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14.1 The Nature of Acids and Bases
Acids were first recognized as a class of substances that taste sour.
Bases, sometimes called alkalis, are characterized by their bitter taste and slippery feel.

Arrhenius Concept- acids produce hydrogen ions in aqueous solution, while bases produce
hydroxide ions. Limited because it applies only to aqueous solutions and allows for only one kind
of base.

Bragnsted—Lowry model, an acid is a proton (H*) donor, and a base is a proton acceptor.
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Note that the proton is transferred from the HCI molecule to the water molecule to form HzO*,
which is called the hydronium ion*.

HA(ag) + H,0(/) ==H,0"(aq) + A (aq)
Acid Base Conjugate Conjugate
acid base

Conjugate Base is everything that remains of the acid molecule after a proton is lost.
Conjugate Acid is formed when the proton is transferred to the base.

Conjugate Acid-Base Pair consists of two substances related to each other by the donating and
accepting of a single proton. Look for the species that are off by 1 H*.

HA(ag) + H,O0(/) ==H;0"(ag) + A (aq)
Acid Base Conjugate Conjugate
acid base

The equilibrium expression for the reaction is

g — HO' A7) [H'][A7]
] [HA] [HA]

(Both H3O" aq) and H*(ag) are commonly used to represent the hydrated proton.)
Ka is called the acid dissociation constant.

This reaction needs to be looked at like a competition for the H* between water and the
conjugate base. Whichever species gets the H* is the stronger base.

If H20 is a much stronger base than A", that is, if H2O has a much greater affinity for H than
does A", the equilibrium position will be far to the right; most of the acid dissolved will be in the
ionized form. Conversely, if A" is a much stronger base than H-O, the equilibrium position will
lie far to the left. In this case most of the acid dissolved will be present at equilibrium as HA.



HA(ag) + H,0() =H,0"(aq) + A (aq)
Acid Base Conjugate Conjugate
acid base

In a dilute solution we can assume that the concentration of liquid water remains essentially
constant when an acid is dissolved. Thus the term [H20] is not included in the equilibrium
expression, and Kj has the same form as that for the simple dissociation into ions:

HA(ag) ==H"(aq) + A (aq)

We can leave out the water, but don’t forget that the H is really hydronium HsO".
Acid Dissociation (lonization) Reactions

Write the simple dissociation (ionization) reaction (omitting water) for each of the following
acids.

a. hydrochloric acid (HCI)

b. acetic acid (HC2H302)

c. the ammonium ion (NH4")

d. the anilinium ion (CeHsNH3*)

e. the hydrated aluminum(111) ion [AlI(H20)6]**



14.2 Acid Strength

The strength of an acid is defined by the equilibrium position of its dissociation (ionization)
reaction:

HA(ag) + H,0(/) ==H,0"(aq) + A (aq)
Acid Base Conjugate Conjugate
acid base

A strong acid is one for which this equilibrium lies far to the right. This means that almost all
the original HA is dissociated (ionized) at equilibrium.

A strong acid yields a weak conjugate base—one that has a low affinity for a proton. A strong
acid also can be described as an acid whose conjugate base is a much weaker base than water.

A weak acid is one for which the equilibrium lies far to the left. Most of the acid originally
placed in the solution is still present as HA at equilibrium. A weak acid dissociates only to a very
small extent in aqueous solution. A weak acid has a conjugate base that is a much stronger base
than water. The weaker the acid, the stronger its conjugate base.

Strong Acids

sulfuric acid, H2SOu4(aq),
hydrochloric acid, HCl(ag),
hydrobromic acid, HBr(ag),
hydroiodic acid, Hlg),
nitric acid, HNO3(ag),

perchloric acid, HCIO4(ag)



Sulfuric acid is actually a diprotic acid, an acid having two acidic protons.

The acid H2SOg is a strong acid, virtually 100% dissociated (ionized) in water:
H,S0,(aq) —> H"(ag) + HSO,  (aq)

The HSO4 ion, however, is a weak acid:
HSO, (ag) ==H"(ag) + SO, (aq)

(This becomes important when H2SO is at low concentrations.)

Most acids are oxyacids, in which the acidic proton is attached to an oxygen atom. There are
exceptions like HCI.

Organic acids, those with a carbon atom backbone, commonly contain the carboxyl group.

0 Acids of this type are usually weak. Examples are acetic acid (CH3COOH),
V4 often written HC2H303, and benzoic acid (CeHsCOOH).

Monoprotic acids- those acids having one acidic proton

Strong Acids have very large Ka values and are not listed below. Just know them.

