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Equilibrium systems

Acid base
Precipitation
Complexation

Simultaneous Equilibria



Acid-Base Equilibria

pH and pOH
e Relationship of Conjugate Pair acid-base strength.
e When acids or bases control pH:
e determine K
e predict pH
e When pH controls acid/base state:
e predict acid/base state
e use acid/base state to determine pH
e Buffer action
e pH titration curves



Bronsted Acids and Bases

Bronsted Acid: H* (proton) donor
Bronsted Base: H* acceptor

Acid-Base reactions: H* transfer reaction

Conjugate Acid-Base Pairs:

acid conjugate base
HF F

NH,* NH,




What is the conjugate base of HNO,?

1. H,NO,*
2. HNO,
3. NO,



What is the conjugate acid of HPO,*?

1. H,PO,
2. H,PO,
3. PO,*




What is the conjugate base of HPO,*?
1. H,PO,

2. H,PO,

3. PO

What is the conjugate acid of HPO,#?
1. H,PO,
2. H,PO,
3. PO3




Acid K, pK, Base K, pK,
Perchloric acid large large negative Perchlorate ion very small  large
HCIO, Clo,~

Sulfuric acid large large negative Hydrogen sulfate ion very small  large
HESDJ_ HS'DJI_

Hydrochloric acid large large negative Chloride ion very small  large
HCl Cl-

Nitric acid large large negative  Nitrate ion very small  large
HNOs NOs™

Hydronium ion 1.0 0 Water 1.0 x 1074 14.00
H,O* H,O

Sulfurous acid L7 x 1072 157 Hydrogen sulfite ion 59 x 10718 12.23
HsS0y, HSOg™

Hydrogen sulfate ion 1.2 x 1072 192 Sulfate ion 8.3 x 1078 12.08
HS0,~ SD‘,:[E_

Phosphoric acid THx 102 212 Dihydrogen phosphate ion 1.3 x 10712 11.80
HsPOy HaPO4*~

Hexaaquairon(III) ion 40 x 107% 240 Pentaaquahydroxoiron(III) ion 2.5 x 10712 11.60
[Fe(Hy0)q)* [Fe(Hy,0),OHP*

Hydrofluoric acid T2x 1004 314 Fluoride ion 1.4 x 1071 10.85
HF F~-

Nitrous acid 45 % 107t 336 Nitrite ion 2.2 x 1071 10.66
HNO; NOg™

Formic acid 1.8 104 374 Formate ion 56 x 10711 10.25
HCOH HCO,~

Benzoic acid 6.3 x 107% 420 Benzoate ion 1.6 x 1071 9.80
CgH,CO.H CoHyCO,™

Acetic acid 1.8 x 107 474 Acetate ion 5.6 x 1071 8.2b
CHyCOyH CHCOg~

Carbonic acid 42 % 10077 638 Hydrogen carbonate ion (bicarbonate ion) 2.4 x 1072 7.62
H: OO, HCO4~

Hydrogen sulfide (hydrosulfuric acid) 1.0 x 10-7 7.00 Hydrogen sulfide ion 1.0 < 10-7  7.00
H,5 HS-

Dihydrogen phosphate ion 62 1078 721 Hydrogen phosphate ion 1.6 1077 6.80
H,PO,~ HPO 2~

Hydrogen sulfite ion 6.4 x 1078 T.19 Sulfite ion 1.6 = 1077 6.80
H50,~ 8042~




Lewis Acids and Bases

Lewis Acid: Electron-Pair Acceptor
Lewis Base: Electron-Pair Donor

Lewis Acid-Base Feaction: Base uses a lone pair to form a new bond to the acid

:.F.: :"
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Lewis Acid Lewis Base Lewis Acid-Base Adduct

Lewis Bases are things with Lone Pairs:



Transition Metal Cations are Lewis Acids:
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Organic Molecules with carbonyl groups are Lewis Acids:

H "o H ‘.E-: H 00
I | B I | |
H—C—C—Cl: H—Cc—C—Cl H—C—C—C}:

I e | | EE—— | | .

H .. H :0—H H :O—H :O—H
“0—H I | |
I H H H
H

Also: CO; 15 aadic

|

T =

II—{p—I
I
Hel
- -Iﬂl-
| +
L

I—0



pH and pOH

pH=-log[H;0"]  pOH=-log[OH]
[H;07]= 10PH [OH]= 10PH
pH  [H,0"] [OH]

0 1 1014

1 0.1 10713

2 0.01 10712

3 0.001 10711

4 10 10710

7 107 107

10 1070 107

11 10™ 0.001

12 1072 0.01

13 1073 0.1

pH+ pOH =




pH/pOH Relationships and Calculations

2 H,0 —= H,0" +OH"

K, =1.0 x 10* =[H,0"][OH]

[H;0*][OH] =1.0x 10"

pH = -log[H,0"] POH = -log[OH]
[H,0*] = 10°PF [OH] = 10PH

pH + pOH = 14.00



Neutral, Acidic and Basic Solutions

2H,0 == H,0" +OH"

K, =1.0 x 10™ =[H,0"][OH']

Neutral Acidic Basic



pOH = 14.00 — pH

o

pH = 14.00 — pOH

pH = -og[H30*] || [Ha0*] = 10-PH POH = -log[OH-] || [OH-] = 10-POH

[H30%] - [OH] = Kw/[H30O"] . [OH]

[Ha0] = Kw/[OH]

A



pOH = 14.00 — pH

What is [H,O*] when <

pH = 14.00 - pOH
[OH] =5.4 x 103 M?

pH = -log[H30%] | | [H30*] = 10-PH pOH = —log[OH-] | |[OH] = 10-PCH

Hs0*] - OH1=KwHs0'l | [omy

[HaO+] = Kw/[OH-]




pOH = 14.00 - pH

What is the pH of a solution pH = 14.00 — pOH

with [H,0*] = 4.6 x 10> M?

pH = -log[H30%] | | [H30*] = 10-PH pOH = —log[OH-] | |[OH] = 10-PCH

Hs0*] - OH1=KwHs0'l | [omy

[HaO*] = Kw/[OH]




pOH = 14.00 — pH

pH = 14.00 — pOH
What is [H,0*] in a solution
with pH = 8.24?

pH = -log[H30%] | | [H30*] = 10-PH pOH = —log[OH-] | |[OH] = 10-PCH

OH] = K Ot
pooy _ OHI=KWHOY o

[HaO+] = Kw/[OH-]




pOH = 14.00 — pH

; ; H=14.00 - pOH
What is the pOH of a solution g g

with [OH] = 3.3 x 104 M?

pH = -log[H30%] | | [H30*] = 10-PH pOH = —log[OH-] | |[OH] = 10-PCH

Hs0*] - OH1=KwHs0'l | [omy

[HaO+] = Kw/[OH-]




pOH = 14.00 — pH

What is the pH of a solution pH = 14.00 — pOH
with [OH] = 2.4 x 103 M?

pH = -log[H30%] | | [H30*] = 10-PH pOH = —log[OH-] | |[OH] = 10-PCH

Hs0*] - OH1=KwHs0'l | [omy

[HaO+] = Kw/[OH-]




Strong acids and bases

For strong acid solutions, [H;0*] = [acid] (except for H,SO,)

For strong bases LiOH, NaOH, KOH, RbOH, [OH'] = [base]

For strong bases Ca(OH),, Ba(OH),, etc., [OH] = 2 x [base]



What is the pH of a 0.150 M solution of HCI?



What is the pH of a 0.150 M solution of Ca(OH),?
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