Chapter 16

Acids and Bases



Water’ s Role as Acid or Base

Water acting as a Base
HA + H,O & H;O" + A

acid base
Water acting asan Acid

B+ H,O <~ BH" + OH-
base acid



Conjugate Acid-Base Pairs

/ Conjugate pairs \
ST ey

Weaker acid Weaker base Stronger acid Stronger base
than H,0* than CH,CO0" than CH;COOH than H,0
CH;COOH(aq) & H,O(€) - = H;O%aq) 5 o CH3;COO(aq)

a3

& o @
\ H* difference //




Strong vs. Weak Acids and Bases

strong acid

e completely ionized
weak acid

o partially ionized



Autoionization of Water

H-O + H,O & H30+ + OH-

‘- [H3O"[OH]

[H20]°

Ky =K [H20]2 = [H30+][OH] =1.0x 1014



Autoionization of Water

Kw =[H30][OH] =1.0 x 1014
for aneutral solution

[H;O*] = [OH]

[H30+][H30+] =1.0x 104

[

-log(]
pPH

4,012 = 1.0 x 1024
Hy0*] = 1.0 x 107

H;0"]) = -log(1.0 x 10°)
= -log([H30"]) = 7.00



Autoionization of \Water

a solution Is considered acidic when
H;0'1>1.0x10"M
OH]<10x10'M

a solution Is considered bacic when
H;0'1<1.0x10'M
OH]>10x10"M




Concentration Scales

a solution Is considered acidic when
pH<7 and pOH>7
a solution iIs considered bacic when
pH>7 and pOH<7

pK,, = pH + pOH = 14.00



oH Scale (-2 ~ +16)

pH = - log,o[H;O"]

POH Scale (-2 ~ +16)

pOH = - log, o[ OH']



PH of
AQueous
Solutions

[H30"1[0H ]

1

10"

107"
10"
ID—‘IZ
10713

10

pH Example
10 «Battery acid
10-13 oStomach fluids
{gastric juice)
107 sLemon juice
10" *\inegar
*Wine
100 «Tomatoes
1077 *Black coffee
-8 _ =
10 B uilk
107 4 7 Purewaterat25°C
e *Blood; Seawater
107 ~ 8 «Sodium bicarbonate
" solution
107 - ~ 9 «Borax solution
104 1g *Milk of magnesia
*Detergents
1073 11 *Agueous ammonia
-2
10 z *Bleach
1077 13
1 14 *1 M NaOH



What isthe pH of a solution that
hasa [H;0"] =0.435 M?

pH =-log,o[H;O] =-1log,,(0.435)=0.362



What i1sthe pH of a
solution that hasa[OH"] = 256M?

POH = - log,,[OH] =-10g,,(25) = - 1.40

pH = 14.00 - pOH = 14.00 - (- 1.40)
= 15.40



Acid Dissociation Constant

HC,H,0, + H,O ©

H 30+ + C2H302'

H30™][C,H50; ]

K =

Ka: K X [HZO] —

H20][HC,H,0,]

[H30][C,H;0,]
[HCH0,]




Base Dissociation Constant

NH; + H,O & NH4+ + OH-

< = [NH,"][OH"
 [H20][NH;
Ko = K x [H,0] = [NH/*][OH]

[NH3]



Serong 10006 ionized Extremely weak {negligible
(H" completely donated to water) H" acceptance from water)

Conjugate base
-

Relative
Strengths of
Acid and Bases

-

fuisealsoul (pbuans aseg

Acid strangth incraasing




|lonization
Constants
for Acids

FRBLE N6 onization Constants for Some Acids and Their Conjugate Bases at 25 °C |

" Increasing Acid Strength

o comj oo
A0 O]
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Pescdibosic acid B, Largy Peschilorate o L6y Wery sasall
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Increasing Base Strength



