3. IONIC EQUILIBRIA

3.1 Introduction : The equilibrium between
1ons and unionized molecules 1n solution 1is

called 1onic equilibrium. Ty



electrolyte : The substances
“which give rise to ions when dissolved in water

are electrolytes. Tigue—G——Ggig i caadingsc




Iypes of electrolyte

3.2.1 Strong electrolyte : The electrolytes
ionizing completely or almost completely are
strong electrolytes. For example : strong acids,
strong bases and salts.

For example HCl, H2S04 , NaOH , KOH
NaCl, KBr, AgCl



3.2.2 Weak electrolyte : The electrolytes
which dissociate to a smaller extent in aqueous
solution are weak electrolytes. Weak acids
and weak bases belong to this class.

For example CH3COOH , H-COOH ,
NH40H , Cu(OH)2



3.2.3 Degree of dissociation () : The degree
of dissociation of an electrolyte 1s defined
as a fraction of total number of moles of the
electrolyte that dissociates into its 1ons when
the equilibrium i1s attained. It is denoted by
symbol o and given by

- — Dhumber of moles dissociated (3.1)

total number of moles
Percent dissociation = oc X 100 ... (3.2)



Acids and Bases
Arrhenius theory of acids and bases

Acid : Acid 1s a substance which contains
hydrogen and gives rise to H* ions in aqueous
solution. For example :

HCI (aq) =» HE‘(aq) + CI%(aq)
CH3COOH(aq) —— CH3C009(aq)+ H®(aq)



Base : Base 1s a substance that contains OH
group and produces hydroxide ions (OH®)
ions 1n aqueous solution. For example,

NaOH (aq) — Na®(aq) + OH®(aq)
NH,OH(aq) =— NH,“(aq) + OH®%(aq)




Bronsted - Lowry theory

Acid : Acid 1s a substance that donates a
proton (H®) to another substance.

Base : Base 1s a substance that accepts a
proton (H*) from another substance.

For example :

HCl + NH, === NH,® + CI°
Acid. Base. Acid. Base.



Conjugate acid-base pair

m A pair of an ElCld and a

base differing by a proton 1s said to be a
conjugate acid-base pair.

HCl(aq) + H,O()) H,O% (aq) + CI® (aq)

Acid, Bage, Acliz Base,

I
conjugate acid-base pair, T
conjugate acid-base pair,




3.3.3 Lewis theory :

Acid : Any species that accepts a share 1n an
electron pair 1s called Lewis acid.

Base : Any species that donates a share in an
electron pair 1s called Lewis base.



(acid) (base)

F H F H
| I |
F—]?»+=TI\T—H —:-F—B(—N—H
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F H F H

(acid) (base)



Amphoteric nature of water : Water has
the ability to act as an acid as well as a base.
Such behaviour 1s known as amphoteric nature
of water. For example :

H,O(/) + NH,(aq)
Acid
H,O(7) + HCl(aq) =—— H,0%(aq) + CI°(aq)

Base

OH®(aq) + NH,®(aq)

H_,O acts as an acid towards NH, and as a base
towards HCI. Therefore H O is amphoteric.



3.4 Ionisation of acids and bases

Strong acids and bases are almost completely
dissociated 1n water. For example :

HCl (aq) — H®(aq) + CI° (aq)
NaOH (aq) — Na®(aq) + OH®(aq)

Typical strong acids are HCI, HNO,,
H,SO,, HBr and HI while typical strong bases
may include NaOH and KOH.



Weak acids and weak bases are partially
dissociated in water. The solution of a weak

CH,COOH(aq) =— CH,COO®(aq) + H*(aq)
NH, OH(aq) NH,®(aq) + OH®(aq)

Note that HCOOH, HF, H,S are examples
of weak acids while Fe(OH),, Cu(OH), are
examples of weak bases.




L= E= - T —_— —_—

3.4.1 Dissociation constant of weak acids
and weak bases : The dissociation of a weak
acid HA 1n water 1s expressed as

HA(aq) =— H"(aq) + A%(aq)

The equilibrium constant called acid-
dissociation constant for this equilibrium is :
[H”][A®]

K=—7/70=— .
*  [HA]



Similarly the dissociation of weak base
BOH 1n water 1s represented as :

BOH(aq) === B®(aq) + OH®(aq)

The equilibrium constant called base-
dissociation constant for this equilibrium is,

K, - B IIOH]
[BOH]

rTii
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3.5 Autoionization of water : Pure water
ionizes to a very small extent. The ionization

H,O (1) + H,0 (1) H,0%(aq) + OH (aq)

The equilibrium constant (K) for the
1onlzatlon of water 1s given by

_ [HL,O®][OH®]
K= EE[EG{D]E """""" {3*12}
or K[H,0]>=[H,0®][OH®] ..........(3.13)

[H,O]® = K'. Substituting this in Eq. (3.13)
we get,

K= K — [I—IECIE'][C}HS] e (301
K = [HEG'E'][GH‘E‘]



where K = KK' is called lonic product of
water. The product of molar concentrations of
hydronium (or hydrogen) ions and hydroxyl
ions at equilibrium in pure water at the given
temperature 1s called ionic product of water.

K_=[H,0°][OH®]

K =(1.0 x 107) (1.0 x 107)
K =1.0x10" v (3.15)

W



pH defined the pH of a

solution as the negative logarithm to the base
10, of the concentration of H® ions in solution
in mol dm=. Expressed mathematically as

pH: - lﬂgm[‘[{@]



Similarly pOH of a solution can be

defined as the negative logarithm to the base
10. of the molar concentration of OH® ions In

solution.

