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IONIC EQUILIBRIA- SUMMARY

Definitions of Acids and Bases
¢ Arrhenius Theory
© acid is a substance that dissociates in water to give H* 5q) ions
© base is a substance that dissociate in water to produce OH" ,q, iOns.
¢ Bronsted-Lowry Theory
© acid is a proton donor (proton = H* = H;0")
© base is a proton acceptor
¢ Lewis Theory
© acid is an electron pair acceptor
© base is an electron pair donor

Exercise 1

Identify the acid and base in the following reactions
a. HCI + NaOH — NaCl + H,O

b. NH; + HCI — NH.CI

C. NH3 + BF3 — NH3BF3

Conjugate acid-base pairs
-H*

HA A

+H*
For forward reaction, HA is the acid, and A" is its conjugate base
For reverse reaction, A" is the base, and HA is its conjugate acid
Hence, HA/A  is a conjugate acid-base pair

+H*

NHs NH.*

-H*

For forward reaction, NHs is the base, and NH." is its conjugate acid
For reverse reaction, NH," is the acid, and NHjs is its conjugate base
Hence, NHs/NH," is a conjugate acid-base pair

Basicity of Acids
* Monoprotic or monobasic acids can donate only one proton. E.g. HCI, HNO; and CH;COOH
« Diprotic or dibasic acids can donate two protons. E.g. H,SO., H,S and H.CO;
» Dissociation of a diprotic acid occurs in two stages:

H,CO; (aq) H,O
HCOs @aq) T H-.O

HCO3 (aq) + H3O" ag)
COs” (aq) + H3O" (ag)

* H:COsis a stronger acid than HCO;" due to the following reasons
0  HyCOs;has 2 protons to lose while HCO3 has only 1 proton
o HCOys is negatively charged hence more difficult to lose positively charged proton

Ampbhiprotic species
*  Amphiprotic species can act as either an acid or base depending on their chemical environment.
*  Water is an example of an amphiprotic species
o with acid, water acts as base
H20 () + CH3COOH (5
o with base, water acts as acid
H20 ) + NH3 @) = OH s+ NH4" (ag)

H30" (aq) + CH3C OO (a9
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Strength of acids and bases
* pH and basicity are not indicators of acid strength

* The strength of an acid or base is inherent in its chemical nature
A stronger acid has greater tendency to donate its proton, and a stronger base has greater
tendency to accept a proton

* Astrong acid is one that dissociates completely in aqueous solution to give H;O" ions.
© Eg HCI, HNOs, H,SO,
© [H;0"] = [strong acid] for monoprotic acids
* Aweak acid is one that dissociates partially in aqueous solution to give H;O" ions.
© Eg H.COs;, carboxylic acids such as CH;COOH
0 [H30"] << [weak acid]
* Astrong base is one that dissociates completely in aqueous solution to give OH" ions.
© Eg NaOH, Ba(OH),
© [OH] = [strong base] for monobasic bases
* Aweak base is one that dissociates partially in aqueous solution to give OH" ions.
© Eg NHs;, amines, phenylamine
0 [OH] << [weak base]

Auto-ionisation of water
*  Water ionizes on its own to a very small extent to give H;O" and OH" ions.

2 HOy H30" (aq) + OH (o) AH = +ve
* The equilibrium constant for the above system is given the symbol K. and is known as the ionic
product of water.

Kw = [H;0*][OH7] = 1.0 x 10" moldm™® (at 25°C)

*  For pure water or a neutral solution, [H;O*] = [OH] = 1.0 x 107 moldm™ (at 25°C)

* As the auto-ionisation of water is an endothermic process, when temperature is increased,
equilibrium position shifts to the right to absorb the heat, forward reaction favoured, [H;O0*] and
[OH7] increase by the same amount, and K, increases.

pH and pOH
* pH is defined as the negative logarithm to base 10 of [H3O].
pH = - log1,[H:0"] and [H;0']=10""
So for a neutral solution at 25°C, pH = - log:(1 x 107) =7
* pOH is defined as the negative logarithm to base 10 of [OH].
pH = - log1,[OH7] and [OH]=10 *°"
* relationship between pH and pOH can be derived:

