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lonic equilibrium Y ol Y
It is the dynamic equilibrium established between the unionized
molecules and the ions released by weak electrolytes in their solutions.
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Materials in their aqueous solution classified into two types:

electrolytes and non-electrolytes.
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Electrolytes divided into
A. Strong electrolytes:

Solutes that are completely ionized in their aqueous solutions. These
electrolytes are conduct electricity well, high solubility, such as strong
acids, strong bases and many salts.
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H20
HCI - H" + CI’
NaOH — Na™ + OH-
Ca(OH), — Ca*'+ 20H-
NaCl — Na* + CI
B. Weak electrolytes:
Solutes that are partially ionized in their aqueous solutions. They exist

as a mixture of ions and un-ionized molecules in solution and there is a
balance between the forward and reverse reactions (reaching ionic
equilibrium). These electrolytes conduct electricity weakly, such as weak
acids and bases.
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H>O
HCN = H'+ CON
CH3;COOH = H' + CH3;COO
NH,OH = NH, +OH

Non-electrolytes materials:
These are the materials that do not release any ions in their aqueous
solutions such as ethanol or glucose.
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HO
C:HsOH = (C;HsOH
Glucose = Glucose
Acids and bases e/ 5dll g  an) gl

There are different definitions (concepts) of acids and bases, each
useful in their particular situations.
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1. Arrhenius concept
Acid is a substance that ionized in water to give hydrogen ions (or
hydronium ions), while base is a substance that ionized in water to give
hydroxide 1ons.
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HCl— H" + CI

NaOH — Na" + OH-
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2. Bronsted and Lowry concept
Acid is any substance that is capable of donating proton, while base is

any substance can accept a proton.
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An acid donates protons only in the presence of a proton acceptor (a
base). Likewise, a base accepts protons only in the presence of a proton
donor (an acid). An important feature of the Bronsted-Lowry concept is
the conjugate acids and bases. A conjugate base (basei) is formed when
an acid (acidi) loses a proton. A conjugate acid (acid>) is formed when a

base (basez) accepts a proton.
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CH;COOH+ H,O0 = Hi;O" + CH;COO

acidi + basez = acidz +  basel
conjugate acid  conjugate base

HNO,+ H.O0O = Hi:O" + NOY

baser + acidz = acidi +  base:
conjugate acid  conjugate base

NH; + HbLO = NH:s + OH

base; + acidz = acidi + basez
conjugate acid  conjugate base

Note: The conjugate acid of water is the hydrated proton written as
H3O™". This species is called hydronium ion, and it consists of a proton
covalently bonded to a single water molecule.
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From the last two equations, we consider water as amphiprotic
solvent because it exhibits both acidic and basic properties.
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After an acid has donate a proton the species that remains 1s capable
of accepting proton to reform the original acid then every acid is
paired with its corresponding base which is called as conjugate base.
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3. Lewis concept
Acid is any material capable of accepting pair of electrons such as
AICls, BF3 and base is any substance can donate pair of electrons such
as F-, NH;.
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BF; +:NH3 — F3;B:NH;

Ion product constant of water elall Y Jaladl culi

Aqueous solutions contain small concentrations of hydronium and
hydroxide ions (which are strongly contacted to water molecules) as a
result of the dissociation reaction:

H0+H0 = H:O + OH
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Applying mass action law, an equilibrium constant (K) for this

reaction can be written as shown in the following equation:

[H;O")[OH™]
[H,0F

The concentration of water in dilute aqueous solutions is enormous
(molar concentration of water equal to 55.5 M), however, when compared
with the concentration of hydronium and hydroxide ions. As a result,
[H201? in the equation can be taken as constant, and we write:
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K [H20]? = Kw=[H30"][OH]
or K,=[H'][OH]

Where the constant Kw 1s the ion-product constant for water, and by
using water concentration:

K (55.5) = K= 1.008x10"*  at 25°C.
The approximation at room temperature is Kw =~ 1.00x107!4,

K. depending on temperature (i.e. increasing with the increase in
temperature), for example at (50°C) K,, = 5.47x10'* and at (100°C)
Ky =49.0x10°14,

The ion-product constant for water permits us to easily find the
hydronium and hydroxide ion concentrations of aqueous solutions.
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For pure water:
K= [H']JOH] =1.00x10¢

[H]=[OH]=VK, === [H]=[OH]=1.00x10" M
By taking the logarithm of the 1on product equation:
-log K, = -log [H'][OH]
-log K = -log [H'] + (-log [OH])
By the definition of p-function (pX= -log [X]):

pK,, =pH + pOH = 14



Amalytical Chemistry Lecture 5

if pH < 7 then the solution is acidic.
if pH > 7 then the solution is basic.
If pH = 7 then the solution is neutral.

Ex. 1 Calculate the hydronium and hydroxide ion concentrations of pure
water at 25°C and 100°C (at (25°C) K = 1.00x107'* and at (100°C)
Ky =49.0x101%).

Because OH and H3O" are formed only from the dissociation of water,
their concentrations must be equal:

[H;0']=[OH]

K= [H30"][OH]

[H;0]=[OH] = VK,

at 25°C: [H;0']=[OH]=~1.00x10""* = 1.00x10"’
at 100°C: [H30"] = [OH] = V49.0x10-'*= 7.00x10"’

Ex. 2 Calculate the pH and pOH values of a solution in which [H30'] is
0.002 M.

