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

SALTS AND SALTS HYDROLYSIS
SO Sl Jlaill ¢ ~ S|

Neutralization reactions: are the reactions between acid and base to
give salt and water. The basic reaction is the combination between the
positive part of the base with the negative part of the acid.
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KOH + HCI ———= KCI + H20

Base Acid Salt water

Salt hydrolysis is defined as the reaction between the salt ions
with water ions to give week acid or week base.
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H.O ——— H'+ OH

CH3COONa ----- - CH3COO™ + Na*

CHsCOO + H20O

CHCOOH + OH"

Salts are classified in to four main types:
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1-Solutions of salts derived from strong acids and strong bases:

LBdaclly o ada e ddidadl ALY Jdlsa -1

2-Solutions of salts derived from weak acids and strong bases
c A0 @328y Camia adla (e ASLE]) 7Y Jillaa -2
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3- Solution of salts derived from strong acid and weak base.
Admiasacliy o @ (aala (e A8l ~ DY) Jillas -3

4-Solution of salts derived from weak acid and weak base.
A el g Cmia (adla (e A8 A~ Y a4

1-Solutions of salts derived from strong acids and strong bases:

4 g daclhy o b (aala (pe dlidiad) YWY Jillas 1
NaOH + HC|I——= NaCl + H20

Strong base strong acid salt water

NaCl ———= Na® + CI

H20 H* + OH

NaCl completely dissociated in water, while the ionization of water
is partially giving equal numbers of H" and OH- ions, therefore the
solutions of these salts are neutrals.
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[H*]=[OH]=1.0 x 107 mole /L
pH = -log [H*]= -log 1.0x107 =7
As an example for strong acids HCI, HI, H»SOs, HNO3 and
examples for strong bases are KOH and NaOH. The solution of
neutral salts can be acidic (CuSQO.) or neutral (NaCl) or basic
(Na2CO:s3). Salts that do not hydrolysis in water like NaCl, BaClOs, the

positive ions do not react with OH" ion and the negative ions do not
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react H* ion that means and hence the solution remain neutral
dissolution involves only the separation of negative and positive parts
of the salts. Therefore the hydrolysis constant for these salts not
calculated.
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2-Solutions of salts derived from weak acid and strong base:
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CH3COOH + NaOH —— CH3COONa + H,0
—

Camia padla dgsacld e cla

H,O -
CH;COONa —> Na‘pqy + |CH3COO0 @)

H:0) =—=OHyq + |Hta

1{

CH3COOH

Sodium acetate salt is completely dissociated in water to acetate
and sodium ion. Acetate ion reacts with H* ion to give acetic acid,
3
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which is lead decreasing H* ions and become [OH7] > [H'] i.e. basic
solution.
s sl a3 geall (sl g bl AN s U bl o gad geall A el SIS
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Hydrolysis constant of this salt:  zdell Ja3 il

At equilibrium the hydrolysis of this type of salt can be
presented as follows:

tob LS 3l e g il 13 i) e il (S () s e

CH3COO™ + H0 CH3COOH + OH-

[CH;COOH][ OH™]
Constant = — =K, =K,
[CH;COO0~][H,0]

Salt hydrolysis constant = base ionization constant
(el Ada (gidal) Gaalall 44 &) 3ac 8l (b cull = plal) Jad eyl
At first a very small concentration of hydrogen and hydroxide ions

from the small but finite partial ionization of water will initially
present. As explained above, CH3COQO" ion combination with H* ion
which can be only obtained from dissociation of water, the dissociation
simultaneously an equivalent quantity of hydroxide ion, and when
expression water concentration is constant, (H2.O negligible) the law

becomes:
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«. _ [CH:COOH][ OH"]
" [CH3C007]

[OH] presents bases concentration ( 325> sall saclall 38 55 Jiay)
[CH3COO] present un hydrolyzed salt concentration(Jisie juall =lall 3.8 55 Jiay )

- b Baelly Limda haala (pe ALl 3 Jadl) cull Giluad asdiay ) ¢ gildl) ol

[acid][ base]
[un hydrolyzed salt]

Kh=

This means 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 week acid and strong base.
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Degree of hydrolysis kall Jiatl) Ay o

Water hydrolysis of the salt can be defined as the amount that
hydrolyzed of one mole (gram molecular weight) of the solution at
equilibrium.

Oe (e A (ds) s Jse e Jlaiy Lo haie ashy Capay ¢ getall Alal) Jasl
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CH3;COO +H,0O —— CH3COOH + OH-

~

1-X X X

(1-x)

[CHsCOOH] = [OH] = %; [CHsCOO] =

v [CH;COOH][ OH™]
T [CH3C007]
X. X
_ Vv
h=d-n
4
XZ
 1=-X)V

Kn

XZ

Kn=Ta—xv

X = degree of hydrolysis is increasing with the increase in dilution.
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The relation between hydrolysis constant, ionization constant
and ion product of water.

