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Models of Acids and Bases

pt: Acids produce H' in
solution, bases produce OH- ion.

Acid/Base Equilibria

Acids are H" donors, bases

are proton acceptors.

HC1+H,0 —» CI-+H;0*
acid = base

18.5 Which of the following are Arrhenius acids? <A:
(a) HO  (b) Ca(OH)2 () H3PO3 (d) HI
- = A Bronsted-Lowry acid...
18.7 Which of the following are Arrhenius bases? {A] must haVe a removable (acidic) proton

(a) H3AsO4  (b) Ba(OH); (c) HCIO (d) KOH
- - -— -

A Brensted-Lowry base...

...must have a pair of nonbonding electrons.

What Happens When an Acid

Dissolves in Water? Conjugate Acid/Base Pairs

HA(ag) + H,0() — H;07(ag) + A(aq)
conj conj conj conj
acid 1 base 2 acid 2 base 1

Water atts as a Brensted—Lowry base and abstracts a
proton (H") from the acid.

As a result, the conjugate base of the acid and a

hydronium ion are formed. conjugate base: everything that remains of

the acid molecule after a proton is lost.

HO  + HOM — O ag) + HO'(a)

conjugate acid: formed when the proton is
transferred to the base.
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1811 Write the K, expression for each of the following in water: {A
-

() HNO>  (b) CH;COOH ~ (c) HBrO»

18.12 Write the K; expression for each of the following in water:

Acid Dissociation Constant (K,)

(a) H,PO;  (b) H3PO, (¢) HSOF

HA(ag) + H,0(/) > H;0%(ag) + A<(aq) 1 e ) X "IJ.” : = H‘ ot + No-
) (4 n 2
. nt
cHo*3 M3

kc- : [.4.4/0,3

Wb cHcool "’4”,,? Ho* + cHytoo™
’ ¢

— T~ a-
- —Hot ¢+ S0
12 c l'/jaq + /‘/‘?')e 3 f ]

acd e

Acid and Base Strength

Acid Strength

Strong acids are completely
dissociated
in water.

Their conjugate bases are
quite weak.

Strong Acid:

Weak acids only dissociate
partially
in water.

- Its equilibrium position lies far to the right.
(HNO;)

Their conjugate bases are, ¥,

Yields a weak conjugate base. (NO5") weak bases.
»
Shveny v} Hgowq Kot ¢
wonk HA + KO, = Ho" <r”

o

- - Strong Acids
Strong Acid - Weak Acid 9
You will recall that the seven strong acids
are HCl, HBr, HI, HNO;, H,SO,, HCIO;,
After dissociation, and HC104

Before dissociation at equilibgiuuma

HA These are, by definition, strong electrolytes and exist

totally as ions in aqueous solution.

Strom)
For the monoprotic strong acids,

[H;0*] = [acid].

’V

v
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Strong Acids Acigoii’ﬁggth
HCI—Hydrochloric Acid
HBr — Hydrobromic Acid
HI - Hydroiodic Acid Weak Acid:

T Its equilibrium lies far to the left.
HNO; - Nitric Acid (CH,COOH)

H,SO,— Sulfuric Acid

Yields a much stronger (it is relativel
HCIO, — Chloric Acid u ger ( vely

strong) conjugate base than water.
HCIO, — Perchloric Acid ; (CH,;CO0")

Relative Relative

Strong ACid Weak ACid acid strength gzztg?:ngth

Very
weak

18.43 Give the formula of the conjugate base: {A]
(a) HC1  (b) H2CO3  (¢) HO
Values of K, for Some Common Monoprotic Acids \’/

Formula Name Value of Kg' H’.

HSO,~ Hydrogen sulfate ion 1.2x102 +
HCIO, Chlorous acid 1.2x102
HC,H,CIO, Monochloracetic acid 1.35x 1078 )’
HF Hydrofluoric acid 7.2x10™
HNO, Nitrous acid 4010 4 c/ -
HC,H0, Acetic acid 1.8 x 10 H c 1 —_— W

p—

[AI(H,0)g]** Hydrated aluminum(lil) ion 1.4x10°
HOCI Hypochlorous acid 3.5x10°%
Hydrocyanic acid
Ammonium ion
Phenol

Increasing acid strength

— ¥ -
/{{(%QH r Heo,

Yo - -
Y,, = HOt + s,

Bl bot e bere

a-
HeoS + He = Hot ¢+ <o
ﬁc"l base
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18.47 In each equation, label the acids, bases, and conjugate pairs: (A
(a) HCl + H,0 == CI~ + H;0*

\WWater as an Acid and a Base

(b) HCIO, + H,S0, == ClO; + H SO}

(¢) HPO;~ + H,S0, == IT,PO; + HSO;

W— Water 1s an eric (it can behave either as

at‘., 5
an acid or a base).

H,0 +H,0 —» H;0*+ OH-
conj conj
acid 1 base 2 acid2 base 1

=1x10“at25° C

£4,0350H3 = S

X

Autoionization of Water

‘Aswe'have seen, water is amphoteric.

Jon:Product Constant

In pureywater, a few molecules act as bases and a
few act as acids.

