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Acids and Bases
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Brognsted-Lowry Acid-Base Model

» Brgnsted-Lowry
» Johannes Brgnsted (1879-1947)
e Thomas Lowry (1874-1936)

» Brgnsted-Lowry model focuses on the reaction that
takes place between acid and base, rather than on
the independent nature of the acid or base, as the
Arrhenius model does

 Acids donate H* to bases

» Bases accept H* from acids

Outline

The Nature of H*

1. Brgnsted-Lowry acid-base model

2. The ion product of water

3. pH and pOH

4. Weak acids and their equilibrium constants
5. Weak bases and their equilibrium constants
6. Acid-base properties of salt solutions

7. Extending the concept of acids and bases: the Lewis
model

e The H* ion is the medium of exchange in a
Brgnsted-Lowry reaction

« H* can also be called a proton
« Acid-base reactions involve proton exchange

Review from Chapter 4

Conjugate Pairs

* The Arrhenius definition of acid and base
« Acids produce H* in water
e Bases produce OH- in water

¢ H*from acids combines with OH- from bases to
produce water in a reaction called a neutralization

» The species that forms when a proton is removed
from an acid is called the conjugate base of the
acid

« If the acid is HB, the conjugate base is B-

» The only difference between the members of a
conjugate acid-base pair is the position of the proton

» A species that can either accept or donate a proton
is called amphiprotic

» Consider water:
+ OH ¢« H,0 > H,0*

Remove H* Add H*




Example 13.1, (Cont'd)

Examples of Conjugate Acid-Base Pairs

Conjugate |Conjugate
Acid Base

HF F

HSO, SO,
NH,* NH,

SOLUTION

fa} HNO, conjugate base HNO; —= NO —— N0y~

Fr—sHF 'Y —HEF

= conjugate acid

(b) HOO,™ conjugate base HCOy™ — COy~'=' — COP=

HOOy™ conjugate acid HCOy™ — H, L0y — HAL0,

The Hydronium lon

The lon Product of Water

» Another way to write the H* ion is as H;O*
* H;O% is the hydronium ion
* H* exists in water as hydronium ion, since H* itself
would not be stable in water

¢ Depending on the reason for writing the reaction,
either H* or H;O* can be used, and
interchangeably

¢ The only difference is the inclusion or exclusion of
the H,O molecule

» Water can react with itself in a reaction called
autoionization

« Water can react with itself in an acid-base reaction:
* H,0 + H,0 = H;0* (ag) + OH- (aq)

< An alternate way to write the reaction is:
* H,0 = H* (aqg) + OH" (aq)

Example 13.1

Equilibrium and the Auto-lonization of Water

EXAMPLE 131

{a) What is the conjugate base of HNO,? The conjugate acid of F~7

(b} The HCO,™ bom, like the H0 mobecule, i amphiprotic. What is its conjugate base? Its conjugate acid?
STRATEGY
1. Form the conjugate base by removing one H atom, Decrease the charge by one unit (e, —1to —2)
2. Form the conjugate acid by adding one H atom. Increase the charge by one unit {e.g. —1 to 0) contimust

* H,O = H* (ag) + OH- (aq)
 Recall that concentrations can be used to write
equilibrium constant expressions
« K for this reaction is [H*][OH1]
e This K is called the ion product constant of
water, K,
* K,, = [H*][OH]
* At25°C, K, =1.0 X 1014




Concentrations of H* and OH- in pure water &

Figure 13.2

e For water, [H*][OH] = 1.0 X 1014
¢ In pure water, the two concentrations are equal:
« [H]= 1.0X 107 M
e [OH]=1.0X 107 M
¢ Since one concentration must rise as the other falls,
e If [H*] > 1.0 X 107 M, then [OH]<1.0x 107 M and the
solution is acidic
« If[OH]> 1.0 X 107 M, then [H*] < 1.0 x 107 M and the
solution is basic

e Vot wd et et et et

|

Figure 13.1

In any water solution at 25°C
[H]x[OH]=10x10™"

\
|

1077 M)

[

[OH™] (units are 1.0 x

1 2 3
[H*] (units are 1.0 107 M)