Formula Name Value of K *

HSO,~ Hydrogen sulfate ion 1.2 X 1072

HCIO, Chlorous acid 1.2 X 1072 =
HC,H,ClO; Monochloracetic acid 1.35 X 1073 '§0
HF Hydrofluoric acid 7.2 X 10°* =
HNO, Nitrous acid 4.0 %X 10°* -
HC,H10, Acetic acid 1.8 X 1075 =
[Al(H;0):P" Hydrated aluminum(lll) ion 14 X 10°° &
HOC] Hypochlorous acid 3.5X 1078 E
HCN Hydrocyanic acid 6.2 X 10710 S
NH," Ammonium ion 5.6 x 1071° =
HOCH: Phenol 1.6 x 10710




Relative Base Strength

Using the K. Table (make them acids by adding an H"), arrange the following species according
to their strengths as bases (reverse order from acid strength (water is between strong and weak)):

H-0, F, CI, NO2’, and CN".

Water as an Acid and a Base

A substance is said to be amphoteric if it can behave either as an acid or as a base. Water is the
most common amphoteric substance. We can see this clearly in the autoionization of water,
which involves the transfer of a proton from one water molecule to another to produce a
hydroxide ion and a hydronium ion:

=N N

O+ O =
S S
H H

+
H/E:\H} + [O— HJ B

In this reaction, one water molecule acts as an acid by furnishing a proton, and the other acts as a
base by accepting the proton.

The autoionization reaction for water 2H,0() ==H;0"(aq) + OH (aq)
leads to the equilibrium expression K, = [H;0°[OH ] = [H*][OH ]
where Ky, called the dissociation constant for water. At 25°C in pure water,

[H*]=[OH ]= 10 x 10'M

[H*JJOH ] = (1.0 X 1077)(1.0 X 1077)
1.0 < 107"

K,

a neutral solution, where [H*] = [OH]
an acidic solution, where [H*] = [OH]
a basic solution, where [OH™] = [H™]

Kw is temperature dependent. at 37°C, Ky = 2.42 x 107
[HY)[OH ] = 242 x 107"
[H*] = [OH ] = 1.55 X 1077

So the pH for a neutral solution at 37°C is 6.81.



Calculating [H*] and [OH"]

Calculate [H*] or [OH] as required for each of the following solutions at 25°C, and state whether
the solution is neutral, acidic, or basic.

a. 1.0 X 10° M OH-

b. 1.0 X 107" M OH"

c.10.0M H*

Autoionization of Water

At 60°C, the value of Ky is 1 X 10713

Using Le Chatelier’s principle, predict whether the reaction is exothermic or
endothermic.
2H,0()) =—=H,0" (ag) + OH (aq)

Calculate [H*] and [OH] in a neutral solution at 60°C.



14.3 The pH Scale

The pH scale provides a convenient way to represent solution acidity.

pH = —log[H"]

EX. [H*']=10x 107'M
pH = —(—7.00) = 7.00

Sig. Figs.*** The number of decimal places in the log is equal to the number of significant
figures in the original number. 2 significant figures
[H]=1.0x10°M
pH = 9.00

~~ 2 decimal places
Similar log scales are used for representing other quantities; for example,
pOH = —log[OH™]
pK = —log K
The pH changes by 1 for every power of 10 change in [H*]. For example, a solution of pH 3 has
an H* concentration 10 times that of a solution of pH 4 and 100 times that of a solution of pH 5.

Also note that because pH is defined as -log[H*], the pH decreases as [H*] increases.
Calculating pH and pOH
Calculate pH and pOH for each of the following solutions at 25°C.

a.1.0 X 10° M OH-

b.1.0 M OH"



Calculations Using pH

The pH of a sample of human blood was measured to be 7.41 at 25°C. Calculate pOH, [H"], and
[OH] for the sample.

14.4 Calculating the pH of Strong Acid Solutions

***Autoionization of water is important if the concentration of a strong acid is less than 10"M.
For typical concentrations this contribution can be disregarded.

Strong acids ionize 100%
pH of Strong Acids
a. Calculate the pH of 0.10 M HNOa.

b. Calculate the pH of 1.0 X 1071 M HCI.

Did you notice what just happen?



14.5 Calculating the pH of Weak Acid Solutions
**Use the acid with the larger Kavalue if 2 are present, to determine the dominate source of H.

Determine the pH of 1.0 M HF (Ka 7.2 X 10%)



The pH of Weak Acids

The hypochlorite ion (OCI") is a strong oxidizing agent often found in household bleaches and
disinfectants. It is also the active ingredient that forms when swimming pool water is treated with
chlorine. In addition to its oxidizing abilities, the hypochlorite ion has a relatively high affinity
for protons (it is a much stronger base than CI, for example) and forms the weakly acidic
hypochlorous acid (HOCI, K, = 3.5 X 10®).