This is referred to as autoionization.

The'equilibrium expression for this process is

K, =[H;0"] [OH]

ol This special equilibrium constant is referred to
WO wH) = #o" + oH the i duct constant f K
b . as the ion product constant for water, K.

3477
enoR:fowd=' N X —— At25°C, K, = 1.0 x 10~

-
K~ EHg0350L3 2l

CX )(7‘) = /0‘_’; N

<10

The pH Scale

pH ~ —log[H*]
pH in water ranges from 0 to 14.

IH] pH

107 144 « 1M NeOH
101 134

K, =1.00 x 10" = [H*] [OH]

PK,, = 14.00 = pH + pOH 1012 124, Ammonia
101 11 (Household
B cleaner)

As pH rises, pOH falls (sum = 14.00).
1010 10w
9w
8w
-«——Blood
7 = <a—— Pure water
- Mik
6=
5=
40

3 <—— Vinegar
<— Lemon juice

< Acidic 2 # ~&— Stomach acid
Jog (/l-q) s Ly (gur} Lom ))

17

. /usfi"/ = log “ “'">CM‘J o/ <——1M HCl

pk‘, = P)/ M PO//:/V

k/: C"'}CO”%’M—M
Pl e ok 1Y




How Do We Measure pH?

For less accurate
measurements, one can
use

Litmus paper

+ “Red” paper turns blue
above ~pH = 8

+ “Blue” paper turns red
below ~pH =5

Or an indicator.
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How Do We Measure pH?

Forimore accurate
measurements, one
uses a pH meter,
which measures the
voltage in the
solution.

vol. Trkrnat

18.27

(@ Whatare 5071, (OH-1. and pOH i asoltion with a pH of 857
poH=7 pH + pOH =1
AL ALY )
fouy: 20% >0 o 4% i
Po/—/.- - log fon3 <’H;L:l*“"
pH= - tos Ct/ 3
£Ht): 10

SfHPCORD ?
KJ:(/.v/m""Z'f‘-W /O f)-' / xw 4

18.24

(a) What is the pH of 0.0333 M HNO3? Is the solution neutral, acidic, or basic? (
o~

P, — HY < HO, "
0.0337 o g

Uc:s') 0.0373

e
pH= !

Solving Weak Acid Equilibrium
Problems

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.

Solving Weak Acid Equilibrium
Problems (continued)

Define change at equilibrium (as “x”).
Write equilibrium concentrations in terms of x.

Substitute equilibrium concentrations into
equilibrium expression.

Solve for x the “easy way.”

Verify assumptions using 5% rule.

Calculate [H*] and pH.




18.64 A 0.15 M solution of butanoic ACI. contains 1.51x1073 M H30*. What is the K, of butanoic
et — -—

o e oI
CHB) = Hr 7 P AP 751

HA+ 4o = Hot ¢ #°

I o5 ) g

A =X X X

L 0.5 ), <
15hitv m 2

LSk - -5
I - ) SInl0
k=g£>L>0»~0'/>LL)-5-/ x

005-%)  Jpir~ n5hes
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18.66 Nitrous acid, HNO, has a K, of 7.1x10~%, What are [H307], [NO3 |, and [DH-] in 0.60 M HNO,? {A]

Y, + /L%;-—é‘ Hot + m,"~
o

I pn O koW
a - > +x II;
Lo 10”
E 060> = 0
= 985.40|

Ao 3003 4
K“ - 3 = p AL
J7Zr%) 6a,)./ /“"
- T

ﬁm:Zlep’/ 5

(0.con) a
- Q060 oY
X T 2.06x16 a-:fl':,:’{ S Riadis
- (4

3
(a.o‘uo"‘v - 230!
e

HA

18.68  Chloroacetic acid, CICH,EDOH, has a pK, of 2.87. What are [H30*], pH, [ClCHgC&’]. and [CICH,COOH] in
1.25 M CICH,COOH? ‘A

HA » Ko = HO e B-

I  lay o o
a - +x ¥
F 125 -x > ~

X s A, - 13507
e (725 %) xz 0.04) : Chp?

phez -los K. phz~les (001)=137
= - a

18.70 Ina 0.20 M solution, a weak acid is 3.0% dissociated. {A]
(a) Calculate ll\L‘ﬁO*]. pH. [OH~], and pOH of the solution.

—
(b) Calculate K of the acid.