« Defining equation for pH

pOH = —log[OH"]
[OH"] = antilog[-pOH] = 10°°"

 The higher the pOH, the more basic the solution
» The lower the pOH, the more acidic the solution

 Defining equation for pH

pH = —log[H"]
[H*]=antilog(-pH)=10""

» The higher the pH, the less acidic the solution
* The lower the pH, the more acidic the solution

Relationship between pH and pOH

[H'][OH]=1.0 x10™
pH+pOH=14.00




Example 13.2, (Cont'd)

TABLE 13.1 pH of Some Common Materials

Lemon juice Urine, human

Wine Cow's milk

Vinegar 30 Saliva, human
Tomato juice 4.0 Drinking water
Beer 4-5 Blood, human

4.8-6.4 Seawater 83

O

ANALYSIS
Information given: [H*] and [OH-] relation ([H*] = 5.0 [OH-])
K value
Asked for. pOH
STRATEGY

1. Substitute into Equation 131 to obtain [OH"]

2. Substitute into Equation 13.4 to convert [OH™] ta pOH.

SOLUTION

1 [OH- 10 % 107 = [OH7][H*] = [OH~J(50[0H"]) = S0[0H-
. I R [
OHF = =205 — [OH"| = 45 X104 M

2 pOH POH = —logglOH"| = ~logul45 % 107 = 735

Example 13.2

pH and Blood

«

- ]
@ the [H*] and [OH=] of human blood at pH 7.40.

i
1@ the pOH of a solution in which [H*] = (5.8)[0H"]

e

at 25

e [H*| and pH of a tapwater sample in which [OH"] = 2.0 10

AMALYSIS

Information given: (O] (2.0 3 107 M)
Infosen K valoe
Asked foe [H*) and pH

STRATEGY
1. Substitute into Equation 131 to obtain [H*]

2. Suhstitute into Equation 133 to canver t [H*] 10 pH

SOLUTION

1 [HY] Ko =10 1074 = [H*|[OH] = [H*}20 % 1077)
1.0 % 10
~ 50 % 107 )
H WX 0™
pH FH = —loga[H* logal0 3 10-%) = 730

EXAMPLE 13 2 GRADED

» From the previous example, it is seen that the [H*] in
blood is very small, about 4.0 X 108 M
« Small changes in [H*] can have dramatic
physiological effects
* Many biological reactions depend on [H*]
« An increase in [H*] from 4.0 X 10 to 4.0 X 1077 can
increase the reaction rate by a power of 10
« Small increases in [H*] can lead to acidosis;
small decreases in [H*] can lead to alkalosis
« Effective control of many physiological
reactions depends on pH control

Example 13.2, (Cont'd)

pH of Strong Acids

| &

ANALYSIS
Information given: pH (7.40)
Information implicd K, value
Asked for H*| and [OH™]

STRATEGY

1. Substitute into Equation 13.3 to convert pH 1o [H*]

2. Substitute into Equation 13.1 10 obtain [OH"]
SOLUTION
1. [H* pH = —logg[H¥] — 740 = —logulH*] —= [H*] = ir"# = 40 x 10" M

2. [OH- LO X 1074 = [OH](4.0 % 107%) — [OH"] = 253 107 M

» Recall from Chapter 4 that some acids are strong
« HCI, HBr, HI, HCIO,, HNO,, H,SO,
* These completely ionize in water
¢ [H*] is equal to the [H*] of the acid
e A 0.10 M solution of HCI has [H*] = 0.10 M, so the
pH of the solution is 1.00




Figure 13.3

+
H—O—H S— H—O—H + cl-
|
H

Example 13.3, (Cont’d)
B

Information given: pH (1351)

ANALYSIS

mass Ba((VH); added by Student A (4.23 gk volume of solution (455 ml)
Information implied: molar mass of BalOH)z K,

Asked for mass Ba((VH); added compared with Student A

STRATEGY
L. The pathway to follow is the reverse of that in part a)
Eq. 133 . 20N/ |Bal OHJ, \ MM
pH - [H* - [0H=] * [ BalCOH, = mol BalOH - mass
2. Compare masses used by Students A and B