Calculate the pH of a 0.100-M aqueous solution of hypochlorous acid.



The pH of Weak Acid Mixtures

Calculate the pH of a solution that contains 1.00 M HCN (K, = 6.2 X 10%) and 5.00 M HNO,

(Ka = 4.0 X 10%). Also calculate the concentration of cyanide ion (CN") in this solution at
equilibrium.



Percent Dissociation

t dj iated 1/L
amount dissociated (mol/L) % 100%

Percent dissociation = ——; .
initial concentration (mol/L)

For a given weak acid, the percent dissociation increases as the acid becomes more dilute.

Calculating Percent Dissociation

Calculate the percent dissociation of acetic acid (K, = 1.8 X 107°) in each of the following
solutions:

a. 1.00 M HC2H302

b. 0.100 M HC2H30:>



Calculating Ka from Percent Dissociation

Lactic acid (HC3Hs03) is a chemical that accumulates in muscle tissue during exertion. In a
0.100-M aqueous solution, lactic acid is 3.7% dissociated. Calculate the value of K for this acid.



14.6 Bases
Arrhenius concept, a base is a substance that produces OH" ions in agueous solution.

All the hydroxides of the Group 1 elements (LiOH, NaOH, KOH, RbOH, and CsOH) are strong
bases, but only NaOH and KOH are common laboratory reagents, because the lithium, rubidium,
and cesium compounds are expensive. The alkaline earth (Group 2) hydroxides—Ca(OH)z,
Ba(OH)., and Sr(OH)>—are also strong bases. For these compounds, 2 moles of hydroxide ion
are produced for every mole of metal hydroxide dissolved in aqueous solution.

The pH of Strong Bases

Calculate the pH of a 5.0 X 102M NaOH solution.

Calculate the pH of a 5.0 X 102M Ca(OH): solution.

Weak Bases

Kby always refers to the reaction of a base with water to form the conjugate acid and the
hydroxide ion.

B(ag) + H,O() ==BH"(ag) + OH (aq)

Base Acid Conjugate Conjugate
acid base
K = [BH" J[OH™]
=
[B]
Conjugate
Name Formula Acid K
Ammonia NH; NH,* 1.8 10°°
Methylamine CH3;NH, CH3NH3;" 438 X 10°*
Ethylamine C3;HsNH;, CoHsNH5™ 5.6 X 1074
Aniline CeHsNH, CeH:NH;* 3.8 X 10710

Pyridine CcHN CsHsNH™ 1.7 X 107°



The pH of Weak Bases |
Calculate the pH for a 15.0-M solution of NH3 (Kp = 1.8 X 10°®).

The pH of Weak Bases |1
Calculate the pH of a 1.0-M solution of methylamine (Ky=4.38 X 107%).



14.7 Polyprotic Acids

Some important acids, such as sulfuric acid (H2SOs4), carbonic acid (H2COs), and phosphoric
acid (HsPOa), can furnish more than one proton and are called polyprotic acids.

Carbonic Acid

[H"J[HCO,"]

H,CO, —H" + HCO,~ K = =43 x 1077
,CO5(aq) (aq) s (ag) K, [H,CO,]

_ N . [HT][CO," ] i
HCO, —H + COL2 K, =———22=56x10

3 (aq) (aq) v (aq) K, (HCO, ] 5

The successive Kavalues for the dissociation equilibria are designated Ka1 and Kao.

***The conjugate base HCOs3" of the first dissociation equilibrium becomes the acid in the
second step.

Phosphoric acid is a triprotic acid (three protons) that dissociates in the following steps:

[H*][H,PO," ]

H;PO4(ag) =H"(ag) + H,PO; (aq) K, =—F ———=75x10"
[H;PO,]
, H*|[HPO /" .
H,PO, (ag) ==H"(ag) + HPO/ (aq) K, = M =62x 107"
) . [H,PO,"]
q . H*|[PO,*~ ]
HPO/ (ag) ==H"(aq) + PO/ (aq) K, = % =48 x 107"
- [HPO /|
For a typical weak polyprotic acid,
K, =K, =K,
The acid involved in each step of the dissociation is successively weaker.
Name Formula K., K., K.,
Phosphoric acid HiPOy4 7.5 x 1073 6.2 % 10°¢ 4.8 x 10713
Arsenic acid H.AsQ, 5.5% 1073 1.7 X 1077 5.1x10°%
Carbonic acid H,CO, 43 %1077 56 X 1071
Sulfuric acid H.50, Large 1.2 x 102
Sulfurous acid H.50: 1.5 % 1072 1.0x 107
Hydrosulfuric acid” H,S 1.0x 1077 ~10°%
Oxalic acid H,C,0, 6.5 X 1072 6.1%10°°
Ascorbic acid (vitamin C) HaCeH:Og 7.9 %103 1.6 X 10712

Generally, the first dissociation step makes an important contribution to [H™].