[H:O']=[H']

pH = -log [H'] = -log (2x107%) = 2.699

pH+ pOH =14 === pOH =14 - pH
=14-2.699 =11.301
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Applying acid-base dissociation constants:
5&[5’— . b j[s'.o‘,_,{-’/‘}j .o“ !..

Calculation of hydronium and hydroxide ions concentrations for

strong acids and bases and weak acids and bases are illustrated as follow:

1- Strong acids and strong bases
The strong acids will completely ionized in their aqueous solution as
shown in the general equation:

HA —» H + A
Therefore [H']=[AT]

Ex. 1 Calculate [H'] and pH of 0.01 M HCI solution.
HCl — H + CI

before 1onization 0.01 0.0 0.0
after ionization 0.0 0.01 0.01
[H']=0.01M

pH =-log [H'] =-log 0.01 =2.0

Ex. 2 Calculate pH and pOH of 0.15 M H2SO4 solution.

HxSOs — 2H' + SO4*
before 1onization 0.15 0.0 0.0

after ionization 0.0 2x0.15 0.15
[H']=2x0.15M=0.3M
pH = -log [H'] = -log 0.3 = 0.523
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pKw=pH+pOH=14 == pOH=14-0.523 =13.477
The strong bases will completely ionized in their aqueous solution
and represented by one arrow in the reaction equation. For example:
NaOH — Na' + OH
Ca(OH) — Ca?* + 20H
Ex. Calculate [H'] and [OH] in 0.2 M aqueous NaOH solution.

NaOH — Na' + OH

before 1onization 0.2 0.0 0.0
after ionization 0.0 0.2 0.2
[OH]=02M

[H']=K./[OH]

= 1.00x10'%/ 0.2 = 5.00x10"'* mole/L

Exercise. Calculate pH and pOH of 0.15 M Ca(OH). solution.
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2- Weak acids and weak bases

The weak acids (as well as weak bases) will partially ionized in their
aqueous solution and represented by an equilibrium arrow (=) in their
reaction equation, so ionic equilibrium is occurring.

CH;COOH + H, 0O = H3O0" + CH3;COO

aH;0". a CH;COO"

K, =
a CH;COOH . a H,O

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

[H30"] [CH:COO ]

Ka=
[CH;COOH] [H20]

[H30'] [CH3COO]
K.= , since [H20] = constant

[CH3;COOH]

K. 1s a ratio between the 1onized and unionized parts of the weak acid,
and called acid ionization constant or acid dissociation constant. K, is a
constant only 1f temperature and pressure are constant.

In an analogous way, the base dissociation constant for ammonia is:
=25l Gadlall e ol e o sall (D caldll o jadl g Al Bl K,
Cdaacall g5 ) jall Aa 0 gl il g g (padlall Ba ) ol s
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NH; + H,O = NHs + OH
[NHs'][OH ]

Kp= , since [H2O] = constant
[NH3]
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Ex. 1 Calculate [H'], pH and pOH of 0.01 M CH3COOH at 25 °C (K, =
1.8x107)

CH;COOH = H + CH:COO

before 1onization 0.01 0.0 0.0
after 1onization 0.01-X X X
[H;0 '] [CH5COO] X) (X)
K.= =1.8x107°=
[CH;COOH] (0.01-X)

X in the denominator ( #l&ll) is small value and hence it neglected

1.8x105= X2/0.01 @>=>= X2= V1.8x10”
X = [H'] = 4.242x10"* mole/L

pH = -log[H"] = -log 4.242x10* = 3.372
pOH = 14 - pH = 14 — 3.372= 10.628

Ex. 2 Calculate [OH], pH and pOH of 0.1 M ammonia solution at 25 °C
(Kp» = 1.8x107)
NH«OH = NHi + OH

before 1onization 0.1 0.0 0.0
after 1onization 0.1- X X X
[NH4'] [OH] (X) (X)
Kp= =1.8x107=
[NH,OH] (0.1 -X)

X in the denominator ( alall ) is small value and hence it neglected
1.8x10°= X2/0.1 == X*>= 1.8x10°¢

X =[OH] =1.342x10" mole/L
pOH = -log[OH] = -log1.342x107 = 2.872

pH=14-pOH=14-2.872=11.128
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Equilibrium constant for conjugate acid-base pairs:
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The general relationship for all conjugate acid/base pairs 1s obtained
by multiplying one equilibrium-constant expression by the other for the
pairs.

Consider the acid dissociation-constant expression for acetic acid and the
base dissociation constant expression for its conjugate base, acetate ion:

[CH;CO0 1 [H30 ]

CH3COOH+ H,O = CH3;COO +H30" K, =
[CH;COOH]

[CH3COOH] [OH ]

CH;COO+ H20 = CH3COOH + OH K=

[CH3COO]

K [CI;;C{)O'] [H:0'] [CH3COOH] [OH ]

a Np=— X

[CHxCOOH] [CHCOO0T

but

K, =[H:0"] [OH]
Therefore

Kw = Ka Kb

In an analogous way, the base equilibrium constant for conjugate acid-
base pairs of the ammonia is:
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[NH; ] [OH]

NH; + HbO = NH4 + OH K»=
[NH;3]

[NH;3] [H;0']

NH;+ H.O = NHz + H;0' K, =
[NH.']

¥ [H;0'] ¥, ] [OH ]

Ka Kb: X

| (L]

but

Kw=[H30'] [OH]
Therefore
K., = K, Kp

This relationship is general for all conjugate acid/base pairs.
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