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14
|ONIC EQUILIBRIUM

I nthefirst lesson of thismoduleyou learnt about chemical equilibrium, itstypesand the
factorsaffecting the state of equilibrium. Inthisthelesson youwill learn about theequilibria
involvingionic species. Theequilibriainvolving acids and bases are critically important for
awidevariety of reactions. The useof buffer solutionsfor pH control isof significancein
living systems, agriculture and industrial processes. Similarly, the solubility equilibrium
established in the solutions of sparingly soluble saltsisalso very important. For example,
our bones and teeth are mostly calcium phosphate, Ca,(PO,),, aslightly soluble salt. We
would focus our attention primarily on the acid- base and the sol ubility equilibriaand some
interrelated aspects concerning these equilibriasuch as pH, buffer solutions and common
ion effect. In this process you would apply the concepts learnt in the first lesson.

After reading thislesson, you will beableto:

e  define and explain various concepts of acids and bases;

e  define conjugate acid-base pairsand identify themin an acid-base equilibrium;
e  derivethe expressionsfor the ionisation constants of weak acids and bases,

e correlate theionisation constants and the strength of acids and bases;

e explain self ionisation of water and derive an expression for itsionic product;

e define pH and correlate it with the nature of aqueous solutions- neutral, acidic or
basic;

e defineand explain common ion effect in ionisation of weak acids and bases;
e  definebuffer solutions;

e  apply Henderson equation to calculate the pH of acidic and basic buffers;

e explainhydrolysisof saltswiththehelp of chemical equations;

e  expresssolubility equilibriumwith the help of an equation;

° identify the relationship between solubility and solubility product for salts of AB,
AB, A_B and A_B, types,
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e illustrate and explain the common ion effect on solubility equilibrium and Chemical Dynamics

e recall some applications of common ion effect .

14.1 General Concepts of Acids and Bases

You are quite familiar with the terms acid, base, acidic and acidity etc. But how do we
define an acid or a base? There is no general definition of acids and bases. There are
threedifferent concepts of acidsand bases ( proposed by Arrhenius, Brgnsted and Lowry
and Lewis respectively) which are well known. Each of these emphasize a different
aspect of acid - base chemistry. Let us try to understand these concepts.

Notes

14.1.1 Arrhenius Concept

Themost commonly used concept of acids and baseswas devel oped by SvanteArrhenius
(1884). According to this concept an acid is a substance that is capable of producing
hydrogenion (H*) by dissociating in aqueous solution. The reaction can be represented as

HA (aq) —— H"(ag) A (a0 (14.1)

Where HA representsthe acid and A~ refers to the acid molecule without the hydrogen
ion. Hydrochloric acid, HCI is an example of an Arrhenius acid whose ionisation can be
represented as

HCl (ag) —— H (ag) Cl (aq) (14.2)

The proton or hydrogen ion bindsitself to awater molecule and form H,O" ion whichis
called hydronium ion.

H" +H,0-  H30
The hydronium ion is also known as oxonium ion or the hydroxonium ion.
In the light of thisfact the equation 14.1 can be rewritten as
HA (ag) + HO —  H3O"(aa) A (a0) (143)

A base on the other hand is defined as a substance capable of providing a hydroxyl ion
(HO") on dissociation in aqueous sol utions.

MOH (ag) —— M (aq) + OH ™ (a0) (14.4)

Where M* refersto the base molecul e without the hydroxyl ion. Sodium hydroxideis
an example of aArrhenius base, dissociating as,

NaOH (agq) —— Na* (ag) + OH™ (an) (14.5)

Arrhenius concept is quite useful and explains the acid- base behaviour to agood
extent. However it has certain drawbacks like,

e Itislimited toonly agueous solutions and require dissociation of the substance.

e [t does not explain the acidic behaviour of some substances which do not contain
hydrogen. for example, AICl.. Similarly it does not explain the basic character of
substances like NH, and Na,CO, which do not have a hydroxide groups.

253




MODULE -5
Chemical Dynamics

[y

N

Notes

254

14.1.2 Brgnsted and Lowry Concept

In 1923, Bragnsted and L owry pointed out independently that acid-base reactions can be
interpreted as proton-transfer reactions. According to them, an acid is defined asaproton
(H™*) donor, and a base is defined as a proton acceptor. The definition is sufficiently
broad and removes the first limitation of Arrhenius concept. Any hydrogen-containing
moleculeor ion capable of donating or transferring aproton isan acid, whileany molecule
or ion that can accept a proton is a base.

For example, inareaction between anmonia(NH,) and hydrogen fluoride (HF) ; anmonia
acts as a base (accepts a proton) while HF behaves as an acid (donates a proton).

NH3 + HF —— NH; + F~ (14.6)

According to Bronsted-theory an acid is a substance that can donate a proton
whereas a base is a substance that can accept a proton.

You may notein thisexample that thereis no role of a solvent. Let us consider the
reaction of hydrochloric acid with ammoniain a solvent like water. We can writeionic
eguation as

H30™ (aq) + CI™ () + NH3(ag) ——> H20(1) + NH (aq) + I~ (aq)

The hydronium and chloride ions are obtained from theionisation of HCI . After
cancelling Cl-on both sides, we get the following ionic equation as

NH3 (g) + H30" (ag) —— H20(1) + NHj (aq) (14.7)

Here, in agueous solution, aproton istransferred from the hydroniumion, H,O", tothe
NH, molecule, giving H,O and NH,*. In this case H,O" acts as proton donor or an
acid and NH, as proton acceptor. We may visualise water (the solvent) playing the
role of mediator in the transfer of proton from hydrochloric acid to ammonia. It should
be noted that in the Bransted- Lowry Concept, acids and bases can be either
ions or molecular substances.

In any acid-base equilibrium both forward and reverse reactionsinvol ve proton
transfers. Let us consider the reaction of NH, with H,0.

