Class 11 JEE Chemistry

SALT HYDROLYSIS

Salts

(i)  Saltsareionic compounds that result from the combination of a cation from a base and an anion
from an acid.

(ii)) The taste of salts can vary, with possibilities including salty, bitter, astringent, sweet, or even
tasteless.

(iii) Solutions containing salts can exhibit acidity, basicity, or neutrality.

(iv) Fused salts and their aqueous solutions are conductive and can undergo electrolysis.

(v)  Salts are typically found in the form of crystalline solids.

Classification of Salts
The salts may be classified into four categories.

Simple Salts
The compounds resulting from the neutralization reaction between an acid and a base fall into three
categories.

(i) Normal Salt

The salt formed by the loss of all possible protons (replaceable gt ions)
Ex. NaCl, NaNOg, K250y, Ca3(PO4)2, Na3BO03, NapHPOg3, NaH»PO; etc.
(ii) Acid Salts
(i)  Salts formed by incomplete neutralisation of polybasic acids. Such salts contain one or more
replaceable H atom.
Ex. NaHCOg3, NaHSO4, NaHPOy, NagHPO4 etc.

(these are salts containing amphiprotic ions)
(i)  Above salts when neutralized by base form normal salts.

(iif) Basic Salts
(i) Salts formed by in complete neutralisation of poly acidic bases are called basic salts.
These salt contain one or more hydroxyl groups.
Ex. Zn (OH)CI, Mg (OH)CI, Fe (OH), Cl, Bi (OH)Cl etc.

(i) Above salts when neutralized by acids form normal salts.

Double Salts

(i) The addition compounds formed by the combination of two simple salts are termed as double
salts.

Ex. FeSO4 (NH4)2S04. 6H50 (Ferrous ammonium sulphate), K9S04 Al (S04)3.
24H50 (Alum) and other alums.
(ii)  These salts exhibit stability solely in their solid state.
(iii) Upon dissolution in water, they release all the ions that constitute the corresponding simple salt.

(iv)  Solutions of double salts demonstrate the characteristics of the basic salts from which they are
derived.

Complex Salts

(i)  These are formed by combination of simple salts or molecular compounds.
Ex. KyFe (CN)g, Co (NH3)g SO4 etc.
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(i) FeSO, +6KCN ——> KuFe(CN)s +K2 SO4 complex salet
simple salt
(ii) CoSO4 +  6NHj3 —> Co (NH3)gS04
Simple Molecular complex
salt compound salt

(iv) These are stable in solid states as well as in solutions.
(v)  Ondissolving in water, if furnishes a complex ion.

K4Fe (CN)g —— 4K+ [Fe (CN)g]*™
complex ion

(vi) The characteristics of the solution vary from those of the original substance from which it is
derived.

Mixed Salts

A mixed salt is defined as a type of salt that yields multiple cations or anions when dissolved in water.

Ex. CaOCly, NaKSO4, NaNH4HPO, etc.

ca /OCI Na\ Na\

so.| |INH=po
~callk = | lu "

Hydrolysis of Salt

Salt hydrolysis is defined as the process in which water reacts with salt to form acid & base.
Water + Salt ——  Acid + Base
AH =+ ve
It is always an endothermic process because it is reverse of acid - base neutralization reaction which

is always exothermic.
. _ [Acid ][ Base ]
Hydrolysis constant Ky, = T lsat]

Here H,O is a solvent (in excess) so active mass of HyO is 1.

Hydrolysis of Salt and their pH
Types of Salt Hydrolysis
(1) Hydrolysis of Strong Acid - Weak Base [SA - WB] Type Salt:
Ex. CaS04, NH4Cl, (NHg) 2S04, Ca(NO3)3, ZnCly, CuCly, CaCly

NH4Cl + Hy0 — NH4O0H + HCl
NH4 T +CI"+Hy0 —>  NH4O0H+HT +CI”

NHy4t + Hy0 — NH40H + H™
(1) Inthis type of salt hydrolysis, cation reacts with H»O, therefore called as cationic hydrolysis.

(2) Solution is acidic in nature (SA WB) as [H+] is increased.
(3) pH of the solution is less than 7.
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(a) Relation between Ky, Ky & Kp

NH4 " +H,0 —> NH OH+HT
Hydrolysis constant Ky,
_ [NH4OH][H"]

Ky S (1)
For weak Base NH40H ——>  NHy' +OH™
_ [OH][H™]
K="Nmom e @)
For water H)0 —  HY+oH
Ky=[OHMHTT L 3)
Now multiplying Eq. (1) & (2) = Eq. (3)
[NH,OH][H*] _ [NHFJ[OH™] _ . 4 _
[NH;] mmgom L 1{OH ]
i.e. Kh X Kp =Ky
K
Ky = -2
h Kp

(b) Degree of hydrolysis - Represented by h
NH4 " + Hy0 —> NH40H + HY

C 0 0
(Initial concentration at equilibrium)