SOLUTION
1.0 % 10"

[OH~] [HY =10 =3 x 0 [OH ] = T 3z M

0,32 mol OH 1 mal Ba{ Ok ), 170.3 g Ba{OH )},

Mass BalOH), (Student B) 455
11l 2mol OH 1 mol

Comparison Student A: 4.32 i Student B: 12 g

12 = 432 = 8 g more Ba{OH ), were addied by Student B.

pH of Strong Bases

» Recall as well that some bases are strong:
« LiOH, NaOH, KOH, Ca(OH),, Sr(OH),, Ba(OH),
» These bases ionize completely to OH-

* pOH is dependent on the concentration of the strong
base

¢ For an 0.10 M solution of NaOH,
« [Na*]=[OH]=0.10 M
« pOH = 1.00
« pH=13.00

Example 13.3, (Cont'd)

o 1

STRATEGY
1 Pined mokes (4~ contributed by BalCH1), from pan {a)

buted by MaOH

& Fand [H*] and pH

SOLUTION
L ol OH- from BalOfl) | "'”':"‘""“ 0433 L = 0oave
40k MaOH Nl o t
2 el OH™ from N 080 g Nal aoh = 00
1o
4 [H*| and pH 0 70 10 M

PH = —logul70 % 107%) = 1818

Example 13.3

Measuring pH

» pH can be measured with a pH meter
* Translates [H*] into an electrical signal

« Signal is shown on an analog or digital meter
calibrated in pH units




Figure 13.4: pH of Carbonated Soda

Figure 13.6

pH Indicators

* Universal indicator

» Mixture of substances that change color
depending on the concentration of H*

¢ Less accurate than pH meter

¢ Depending on the indicator used, can display pH
over a narrow or wide range of [H*]

* Some plants can act as pH indicators

« Color of some flowers in plants is dependent on
the pH of the soil in which the plant is grown

]

Weak Acids and their Equilibrium Constants

» Weak acids ionize only partially
 Prototype reaction
* HB (aq) + H,0 = H;0" (aq) + B (aq)
» Two types of species that behave as weak acids
1. Molecules with an ionizable hydrogen atom
* HNO, (aq) + H,O = H;0 (aq) + NO, (aq)
2. Cations
* NH,* (aq) + H,0 = Hy0" (aq) + NH; (aq)

Figure 13.5: Universal Indicator

Metal Cations as Acids

» Many metal cations act as weak acids in water
solution as well
* Zn(H,0),* (aq) + H,0 = H;0* (aq) + Zn(H,0)5(OH)* (aq)
» The bond that forms between the oxygen and the
metal ion weakens the O-H bond

« H* is more easily ionized as a result of the
weakened bond




Figure 13.7

* pK, = -logK,
» The smaller pK, is, the stronger the acid
* pK, follows the trend for pH

Equilibrium Constants for Weak Acids

Example 13.4

* HB (aq) + H,0 = H;0" (aq) + B (aq)
» K, is the acid equilibrium constant
» Simplifying the above to HB (aq) < H* (aq) + B~ (aq)

_[H)B]
"7 [HB]

» K, values are related to the weak acid strength
» The smaller K, is, the weaker the acid is

Consider acetic acid, HCHyOy, and the hydrated zine cation, Zn(H,0),**

@ Writc equations to shaw why these specics are acidic
® Which ks the strong it
Q What is the pK, of Zn(H,0)*?

1. To prove that a species |s ackdic, you must produce a hydronium boen (H0*) obtained by transferring an H atom
1 water

STRATEGY AND SOLUTION

HCHOaq) + HO == C3H05 (ag) + HH0
(Hy")

HCHOgiag) + Ha0) =

3 lagh + Hy0"
2. For the hydrated catio o the water molecules in the ion donates an H atom 1o an unattached water molecule,

Think of Zn{H0)™ as Zn(HO00H0)

EniHAONHA0N (ag) + HyO == ZnfOH WM, iag) + HHAO
CEROHMHZON ) (")

Zn(HONM00,7 (agh + HyO = ZnfOHNHANS lag) + H,0°

Table 13.2

Example 13.4, (Cont'd)