H20(1) + NH3(a8) == NH (ac) + OH" (a0) (148)
acid, base, acid, base,

In the forward reaction, NH, accepts a proton from H,O. Thus, NH, isabase and H,0O
isanacid. Inthereversereaction, NH,* donates aproton to "OH. ThusNH,*ion actsas
an acid and "OH asabase. Hereyou find that NH, and NH,* differ by a proton. That
is, NH, becomesNH,* ion by gaining aproton, whereas NH,* ion becomes NH, molecule
by losing aproton. The species NH," and NH, are called conjugate acid-base pair. A
conjugate acid-base pair consists of two species in an acid-base reaction, one acid and
one base, that differ by the gain or loss of a proton. It can be represented as NH,*/ NH,
. The acid in such a pair is called conjugate acid of the base, where as the base is the
conjugate base of acid. Thus, NH,* isthe conjugate acid of NH,, and NH, isthe conjugate
baseof NH,*. The members of each conjugate pair are designated by the same numerical
subscript e.g., NH,*/ NH_ pair is marked as 2 while the H,O / OH™ pair is marked as 1.
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Let ustake another example say of ionization of hydrogen fluoride in water. It can be
represented as

HF (g) + HO — H30+ (ag) + F (ag) (14.9)
acid, base, acid, base, '

The equilibrium sign indicates that the reaction does not go to completion. The H* ions
obtained from theionisation of HF molecule can be accepted by either of the two bases,
F-andH,O. Thefact that theequilibriumisonly slightly towardsright tellsusthatitis
the F~ that accepts the proton and make the reaction go to theleft i.e.,, F~ isa stronger
base than H,O.

Similarly when HCI is dissolved in water, the HCI molecules give up H* ions that can
be accepted by either of two bases, Cl~ and H,0.

HCl + HoO —— H30" + CI~ (14.10)

Thefact that HCI iscompletely ionized in dilute agueous solution (indicated by asingle
arrow) tells us that CI” is a weaker base than H,O. We can conclude from these two
examplesthat, a stronger acid (HCl) has aweaker conjugate base, Cl~ and the weaker
acid, (HF) hasastronger conjugate base, F~. We can generalize that in aconjugate acid-
base pair the weaker an acid is, stronger is its conjugate base. Likewise, the
weaker a base is, the stronger is its conjugate acid.

Here you should understand that the terms ‘strong’ and ‘weak’ like many other
adjectives are used in arelative sense. Consider the following reaction

F +HyO—=HF+OH"~ (14.11)
In this case F~ is a weaker base as compared to OH".

Let uswrite afew reactionsinvolving conjugate acid-base pairs.

HF (ag) + HCO3 (ag) == H2COg3(aq) + F (aq)
acid, base, acid, base,

HCO3 (aq) + OH  (ag) —— CO3" (aq) + H20(I)

acid, base, base, acid,
H2CO3(ag) + CN ™ (ag) == HCO3 (ag) + HCN(ag) (14.12)
acid, base, base, acid, '

If you examinethe abovereactions closely, youwould find that some species can act
both as an acid and as abase. Such species are called amphipr otic species. In the above
reactions HCO, (ag) acts as a base in presence of HF but an acid in presence of CN".
Similarly H,O behaves as an acid and a base.

e Thus, we have seen that the Bransted- Lowry concept of acids and bases has greater
scope than the Arrhenius concept.

14.1.3 Lewis Concept

As discussed above the Bragnsted- Lowry concept does not depend on the nature of the
solvent ( a short coming of the Arrhenius concept removed ). However, like Arrhenius
concept it does not explain the acidity of the substances which do not have a hydrogen
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atom (e.g., AlCl,) and the basicity of the substances devoid of aOH group (e.g., Na,CO,).
GN.Lewis proposed (1923) ayet another concept of acids and bases that includes such
substances also. According to him, an acid may be defined as, * any atom, molecule or ion
that can accept an electron pair from any other atom, molecule or ion, A lewis base on
the other hand can be defined as, * any atom , molecule or ion that can donate a pair of
electrons, Let us take an example

AICl3 + NHz —> ClgAl «—— NH3 (14.13)

In the above example AICI,, is an electron deficient species. It accepts an €lectron pair
from amolecule of NH, which has alone pair of electronson N atom. Thus, AlCl, isa
Lewis acid and NH, is a Lewis base.

ey .
f‘ Intext Questions 14.1

b

1. DefineArrheniusacid and give two examples.

4. Classify thefollowing into Bregnsted- Lowry acid or Bransted- Lowry base.

HCI, NH,, H,0, CN~

14.2 Relative Srength of Acids and Bases

Different acids and bases have different strength depending on their nature. Since there
are different ways of defining acids and bases, there are different ways of comparing
their relative strengths al so.

14.2.1 Relative strength according to Arrhenius concept

According to Arrhenius concept strong el ectrol ytes (like HCI) which dissociate compl etely
in aqueous solutions and produce H* ( or H,0*) ions are called strong acids.

HCI (g) + HoO —— H30™ (ag) + Cl™ (aq) (14.14)

Other examples of strong acids are H,SO,, HBr, HI, HNO, and HCIO,. On the other
hand weak electrolyteslike CH,COOH whoseionisationis not complete, ( because the
processis reversible) and produce H* ( or H,O") ions are called weak acids.

CH3COOH (ag) + HoO ——= H" (ag) + CH3COO (aq) (14.15)

Similarly strong bases may be defined as the electrolytes with complete ionisation and
weak bases as the electrolytes with incomplete ionisation. NaOH and NH, are typical
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examples of strong and weak bases respectively. Their ionisation can be represented as
NaOH (ag) ——> Na* (ag) + OH™ (ag) (14.16)

NH3 (ag) + HpO —= NH, (ag) + OH ™ (aq) (14.17)

The principal strong bases are hydroxides of Groups 1 and 2 elements (except Be). Most
of the other acids and bases we come across are weak bases.

14.2.2 Relative strength according to Brensted- Lowry concept

You have learnt that according to Bransted- Lowry concept an acid is a species that
donates a protons while a base is a species that accepts a protons. The tendency of a
substance to donate a proton also depends on the species accepting the proton. A given
acid may have different strengths in different solvents ( of varying basic strength or
proton accepting tendencies) e.q.,

CH,COOH + <j%|\m2 —— CH,COO" + @NHg (14.18)

CH,COOH + H,80, == CH;~ (™ OH + Hso, (14.19)
+O—H

Acetic acidlosesaproton to abasic solvent aniline but in sulphuric acid it infact accepts

aprotonand actsas abase. Therefore the rel ative strengths of different acids and bases

are compared in the same solvent which normally is water. Therefore, in Bransted-

Lowry concept, we may definethe relative strength of an acid asitsrelative tendency to

lose (or donate) a proton to water. According to the Bransted- Lowry concept strong
acid are those which lose their protons almost entirely to water. The reaction,

HCI (ag) + H20 (ag) ——> H30™ (ag) + Cl ™ (aq) (14.20)
acid base acid base

goes completely to theright indicating that HCl isastrong acid. Acetic acid donatesits
proton to water to the extent of only about 3% and the following equilibrium exists.