W ¢ Ho 2@7 -
o -4

o020
- X vy
0-20-» ® -~
/(“:Lx)/(x)_’,.q‘m-‘/ ;5’5;-00= 3.0
. &0 % )
(D ) X : 0.0060
- ehetd=CrD
-/2 pH 3 -les (000692222
gonY - 167 pol = 1Y

’p/{ z-los (o473 pH ¢ poH: 174

Percent Dissociation
(lonization)

8.78 Use Appendix C (& to calculate the percent dissociation of 0.55 M benzoic acid, C¢gHsCOOH. <A]

Name and Formula L

/
Callcoon N
-




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

strong = complete dissociation (hydroxide ion
supplied to solution)

NaOH(s) — Na*(aq) + OH (aq)

18.23 (a) What is the pH of 0.0111 M NaOH? Is the solution neutral, acidic, or basic?
}\)4_011 ) N& L4 0# t”rlcoﬂj I0
0.onl e ' 9

o o.onl 0.0l oo | 'y

pHIROH= 1 pHs1d- 15 1205

18.25 (a) What is the pH of 6.14x10=3 M HI? Is the solution neutral, acidic, or bnsx@/hdt is the pOH of 2.55 M
Ba(OH),? Is the solution neutral, acidic, or basic? A

B (o) = B2 2 oh”
25eM @
(3] a.ss a(@s5)
poH:~1es (atsp)- eo¥ -0

'o/-/ 9.5
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Strong Bases

LiOH NaOH KOH
Lithium Sodium Potassium
Hydroxide Hydroxide Hydroxide

RbOH
Rubidium
Hydroxide

CsOH
Cesium
Hydroxide

Ba(OH),
Barium
Hydroxide

Sr(OH),
Stuonuum
Hydroxide

Ca(OH)-
Calcium
Hydroxide

Bases
(continued)

weak = very little dissociation (or reaction
with water)

H;CNH,(aq) + H,0()) <> H;CNH;"(ag) + OH (aq)

18.99 Write balanced equations and X, expressions for these Bronsted-Lowry bases in water: <A:

(a) Pyridine, CsHsN  (b) CO3~

7 -
Y

18.100

18.108

Write balanced equations and K, expressions for these Bronsted-Lowry bases in water:

qp = c H.COOH) + OH”
K _ECHs cor43CHJ
c‘//rm

(a) What is the K}, of the benzoate ion, C¢gHsCOO~?

[ 1o Kg'(b;’(/

K, for benzoic acid equals 6.3 x 10°
- i o
5~ 63l

CGH)- coo”
1Y




18.105 Wh:lH's the
|

hon¢ =N

p‘l; of 0.25 M ethanolamine? <A K, =3.2x10°
]

\
W 4
B+ Ho= o4 1ol
I pas o ¢
2 =X £x X .
£ o.av¥ x x o Pl
x)(%), 53,20 b
Kb;(" 25 %) 3 3 ,00::’ 200
- 0.
. 0.002% £ _
ewl y,:00 Po//-'-?-ff p//-’//.%)
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Polyprotic Acids

. can furnish more than one proton (H) to
the solution.

H,CO; < H" +HCO;~ (K,)

HCO;~ < H'+C0O>~  (K,.)

Acid*Base Properties of Salts

Acidic
Cation Anion or Basic Example
neutral neutral neutral NaCl
neutral  conj base of basic NaF
weak acid
conj acid of  neutral acidic NH,C1
weak base
conj acid of conj base of dependson Al(SOy)s
weak base  weak acid 7.

Problem

Sorbig, acid (CsH,COOH) is a weak
monoprotic acid with K, = 1.7 x107. Its
salt (potassium sorbate) is added to cheese
to inhibit the formation of mold.

What is the pH of a solution containing 9.50 g
of potassium sorbate in 2.00 L of solution?

K, & K; Ja
values ﬁ :

Name and Formula Lewis Structure’ Kat Kax Ka
Carbonic acid 01

5 - 4.5x1077 4.7x10-11
HyCO3 H—0—C—0—H

Problem

Anunknown salt is

either NaF, Nacl or Formula Name Value of Kg'
HSO,” Hydr fate i 12x102

NaOCL. When HCI0, o 12:10'7

Chlorous acid

HC,H,CIO, Monochlc tic acid 1.35x 107
0.050 moles of the [iskas B v

salt iS dissolved in HNO, Nitrous acid 40x10*

HCH{O, Acetic acid 18x10°

0.500 L of solution, [AIH0) Hydrated aluminum(ll) ion 14x10°

HOCI Hypochlorous acid 35x10°

the pH of the o P Torion
solution is 8.08. HaCs; Fizrd) e
What is the identi ty “The units of K, are mollL but are customarily omitted.

of the salt? Show

Calculations.

Values of K, for Some Common Monoprotic Acids

Increasing acid strength

Problem

Trisodium phosphate (Na;PO,) is available in
hardware stores as TSP and is used as a
cleaning agent. The label on a box of TSP
warns that the substance is very basic
(caustic or alkaline). What is the pH of a
solution containing 35.0 g of TSP in a liter
of solution?
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Structure and Acid-Base
Properties

Two factors for acidity in binary compounds:
Bond Polarity (high is good)

Bond Strength (low is good)

Oxides [lewis Acids and Bases

lic\Oxides (Acid Anhydrides) Lewis Acid: electron pair acceptor

O-X bond is strong and covalent. Lewis Base: electron pair donor

SO,, NO,, CrO; N .
[ H [ H
c Oxides (Basic Anhydrides): Al3++6{20 ‘ - A0 ‘
O-X bond is ionic. \ H/ \ H 06
K,0, CaO Y

Problem

Predict whether aqueous solutions of the
following are acidic, basic, or neutral:

CiBr,

. LiCl
K4PO,

. (CH;NH;)Cl
KHSO,