(Kw)slall sV Jealall 5 (Ka ) aslall i) iy (Kh ) el lall Jlaill culs g 480al)

H0 =——= H' + OH (1)

CH3COOH =——=—== H"' + CH3COO" -------mmmmmmmmmmmem- (2)

CH3COO™ + H,0 CH3COOH + OH" —---mmmmemmme- (3)

-1 e diass o)) sl die ABSH Jad ) 6l8 (Gl
(i ge ) Kw = [OH][H]
[CH;COO~|[H*]

Ll Adladll () K, = [CH.COOH]

[CH;COOH][ OH]
[CH,CO0]

(AAE) Aalaall (1) K, =

Kw _ [CH3COOH|[OH™] _
Ka = [CH3c00-] ~ h
3

Since that K, =Kp

K,
—W=Kb
K,

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

PKw — pK, = pKj,

rPKy — pK, = pK,
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##Calculate the pH of this salt
Kw [CH3COOH][OH7] _

Department of Chemistry

Ka  [CH;c00-] "
[CH3COOH] =[OH] , Cs=the original salt concentration
K, [OH")? K, _
Ka: Cs :Ka s = [OH ]2
Kw
Since;[OH | = o
K K
— Cs = [ ‘i: ]2
Ka [H]
1 Ky KwKq
K_a s = [H+]2 ’ [H+]2 - Cs
+ Kw.Ka
1=

By taking the -logarithm of this equation

Jog '] = -log [ =2 w2

-log']=-= Iong - = Iog Ka +— log Cs

PH—— |og Kw+ |Og Ka+ |08C
(or) pH =~ (pKW + pKa + logCs)

A special law is derived to calculate pH of solution of salts derived

from weak acid and strong base.
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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.
A Chmia (el g a0 geall 2uS 5 500 A 9 A B 8aelE (e o sl gl il mle ()5S
-l 5 el aala

pH = % log Kw +% log Ka +% log C,
=§ 14% + % (-log6.2 x10710) + % (log 0.01)

=7 +4604-1

= 10.604

K. = kv _ 1.0x107 14
h ™ ka = 6.2x10-10

=1.613 x107°

Ex. Calculate pH value of 0.02M of C¢HsCOONa solution if pKa of
benzoic acid = 4.202 .

@ 8 Bel ey Chma Gadla s gl Gada e aangall Glgn o SE 0 daad
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3- Solution of salts derived from stronqg acid and weak base.

LA sacliy o 8 (s e dELi ZOLY) Jillas -3

These salts are for example Pb(NOs)2, MgBrz, FeCls, CuSQsg,
FeSO., NH4Cl is formed by the reaction:

HCl  + NHOH ———=  NH.Cl +H,0

Strong acid weak base Salt water

When this salt is dissolved in water it ionized.

H,0 +
NH4Cls) — NHa™ | +cI-

HO —— |OH" |+ Hey

|

NH; + H,0
(NH,OH)

Ammonium ion reacts with hydroxide ion to from ammonium
hydroxide (weak base), which is lead to decreasing OH- concentration

and increasing H* concentration, [H*]>[OH] i.e., acid solution.

Al 2 SISl 5 o gall g sa W) (sl (S elall (8 0 s W) 2 ) IS Gl ie
S 5 )2 (S0 ¢ elall (e ) bl 2S5 jaedl O sl ae s 5e Y1 O sl aay
O 5ol Clis) (A 830 )5 2S5 el (sa) 308 55 (A Qlals (I (525 138 5 2 523 5aY)
Aada dipa 5d Jslaall )6 il Jlaall

10



College of Ibn Al-Haitham (Analytical Chemistry) Department of Chemistry

Lecture 6

Calculation of hydrolysis constant of this salt.

NHs* + HO NHs,OH + H*

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

[NH:OH][H*]
Constant =

[NH; ][H,0]
and when expression water concentration is constant, (H2O negligible)

the law becomes:

[NH,OH][H"]

K, =
" [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

( Kh=degree of hydrolysis)

uquuaahua@lwd\CJABLAJSJ?SLAS@LMJ\M&)LM&MM\S\AJJM
458 3cly
XZ

f=a—ov
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Calculation the pH of salt solution
zlall Jslaal dacaalad) Alal) Clas
pH value can be calculated for the acid NH," as follows:
(Jslaad) (o) (aalad) SlSas culi dad 5K = K o) Jltiel dallaall o3gd dnaaladl Allall Cluss (S
Ki = K; (from tables) and using the relations
[NHs][ H*]
Kq = NH}
Since [NH3] =[H *],[NH4"] =Cs

B [H+]2
e = WA

[H*]2 = Ka. [NHs] = Ka. Cs

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

s a1 S g ghasy i sl elell S 55 iy 53015 5555031 3 55 8 Cs
[H*] = (Ka. Cs):