CH3COOH + Hp0 == H30" + CH3COO"~ (14.21)

Acetic acid is, therefore, termed as aweak acid.

14.3 Quantitative Aspects of Srengths of Acids and Bases

We have so far discussed the relative strengths of acids and bases only qualitativelyi.e.,
which is strong and which oneis weak. Many atimes we need to know the quantitative
aspectsasoi.e., how much?. Thatis if aacid is stronger than the other wewould liketo
know how many times stronger. Let uslearn how do we quantify it ?

14.3.1 lonisation of weak acids

The dissociation or ionisation of aweak acid, HA, can be represented as
HA (aq) + H0 (1) == H30" (ag) + A™ (a0) (14.22)
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As you know that in case of strong acids the ionisation is almost complete or close to
100% or we may say that the equilibrium lies far to the right. In such cases the sign of
equilibrium may be replaced by asingle arrow (—)

HA (ag) —— H™ (ag) + A ™ (aq)
or
HA (aqg) + Ho0 (I) —— H30" (ag) + A~ (aq) ..14.23

The reaction given above (eq 14.22) is referred to as ionisation equilibrium and is
characterized by an equilibrium constant

_[HgO'J[A 7]

® = [H,Ol[HA] ..14.24

Sincethe concentration of apureliquid or asolid istaken as 1, we can rewrite the above
expression can as
_[Hg0"][AT] _
S [HA] 2

where K, isanew constant called acid dissoci ation constant or ionisation constant of the
acid.

..14.25

The magnitude of the equilibrium constant isameasure of the strength of the acid. Higher
the value of the equilibrium constant the stronger is the acid. For all strong acids the
valuesof theequilibrium constantsis quite high and does not hel p much in suggesting their
relative strengths. However, for aweak acid , this constant is quite useful.

’B(amplem.l : Write down the expression for the dissociation constant for acetic acid-
aweak acid that ionizes as

CH3COOH (ag) + HpO == H30" (ag) + CH3COO™ (aq)

Solution : Applying thelaw of chemical equilibrium, we can write equilibrium constant K
as

_ [CH3COO™][H30"]
~ [CH3COOH][H 0]

Rearranging, we can write .

K[H,O] = K, — [H30 1[CH3COO ]
’ ? [CH3COOH]

Dissociation constant of other weak acids also can be written in the same way.

The values of K_ show the extent to which the acids are dissociated in water. Relative
strength of acidsisjudged on the basis of dissociation constant. Like other equilibrium
constants the dissociated constant, K, also depends on the temperature. Therefore, the
ionisation constants or dissoci ation constants are compared at the same temperature. For
example
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CH3COOH (ag) == H" (ag) + CH3COO (ag) K, =1.8x 10 (14.26)

HCN (ag) == H" (aq) + CN " (aq) Ka= 4.9 x 101 (14.27)

On the basis of K, values we can say that acetic acid is much more ionized than
hydrocyanic acid. In other words acetic acid is stronger acid than hydrocyanic acﬂ

although both are weak; neither iscompl etely ionized. Notes

14.3.2 lonisation of weak bases
The ionisation of weak bases (BOH) can be expressed as :

BOH (ag) == B (aq) + OH ™ (aq) (14.29)
( The equilibrium sign may be replaced by — in case of astrong base.)

The solution contains the base, B the protonated base, BH*, hydroxide ion OH ", and
water in equilibrium. The equilibrium constant expression for thereactionis

_[B*I[oH]

BOH] (14.29)

For example, the dissociation of NH,OH isrepresented as

NH4OH (ag) == NH} (aq) + OH" (aq)

and is characterized by

_ [NHZ][OH™]

TNHOH (14.30)

The constant K is called dissociation constant of the base. Similar to values of K, K
values a'so give us the idea about the relative strengths of weak bases. Higher the value
of K, the stronger is the base.

14.3.3 Polyprotic Acids

Many acids have more than one ionizable protons. These are called polyprotic acids.
Theacidsarecalled diproticif therearetwoionizable protons per molecule. (e.g. H,SO,,
H,CO,), and triprotic if there are three ionizable protons (e.g. H,PO,, etc). Such acids
dissociatein morethan onesteps or stages, each withitsownionization constant. Inthe
case of sulphurous acid, H,SO,, these steps are

H5S03 + HyO —=HSO3 + H30" (14.31)
_[H30"][HSO03] ,
1= [H,SO3] =13x 10

HSO3 + HyO =503~ + H30" (14.32)

< _[H30"11S05 ]
[HSO3]

=6.3x 10t
259
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twenty milliontimesK,. It suggeststhat the first ionisation of sulphurous acid is much
morethan the second one. In other wordsthe sul phurous acid behaves asa much stronger
acid than the bisulphiteion.

14.3.4 Degree of lonisation or Degree of Dissociation

As you know that the weak acids/ bases do not ionize completely and an equilibrium
exists between theionized and uni onized species. The degree of ionisation may be defined
asthefraction of total amount of aweak acid or abase that exists in the ionized form. It
is denoted by a Greek letter ‘a *. The equilibrium constant can be used to calculate the
degree of ionisation of a weak acid or abase. An expression relating aand K_or K, can
be derived asfollows.

Consider aweak acid HA which partially dissociates in its agueous solutions and the
following equilibriumisestablished

HA (aq) + H20(1) == H30" (aq) + A" (a)

Initial concentrations c ~55 0 0
(inmoles)
Equilibriumconcentrations c(1-a) ~55 ca ca

The equilibrium constant expression can be written as

_[H30"I[A™] _ [ca][ca]
&7 [H20][HA] ~ c(l-a)55

rearranging we get,

_[ca]lca] 202 B ca?
a7 [l-a] c[l-a] (1-a)
Since the acid HA isvery weak, a < < 1; we can neglect o in comparison to 1 in the
denominator to get

K K
Kg=ca® or oczzTa or ochTa (14.34)

So if we know the value of the dissociation constant of the acid and the concentration of
the weak acids we can find its degree of dissociation or ionisation. Let us take up an
exampleto seethe application of thisrelationship.