TABLE 11 Equibeium Constants for Weak Acids and Their Conjegate Rises

K, values from Table 13.2 HCHOAK, = L8 % 1074 vs Zn(H,0)* (K, = 33 % 1077

P, | iy = —loggk, = —log, (3.3 X 107" = 9,48

SOLUTION

18X 107% > 3.3 X 10" HC;H,0y is the stronger acid,

SOLUTION




Example 13.5

EXAMPLE 13,5

Asj 1 commuonly used pain reliever, is a weak organic acid whose m
aquens aspirin has total volume 350.0 mlL and contains 1,26
260. Calculate K, for aspirin.

cular formula may be written as HCH-0,. An
ol aspirin. The pH of the solution is found 1o be

ANALYSIS

Information given: modecular formula for aspirin (HCsHAO,): mass of aspirin (126 g):
)

volume of solution ml; pH of solutio

Information implied madar mass of aspiring [H*]
Asked for: K
STRATEGY

1. Determine the original concentration. | .. of aspirin

2 pH = [H*

3. Draw a table ax illustrated in Example 12.4. Subsaitute | ], for P, A[ | for AP, and [ ] for P
Since only one H atom bonizes at a time, 4] | for all species is the same.

Becall that | | stands for the cor fon in molarity

4. Write the K expression for the ionization and calculate K,

il

4.0
[
3
El
230
H
=
#

20 -

--.____________
1.0
0.0 -
] 0.02 0.04 0.06 0.08 0.10

Acid molarity

Example 13.5, (Cont'd)

SOLUTION
126 g o
1 [ o bor aspirin ~ E_, Im_l 00200 M
035001 180.05g
2 [H*]y 260 = —logy[H*]: [H*] = 1073 = 25 x 10~* M
3. Table
[}
[
I
4. K expression HOCHA, lag) == H*ag) + CHA, " (ag)
[H* )G H0y (0.0025)(0.0025)
K K, el & 36 % 107
[HCH 0, 00175

END POINT

Aspirin is a relatively stromg wieak acid. 1t would be located near the top of Table 13,2,

Example 13.6

EXAMPLE CONCEPTUAL

The box below shows a system at equilibrium,
acid, HB. The symbol g
shown. What is the percent jonization of the ackd

as a volume of 0.50 L and the symbal @ represents 010 mol of a weak
njugate base, =, Hydronium lons and water molecules are nat

L
-
C
STRATEGY

1. Since there are 4 red circles (HB) and 1 blue circle (B7) at equilibrium, there miust have been 5 red circles to start with,

2. Sabstitute into Equation 137

L]

SOLUTION

% Ionization 1 blue circle = [B™ | 5 red cirdes = [HB],

1
% jonization = = X 100% = 2%

Percent lonization

» The percent ionization of a weak acid is defined as

HT.
%ionization = H Dequnonm. x100%
[HB]initlaI

« For the calculation in example 13.5, the percent
ionization is about 12 %
 Note that the percent ionization depends on the
molarity of the weak acid

]

Calculating [H*] in a Water Solution of a Weak

Acid .

» We can use the process for calculating equilibrium
pressure for gaseous reactions that we looked at in
Chapter 12 to calculate the equilibrium concentration
of [H*] for a weak acid

« The relationship between [HB], [H*] and [B7] is given
in the equilibrium expression itself




Example 13.7

. an important member of the vitamin B group,
acid (MM = 12311 g/maol), HNc, in enough water to

form 245 ml of solution
AMNALYSIS

Infarmation given: msolar mass for nicotinic acid, HNIe (12311 gfmol); mass of HNic (3.0 g)

vohume of solution (245 mL)

K, (14 x 10°%)
Information inplied: [HNic|,
Asked for i [H*]
STRATEGY
1. Determine the original concentration, | |. of HNic

2 letx
Since all the coefficients in the reaction are one, A[HNic] and A|Nic™] also equal x
3. Draw

K expression for the onization and subsitute the equilibrium concentrations for HNie, Nic™, and H* obtained

Write
from the table.

