College of Ibn Al Haitham (Analytical Chemistry) Department of Chemistry
Lecture 6

SALTS AND SALTS HYDROLYSIS
LU Sl Jlasll g ~ DY)
Neutralization reactions are the reactions between acid and base that give

salt and water. The basic reaction combines the positive part of the base
with the negative part of the acid.
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KOH + HCI —— KCI + H,0
Base Acid Salt water

Salt hydrolysis is defined as the reaction between salt ions and water
ions to give a weak acid or a weak base.
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H.O H* + OH"
CHsCOONa —— CHs3COO + Na*
CH3:COO + H0 CHCOOH + OH-

Salts are classified into four main types:
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1- Solutions of salts derived from strong acids and strong bases:
L8328y 58 Haaa e dsidadl ZOLY) Jillsa -1

2- Solutions of salts derived from weak acids and strong bases
T4 8 38 g Camia ada e d8idall Z 3] Jillaa -2

3- Solution of salts derived from a strong acid and weak base.
damndacBy 58 aala e A8 7Y Jllas -3

4- Solution of salts derived from a weak acid and weak base.
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1- Solutions of salts derived from strong acids and strong bases:
g daclhy o b (aala cpe dlidad) F3WY) Jillaw 1

NaOH + HCI ——— NaCl + H20

Strong base strong acid salt water

NaCl ——— Na" + CI

H20 H* + OH'

NaCl is completely dissociated in water, while the ionization of
water partially gives equal numbers of H* and OH" ions, therefore the
solutions of these salts are neutral.
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[H*]=[OH]1=1.0 x 10" mole /L

pH = -log [H*] = -log 1.0x107 =7

Examples of strong acids are HCI, HI, H,SO4, and HNOj3, and
examples of strong bases are KOH and NaOH. The solution of
neutral salts can be acidic (CuSQa), neutral (NaCl), or basic (Na2CO3).
In salts that do not hydrolysis in water like NaCl, and BaClOs, the
positive ions do not react with OH" ion and the negative ions do not
react with H* ion which means and hence the solution remains neutral
dissolution involves only the separation of negative and positive parts
of the salts. Therefore, the hydrolysis constant for these salts is not
calculated.
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2- Solutions of salts derived from weak acid and strong base:
eﬁdyaﬂ\ Q_U\;Clthm c A0 8328y Camia yadla (e AT 7Y Jallss -2

CH3COOH + NaOH ——— CH3COONa + H.0
Camia gada iyfsacld e cla

H,O
CHsCOONa — Na'ey + [ CH3COO (g

H. Oy =—— OHy@gy + H" (aq)

M

CHsCOOH

Sodium acetate salt is completely dissociated in water to acetate and
sodium ions. Acetate ions react with H* ions to give acetic acid, which
lead to decreasing H* ions and become [OH] > [H*] i.e. basic solution.
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Hydrolysis Constant of the Salt: zdlall a3 <yl

At equilibrium the hydrolysis of this type of salt can be presented as
follows:
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CH3COO + H0 CH3COOH + OH"

oo [CHCOOHILOHT] _
oSNt = TICH,co0-1[H0] P T h

Salt hydrolysis constant = base ionization constant
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At first, a very small concentration of hydrogen and hydroxide ions
from the small but finite partial ionization of water will initially be
present. As explained above, CH3COO" ion combination with H* ion
which can be only obtained from the dissociation of water, the
dissociation simultaneously an equivalent quantity of hydroxide ion,
and when expression water concentration is constant, (H.O negligible)
the law becomes:
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«. _ [CHsCOOH][OH"]
" [CH3C007]

[OH] presents base concentration ( 52 s> sall saclall 35S 3 Jiay)

[CH3COO] present un hydrolyzed salt concentration (Jlsie jull mlall 35S 3 Jiay)
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_ [acid][ base]
"~ [un hydrolyzed salt]

h

This means the hydrolysis constant of the salt is the multiplication
yield of base concentration into acid concentration at hydrolysis
divided by the concentration of un-hydrolyzed salt. This law is general
for all salts derived from weak acids and strong bases.
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Degree of hydrolysis (lal) Jladl) da
Water hydrolysis of the salt can be defined as the amount hydrolyzed
of one mole (gram molecular weight) of the salt at equilibrium.
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CHs;COO™ + H;0 CH3COOH + OH-
1-X X X

[CHsCOOH] = [OH-] = &, [CH3C00] = &2
v _ [CHyCOOH][ OH"]
" [CH3C00"]

X X

K,= LV

T A-X
%

K, = & X 4
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XZ

K, =———

=XV

X = degree of hydrolysis is increasing with the increase in dilution.
-l a3l ala i Ll AaaSle (Rans lall Jlai s a=X
The relation between hydrolysis constant, ionization constant and ion
product constant of water.
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H20 H* + OH (1)
CH;COOH =——————= H' + CH3COO0 —-----mmmmmmmmmmee (2)
CHs;COO" + H,0 CH3COOH + OH" —-----mmemme- (3)
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Kw = [OH][H"] () Aaladl (40)