- 55K = (14.33)

E(ample 14.2: Compute the degree of dissociation and percent dissociation of acetic

acidinits 0.1 M solution. Given K_=1.8x 10°.
. . Ka -
Solution: Usingtheformula o = Y and substituting thevalues of K_andc, weget,

5
o I% = J1.8x107% =1.34x 1072 = 0.0134

The percent dissociation of aweak acid is defined as
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Percent dissociation — The number of molesof acidin thedlssoqated form < 100%
Tota number of molesof theacid

(14.35)
= Degree of dissociation x 100%

= =a~ 100% = 0.0134 x 100 = 1.34%

e e . . Not
Thus acetic acid is dissociated to the extent of only 1.34 % in a0.1 M agueous solution. otes

A similar expression can be obtained for the degree of dissociation of aweak base. The
desired expressionis

a= Kb (14.36) |

c

14.4 The Auto-lonisation or Self-lonisation of Water

We have seen that water can act as avery weak acid and also as avery weak base. In
a sample of water a small number of water molecul es undergo auto ionisation. Half of
them acting as an acid while the other half acting as a base. As a consequence small
concentration of H,O* and OH "~ are formed in water. The self ionisation of water can be
represented as

Hy0 + HyO == H30" + OH~ (14.37)

The corresponding equilibrium constant expression can bewritten as

_[H30"J[OH]

K
[H,0]

(14.38)

Since the concentration of H,O is constant we can rearrange the expression and define a
new constant K, as

[H,OT [OH] =K, x [H,0]? =K, (anew constant) (14.39)

Thisconstant, K , iscalled the dissociation constant or ionic product constant of water.
The value of K at 298 K has been determined from the measurement of electrical
conductivity of carefully purified water and has been found to be 1.0 x 10-** mol? dm®.

Since the concentrations of H,O* and OH " ions is equal we may write

K, = [H,07] [OH] =10 x 10" mol2 dn*

w

K

w

[H,0? =1.0 x 10 mol? dnr® =
[H,O] = 1.0 x 10" mol dm’3
and similarly, [OH7] =1.0x 10"mol dm™
Thusin purewater and in neutral solutions
[H,0] = [OH] =1.0x 10"mol dm® a 298 K (14.40)
261
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14.4.1 Acidic, Basic and Neutral Solutions

An acidic solution is defined as one in which the hydrogen ion ( or hydronium ion)
concentration isgreater than the hydroxideion concentration. A basic solutionisonein
which the reverse is true, that is, one in which [OH ] exceeds [H,0*] and a neutral
solutionisoneinwhich [OH"] equals[H,O"].

Neutral solution [H,O01= [OH]
Acidic solution [H,01> [OH ]
Basic solution [H,O0] < [OH] (14.42)

Since the product [H,O] [OH] is constant, if the concentration of either of these
increases, the other one would decrease. In other words the concentrations of [H,0%]
and [OH™] are not independent but are linked by the relationship

[H,O] [OH] =K, (14.42)

This provides an easy way to cal culate concentration of one of theseif we know that of
the other.

You must note that the self ionisation equilibrium discussed above applies not only to
pure water but also to the self-ionization of water in any agueous solution. Hydronium
ions and hydroxide ions are present in every agueous solution, and they are alwaysin
equilibrium with water molecules. Let ustry to calculate the concentration of theseions
insome simplesolutions.

’Eamplel4.3 - Calculatethe concentrationsof OH ™ and H,O* ionsin 0.01 M solution
of HCI.

Solution: In an agueous solution of HCI, the following two processes would occur
simultaneoudy

Ho0 + HyO == H30" + OH™

HCl + HoO—=H30" + CI~

Theionisation of HCl goes to completion and that of water to a very limited extent. In
addition according to Le- Chatlier principle, the H,O* fromtheionization of HCl will shift
the position of the equilibrium of the self-ionization reaction to theleft. Asaconsequence
the concentration of the OH-ions would reduce further. Suppose concentration of OH-
is ‘x” mol dm=3, then concentration of H,O* from the self-ionization of water must also be
x mol dm. The concentration of H,O* from ionization of HCI is 0.010 mol dm=.
Therefore, total concentration of H,O* (ag) = (0.010 + x) mol dm2.

Thus Equilibrium Concentrations of H,O* and OH- ions would be (0.01 + x) and x mol
dm-3 respectively.

Substituting these val uesinto the equilibrium constant for the self-ioni zation of water, we
get

K, =[H,OT [OH] = (0.01 x x) (X) mol?dm® = 1.0 x 10** mol? dnmr®

Since x must be very small, we can assume that x << 0.01 and therefore we may
assume that the equilibrium concentration of H,O* isequal to 0.01 M




(0.01+x)=0.01, so

0.01x=1.0x 10
or x=10x10%/0.01

x=1.0x107%

[OH] =1.0 x 10> mol dm and
[H,0]= 0.01 + 1.0 x 10** mol dm* = 0.01 mol dm-®

NODULE -5
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Sincethevalueof x (1.0 x 10-12) the hydroniumions obtained from the self ionisation of
water) isfar smaller than 0.01, our assumption isjustified. Thus you may note that in
case of aqueous solutions of strong acidsit isreasonableto assumethat the concentration

of H,O"ions equals the concentration of the acid itself.

1442 pH Scale

In agueous solutions of acids and bases the concentration of H,O* and OH" ions may
vary from about 10 M to 10 M. It isquiteinconvenient to expressthese concentrations
by using powersof 10. in 1909 a Danish botanist S.P.L. Sorensen proposed alogarithmic
scale (called pH scale) for expressing the concentrations of H* ions. He defined pH as

the negative logarithm of the molar concentration of hydrogenions. That is,

pH =—logyo[H"]
We now adaysit is represented as

pH = ~log1o[H30"]

For neutral solutions ( or pure water)
[H,O] = [OH] = 1x 107

= pH= -log1x 107 =7.0
For acidic solutions

[H,0] > [OH]
=  [HO0]>1x107
= pH= —log (>1x 107)=<7.0
For basic solutions

[H,07 < [OH]
=X [H,07] < 1x 107
= pH=-log (<1x107)

= >7.0

(14.43)

(14.44)

A strongly acidic solution can have apH of lessthan zero (i.e., negative) and astrongly
alkaline solution can have a pH value greater than 14. However the pH range normally

observed is between 0 to 14.

