solution and decide if it is an acid or a base.
= 5 Pick the equilibrium that will control the pH. Use known values of the dissociation constants for
the various species to help decide on the dominant equilibrium.
a. Write the equation for the reaction and the equilibrium expression.
b. Compute the initial concentrations (assuming the dominant equilibrium has not yet
occurred, that is, no acid dissociation, and so on).
¢ Define x.
d. Compute the equilibrium concentrations in terms of x.
e. Substitute the concentrations into the equilibrium expression, and solve for x.
f. Check the validity of the approximation.
g. (alculate the pH and other concentrations as required.

Although these steps may seem somewhat cumbersome, especially for simpler problems, they will
become increasingly helpful as the aqueous solutions become more complicated. If you develop the
habit of approaching acid—base problems systematically, the more complex cases will be much easier
to manage. 52




Blood buffer: dissolved CO, ( CO, pH )

Examples: 50:(g) + HOM} — Hy50,(aq)
COy(9) +HLO() ® H,LO4aq) SO4lg) + HO(1) — H,50,(aq)
added OH: HCO(aq) + OH (ag)® HCO4(aq) + HO(I) ZNOSig) + HO() — HNOylag) + HNO;{ag}

COy{g) + H0() — H.CO4faq)

addedH*: HCOjg(ag) + H*(ag) ® H,CO4(@q)

Mormal Ranges of Some Biood Components P ey
: | Sadcis

iness
Plasma Compoment HMormal Range
HCO, -2 m Egiitert ph 745 AL
Peo, 3545 mm Hg L]
Pa, F5-100 mm Hg
pH 7.35-7.45
“prgreised Iy ke mgitalenti jier e m
H >7.45 alkalosis(e.g. hyperventilation
p (eg.hyp ) o I

pH < 7.35 acidosis (e.g. breathe with a bag covering one s nose & mouth) -

(gastricjuice): HCI [pH of the stomach: 0.9—1.5]

(acid indigestion or heartburn)
(ulcer) (antacids)

Inssdubde Hydrazides Larkanats Baved

Murmivers Byt sicke, AH0H), bt crbone, T30, S

g pdromide. RGO, Slagricinim caibosate. MO, Fi '-u--m?
g

el rm ythrogein carlasate, FaHOO, '\Oz':: b B
Prtiiien by roges caronise, KHCO, .