Ky = [HsO*][OH]

- log1oKw = - 10g10[H30"] — log1[OH]

- log1oKw = pH + pOH

Since K. = 1.0 x 10" moldm at 25°C,

pH + pOH = 14 (at 25°C)

Exercise 2

At 100°C, K., = 51.3 x 10" mol’dm™®

(i) Determine the pH of pure water at this temperature
(ii) Has the water turned acidic?
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Exercise 3
(i) Calculate the pH of a solution of HCI when its concentration is 5.0 mol dm
(i) Calculate the pH of a solution of NaOH when its concentration is 2.0 mol dm=

Exercise 4
(i) The pH of an acid of concentration 1.0 mol dm is 1.00. Is this acid strong or weak?
(i) The pH of a base of concentration 0.148 mol dm= is 13.17. Is this base strong or weak?

Dissociation of weak acid and K,
* When weak acids dissociate in water, an equilibrium is set up.

HAG + HOy =
0" A
[HyO][HA]

H3O" aq) + A (aq)

[H20] is a constant, hence a new equilibrium constant called acid dissociation constant K..

* the larger the K, value, the higher the concentration of H;0*, hence greater tendency for acid
to dissociate to give H:O*, and the stronger the acid

* pK, is the negative logarithm to base 10 of K..

pKa = -logoKa
The smaller the pK. value, the larger the K., hence the stronger is the acid.

Dissociation of weak base and K,

* When weak bases dissociate in water, an equilibrium is set up and base dissociation constant K,
can be determined.

B (aq) + H20 ) Bf(aq) + OH ()
. . [BHT][OH]

K, = K[H,0] = =2 1P ]

[B]

¢ the larger the K, value, the higher the concentration of OH", hence greater tendency for base
to dissociate to give OH', and the stronger the base

* pK, is the negative logarithm to base 10 of K.

pr = -|Og1oKb
The smaller the pK, value, the larger the K., hence the stronger is the base

Relationship between K, and K, of conjugate acid-base pair

Consider the ionisation of a weak acid:

HA @g) + H20 )
Ka = [HsO"][A)/[HA]

H3O" (ag) + A (aq)

Consider the ionisation of its conjugate base A

A (aq) + H20 )
Ky = [HA]J[OHY/[A]

HA @) + OH (@)
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Multiply Ka with Kp:

H;O0M A7) HAOH™)

HA -~ X A, = [H:07][OH]

K,

X K, = K,

Salt Hydrolysis

When salts dissolve in water, the pH of its solution need not always be 7

The solution can be acidic or alkaline depending on the nature of the ions present.

E.g. a solution of CH;COONa. The CH;COO" ion is the conjugate base of CH;COOH, a weak acid.
Hence dissociates in aqueous solution to produce OH and pH above 7

CH3COO (o) + H20 CH3COOH (ag) + OH" (aq)

E.g. a solution of NH,CI. The NH," ion is the conjugate acid of NH3, a weak base. Hence
dissociates in aqueous solution to produce H;0"and pH below 7

NH4" ag) + H20

NH; @) + H3O" (aq)

Exercise 5
Would a solution of NH,CN be acidic or alkaline?
Given K, (HCN) =5 x 107"® mol dm™ and K, (NH;) = 1.78 x 10® mol dm™®

Exercise 6
Calculate the pH of 0.10 moldm ethanoic acid given that the K, of ethanoic acid is 1.76 x 10° moldm.

Exercise 7

For a 0.200 moldm solution of an acid HX which is 1.0% dissociated, calculate
(a) the pH of the solution and

(b) Ka and pK, of the acid.

Exercise 8
Calculate the pH of a 0.100 moldm solution of sodium ethanoate, CH;COONa, given that the K, of ethanoic
acid, CH3COOH, is 1.76 x 10°® moldm™.

Summary to determine pH

Strong acid: [H*] = [acid]

Weak acid: [H'] = (K.[acid])"? Hence pH = -Ig[H"]
Strong base: [OH] = [base] Hence pOH = -Ig[OH]
Weak base: [OH] = (Ky[base])"? pH = 14 - pOH
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