263
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The notation p is used in a number of places. It carries the meaning, ‘the negative
logarithm of”. It has been extended to OH (aq) and equilibrium constants like, K, K,
andK , etc.

pOH = —log1o[OH ]

PKa =—-logjg Kg

pKp =—10g10 Kp

pKw =—1og1g0 Kw (14.45)

This givesusan important relation. You would recall (eq 14.42)
K, = [H,OT] [OH]
Taking logs on both sides, we get
logK, =log [H,O] + log[OH]
Multiplying through out by -1
-logK,=-log [H,0] —log[OH"]
pK,=pH + pOH
Sincethevalueof K =1.0x 10* pK =14
ie, pH +pOH =14 (14.46)
If we know the value of pH of agiven solution we can find its pOH and vice versa.
L et ustake up some exampl esto understand the application of theseimportant formul ae.
E(ample 14.4: What isthe pH of a0.01 M agueous solution of HCI?
Solution: Since HCl isastrong acid it would ionize completely.
Therefore, [H,0] in0.01 M HCl = 0.01 M

pH = - |Oglo[H30+] =-log 10_2
= - (-2.0) = 2.0. _‘

E(ample 14.5 : Cdculate the pH of 0.010 M aqueous solution of NaOH .
Solution: Since NaOH isastrong base, it isfully ionized to give Na® and OH-

[OH] = 1.0 x 102 mol L
K, = [H,0] [OH] = 1.00 x 10 mol2 L2

Ky _ 1.00x10*mol? dm®

SO, [H30+]= _ . _2 -3
[OH] 1.00x10 “ mol dm

=1.00 x 10*2 mol dnr®
pH =-log (1.0x 10%?) =12 _j
10
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’—Example14.6 : ThepH of asample of rainwater at 25°Cis5. What isthe concentration Chemical Dynamics
of hydroniumions?

Solution: pH = - log [H,07]

or 5=-log[H,0] =log[H,OT =-5

Taking antilogs, we get _j

[H,0] =10° mol dmr.

Notes

’—Example 14.7: Cadculate the pH of 0.1 M aqueous solution of acetic acid. The
dissociation constant, K = 1.85x 10-°, a. = 0.0134.

Solution: Thefollowing equilibrium existsinthissolution

CH3COOH (ag) + Hy0 —— H30™" (ag) + CH3COO ™ (aq)

If o bethedegreeof dissociation of acetic acid inthissolution, the equilibrium concentrations
of various specieswould be

CH3COOH(aqg) + HoO —= H30" (ag) + CH3COO™ (aq)

c(1-a) ca ca
Sincec=0.1M
0.1(1- a) 0.1a 0.1a

[H,O] =ca

= [H,0] =01 x 0.0134 =0.00134

pH =-log[H,0"] =-log[0.00134] =-log[1.34 x 10%] = —(-2.87) = 2.87 _]
14.4.3 Effect of Common-lons on the Dissociation of Weak
Acids and Bases

In the previous lesson you have learnt about Le Chatelier’s principle. According to this
principle the presence of commonionsin asolution of aweak acid or abasewill affect
itsdissociation. Thisin fact would suppress the dissociation of the acid or base.

Inasolution containing a weak acid HA anditssalt NaA, thefollowing equilibriaexists:
HA(ag) ==H" (ag) + A" (aq)

NaA (ag) == Na" (ag) + A~ (aq)

Here A (ag)isthecommon-ion

and in case of aweak base BOH and its salt BX the equilibria are
BOH (ag) —— B (ag) + OH ™ (aq)

BX (agq) == B™ (ag) + X~ (aq)
265
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Here, B*isthecommon-ion. According to Le- Chatlier principle, the presence of common
ionswould make the equilibriumto go to theleft. It issaid that the common ions suppress
theequilibrium.

Let ustake an example to understand the effect of common ions on such equilibria.

laample 14.8 : Calculate the pH, degree of dissociation and concentration of various
speciesinasolutionof 0.1 M acetic acidwhichalso contains 0.1 M sodium acetate (K
(for acetic acid ) = 1.85 x 10s mol dm3).

Solution : Inthegiven solution the following two equilibriaexist simultaneously.
CH3COOH (ag) + HyO == H30" + CH3COO™ (a)

CH3COONa (ag) —— Na' (ag) + CH3COO™ (aq)

Let o be the degree of dissociation of acetic acid in this solution, the equilibrium
concentrations of various specieswould be

CH3COOH (ag) —— H30™ (aq) + CH3CO0™ (ag)

c(1- a) ca ca
Sincec=0.1M
0.1(1-a) 0.1a 0.1a

CH3COONa(ag) —— Na' (ag) + CH3COO ™ (ag)
0 0.1 0.1

CH,COOH = 0.1(1- a)

CHCOO = 01 + 01la =01(1+a)
H,O" = 0.la
Ky [H30" J[CH3COO™ ]
[CH3COO ]
rearranging the expression we get,
[H50"] =K 5 = [CH3COOH]
[CH3COO ]

Substituting the values, we get

[H30"]=185x107° x 01(d-0)
011+ a)

Since acetic acid isaweak acid, its degree of dissociation further decreasesin presence
of acetate (ions the common ion). Therefore it is reasonable to assume that

a<<l;and(l-a) ~1, dso(1+a)~1
Thisgives
[HO] = 18x10° x 01/01 = 1.85x10°
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and  pH=-log (1.85 x 10°%) = 4.73 Chemical Dynamics
Also  since [H,0]=0.1a
s.a= 1.85%x10%0.1 =1.85x 10* = 0.000185
The concentration of different speciesat equilibriumwill be
CH,COOH = 0.1(1-0.000185) =0.1
CH,COO- 0.1(1+0.000185) =0.1
H,O* = 0.1xa =0.1 x 0.000185= 1.85x 10°°

Notes

= the concentration of acid =initial concentration of acid

= the concentration of CH,COO" ions = initial concentration of the salt _j

"1
| Intext Questions 14.2

1. HFisaweak acid in water. Write down the expression for K_ for the dissociation
of HF.

2. Consider aweak base BOH which partially dissociates in its aqueous solutions as
per thefollowing equilibrium

B+HyO—=BH" + OH~

3. A sampleof limejuice hasahydroniumion concentration of 6.3 x 10-2M. Calculate
its pH.

4.  Calculate the pH of 1.0 M aqueous solution of amino acid glycine — a weak acid.
TheK_ = 1.67 x10.

14.5 Buffer Solutions

The example discussed above leads usto avery important conclusionthat the extent of
dissociation of aweak acid can be decreased by adding a salt containing acommon ion.
Further, it can be shown that the changein the extent of dissociation can also bevaried by
changing the concentration of the common ion. The mixture of aweak base and a salt of
common ion also behave in the same way. These agueous solutions containing weak
acids/ bases and asalt of common ion areimportant in ayet another way. These act as
buffer solutions.