5. Solve for x. (Assume x << [Nic|, to avoid the quadratic equation.)

6. Substitute the vahee for x in [H® |

Algebra Review — Quadratic Equations

» Recall that for a quadratic equation in the form

ax?+bx+c=0

e Theroots are

_ —b++/b?-4ac

2a

X

Example 13.7, (Cont'd)

Approximations Used in Calculations

SOLUTION
g
1, [ s for HNIC B Amal oM
02451 101g
2.4l AlHNic] = A[Nic™] = A[HY| = x
3. Table
I
afl
i !
|
K L4 %1 [H* ENie] {x)(x)
4, K, expression 4% 10 _
£ HNic 010 - x
(x)ix)
5. Assume x <<0,10 14 % 10 N . x=0M0I M
o

» The value of K, is usually
known no more accurately
than about =5%

* When solving for the
unknowns used to work the X
equilibrium problem, for the Ka =
expression

e Where a is the initial
concentration of weak acid,
you can neglect x in the
denominator if doing so
does not introduce an error
of more than 5%, i.e.,

if X < 0.05,then
a

a—-X=a

Example 13.7, (Cont'd)

Approximations and Percent lonization

END POINT

Note that the concentration of H*, 0.0012 M, ks

« much smaller than the original concentration of the weak ackd, 0,10 M. In this case, then, the approximation 010 = x
0.10 15 justified. This will usually, but not always, be the case (see Example 13.8),

an [H*] in pure water, | % 10-7 M, justifying the assumption that the ionization of water can be neglected

witys be the case, provided [H*] from the weak acid is = 107 M.

« much k
This wil

* When .
x _[H']e

a [HB],

» Multiplying by 100% will give the percent ionization:

Xop = Jea 1500
a [ o]
« If the percent ionization is 5% or less, you may make
the approximation.
« If the percent ionization is greater than 5%, the
guadratic formula or the successive approximation

method is required




Example 13.8

EXAMPLE 13.8
Calculate [H*] in a 0100 M solution of nitrous acid, HNO;, for which K, = 6.0 x 10~

ANALYSIS

Information given HNOL (0000 MY K, (60 % 107Y)

Asked for H* H* |y contimsesd

Polyprotic Weak Acids

« Acids containing more than one ionizable hydrogen
are called polyprotic
» The anion formed in one step produces another
H* in a successive ionization step
» The equilibrium constant becomes smaller with
each successive step

Example 13.8, (Cont'd)

Triprotic Acid

STRATEGY
1. The table setup is identical to that of Example 13,7 giving the equilibrium expression

HNO; ] (a)ix)

K
: HNO,] 0100 -5

2. Assume x << (100 and sobve for x.

3. Check your assumption by

alating % fonfzation

If the % ionization is bess than 5%, your assumption is valid. If not, solve for x wing the quadratic equation

» Phosphoric acid
* H;PO, (aq) = H*(aq) + H,PO, (aq) Ka1
* H,PO, (ag) = H* (aq) + HPO,* (aq) Kaz
* HPO,* (aq) = H* (aq) + PO,* (aq) Kas

* Kal > Ka2 > Ka3
« With each successive step, the acid becomes
progressively weaker

Example 13.8, (Cont'd)

SOLUTION
[H*INO; ] (x}x}
Equilibrium expression 60 % 10 et
HNO,| 100 = x
o
Assume x <<0,100 6.0 % 107 - x = 0OTT M = [H*]
] 0100 -
| H Ly H0077
Check the assumption | % bonization MKy 00 104
0100

7% = 5.0% —= The assumption ks not valid.

