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COURSE COPE: CHM 104
COURSE TITLE: INTROPUCTORY INORGANIC CHEMISTRY
NO OF UNITS: 02

COURSE DURATION: TWO HOURS PER WEEK

COURSE DETAILS:

PART TITLE: ACID, BASE AND SALT

COURSE CONTENT:

COURSE LECTURER: DPR.S.A. AHMED

COURSE REQUIREMENTS:

- Cowncepts of actd and base

= Arrhenius concept

- Brbm,steol-(,owrg concept
- Conjugate acld-base pairs
- Lewis concept

o Relative strength of actd and base
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o The pH and pOH of solutions

- Relatlonship between pH and poH

- water auto lonization

- Nuwmerical problems on pH and pOH

e salt Hyadrolysis

- Hgolmtgsés constant

- Relationship between Ky, K and K

- Relationship between hydrolysis constants and degree of
hydrolysts

o Buffer solution
- Orientation of buffer
- Hewnderson-Hasselbaleh equation

COURSE REQUIREMENTS:

Students are expected to have a minlmum of 75%
attendance tn this course before they could be
allowed to write the examination.
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LECTURE NOTES

Concepts of aciol and base
There ave three concepts of actds and bases, they are:
(L) Arrhenius concept
(i1) Erbwsteol—(,owrg concept
(Lil)  Lewis concept
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Arrhenius concept
An actd Ls a compound that releases H* lons in water and a
base is a compound that releases OH Lons in water.
e.0. HCl is an Arvhenius acld and NaoH is an Arrhentus
base

HCL— HT (aq) T C/L“(m)

NaoH— Na*t aq + Ot (g)

Limltatlons

(@) Definition Limited to water only.

(b) Bases like Ammonia (NH=) and basic oxide like MgO,
Cao ete ave Left out Ln the definition of base.

(¢) Free HT and OH do not exist Ln water.

Brbwstcd—t,owr@ concept

Awn actd is a wmolecule or Lon that can donate a proton. (HY),
A base Ls a wolecule or Lon that can accept a proton.

e.0. whew HCL gas dissolves in water. Each HCL molecule
donates a proton to a water molecule to produce hydronium
Lon. HCL Ls a Brownsted acld and water Ls a Brownsteo base.

N®B: More examples and illustrations on this concept shall be
treated during the lecture hours.



http:/ /www.unaab.edu.ng

Conjugate Aclo-Base pairs
n an acto-base reaction, the actd (HA) gives up its proton
(H*) and produces a new base (A7). The new base that is
relatedl to the original aclol is a conjugate base. Similarly, the
original base (&) after accepting a proton (H) glves a new
acid (HB) andl it is called a conjugate actd.

Conjugate pair

)

HA + B < > HB + A

Conjugate patr

In every acld-base reaction bnvolving H+ transter, there are
two aciol-base conjugate pairs, e.g. reaction between HCL andl
NH-.

HCLl ag) + NHz (ag) » NH2T g + Clag
Actol BOSE conjugate actd  conjugate base

In the example above, HCL (acid) and cL- (conjugate base)
constitute one acid-base conjugate patr while NH= (base) andl
NHT (conjugate acld) make the second aclo-base conjugate
palr.
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N.B: if the acld of a conjugate aciol —base is strong, thew the
conjugate base will be weak. Therefore, a weak base has a
strong conjugate actd and a weak acid has a strong conjugate
base.

NB: More examples and tllustrations on this concept shall be
treated during the lecture hours.

Limitations
1. Neutralization reaction between MO ) and So= to form
MgS 0, does not involve proton transter.
2. Also, reaction between BF= and Nt

Lewls Concept of aclos and bases
Awn actd Ls an electron -pair acceptor and a base is an electron-
pair downor.
Electron-pair donated by the base is used by the actd to form
covalent (or coordinate) bond between the Lewis actd and
Lewis base. The resulting combination is called a complex.
e.0. A + B > A—B

Lewts actd Lewls base complex

NB: More examples and tllustrations on this concept shall be
treated during the lecture hours.

Relative Strength of Aclos and Bases
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1. For acid:
The strength of an actd is its tendency/ability to transfer its
proton [H] to a base to form its conjugate base.

OR.

s the concentration of [HT] in the aqueous solution of an
acta.
whew a wmonoprotic actd (HA) dissolves tn water, it transfer
its proton to water (2 Bronsted base) to form hydroniwm ton
(H=0™) and a conjugate base.

HA + H-O 4—; H30+ + A (1)

For sbimplification, let H=01 = HT, equ. 1 becomes
HA + HO0 ——— HY + A (2)
c(1-a) col co

Applying the law of mass action to the acid dissociation
equilibrivum,
_[HTJ[A™]
a = —[H Al (=)
n dilute solution, the concentration of water [H0] is taken
as constant, K, Ls the actd dissociation constant and it is a

measure of actol strength.

N.B: The value of Ka (s very large for strong aclo because
[HAT] dissociate completely, vice-versa for the weak actd.
Also, the concentration of the [H] depends on the value of Ka.

For weak aclos, 1-a~1
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K,=ca’

For two different actds, say acid 1 and 2, the dissoclation
constant K, and Ko are expressed as

Acldl 1: K.e=Ca/ 0
Actd 2: Ko=Ca, (it)
pivide equation (i) by (it)

al _ Kl

a, B K,

Since [H*] is a measure of acld strength and it depends on
the degyree of dissoctation.

strengthofacid, | K,
strengthofacid, K,

N®B: More examples and illustrations on this topic shall be
treated during the lecture hours.