Buffer solutions are the ones that resist a change in its pH on adding a small
amount of an acid or a base.

Inlaboratory reactions, inindustrial processesandinthebodies of plantsand animals, itis
often necessary to keep the pH nearly constant despite the addition of acids and bases.
The oxygen carrying capacity of haemglobin in our blood and activity of the enzymesin
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our cells depends very strongly on the pH of our body fluids. pH of the blood is very
closeto 7.4 and pH of salivaiscloseto6.8. Fortunately, animalsand plants are protected
against sharp changes in pH by the presence of buffers.

There aretwo kinds of commonly used buffer-solutions

i. A weak acid and asolubleionic salt of the weak acid e.g. acetic acid and sodium
acetate ; CH,COOH + CH,COONa and,

ii. A weak base and a solubleionic salt of the weak base e.g. ammonium hydroxide
and ammonium chloride ; NH,OH + NH,Cl.

The buffers with pH lessthan 7 are called acidic buffers and those with pH above 7 are
called basic buffers. Acetic acid - sodium acetate buffer is an example of acidic buffer
while Ammonium hydroxide - ammonium chloride isabasic buffer.

14.5.1 Buffer Action

A buffer system contains a conjugate acid- base pair and the concentrations of these two
are quite high as compared to that of the hydronium ions. These are called as the acid
reserve and the base reserve respectively. The added acid or base reacts with these
reservesand gets consumed without significantly ateringthe hydroniumion concentration
and therefore the pH does not change significantly. Let us consider a buffer solution
containing acetic acid, CH,COOH and sodium acetate CH,COONa to understand the
buffer action.

In acetic acid - sodium acetate buffer CH,COOH isthe acid reserve while CH,COONa
(or CH,COO-ions) isthe base reserve. In the solution mixture the added components
dissociate asfollows. Theweak acid dissociates partially whil e the salt undergoes compl ete
dissociation.

CH3COOH (ag) + Hy0(l) == H30™" (ag) + CH3COO ™ (aq)

CH3COONa (ag) — Na* (aqg) + CH3COO™ (aq)

If we add a strong acid such as HCI to this solution, it produces H,O*. These added
H.,O" (acid) react with an equivalent amount of the base reserve[CH,COO] to generate
undissociated acetic acid. The reaction being

H30" (ag) + CH3COO™ (ag) ——> CH3COOH (ag) + H,0(1)

The net effect of thisreaction isthat thereisaslight increasein the concentration of the
acid reserve and an equivalent decrease in the concentration of the base reserve. The
effective reaction being

HCl(aq) + CH3COONa(aq) —— CH3COOH(aq) + NaCl(aq)

Similarly, when small amounts of a strong base like NaOH is added , it generates OH ™
ions. These additional OH " neutralize some of the H,O" ions present in the solution,

H30" (ag) + OH™ (ag) == H30" (aqg) + CH3COO™ (aq)

Since one of the products of the acid dissociation equilibrium (eq) is used up, thereis
some moreionisation of CH,COOH to re-establish the equilibrium.

CH3COOH (aq) + Hp0O == H30™ (aq) + CH3COO ™ (ag)
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The net result is the neutralization of OH™ by CH,COOH. In other words we can say || Chemical Dynamics
that the added OH- ions ( base) react with the acid reserve to produce CH,COO" ions

OH™ (ag) + CH3COOH(agq) —— CH3COONa ™ + H20O(l)
The effective reaction being the reaction of the added base with acid reserve.

NaOH (aq) + CH3COOH (ag) ——> CH3COONa(aq) + H,0(1)

The net effect of thisreaction isthat thereisasdlight increase in the concentration of the
base reserve and an equivalent decrease in the concentration of the acid reserve.

Notes

You may note here that the added acid or the base only cause minor changes in the
concentrations of the weak acid and the salt. The concentration of the hydronium ions
and thereby the pH does not change significantly. L et usderive amathematical expression
for determining the pH of abuffer solution.

14.5.2 Hender son-Hasselbalch Equation

This equation relates the pH of a given buffer solution to the concentrations of its
components viz. weak acid / salt or weak base/ salt. Let us derive the expression for an
acidic buffer system that we have discussed above. In acetic acid — sodium acetate
buffer the central equilibriumis

CH3COOH(ag) + Ho0 == H30" (ag) + CH3COO™ (aq)
whichis characterized by the acid dissociation constant,

_ [H30"][CH3CO0™]
& [CH3COOH]

rearranging, we get
y [CH3COOH]
[CH3COO ]

The concentration of undissociated acetic acid can be taken as total acid concentration
[Acid] and that of sodium acetate asthetotal salt concentration [Salt]. Inthelight of this
the above equation may be re written as

[H30"]=Kq

Acid]
Hi0* =K, |
[H307] a [Salt]
Taking logarithm and multiplying through out by (-1) we get
Acid]
“log[H*] = - logK log!
og[H"]=-logK4 —log rsai]
Recall that pH = —log [H,O*] and pK_ = —log K. This gives the desired equation.
[Acid] [Salt]
H=pK4 - =pK I
pH =pKa Og[SaIt] pRa + Og[Acid]

This equation is known as Hender son-Hasselbalch equation. A similar expression
can be derived for abasic buffer ( e.g., ammonium hydroxide and ammonium chloride) .
Theexpressionis
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pOH = pKp + Iog@

[Base]

Let ustake up some examples to see the application of this equation.

’B@mple 14.9 : Calculate the pH of acetic acid — sodium acetate buffer containing
‘ (K, =1.85x 10° mol dnmr3).