Use the quadratic equathon. i o+ (6.0 % 107)x = (6.0 3 107 =0

x = 00074 M or —0,0080 M

~ 0080 M is physically impossible, so x = [H*] = 0.0074 M

id Formu K K M
Carbonic acid* H.CO 4.4 % 10° 47 %10
Oxalic acid HC:0, 59 X107 52 % 10°
Phosphoric acid ~ HiPO, 71 % 10~ 6.2 % 10-2 45 x 101
Sulfurous acid Hz505 & 6.0 x 107°

*Carbonic acid is a water solution of carbon dioxide:

CO:{a) + H,0 ==H,COy(aq)

10



Example 13.9

The distilled water you use in the L
H.C0, Calculate the pH of a 0,008

hily acidic becasme of disalved OO, which reacts 1o form carbanic acd,
of H,C0, and €0, at equilibrium.
ANALYSIS
Information grven [HLC0 |, (0.0010 M)
Information implied twar-step donization, K, value for cach donization (Table 13.3)

Asked for pH, [COML,

STRATEGY

Write the anizatson peact
Place ane H* ata

2 Find [H*]., for the fir
3. Nete [H®] = [HOO,

thors and the K, expression for esch . Reeall that ionisation of palyprotic acids takes
e and that most of the H* i obtained from the fira ionization.

comvert to pH

Firs HEO e} == Hlag) + HEOlag) Ky = 44 % 107
H* JHCO,
a4 %10 AHOO; ] _

H.O, [T
Asssme x << 0.0010, <10 - ¢ = (ODOKONAA % 10~) —e 3= 21 10 M
Asssme x ! R HOHIHAA = e ]
Check assmmgtion % ionization = L% assumption is valid
pH [H*] = [HOO,™] = 20 % 107 M pHi = 468 —

Example 13.9, (Cont'd)

Second jonization HCO, (ag) == H*{aq) + €O {ag) K= 47 x 1070
[H* [coy ]
7 % 101 . |
$ HCOy |
[coy™] Fram finst jonization: [H*] = [HCO,™], 30 K = [007] = 47 X 1070 M

Example 13.10

EXAMPLE 13.10

Wrile an equation to explaln why each of the following produces a basic water solution

{a) NO©~  (b) NaOy, () KHCO,
STRATEGY

1. React each baskc anlon with a water molecule

2. The weak base picks up the proton (H*) and increases s charge by one unit to create is conjugate acid.

3. OH" is the other product of the reaction.
SOLUTION

[a) WO + Ha0 — JNO; 1 ag) + OH (ag) — HNOZag) + OB jag)
HOH

b GO gl + HaD — BBCO* Hag) + 0N fing) — HO0 lagh + OHlag)
HOH

(e) HCOy tagh + Ha — HHCOT " Yagh + OH - (aq) — HaCOuagh + OFlagh
HOH
END POINT

The presence of OH™ as a product is the reason these anions kn water are considered to be basic.

Weak Base Equilibrium Constant

* NHj; (ag) + H,O = NH,* (ag) + OH" (aq)
» The base equilibrium constant, K, is
_[NH,']J[OH ]

Ky
[NH.]

« For a generic weak base where
* B(aqg) + H,O < HB* (aq) + OH" (aq)

_[HBJ[OH]

Kb
[B]

Weak Bases and their Equilibrium Expressions

* Types of weak bases
* Molecules
» Ammonia, NH;, and amines
* NH; (ag) + H,0 = NH,* (aq) + OH" (aq)
¢ Anions
« Anions derived from weak acids are weak bases
* I (ag) + H,O = HI (aqg) + OH- (aq)

K, by the Numbers

» As K, becomes larger, base strength increases
» As with acids and K,, we can define a pK,;:
* pK,, = -logK,,
* As pK, becomes smaller, base strength increases

11



Calculation of [OH] in a Weak Base Solution

¢ The process of calculating the [OH] in a weak base
solution is the same as the process for calculating
[H*] in a weak acid solution

Example 13.11, (Cont'd)

- .. [roajon-] .+ (=)x}
3. K expresshon K= GX 0=
oo 0.093—x
Assume x << 0,193 o= 196 K 10T —ex = 26 X 0

Check assumption % fonization = 0.14 assumption s justified. [OH™] = 2.6 X W0 M

4, |H*); pH L0 % 10=H = [H*](2.6 % 10°Y) —= [H*] = 3.9 % 10-" —=pH = 1041
ANALYSIS
Information giver: NaOC] content of household bleach (5.25% by mass)
densi h (LO0 g/ml)

pH of solution in part (2) (10.41)

Asked for: Compare pH of solution (a) and pH of bleach

Example 13.11

Example 13.11, (Cont'd)

EXAMPLE 13.11 GRADED

jon. OC17, has
in enough waler 1o make

component in houschold bleach.