A sacliy (5 8 (adla (e A8Loe 3kl Cpasonedl Osl S clus

Kw .Cs
Kb

[H]= (f;—j. CS)t N [H*] =

By taking the —logarithm

-log[H*] = - = logKu +3 l0gKj - ~ logC:s
pH :% PKw % pPKp - %IogCS

pH :% (PKw- pKp- 10gCs)

This equation is a general equation to calculate pH values for solution
derived from weak base an strong acid.
52c8 (ya (3idie prle J slaal dpcmalall A1) da oo Aelall Aslaall o oDle ) Alaladl)
LS8 ey A
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Ex: Calculate pH and Kh of 0.1N NH4Cl solution if Kb of NH,OH
1.8x107 at 25°C?
Sol)

NH.4CI is formed by weak base NH4OH and strong acid HCI.

pH :§ PKw % PKp - %Iogcs

14 1
2 2

(~logKy) =% log0.1 = 7 —2.373 + 0.5 = 5.127

K _ K LOX107 5.556 x 10710
T K, T 1.8x10°5 7

EX: Calculate the pH of 0.1M AgNOs; solution in water if pKb of
AgOH =3.967

AgOH + HNOz; — AgNO3 + H,0
pH = % (pKw — pKp — 1ogCs)
=~ (14-3.96 - log 0.1) = 5.52

Kw .Cs
Kb

10-14 x1071
- 10—3.96

= /101104 =1(Q"552 , pH=5.52

o) [HT]=
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4- Solutions of salts derived of weak acid and weak base
dumia 3ac8 g (i padla e Agiiall (L‘}” Jillsa -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.
) gl Caaty J slaalld 5aeill Lgie Cabiad Capaall (aelall SISl culs dad cuilS 13

NH,OH + H,CO3;— (NH4)2C03 + H,0O

Weak base  weak acid salt water

Since NH4OH is stronger than H,COg3 the solution is alkaline
3ol Jlaall ol el g Sl aala (e (5 58 o st e ) 2S5 3 O Ly

Pb(OH); + CHsCOOH — (CHsCOO)Pb + H,0

Weak base weak acid salt water

Since CH3COOH is stronger than the solution is acidic.
- s maay Joladl) Gl pabia ) 2S5 s (e s 58 LAl Gadla O La
b. If the dissociation or ionization constants of the weak acid and base

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

C.
o el Al o ddumaall sacll g Camall sl 4 gludia K& Cyli dad cuilS 1)
Clel S5 53 (2S5 nell s Can s nell) i) (6!

If Ka > Kb then the solution is acidic.
If Kb > Ka then the solution is alkaline.
If Ka > Kb then the solution is neutral.
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Hydrolysis constant of the salt:

(A 3as 8 g L (el (e ¢ sSia zedal )elal) B pelall Jlail) el

CH3COO" + NHs* + HL O —/————— CH3COOH + NH4OH

_ [cH3cooH][NH,0H]
Kn = [CH; COOH][NH; | ()

N

CH3COOH <——— CHs3COO + H*

_ [CH3 COO™][H]

a [CH3 COOH]
NH;OH NH,*+ OH"
_ [vH{][oH™]
b~ [NH,0H] (3)
H.O H* + OH"
Kw=[ H J[OH] cmeememeeeeen (4)

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

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

- K, K,

Ky

15
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Calculation of pH value
A 32e8 5 Cania adls (e (3lde zld] Apcaalad) Al Ol
pH value here do not depend on the concentration of salt, for ammonium
acetate salt.

ALl 585 e s Aacmalal) 2 ad aaind Y ¢ asise) DA b e

CH3COOH CH3COO™ + HY
_ [CH4COOT[H™] 1 [CH3 COOH ]
Ko = [CH3 COOH | ’ [H™] = K, [CH3 COO™]

) i X
Acid concentration = ; (o=l 3 1)

, The concentration of un hydrolyzed salt = ? (e il =lall 58 )
Ka ()
HY]=—10=- . [H']=

v
From pervious law

Ky, = (L)Z , Since \/E = étherefore

K

a.x
1—x

1-x
+1 . _ Kw
[ HT] = Ka. /K, , Since Kh—Ka.Kb
Kw
+71 —
] = Ka e )

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 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
Admia bacll g clia ) 8l aala b Climia (adla (e (Bl le (A p i geY) Dl ) 68
cpstisa¥l 2S5 0 A

pH == (pKu + pKa — pKy)
== (14 +3.745 - 4.745)
= 6.5
-14
Kh = —2 1010 = 3.086 x 1076

" KaKb 1.8x10~% x1.8 x10~5

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

SOL.)

Since the salt is derived from weak acid and base and Ka=Kb then the
solution is neutral.

@@MBLGJ&#\UAAB}AugmumhwdiﬁmeﬁyY\Qkéau\u
Ol Bac ) & s A (5 sl aalal) SIS Cli Aad () Lars o 520 5aY) 2S5 50
- alxie 058y J slall

pH =2 (pKw + pKa — pK)
- > (14+4.745 - 4.745)
=7
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