| nfluence of Molecular Structure
on Acid Strength

EXx. Binary Hydrides
— hydrogen & one other element

* Bond Strengths
— weaker the bond, the stronger the acid

o Stability of Anion
— higher the electronegativity, stronger the acid



Amines

CH;
CH;—NH, CH;—NH — CHj CH;—N—CHj,
methylamine dimethylamine trimethylamine

¥

e




Acid-Base Properties of Typical lons

> Acid-Base Properties of Typical lons in Aqueous Solution

Neutral Basic Acidic
Anions Cl™ NO3 CH3COO~ CN~ SO HSOjZ
Br~ ClOg HCOO ™ PO3~ HPOI H,PO;
1~ coi” HCO3 503 HSO3
s HS™ Ccl10™
F- NO3
Cations Li' Mg~ None APT
Na™ Ca®” NH;
K™ Ba®” Transition metal

ions




Polyprotic Acids

acids where more than one hydrogen per
moleculeisreleased

5 Polyprotic Acids
Acid form Conjugate base form
H-S (hydrosulfuric acid) HS (hydrogen sulfide or bisulfide ion)
H;PO4 (phosphoric acid) H,POj (dihyvdrogen phosphate ion)
H,POj; (dihvdrogen phosphate ion) HPO3~ (hydrogen phosphate ion)
H,CO; (carbonic acid) HCOj5 (hydrogen carbonate or bicarbonate ion)
H,C,0; (oxalic acid) HC,05 (hydrogen oxalate ion)

C3H5(COOH); (citric acid) C3H5(COOH);COO (monocitrate ion)




Acid-Base Chemistry
of Some Antacids

3 The Acid-Base Chemistry of Some Antacids

Examples of
commercial
Compound Reaction in stomach products
Milk of magnesia: Mg(OH)x(s) + 2 H;0 (aq) —— Mg™ (aq) + 4 H O Phillips” Milk of
Mg{OH), in water Magnesia
Calcium carbonate: CaCO4(s) + 2 H;0 (aq) — Ca” (aq) + 3 H,0(f) + COu(g) Tums. Di-Gel
CaCO;
Sodium bicarbonate: NaHCOs(s) + H;O (ag) —— Na™ (aq) + HO() + COxg) Baking soda,
NaHCO; Alka-Seftzer
Aluminum hydroxide:  AKOH)y(s) + 3 Hy0™(aq) — AP (aq) + 6 H,O(H) Amphoijel
Al(OH);
Dihvdroxyaluminum NaAOH),CO5(s) + 4 HyO (aq) — Na™@aq) + AP Gaq) + 7 H,O(f) + COAg) Rolaids
sodium carbonate:

NaAl(OH),CO;




Calculate the [H,O'] inan
adueous 0.140 M acetic acid solution.

HC,H,02 + H,O & H,O' + C,H,O,

C,p=0140 M

K, = [H30"]dlC,H50, ],
[HC,H30,],

let [H;0%],=[C2H30,],

HC,H,0,] = 0.140M - [H;0*],

=1.75x 10> M




Cyp=02140M K_ = 1.75%x10°M
let [H,O].=[C2H302-],
[HC,H;0,] .= 0.140M - [H;0%],
using the quadratic equation
-Ka (Ka2 + 4KaCHA)1/2

[HO'], = 2

[H.0*].= 156 x 103 M



A saturated agueous solution of
caproic acid (mw= 116 g/mol) contains 11 g/L
and hasapH =2.94. What isitsK_?

HCH,,O, + H,O0 & H,O" + C,H;,0,
[H30"][CeH11 051 _ ’

[HCeH 1,05l
H,0*,=10P" =102 =1.1%x10°M
CeH110;1e = [H;07] = 1.1x 10° M

'HCH,,0,]. = (11 ¢/L)(1 mol/116 g)
=05x 102 M

K, =




[CeH11 05 ] = [H;0'] = 1.1 x 10° M
[HC.H,,0,]. = 9.4 x 102 M

_ [HO"][CeH1,05 ]
) [HCH 1,05,

_ (1.1 x 103 M)
2 04x102M

K

K =1.3x10°M




Solutions of Salts of Weak Acids

A+ H,O0 © HA + OH-
K,  [HAJ[OH]

Ka  [A]
Ex. CH,COO Na'

Ky =
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