A soluation is prepared by dissolving 120 g of NaOCI (MM = 74.45 g/mol)

than the prepared solution
E

Information given

ANALYSIS

K for OCI— (4.6 % 1077)
mmass of NaOC (120 gl molar mass of NaOC] (7445 gimol)
volume of solution (0,835 1

Information implied L

Asked for pH of the solution

STRATEGY

1. Assume 100,0 g {= 1600 mL) of bleach. Thus, there are 5.25 g of NaDCI in 100.0 mL of solution

2. Find [OH-], [H*], and pH of bleach as in part (a)

3. Compare the pH of both solutions. The solution with a higher pH is more alkaline.

SOLUTION

5258 1mol
[NaCCl [0a-]. 0 070s M
0,100 1 A5 g
: . _ [Hoajow ] 3 {x)(x)
K expressbon {as in part (a)): K ———== 36X 10
oa-] 0705
Assume x << 0,705 o = 0,705(3.6 X 10°7) —= 5 = 50 % 10~

Check assumption % jonization = 0.071%; the assumption is justified. [OH~] = 50 x 107 M

[H*]: pH L0 % 107w [HP]{5.0 % 1074) == [H*] = 2.0 % 107 —s pH = 10.70
Comparison pH of the solution in part {a) = 10.41; pH of bleach = 10.7

10,70 = 10.41; bleach is more alkaline than the solution prepared in part (a),

Example 13.11, (Cont'd)

Relation between K, and K

STRATEGY

1. Determine the original concentration of Na(yl

2. Draw a table as illustrated in Examp

3. Wri

he K expression and find [OH™] assuming [OH ™| << [OC1 ], Check the validity of the assumption by finding

nization
4. Find [H*| using Equation 13.1and pH using Equation 13.3,
SOLUTION

120g 1 mol
08351 T445g

1| Lo for NaOCI 0193 M

2. Table

» Consider the relation between a conjugate acid-base
pair
* HB (aqg) = H* (aq) + B~ (aq) K=K, of HB
* B (aq) + H,O = HB (aqg) + OH- (aq) K, = K, of B
» These add to
* H,0O = H* (aq) + OH" (aq) Kin = Ky
 Since KK,=K;;, K,K, = K,, =1.0 X 10-*4
« for a conjugate acid base pair only
* In log form, pK, + pK, = pK,, = 14.00
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Notes on Acid-Base Strength

» K, and K, are inversely related
* The larger K, is, the smaller K, is
¢ Features
¢ Brgnsted-Lowry acids
« Strong acids
* Weak acids
 Acids weaker than water (conjugates of strong bases)
¢ Brgnsted-Lowry bases
 Strong bases
* Weak bases
» Bases weaker than water (conjugates of strong acids)

A S

i

Acid-Base Properties of Solutions of Salts

» A saltis an ionic solid containing a cation other than
H* and an anion other than OH-or O*

* We can predict whether a salt will be acidic, basic or
neutral by
1. Deciding what effect the cation has on water
« Is it acidic or is it neutral?
2. Deciding what effect the anion has on water
« Is it basic or is it neutral?
3. Combining the two effects to decide the behavior
of the salt in water

Table 13.4

TABLE 13.4 Relative Strengths of Bronsted-Lowry Acids and Bases

HCID,

HCI

Cations

» Weak acid or spectator ion?

» Most cations are acidic
» These will change the pH by more than 0.5 pH units in
a 0.1 M solution
» Exceptions — these are spectators
¢ Alkali metal cations
« Heavier alkaline earth cations (Ca?*, Sr2*, Ba?*)

Hydride ion

» Reaction of water with CaH,
¢ H-is the conjugate base
of H,, a very weak acid
e As aresult, H is an
extremely strong base

Anions

» Weak base or spectator ion?

