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Lecture 5

IONIZATION EQUILIBRIUM (¥ &) 53T

It is the dynamic situation between ions released by the weak
electrolyte in their solutions with the electrolyte solution.
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Materials in its aqueous solution are classified into two types:
- lea e s ) Al Leldlae o) sall s
Electrolytes Al psl g o
Non electrolytes — 4idg i<l & dga o

Materials Electrolytes divided into:
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A. Strong Electrolyte materials

Materials that are totally ionized in their aqueous solutions are
called strong electrolytes. These electrolytes are good electricity
conductors and have high solubility, such as strong acids and bases.
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H-0 H20
NaOH ——>Na" + OH", HCl —— H'+CI,
H20 H20

NaCl —— Na*+CI" Ca(OH), — » Ca* + 20H"

B. Weak electrolyte materials

Materials that are partially ionized in their aqueous solutions, until
reaching ionic equilibrium, are called weak electrolytes. These electrolytes
are weak electricity conductors, such as weak acids and bases.
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H,0
HCN H* + CN-
CHCOOH ===== CHyCOO +H*
NHiOH =——= NH,"+OH
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NON-ELECTROLYTE MATERIALS
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These are the materials that do not release any ions in their agueous

solutions such as ethanol or glucose.
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DS
H,0
C,HsOH C,HsOH
Glucose Glucose

ACIDS AND BASES
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1. Arrhenius concept
An acid is a material that ionizes in water to give hydrogen ions
(hydronium ions), while a base is a material that ionizes in water to

give hydroxide ions.
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HCl - H* +Cl- , NaOH — Na* + OH"

2. Bronsted and Lowry’s concept
An acid is any substance that can donate to a proton, while a base is

any substance that can accept a proton.
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base1 + proton

Acid,
Base; + proton ——= acidz
CHsCOO™ + H30*

CH3COOH + H0

base; base;  acid
Conjugate Base Conjugate acid

acid
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Conjugate acid-base pair Conjugate acid-base pair

H,0 (acid) OH™ (conjugate base) NH; (base) NH," (conjugate acid)

9 Remove H* ‘/ @ Add H* 'j

H,O() + NHyaq) —=—]—— OH(ag) + NH,(aq)

Acid Base Conjugate base Conjugate acid

The proton donor characteristic of an acid is demonstrated only in
the presence of a proton acceptor.
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HNOz; + H,O — NOs; + H30*

Acid;  base; base; acids
Conjugate Base Conjugate acid

NHs; + H)O NH,"+ OH-

base: acid, Conjugate acid  Conjugate Base

Water is an amphiprotic solvent because it exhibits both acidic and
basic properties
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After an acid has donated a proton the species that remains can accept
a proton to reform the original acid then every acid is paired with its
corresponding base which is called a conjugate base.
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3. Lewis Concept

Acid is any material capable of accepting a pair of electrons such as
AICIs3 BF3, base is any substance that can donate a pair of electrons such
as F’, NH;
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ION PRODUCT CONSTANT OF WATER
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Aqueous solutions contain small amount of hydronium ion H3O"
and hydroxide ion OH"
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2H-0 H:O" + OH"

Water dissociates to H" and OH- ions in aqueous solutions which
are in strong contact with water molecules. Applying mass product
law gives the following equation.
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The concentration of water is enormous (each liter of water is equal to
55,5 M) when compared with the concentration of hydrogen and
hydroxide ions. Therefore, water concentration can be considered
constant.
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K [H20] = Kw = [H:0*] [OH] or Kw =[H*][OH]

H,0 H* + OH-

Where the constant [H*].[OH] = K (1201 = Kw is the ion-product
constant for water, and by using water concentration:

K (55.5)? = K= 1.008 x 101 at 25°C
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The approximation at room temperature is Ky = 1.0 x 10-** mole/L
Kw depends on temperature (i.e., Kw increases with the
temperature increase (at 50°C = 5.47 x 10"** and at 100°C = 49x1014).
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The ion-product constant for water permits easy finding of the
agueous solutions' hydronium and hydroxide ion concentrations.

Kw = ion product constant of water
Kw = [H*][OH] = 1.0 x10** mole?/L? in case of pure water.
Kw = [H*]. [OH] =1.0x1014
Vkw =[H*] = [OH] = 107 mole/L =M
By taking the logarithm of this equation
Kw=[H*] [OH]
-log Kw=-log ([H*] [OH])
-log Kw = -log [H*] —log [OH]
pKw = pH + pOH =14
If pH < 7 then the solution is acidic.
if pH > 7 then the solution is basic.
If pH = 7 then the solution is equilibrium.
Ex:1) Calculate the pH and pOH values of a solution in which
the hydronium ion [H3O0*] concentration is 2.0 x 107 (0.002) M.
Sol
[H] = [H30*] = 2.0 x 10 mole/L
pH =-log [H']
=-log [2.0 x1073] = 2.699
pH+pOH=14  then pOH =14-pH
=14-2.699 = 11.301
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Ex.2) Calculate the hydronium and hydroxide ion concentration
of pure water at 25°C and 100 °C [if Kw = 1.00x10* at 25 °C and
Kw = 49.00x101* at 100°C ] .