C-x X X
nx = aoa
1x=Ch
x=Ch
C-Ch Ch Ch
Ki = [NH,OH][H*] _ ChxCh
h= "7INmf T c-an
_ C*h? _ Ch?
~ c@a-h)  (1-h)
Since h<<<<1
then (1-h)=1
K}, = Ch?
H? =t
C
- /&
= h = c
) — Kw
K, = Re
Kw
= h= |2
C
Kw
= - KpxC
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(¢) pH of the solution:
pH = -log [H]

Kw
KpxC

[Ht]=ch=c

= [H+] - ’M
Kp

On taking - log on both sides

-log [H+] = -log ’%
b

= pH = - log (KW—XC)l/Z
Ky
pH = —%[logKW+logC—logKb]
1 1 1

pH= —ElogKW —ElogC -3 (-log Kp)

1 1 1
pH =-pKy, —7log C—-pKj
pH=7 —%pr —%log C

(2) Hydrolysis of [WA - SB] Type Salt:
Ex. KCN, NaCN, K»CO3, BaC0O3, K3P04
NaCN +H90 —— NaOH + HCN

Nat + CN"+H,0 —> Nat 4+ 0OH™ + HCN

CN" +Hy0 —— HCN+OH™

(1) Inthis type of salt hydrolysis anion reacts with water therefore called as anionic hydrolysis.

(2) Solution is basic in nature as [OH™ ] increases.
(3) pH ofthe solution is greater than 7.

(a) Relation between K}, Ky, Ky

CN +Hy0 —— HCN+ OH™

_[HCN+OH™]

Kh CN-

For weak acid HC(N ——» CN +HT

[CN~+0H™]

Ka IW ..... (2)

For water H)0 —> HY+oH
Ky=[OHMH?7T L 3)

eq. (1) Xeq.(2)=eq.(3)

[HCNJ[OH™] _ [CNTJ[H*] _ . + -
[CN-] [HCN] = [H][OH ]

Kp % Ky = Ky
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(b) Degree of hydrolysis:

(c) pH of the solution

Since
Therefore

CN™ +H»0 HCN + OH™

C 0 0 Initial concentration at equilibrium
C-x X X

nx = ao

1x=Ch

x=Ch

C-Ch Ch Ch

_ [HCNJ[OHT] ChxCh _ C2h?
~ [CN-] ~ c-Ch ~ c(1-h)

Kn

Ch?
Kh =1
h<<<<1
(1-h)=~1
K}, = Ch?

Kh
h? = =2
[

- ﬁh
h_c

Kw
KaxC

h =

_ _Kw
(] = for]
Kw
(A ===
Ka

[H+] — ’Kw:Ka

On taking - log on both sides

,K xKa
-log [H+]=—log WT

pH = - log (F52)1/2
pH = —% [logK,y + logK, - logC ]

1 1 1
pH=— ElogKW -3 logK, — > logC

1 1 1
szszW+E pKa+ElogC
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1 1
pH—7+5pKa+ ElogC

3.  Hydrolysis of (WA - WB) Type Salt:
EX. NH4CN, CaCO3, (NH4)2 C03, ZI‘IHP03

NH4CN + Hy0 ——  NH4OH + HCN

NH4 " +CN™+H,0 —>  NH4O0H + HCN

(1) Solution is almost neutral but it may be acidic or basic depending upon the nature of acid & base
& pH of the solution is near to 7.

(a) Relation between Ky, K, Ky & Kp

NH4 ' +CN~” +Hy,0—>  NH4OH + HCN
__ [NH,OH][HCN]
b= Nmen (1)

Forweakbase =~ NH40H —> NHy' + OH™

_ [NHZ][OH]
Ko =“mmom 2)
Forweakacid  HCN ——> HT 4+CN”
_ [H*][eNT]
= mer 3)
For water H0 — HT+OH™
Ky=[OHMH?7 L 4)

Multiply Eq. (1) x Eq. (2) X Eq. (3) = Eq. (4)

[NH,OH][HCN] _ [NHZ][OH™] _ [H*][CN™]
[NHF][CN™] [NH,OH] [HCN]

= [HY] [oH]

Kh X Kp X Ky =Ky,
— KW
T KaxKp

Kp

(2) Degree of Hydrolysis
NH4+ +CN™ + Hp0 — NH4O0H + HCN

C C 0 0 Initial concentration
C-x C-x X x  atequilibrium
nx = ao,
x = Ch
C-Ch C-Ch Ch Ch
Ky = [NH,OH][HCN] __ ChxCh _ C%h2 _ h?
h= [NHFJ[CN-] ~ (C-Ch)(C—Ch) ~ C(1-h)xC(1-h) ~ (1-h)2
Since h<<<<1
Then (1-h)=~1
. Kh — h2
or h2 = _Kw
KaXKp
_ [_Kw
h = kxg (5
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(b) pH of the solution