» Many anions are weak bases

* These will change the pH by more than 0.5 pH units at
0.1M

» Exceptions — these are spectators
 Anions of very strong acids: CI-, Br, I, NOy, CIO,

13



Sodium Chloride Solution - Neutral

Amphiprotic Anions

* HCOy
« K,=4.7 X101
« K,=2.3X108
» Because K, > K, a solution of NaHCO, will be basic

Table 13.5

TABLE 12.5 Acid-Base Properties of lons* in Water Solution

Spectator Basic Acidic
cl= MOy~ CaHa0a™ COy*
Anicn Br Clo,~ F- PO
- Many athers
Lit Ca?* MH4* AL+
Cation Ma* St Mp2+
K* Ba®* Transition metal ions

ase properties of amphipratic anions such as HCO,™ or H:PO,~, see the discussion at the er

]

Figure 13.9: Flowchart for Acid-Base Properties
of Salts

Salts: Acidic, Basic or Neutral

* By comparing the K, of an acidic cation with the K
of a basic anion, the salt of both can be classified as
acidic, basic or neutral
* If K, > K, the salt is acidic

* NH,F, K, =5.6 X 1010, K,=1.4 X 1011
* If K, > K, the salt is basic
+ NH,CIO, K, = 5.6 X 10-1%; K, =3.6 X 107

Example 13.12

EXAMPLE 1312

Conslder aqueous solutions of the following salts

{a) ZniNO,), ib) KGO, (d) NHF (e} NaHCO,

Which of theses salutions are acidic? basic? neutral?
STRATEGY

Follow the flowchart in Figure 13.9.
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Example 13.12, (Cont’d)

SOLUTION

{a} cation: Zn™* not in group 1o 2 ——= acidic

oe: N0y
#alNO,),
(b} cation: K* - spectator
anioe: CH0,~ anion of a strong acid == spectator
Koo, spectator + spectstor —  peutral
{c) catin: Na* spectatoe
andos: PO, anjon of & stroeg acid; ne lonizable H =+ basic
Na,POy, basic + hanic
() cation: NH,* not in group | or 2 — acidic
anioe: F~ not an anion of & strong acid; no jonizable H ——s  basic
NIF acidic + basic + Check K, for NH,* and K, for F-
Ko for NH,* = 56 % 10°% K, for F~ = 14 % 10
Koo Ky — NHF is nchilic
(¢} cation: Na* group | = spectator
anion: HOD,~ not an anion of & strong acid; has an jonizable H —=  amphiprotic

NaHCO, spectator + amghip

+ Check K, and K, for HCO,
K, for HOO,™ = 4.7 % 1071 K, for HOO,™ = 2.3 3 10~

K=Ky — NaHCO, is batic.

Lewis Acids

« The concept of a Lewis acid extends the acid-base
model

» The Lewis model greatly expands the number of
species considered to be acids

« For example, metal cations are not Brgnsted-
Lowry acids but are Lewis acids

[T ]

Extending the Concept of Acids and Bases

¢ The Lewis Model
¢ A Lewis base donates a pair of electrons
* A Lewis acid accepts a pair of electrons

o s

Table 13.6

TABLE 13.6 Alternative Definitions of Acids and Bases

Madel Acid Base

Arrhenius Supplies H* to water Supplies OH™ to water
sted T b onor acceptor

dronsted-L i*d H* ot

Lewis Electron pair acceptor Electron pair d

B> 8

Lewis Bases

« The concept of a Lewis base does not structurally
differ from that of a Brgnsted-Lowry base

¢ For a species to accept a proton, it must contain
an atom that possesses a lone pair

* Lewis bases are also Brgnsted-Lowry bases

oy
oy
d

Key Concepts

1. Classify a substance as a Brgnsted-Lowry acid or
base and write the net ionic equation to support the
classification

2. Given [H*], [OH], pH or pOH, calculate the three
other quantities

3. Given the pH and original concentration of a weak
acid, calculate K,

4. Given the K, and original concentration of a weak
acid, calculate [H*]

5. Given the K, and original concentration of a weak
base, calculate [OH]
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Key Concepts, (Cont'd)

6. Given K, for a weak acid, calculate K, for its
conjugate base (or vice-versa).

7. Predict whether a salt will be acidic, basic or neutral.

8. Understand the similarities and differences between
Lewis and Brgnsted-Lowry acids and bases
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