Sol.)
Because OH and H3O™" are formed only from the dissociation of
water, their concentration must be equal:
[H*]=[OH]
Kw =[H*] . [OHT]

VKw= [H*] = [OH] =107 mole/L or (M)

At 25°C

[H]=[OH]

=+v1.00 x 1014

=1.00 x10" mole/L
At 100°C

[H']=[OH]
=+/49.00 x 1014
= 7.00 X107 mole/L

EQUILIBRIUM CONSTANTS FOR PAIR ACIDS AND BASES
Bac ally (yaalal) g3 Y culd

Calculation of hydronium and hydroxide ions for strong acids and
bases and weak acids and bases.
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1- Strong acids:

The strong acids will be completely ionized in its aqueous solution,
as shown by one arrow.
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HA - H"+ A" , therefore [H'] = [A"]
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Ex.1) Calculate [H*] and pH of 0.01 M HCI solution

HCl —— H"+ CI

before ionization 0.01 0 0
after ionization 0 0.01 0.01
[H']=0.01 M
pH = -log [H']
=-log 0.01=2

Ex:2) Calculate pH and pOH for 0.15 M H2SO4
H,SO, ——— 2H* + S04?

before ionization 0.15 0 0
after ionization 0 2 x0.15 0.15

[H']=2x0.15 » [H]=0.3 M
pH = -log [H']
=-log 0.3
pH =0.523
Kw = pH + pOH = 14
pOH = 14- 0.523
pOH = 13.477

2- Week acids:

The Weak Acids will incompletely ionize (partial ionization) in
their aqueous solution, as shown by two reverse arrows. So, ionic
equilibrium is occurring.
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CHsCOOH + H»0 H:O" + CH:COO-
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Ay,0t . ACH;c00™

ACHscoon . AHao
a=c.f fordilute solutions f=1, then

[H;0%].[ CH3C00]

K= rcH,coon . m,0]

[H30%].[CH3C007]
K, =
[ CH3COOH].

, since [H20] = Constant

Ka is the ratio between the ionized part of the acid and the unionized
part of the weak acid Ka is a constant provided temperature and pressure
are constant and called acid ionization or dissociation constant.
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K, = i—‘;’ for Conjugate Base

CH3;COOH CH3;COO" +H*
Acid Conjugate Base

Ex. Calculate [H*] of 0.1 M CH3COOH at 25°C (Ka = 1.8x10)

CH3COOH + H,0O CH3COO + H30*
[H30%].[ CH3C007]
K, =
[ CH3COOH] .
CH3COOH CH3COO + H*
Before ionization 0.1 0 0
After ionization 0.1-x X X

[H30%].[ CH3C007]
K, =
[ CH3COOH] .
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_ 5_ X
Ka=18x 10~ = 01—x
2
1.8% 107 = % x is a small value and hence it is neglected
x?=1.8 x 10 X=v1.8x 106

x=1.342 x 102 mole/L = [H"]
CALCULATION OF HYDROXIDE ION CONCENTRATION

1. Strong bases

The strong bases will completely ionize in its aqueous solution as
shown by one arrow.
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NaOH - Na" + OH-
Ca(OH),; —» Ca?* +20H"

Ex 1: Calculate the hydronium and hydroxide ion concentrations in
0.2 M aqueous NaOH solution. if Kw =1x10-4

NaOH —— Na"+ OH"

0.2 0 0
0 02 0.2
[OH]=02M
Kw = [H+][OH™]
+_ Kw _1.00x1071
[H]= [0H"] 0.2

[H*] =5.00 x 10'* mole /L
2. Week bases:

The Weak Bases will incompletely ionize (partial ionization) in its
aqueous solution and shown by two arrows. So lonic equilibrium is
occurring.
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NHs + H.0 NHsOH NHs® + OH-

[ NH{][OH™ ]

K, =
>~ | NH, OH]

POH = -log [OH]
Kb is the base ionization constant

K
K, = K—W for Conjugate Acid
b

NH,OH NH;* + OH-
Base Conjugate Acid

Ex: Calculate [OH], pH, and pOH of 0.1 M ammonia solution at
25°C if Kb =1.8 x 10,

Sol)
NH,OH NHs* + OH
Before ionization 0.1 M Zero Zero
After ionization 0.1- x X X
[NH;][OH]
K, =
b [NH3]
_(x) _ 5 .
Kb o1 1.8x 10 (x is ignored)
2
5_ X
1.8x10 =01

x = [OH] = 1.342 x 10°
POH = -log[OH’]
= -log 1.342 x1073
=2.872

10
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pH =14 - pOH
=14 -2.872

=11.128

Ex: Calculate the pH and pOH value of 1.0x10 M acetic acid at
25 °C if Ka =1.8x10".

_ [H307].[CH3C€007]

Ko = [ CH3COOH] .
CHsCOOH CHsCOO + H°f

Before ionization 0. 001 Zero ZEero
After ionization 0. 001-x X X
1.8x105= ——= x is ignored

0.001— x

2
1.8 x105 == x2=18 x10—8

0.001

x>=18 x10-38
x=v18 x10-8
pH = -log [H] = -log 1.3416 = 104
= -log 1.3416 x log 10
=0.5104
POH = 14 — pH
=14 -0.5104
=13. 4896

Ex.1) Calculate [OH] , pH, and pOH of 0.1 M ammonia solution
at 25 C(ko=1.8x 10°) (note: solution in the same lecture 5)

Ex.2): Calculate pOH and pH for 0.15 M Ca(OH):
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