Solution: Here, [ Acid] = 0.1 M and[Salt] =0.1 M
Since K, =1.85 x 10°° mol dm® ;

pK,=-logK, =-log 1.85x10°
=  pK, =473

Salt
According to Henderson equation, pH = pK_ + log ﬁ

Substituting the valuesin Handerson equation, we get
pH= 4.73+10og(0.1/0.1)=4.73+log1=4.73. _j
E(ample 14.10 : Calculate the pH of ammonium hydroxide — ammonium chloride

buffer solution that is0.1 M in ammonium hydroxide and 0.01 M in ammonium chloride.
( pK,of NH,OH = 9.25).

Solution: Here, [ Base] = 0.1 M and[ Salt} =0.01 M

SincepK =9.25 ;
: : [Salt]

According to Henderson equation, pOH = pK + log @

Substituting the values in Handerson egation, we get _j
pOH = 9.25+10g(0.01/0.1)=9.25+10g0.1=9.25-1.0=8.25

14.6 Salt Hydrolysis

The aqueous solutions of certain salts also behave as acids or bases. They do so because
of the hydrolysis of the cation or anion or both. Asyou know, hydrolysisisareaction with
water. Depending on the behaviour towards hydrolysis there are four different types of
salts.

Salt of strong acid + strong base (eg. HCI + NaOH) NaCl
Salt of strong acid + weak base ( e.g. HCl + NH,OH) NH,CI
Salt of weak acid + strong base ( e.g. CH,COOH + NaOH) CH,COONa

Salt of weak Acid + weak Base (e.g. CH,COOH + NH,OH) CH,COONH,
Let uslearn about the acid- base behaviour of the different types of salts.

Salt of strong acid + strong base : the cations of the strong bases and the anions of the
strong acids do not get hydrolysed. Therefore the salts of this category do not show any
acid-base behaviour and are neutral .
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Salt of strong acid + weak base: the salts of this type dissociate in aqueous solutions Chemical Dynamics
to give a cation of aweak base and the anion belonging to strong acid . For example,
NH,Cl dissociates as

NH4Cl(ag) —— NH,; (ag) + CI ™ (aq)

Asmentioned above, the anion does not get hydrolysed but the cation does get hydrolysed
asper thefollowing equation.

NH (aq) + H20(1) —— NH4OH + H (aq)

Notes

sinceit generates H*(aq) ions, the solutionisacidic in nature.

Salt of weak acid and strongbase: the saltsof thistype dissociate in agueous solutions
to give aanion of aweak acid and the cation belonging to strong base. for example,
CH,COONa dissociates as :

CH3COONa(ag) —— Na™ (ag) + CH3COO ™ (aq)

in this case the cation does not get hydrolysed but the anion does get hydrolysed as per
thefollowing equation.

CH3COO™ (ag) + HoO(I) == CH3COOH (aq) + OH ™ (aq)
Sinceit generates hydroxyl ionsthe solutionisbasic in nature.

Salt of weak Acid and weak Base : the sdlts of this type dissociate in agueous
solutions to give aanion of aweak acid and the cation belonging to aweak base. for
example, ammonium acetate, CH,COONH, dissociates as:

CH3COONH 4(aq) == NH} (aq) + CH3COO™ (aq)

Inthis case both the cation aswell asthe anion would undergo hydrolysisand the nature
of the solution, whether acidic, basic or neutral would depend on therelative strength of
the weak acid and the weak base.

14.7 The Solubility Equilibrium

Whenwetry to dissolve asolid into water, if it dissolves, therearethree possibilities:
1. Thesolidisanon-electrolyte and it dissolves as neutral molecules.

2.  Thesolidisahighly solubleelectrolyte; it dissolves almost compl etely.

3.  Thesolidisasparingly solubleelectrolyte; it dissolvesto alimited extent.

It isthe third possibility that interests us here. Let us take the example of dissolution of
AgCl to understand the equilibriain such cases. When silver chloride is added to water,
thefollowing equilibriumisestablished.

AgCl(s) ——= Ag™ (ag) + Cl~ (aq)

Thisisan example of aheterogeneous equilibrium becauseit involvesboth asolid and a
solution. Thisequilibriumisknown asthesolubility equilibrium for which theequilibrium
constant expressionis

< [AgTIIO]
[AGCIS)]
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Asamatter of convention the concentration of the undissolved solid istaken asone. We
can rewritethe equilibrium as

Ksp =[Ag*][CI™]

The equilibrium constant now isthe product of the concentrations of theions. Itiscalled
solubility product constant or simply solubility product. A new symbol, K_, has been
assigned to this constant. The mass expression on theright , iscalled, ion product or ionic
product. Thesolubility product constant of agiven salt isconstant at agiven temperature.

14.7.1 Relationship between Solubility and Solubility
Product Constant

The solubility product constant for asubstanceisrelated toits solubility. The nature of
rel ationship depends on the nature of the salt.

Salt of AB type: ( For example AgCl, CaS0O,). In such cases the solubility equilibrium
can be represented as

AB(s) == A" (aq) + B (a0)
and K =[A][B]

If the solubility of salt is ‘s’ mol dm- then the concentrations of the cations and the
anions would be ‘s’ mol dm=2 each. Substituting the values in the expression of Kywe
get,

K, =['s’ mol dm=] x [‘s”mol dm~] = & mol? dm®
Salt of AB, type: (For example CaF,). In such cases the solubility equilibrium can be
represented as

ABy(9) == A" (a) + 28" (a0)
and K, =[A%] [B]?

If the solubility of saltis ‘s’ mol dm= then the concentration of the cations and the anions
would be ‘s’ mol dm= and ‘2s’ mol dm=2 respectively. Substituting the values in the
expression of K We get,

K, =['s’ mol dm=] x [*2s* mol dm~]2 = 4s® mol® dm-®

Salt of A_B type: (For exampleAg,CrQO,). In such casesthe sol ubility equilibrium can be
represented as

AoB(s) == 2A™ (aq) + BZ (aq)
and  Kg=[A*1?[B]

If the solubility of salt is ‘s’ mol dm- then the concentrations of the cations and the
anions would be ‘2s” mol dm=2 and ‘s’ mol dm-3 respectively. Substituting the valuesin
the expression of K We get,

Kg = ['2s” mol dm=]? x  [*s” mol dm-] = 4s* mol® dm®

Salt of A_B, type: (For example Ca, (PO,),. In such cases the solubility equilibrium can
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be represented as
A3B2(s) = 3A%" (ag) + 2% (ag)

If the solubility of salt is ‘s’ mol dm-2 then the concentrations of the cations and the
anions would be *3s” mol dm= and ‘2s’ mol dm-2 respectively. Substituting thevaluesin
the expression of K_ we get,

Kg = [3s” mol dm=]° x [*2s” mol dm=]? = 108 s° mol® dm*°

Ingeneral for asalt withtheformulaA B and a solubility of smol dm-* therelationship
between the solubility and K can be given as

K= AT B = (x9* (ys) = X* y/ Y

E(ample 14.11: The solubility of calcium sulphate in water is 4.9 x 102 mol dm at
298K. Calculate the value of K_ for CaSO, at this temperature.