__ [CH3C007][H?] Sl Al -
Ka = [CH3COOH] () Ataedl Ge)

_ [CH3COOH][ OH™] S50 el
Kn = [CH3C00™] ( el &)
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Kw _ [CH3COOH][ OH"]

Ka _ [CH3C00-] K
Since that K = K

Ky

W _K

K, b

By taking the -logarithm of this equation.
- logK,, — (—log K,) = - log K},

PKy — pK, = pK;,
PKy — pK, = pKj
## Calculate the pH of this salt

Kw _ [CH;COOH|[OH™] _
Ka  [CH;C00-] "

[CH3;COOH] =[OH] = [OH‘]2 , Cs = the original salt concentration

K, [OH™]? K,

— _ _ -12
Ka_ CS _Ka CS_[OH ]
Since;[OH | = %

K K
— Cs = ﬁ ]2
K, [H*]
i Kw +12 KwKq
A L By

Kw. Ka
E1= =

By taking the -logarithm of this equation

log [] =-log [ === ]2

-log [W']=-= Iong - = Iog Ka += Iog Cs

PH=% Iong+%Iog Ka+%|ogCS

(or) pH= % (pKw + pKa + logCs)
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A special law is derived to calculate the pH of the solution of salts derived
from a weak acid and a strong base.
pala (e Guiall mlall Jolaal dpcaolall Al dad Glual als (K0 Gude gl 128
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Ex. Calculate the pH and Kh of 0.01M KCN solution, if Ka (hydrocyanic
acid) = 6.2 x1071° at room temperature.
9 Caamiia el g o gali sl 2S5 a0 (A 5 A8 5ac B (e o sl sall il mle (S5
il s yel) (s
pH = % log Kw+%|og Ka+% log Cs
=~ x 14+ (- log 6.2 101 + - (log 0.01)
=7 +4.604-1
=10.604

Kw _ 1.0x1071*
Ka ~ 6.2x10-10

=1.613x107°

Ex. Calculate the pH value of 0.02 M of CeHsCOONa solution if pKa of
benzoic acid = 4.202.
o Lf Bl ey Chma s gag el il Gamda (e agdeall Gl oSE 0 Adaadl
e pall 1S 5 Ha
3- Solutions of salts derived from a stronq acid and weak base.

,ddmnaclBg o 8 (paala e ASLda Z YY) Jllas -3
These salts are for example Pb(NO3),, MgBr;, FeCls, CuSQu,
FeSOa., NH4Cl is formed by the reaction:
HCI + NH;OH NH,4CI + H,0

Strong acid weak base Salt water

When this salt is dissolved in water it ionized.

Kh=

H,0
NH4C|(s) — | NHsf |+ CI

H2Oq) OH |+ H'a

I

NHs + H,0
(NH,OH)
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Ammonium chloride salt is completely dissociated in water to
Ammonium and chloride ions. Ammonium ions react with OH" ions to
give Ammonium hydroxide, which leads to decreasing OH- ions and
becoming [H*] > [OH] i.e. acid solution.
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Calculation of hydrolysis constant of this salt.

NHs* + H,0 NH,OH + H*

By applying the law of mass action along the lines of case 1, the
following equations are obtained:

[NH,OH]|[H*]
[NH{][H20]
and when expression water concentration is constant, (H2O negligible)

Constant =

the law becomes:

_ [NH,OH][H*]
" [NH{]
K;,= hydrolysis constant for the salt

Since [H*] = acid concentration
[NH4OH] = base concentration

[NH4*] = concentration of unhydrolyzed salt

Then
[base][acid] _ .
h=unhydrolyzed salt ( Kn= degree of hydrolysis)
XZ
K, =————
hT A —-x)v
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Calculation the pH of salt solution
Lol J glaal dpcaslall 1Al Gl

pH value can be calculated for the acid NH4* as follows:
(Ushaadl (1) (adall @i i e s Ky = Ky s3¢d dncaalall Al Cila Sy

O el Jillaal
Ki = Ka (from tables) and using the relations
_ [NHs][H™]
Ko =g

Since [NHs] =[H *],[NH4s"] = Cs
[H*]?
[NH;]

K, =

[H]?=Ka.[NHs]=Ka.Cs

Cs is ammonium ion concentration which presents the un-hydrolyzed
salt concentration and equal approximately to the original salt
concentration.

L oY) 58 5l (g b latia sl lal) 58 55 S (35 psisa¥) sl S5 58 Cs
[H*] = (Ka. Cs):

i bacliy (58 Gaela (e 48ie =3l (s g onedl Ol 508 5 las

Kw .Cs
Kb

v

= (kv 112 +] =
[H] = 2. cs) [H] =

By taking the —logarithm
-log[H*] = % logKw +% logK} - % logCs

pH :% PKw % PKp - %Iong

pH= % (PK+ - pKs - 1ogCs)

This equation is a general equation for calculating the pH values of a
solution derived from a weak base and a strong acid.
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Ex: Calculate pH and Kh of 0.1N NH4CI solution if Kb of NH,OH
1.8x10 at 25°C?