Thus, pOH = -log, ,[OH®] e (3.16)



3.0.1 Relationship between pH and pOH
The 1onic product of water 1s
K =[H,O%][OH"]
Now, K =1x 10" at 298 K and thus
[H,O®][OH"] = 1.0 > 10"

Taking logarithm of both the sides, we write
log, ,[H,O%¥] + log, [OH"] = -14
-log, [H,O®] + {- log, [OH®]} = 14
From Eq. (3.16) and (3.17)
pH+pOH=14 ... (3.18)
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Fig. 3.1 : pH scale
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3.7.1 T}-‘pes_ of salts

II.

IIL

IV.

These are of four types

Salts derived from strong acid and

strong base. For example : NaCl,
Na,SO,, NaNO,, KCI, KNO,.

Salts derived from strong acids and

weak bases. For example : NH,CI,
CuSO,, NH,NO,, CuCl.,.

Salts derived from weak acids and
strong bases. For example : CH,COONa,
KCN, Na,CO..

Salts derived from weak acids and weak
bases. For example : CH,COONH,,
NH,CN.
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3.7 Hydrolysis of salts

hydrolysis of salt. Hydrolysis of salt is defined
as the reaction in which cations or anions or
both ions of a salt react with 1ons of water to

produce acidity or alkalinity (or sometimes
even neutrality).



Salts of strong acids and strong bases
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Salts of strnng acids and weuk bases :
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Salts of weak acids and strnng bases
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Salts of weak acids and weak bases:

1. 1f, K > K , the solution will be acidic.

a

i1. if, K < K, the solution will be basic.

1. if, K = K, the solution will be neutral.



1. Salt of weak acid and weak base for which Kﬂ = Ky

NH,F 1s a salt of weak acid HF (K =
7.2 X 10‘4) and weak base NH4OH (Kb = 1.8
bt 10'5). Here, K 1S greater than K&-' The salt hydrolyses as

_NH4 Ff it Ha0 = Nugoy 4+ HE
2 — 1 ) L e

_ Iﬂ Fon rc ﬁown e\ Q7N’\ ,,J

_7,__,_,_“,.,__ S 1Y :

NH,®(aq)+F°(aq)+H O—NH,OH(aq)+HF(aq)
(weak base) (weak acid)



HF is slightly stronger acid than NH,OH
Hence the solution of NH,F is
slightly acidic



NH,®(aq)+2H 0(/)===NH,OH(aq)+H,0%(aq)
e (3.19)

Fe(aq) + H,0(/) === HF(aq) + OH%(aq)
e (3.20)

The NH,® ions hydrolyse to a slightly
greater extent than the F° ions. That means

The solution of NH,F 1s thus only slightly acidic



1i. Salt of weak acid and weak base for which
K <K, : NH,CN is the salt of weak acid HCN
(K =4.0 x 10"°) and weak base NH,OH (K, =
1.8 x 10°) showing that K < K,. When NH,CN
is dissolved in water, it hydrolyses as

'HAC/\[ + H;Lo —f-%___NJfArOH___.f Henl
mc3ar&>__ AN e A o AR B oA
T _JO0rC _-ﬁmm;-..-_qbfovﬁe_m_..,-...-cr,m,_,_s_*-

NH,®(aq) + CN®(aq) + H O(/)

== NH,OH(aq) + HCN(aq)
(weak base) (weak acid)




The base NH,OH is stronger than the acid HCN.

in reaction (3.21). The solution of NH ,CN 1s,
basic and turns red litmus blue.



iii. Salt of weak acid and weak base for
which KH=K5.

CH,COONH, is a salt of weak acid, CH,COOH
(K _=1.8 x 10~) and weak base, NH,OH (K, =
1.8 x 10).

CH,¢ OONH4+ + H; O == CHLOOH+ Nv’fOH-
(“@ S DL )

L. W A AL S NI
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CH,COO®(aq) + NHf(aq) +H_O(/)
CH,COOH(aq) + NH,OH (aq)

(weak acid) (weak base)




CH,COOH and NH,OH are equal
in strength, hence solution of
CH,COONH, is neutral



3.8 Buffer solutions : Buffer solution is
defined as a solution which resists drastic
changes in pH when a small amount of strong
acid or strong base or water is added to it.



a. Acidic buffer solution : A solution
containing a weak acid and its salts with
strong base is called an acidic buffer solution.

For example : A solution containing weak
acid such as CH,COOH and its salt such as

CH,COONa 1s an acidic buffer solution.
pH of acidic buffer is given by the equation

_ [salt]
pPH=pK + lﬂgm[ God] e (3.23)
where pK = -log, K e (3.24)

and K 1s the dissociation constant of the acid.



b. Basic buffer solution : A solution
containing a weak base and its salt with
strong acid is the basic buffer solution.

For example : A solution containing a
weak base such as NH ,OH and its salt such as
NH 4Cl 1s a basic buffer solution.

The pOH of basic buffer is given by,

salt
pOH = pK, + lﬂglﬂ{m]] verrreeeenes (3.29)
where pK, = -log, K, ............(3.26)and

K, 1s the dissociation constant for the base.
Equations (3.26) and (3.25) are known to
Henderson Hasselbalch equation.