From eq. (3)
_ [H*][CNT]
a7 [HCN]
+1 _ Kax[HCN]
(7= [CN-]
+1 _ KaXCh _ Kaxh
A= "n = n
Since h<<<<1
(1-h)=1
[H+] =Ky Xh [Now put the value of h from eq. (5)]
=K, X w
KaxKyp

1 [KwxKa
[ = [

On taking - log on both sides
~log [H] = - log(F52)1/2
b

1
pH = —E[log (Kw X Ky) - log Ky ]

sz—% [log Ky + log K, - log Kp]

1 1 1
pH =3 [ogKy] -3 [log K] -3 [~ log Ky
1 1 1
pH=+EpKW+EpKa_Epr

1 1
pH=7+5pKa— Epr

(4) Hydrolysis of [SA — SB] Type Salt -
Ex. NaCl, BaCly, NapS0y, KCl04 etc.
NaCl + H»0 —» NaOH + HCI

Nat 4+ CI” + Hy0- Na™ + OH + H' +CI”

H,0 - Ht +oH~ (It is not salt hydrolysis)
(1) Hydrolysis of salt of [SA - SB] is not possible

(2) Solution is neutral in nature (pH = pOH = 7)
(3) pH of the solution is 7

Hydrolysis of Polyvalent Anions or Cations
The hydrolysis of these species occurs gradually, much like the dissociation of weak acids. In most
cases, the initial step of hydrolysis prevails for two primary reasons. First, the hydrolysis constant for
the second and subsequent steps is typically significantly smaller in comparison to the constant for the
first step of hydrolysis. Second, the presence of ions resulting from the initial step of hydrolysis tends
to inhibit the hydrolysis of the second and subsequent steps.
For a polyprotic acid (H;S, H3PO4, HpCO3, HC204) we already know that the dissociation always

takes place in steps,
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so for example for H3P04
+ - _ [H*][H,POL]
H3PO4 »H" + HyPOy Ka1 = H,p0,] " (@Y)
+ -2 [H*][HPOZ™]
H,PO,~ - H" + HPO K= ———— .. 2
2P04 4 [H,PO3] @)
2-_, ot -3 _ [H*][POi7]
HPO4“ - H' + POy Kaz = mpor] 3)
For all acids we always have Kai1 >> Kaz >> Kas
pH of the solution can be calculated from st step only because [H+] from IIrld & IIIrd step can be

neglected as
(a) Ka1>> Ka2 >> Kas

(b) [H+] from I3 dissociation will suppress the dissociation of IIrld & IIIrd step.
Now for the hydrolysis of polyvalent ions of salts (like K3P04, NapC504, ZnSOy,
FeCl3, (NH4)C04 or ions like P0O437, 50427, Zn?t, Fe3 T etc).

Consider the hydrolysis in step
3- - 2

PO4”" +Hp0 "= HPO4“" + OH™
C 0 0
C(1-h) Ch Ch
_ [OH7][HPOZ™]
Ky, = “wor 4)
2- - - - [OH7][H,POY]
HPO4“~ 4+ Hp0 > HyPO4~ + OH Knz= [HTE_]“ ..... (5)
HoPO4 +Hp0 - H3PO4 + OH™ Kn3= W ..... (6)
[H2PO]
- + - _ + -
H,0 - H" +OH Ky=[H"][OH] .. (7)
From above equations we get.
KaiXKnz =Ky,
Ka2X Knz = Ky,
Ka3x Kni= Ky,
Generally, pH is calculated only using the first step hydrolysis
_ ChCh _ ch? 2
Khl—c(l_h) = ~ Ch
S LS FY
h=J%
= [OH ] =Ch= /Ky
+. Kaj kWXKa3
= [H']= [OH ] KwC \/
So, pH = [pK, + E + logC]
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Hydrolysis of Amphiprotic Anion
(Cation is not Hydrolyzed)

NaHCO3, NaHS, etc,, can undergo ionisation to from HY ion and can undergo hydrolysis to from OH™
(Na+ ion is not hydrolyzed)
(a) (i) HCO3™ + Hy0 - CO3%™ + H30™ (acid)

(ii) HCO3~ + Hp0 — H»CO3 + OH™ (base)

- Ka, +pK
PH (HCO3") = (F22=2)
(b) Similarly, for HpPO4 "~ and HP042_ amphiprotic anions.

pKa, +pK pKa, +pK
PHu,po;) Z(M) and pHypoz-) = (u)

Cation is Also Hydrolyzed

(i) Saltslike NH4HCO3, NH4HS in which HCO3™ and HS™ are amphiprotic respectively but NH4+ will
also hydrolyzed.

(ii) Equilibria in such solutions will be:
(Hydrolysis of anion)

HC03_ + Hy0 —» H»CO3+ OH™
(Hydrolysis of cation)

NH4" +Hy0 - NH40H+H'

S0, [H+ Ka, ( Kaz)
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