NH.4Cl is formed by weak base NH4OH and strong acid HCI.
1 1 1
pH: E pKW-E pr-Elog Cs

= % _% (—logKp) —% log 0.1 = 7—-2.373+ 0.5= 5.127

-14
= = X0 —5556x 10710

K, =
h =™ g, 1.8x10~5

EX: Calculate the pH of 0.1M AgNOs; solution in water if pKb of
AgOH =3.96
AgOH + HNO3; — AgNOs3 + H,0
pH == (pKw — pKs — logCy)
=~ (14-3.96 - log 0.1) = 5.52

Kw .Cs
Kb

10-14 x1071
- 10-3-96

=/10-11.04 = 1(-552 , pH=5.52

(or)  [H']=

4- Solutions of salts derived from a weak acid and weak base
A dacl g Camia (adla (e dsidal ~ Y illas 4

Acidity:

a. If the dissociation or ionization constants of the weak acid and base
forming the salt are different the solution will be characterized by
the stronger one.

a8l Caaty J gladdld sacall Leie Calias Camaall | paalall @lSal) ¢l dad cuils 1)

NH;OH + H;CO3; — (NH4)2.CO3 + H,0O

Weak base  weak acid salt water

Since NH4OH is stronger than H,CO3 the solution is alkaline
sael Jlaall ol el g0 SN Gaala (e (5 58 s e 2S5 am ) Ly
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Pb(OH); + 2CHsCOOH — (CH3sCOO),Ph + H.O

Weak base weak acid salt water
Since CH3COOH is stronger than Pb(OH); the solution is acidic.
 asls maay Jolaal) Gld pabia )l 2S5 Ham e (558 LAY Gaala o ey
b. If the dissociation or ionization constants of the weak acid and base

forming the salt are the same, the situation depends on which ion
will be in more H* or OH".

e et Al o ddumacall saclall g Caumall (paalall 4 glodia K&l s dad CuilS 13
Ctel S5 50 (2S5 el 5 Ca s ued)) i) )

If Ka > Kb then the solution is acidic.
If Kb > Ka then the solution is alkaline.
If Ka = Kb then the solution is neutral.

Hydrolysis constant of the salt:

(Al 5o 8 g Chinda aala (e 0 sSia edal Yolall b zdall Jlacil) el

CH3COO + NH4" + H20 CH3COOH + NH4sOH

_ [CH; COOH|[NH40H]
Ky = [CH3 COOH]|[NH; | ()

CH3;COOH ———— CHs3COO +H*

__[cH3CcO00™][HY]

Ko = [CH; cooH] (2)
NH;OH NH;*+ OH"
_ [vH{]loH]
b~ [NH,0oH] (3)
H,0 H* + OH-
Kw=[ H* JIOH]  ceeeeeeeee (4)

K, [CH;COOH ][NH,OH]

= =K
K,.K, [CH; COO~][NH,] h

Ky
K,. K,
11

Kh=
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Calculation of pH value
A 32el8 9 Caia adls (e (Flie zld] Apcadad) Alal) Olas

pH value here does not depend on the concentration of salt, for
ammonium acetate salt.

aldl 55 e Ua ducaalal) A dad aciad Y ¢ asigel) S bl e

CH3;COOH CHsCOO + H*
_ [CH;CO07[H™] 1 [CH3 COOH |
Ko = [CH3 COOH ] [H™] = K, [CH3 COO™]

. . X
Acid concentration = 5 (el S x)
: 1-
The concentration of unhydrolyzed salt = TX (e sl mld) 38 5)

Ka ()
H']=—= . [H']=
From previous Ian

K, = (L)Z , Since \/E = litherefore

Ka. x

1—Xx

1—-x —-X
+ _ . _ Kw
| H'] = Ka. /K, , Since Kh-Ka_Kb
Kw
+] =
[H*]=Ka | 2225
Therefore: -

By taking the -logarithm
- log[H"] = -logKa - % logKw +% logKa + % logKb

- log[H™] = - % logKa - % logKw + % logKb

pH=% pKw+%pKa-% pKb
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Ex: Calculate pH and Kh of 0.05N solution of ammonium format
(HCOONHy,) at 25°C, if the Ka of formic acid is 1.8 x10* and Kb of
ammonium hydroxide is 1.8x10>

Sol) Ammonium format is salt derived from weak acid and weak base
A bacll g clie ) il (adla 8 (i Ghasla (e Fide zle (8 a0 Y] Dila ) 58
st S pa oA
1
pH = 3 (PKw + pKa — pKb)
== (14 + 3.745 — 4.745)

= 6.5

Kw _ 1.0 x10~14

— . X —_
. .8X10 x1.8 x IO '5

Ex: Calculate pH and Kh values for 0.1M ammonium acetate solution, if
Ka=1.8x10"° and Kb = 1.8x10"°

soL.)

The solution is neutral since the salt is derived from weak acid and base
and K; = Ky
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H= % (pKw + pKa — pKp)
= 2 (14 + 4.745 - 4.745)

=7
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