The pH of a Polyprotic Acid

Calculate the pH of a 5.0-M H3POs solution and the equilibrium concentrations of the species
H3PO4, HoPO4, HPO4Z, and PO4%.



14.8 Acid—Base Properties of Salts
Salts That Produce Neutral Solutions

Salts that consist of the cations of strong bases and the anions of strong acids have no effect on
[H*] when dissolved in water. This means that aqueous solutions of salts such as KCI, NaCl,
NaNO3z, and KNOs are neutral (have a pH of 7).

Salts That Produce Basic Solutions

The conjugate base a weak acid has a significant affinity for a proton and will attack water for
the H*, leaving OH". You will be given a K, when you have a basic salt.

K, < K, = K,

K,
K =X
b K_,

Salts as Weak Bases

Calculate the pH of a 0.30-M NaF solution. The Kj value for HF is 7.2 X 10



Salts That Produce Acidic Solutions

Salts in which the anion is not a base and the cation is the conjugate acid of a weak base produce
acidic solutions.

The conjugate acid a weak base has no affinity for a proton and will give it up to water for the
leaving H3O". You will be given a K, when you have an acidic salt.

Salts as Weak Acids |
Calculate the pH of a 0.10-M NH4CI solution. The Ky value for NHs is 1.8 X 10°°.



14.9 The Effect of Structure on Acid-Base Properties

Thus there are two main factors that determine whether a molecule containing an X-H bond will
behave as a Bransted—Lowry acid: the strength of the bond and the polarity of the bond.

H—F > H—Cl > H—Br > H—1
: ‘

Most polar Least polar

Bond Acid
Strength Strength
H—X Bond (k) /mol) in Water

H—F 565 Weak
H—CI 427 Strong
H—Br 363 Strong
H—I 295 Strong

Another important class of acids are the oxyacids that contain the grouping H-O-X.

O—Cl—0O—H
< Electron density

O
. :
/t’_'l—O— H
O

< Electron density

o
O /(_'I—U—H
0

< Electron density

The effect of the number of attached oxygens on the O-H bond
in a series of chlorine oxyacids. As the number of very
electronegative oxygen atoms attached to the chlorine atom
increases, they become more effective at withdrawing electron
density from the O-H bond, thereby weakening and polarizing it.
This increases the tendency for the molecule to produce a
proton, and so its acid strength increases.

Acid X Electronegativity of X K. for Acid
HOCI Cl 3.0 41078
HOBr Br 2.8 2x10°°
HOI | 2.5 2x107 1
HOCH; CH- 2.3 (for carbon in CHs) ~10-15

The acidity of the water molecules attached to the metal
ion is increased by the attraction of electrons to the

. . Ve
positive metal ion: APE—0_

For acids containing the H-O-X grouping, the greater the ability
of X to draw electrons toward itself, the greater the acidity of the
molecule.

H

H



14.10 Acid-Base Properties of Oxides
H-O-X can behave as an acid or a base.

If X has a relatively high electronegativity, the O-X bond will be covalent and strong. When the
compound containing the H-O-X grouping is dissolved in water, the O-X bond will remain
intact. It will be the polar and relatively weak H-O bond that will tend to break, releasing a
proton. We have an acid.

On the other hand, if X has a very low electronegativity, the O-X bond will be ionic and subject
to being broken in polar water.

Covalent Oxide in water ~ (Add them together in your head)

SOs(g) + H,0() —

SO,(g) + HO(l) —
COg{gj T HZOU} -
2NO,(g) + H,0(l) —>

Thus when a covalent oxide dissolves in water, an acidic solution forms.

lonic Oxides in water (reverse water and add them in your head)

when an ionic oxide dissolves in water, a basic solution results

CaO(s) + H,O(l) —
K:O[ﬁ] T H:D(” —_—



14.11 The Lewis Acid—-Base Model

A Lewis acid is an electron-pair acceptor, and a Lewis base is an electron-pair donor.

H /H "
HT + N—H —— |H—N—H
H 5
H\
HY + [0—H|T — O
" /
5
F: H F H
N / N /
B—F: + N—H — :F—B—N—H
// - a \\ --.‘/’ '\\
:F: H ‘F H
/H /H 3+
APt + 60 — | AlI+O
N AN
H H