2. For bases:
According to Arrhenius wmodel, a base Ls a substance which

produces OH n agqueous solution.
So,

BOH «—— BT + OH

c(1-0) co col



http:/ /www.unaab.edu.ng

_[B7I[OH"]
" [BOH]
Ko s the base dissociation constant
The strength of a base is defined as the concentration of OH

Low its aqueous solution at a given temperature.

For Bronsted bases which do not conform to the Arrhenius
definition of a base e.9. NH= anol amines
L.e B+ tHhO ——— BHT + OH

base actol conjugate acia conjugate base

Kb:[BH+HOH—]
[B]

2
Ca
K, =

-«

The pH and pOH of solutions
The pH of a solution is defined as the negative of the base-10
Logarithm (log) of the H lon concentration.
Le. pH= -log[H*] where [HT] is the concentration of the
hydrogen ton tn mol/L.
MathematﬁcaLLg,

pH =log—
H'l or 141 =100
Similarly, pot of a basic solution is the negative of the base-
10 logarithw of the OH concentration.
|

OH =1
P o8 [OH ]

L.e.



http:/ /www.unaab.edu.ng

WATER AUTOIONIZATION
The Bronsted-Lowry theory designates water as an acid in its
reactions with bases and as a base tn its reactions with actos.
This bmplies that water can react with itself acting both as an
acto and a base.
H20 1) + HeO () ——= H=01 4y + Oty

(n the above reaction, water dissociates to H=01 and OH Lons
to a very small degyree.
2HO0 1 = H=0T g + OH @y (L)

At equilibrivum,

K - [H:0][OH"]
[H,0F (i1)

Stince water is so Little dissociated, the concentration of the
molecule, [H20] is taken to be constant.
- [H=0T][OH] = K [H0] = Ku
Experimentally, the value of Ky at 25°C ks 1.0 x 107
= [H=0*] = [oH] =K, =+1.0x10""
S IR = [oH] = 1.0x107 mol/L
Thus, L pure water, the concentrations Of [HT] and [oH] are
equal at 25°C L.e. neutral.
(n actdic solution, [HT] > [OH]
n basic solution, [HT] < [OH]
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pH scale is used in expressing the [HY] or [OHT | term of pH
for different solution.

Relationship between pH and pOH
Recall that pH=-log [H+] and poH = -log [OH]
Similarly, pw = -log K
So, Kw= [H*] [OH]
Log Kw= log [H*] + log [OH]
OR
-Log Kw= -log [H*]1 - log [OH1]
Thus, PRw = pH + pOH
Since K,,=10x10""
PRw=-log (1.0x10™")=14.0

SALT HYDROLYSIS
Hydrolysis is deflned as the reaction of water with the
conjugate base of a weak wolecular acid (anion) or with the
conjugate aciol of a weak wolecular base (cation).
In antonie hydrolysis, the solution becomes slightly basic due
to the generation of excess OH- Lons; e.g. the reaction between
acetate ton and water.
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Also, cationic hydrolysis involves the generation of excess H+
which makes the solution slightly actdic; e.g. reaction between
ammonium ton and water.,

Hgdrotgsés constant
Cownslder this antonic hgdroLgs’Ls reaction:
A'(aq) + H0 (aq) PE— HA (aq) + OH—(ML)
The hydrolysis constant, K, can be expressed as

K, = [HAIIOH ]
[A]

For the reverse reaction (i.e. lonization of HA),
HA ) T H20 ) —— Ay + H=0" (g
The value of K, for this reaction is the reciprocal of that for

lonizatlon of HA because the equation is the reverse of the
1
Ka

tonization reaction. (L.e.

RﬁLatLOV\,sM'Lp between K, K ano Kg

The = 50[1(0%515 constant, Ky Ls related to acld and water
dissociation constant K, and K respec’c’u/e% bg the

CX]D ressLow: K
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From the e)qaress’ww above, Lt can be seen that the weaker the
acid, the greater the hydrolysis constant of the salt.

Simdlarly, for the hyodrolysis of the conjugate actd of a weak
base s expressed as

K
Kb
The hydrolysis constant for salts of weak acid and weak base
K, =
is given by "T K xK,

Relatlonship between hydrolusis constant and degree of
hydrolysis

The degree of hydrolysis is the fraction of the salt which has
undergone hydrolysis whew equilibrivum is established. tt s

represented by a. The degree of hydrolysis for salt of weak
base and strong acid s given by

KW
o =
\/ K, xC

Similarly, the degree of hydrolysis of salt of weak actd and
weak base Ls given by

N.B: Examples and problems related to this topic shall be
treated during the lecture hours.
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BUFFER SOLUTION
A buffer solution is a solution which maintains its pH fairly
constant even upon the addition of small amounts of actd or
base.
Two common types of buffer solutions are:
0)  Acld buffers- formed by a weak acid and its salt
with a strong base. e.9. CHzCOOH + CH=COONa
(L)  Basic buffer- formed by a weak acid and its salt
with a strong base. e.g. NH.OH + NHCL

Operation/ action of Buffer
Cownslder this acld buffer: cH=coOOH/CH=COONa

CH:COOH +———— CH=COO + H¥ (t)

CH=COONa > CHsCOO + Na*t (it)
Stince the salt is completely lonized, it provides the common
lons CHsCOO L excess. The common-lon effect suppresses the
Lonizatlon of the acetic actd. This reduces the concentration of
H* Low thereby ratsing the pH of the solution.

Henderson- Hasselbaleh Equation
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The pH of the buffer solutions can be caleulated using the
Henderson- Hasselbaleh equation as e)qsresseo{ below

[salt] ,
H = pK, +log——
PH = pK, +log For actd buffers
Awnaol
[salt] ,
H = pK, +1
PH = pK, +logo o For basic buffers

N.B: Nuwmerical treatment of problems involving buffer
solutions shall be treated during the lecture hours.