Solution: Thefollowing equilibriumwould existinthiscase

CaSOy4(s) == Ca?" (ag) + SO3~ (aq)

For this reaction; K= [Ca] [SO,7]

From the equation we see that when 4.9 x 10-* mol of CaSO, dissolves to make
1 dm of asaturated solution, theionic concentration are

[Ca*] =4.9x 10*mol dm®; [SO,*] = 4.9 x 10° mol dm
Ky =[Ca] [SO] =[4.9 x 10 mol dm® x 4.9 x 107 mol dm™ ] _j
= 2.4 x 10° mol2dm ¢

[ Example 14.12: Solubility product of silver iodide, Agl is 85 x 10 at 25°C. What i
the molar solubility of Agl in water at thistemperature?

Solution: Silver iodide dissol vesaccording to the equation

Agl(s) == Ag™ (ag) + 1~ (aq)

Let the solubility of Agl be is ‘s’ mol dm= the concentrations of silver and iodide ions
would be is ‘s’ mol dm-=each.

At equilibrium, Ky = [AgT [I7] ; Substituting the values, we get
[‘s> mol dm=3] [*s’ mol dm=3] = 2 mol?dm™® = 8.5 x 10-* mol? dm®
Thisgives, solubility (s) =[8.5 x 107" mol? dm® ]2

= 9.2 x 10° mol dm=.

The solubility of Agl in water is therefore 9.2 x 10° mol dm-3 at 298 K. _j

Chemical Dynamics

Notes
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14.7.2 Effect of Common lon on Solubility Equilibria

What will happen if we add a soluble salt containing a common-ion to a solution of a
sparingly soluble salt ? You may reason out that according to Le Chatelier’s principle, the
common-ionwill shift theequilibriumin backward directionwhich would reduceitssolubility
still further. This actually isthe case. Let usunderstand it with the help of an example.

laample 14.13: Calculate the molar solubility of Agl in a solution containing
0.1 mol dm*AgNO,. Thesolubility product of silveriodide, Agl is8.5x 10" mol? dm® at
298 K.

Solution: Silver nitrate isastrong electrolyteionsing as
AgNO3(s) —— Ag" (aq) + NO3 (ag)
and for Agl thesolubility equilibriumis
Agl(s) =—=Ag" (ag) + I~ (aq)
If we take the solubility of Agl to be ‘s’ mol dm3, thenthetotal concentration of Ag*ions

inthe solutionwould be[ 0.1 + s] mol dm=~[0.1] mol dm~2 because the value of ‘s’ is
very small. And the concentration of 1-ions would be ‘s’ mol dm-3,

Substituting in the expression for K o= [Ag[I] ; weget
[ 0.1] mol dm=][*s” mol dm=]=0.1smol>dm* =8.5x 10" mol2 dm*
Thisgives, solubility (s) =[8.5x 10-*7] /[0.1] mol dm3

= 8.5 x 10 % mol dnr3.

(The value of ‘s’ is clearly negligible in comparison with 0.10 and thus justifies our
assumption)

Thesolubility of Agl in0.1M AgNO, istherefore 8.5 x 10-**mol dm at 298 K. Compare
thisvalue with the solubility of Agl in water as determined in the previous example

Solvent Water 0.1IM AgNO,
Solubility 9.2 x 10° mol dm-3 8.5 x 10 mol dm=3,

Thuswe seethat the solubility of asparingly soluble salt isdecreased in the presence of
another salt that hascommonion. Thisdecreasein solubility isan example of theCommon
lon Effect.

| Intext Questions 14.3

1. Cadculatethe pH of asolution containing 0.05 M benzoic acid and 0.025 M sodium
benzoate. Benzoic acid hasapK , of 4.2.

2. Calculate the solubility product for Ag,SO, if [SO,*] =2.5x 102 M.




14.7.3 Application of Solubility Product in Qualitative Analysis

The qualitativeanalysis of cationsiscarried out by dividingthem into several groups.
This group separation of cationsis based upon selective precipitation of some cations
out of many that are present in a solution. Thisis achieved by adjusting the solution
conditions in such away that the K_ of specific salts of some cationsis exceeded and

they precipitate out. The remaining cationsremain in the solution. A typical exampleis
the use of H_S. The dissociation of H,S can be written as

HoS(ag) == 2H* (ag) + S*~ (a0)

Since the equilibrium involves hydrogen ions, the acidity of the solution would play an
important rolein controlling the concentration of sulphideions.

You are aware, that in the separation of group |1 sulphides, the medium of the solutionis
kept acidic. In this medium the concentration of the S>- ionsis very small and only the
sulphides of group Il are precipitated. On the other hand in the alkaline medium the

concentration of sulphideionsisfairly high and thesulphidesof group IV cationsprecipitate
out.

75

e der, |
i_‘.’éﬂ What You Have L earnt

e There are three different concepts of acids and bases proposed by Arrhenius,
Bransted and Lowry and Lewis respectively.

e  AccordingtoArrhenius Concept an acid isasubstance capable of producing hydrogen
ions by dissociating in agueous solution while a base is a substance capable of
providing ahydroxyl ion . The neutralization reactionisbasically the reaction between
aproton and ahydroxyl ion to give amolecule of water.

e Sinceahydrogenion H*is very small with high charge density it does not exist
free in apolar solvent like water. It binds itself to a water molecule and form a
hydroniumion (H,0%).

e According to Brgnsted and Lowry, an acid is defined asaproton ( H* ) donor, and
abaseis defined as aproton acceptor. An acid-base reactions can be thought of as
a proton-transfer from an acid to a base. In this concept, acids and bases can be
either ions or molecular substances.

e According to Bransted and Lowry definition the speciesin either side of the acid-
base equilibrium, differ by thegain or loss of aproton. Theseare called aconjugate
acid-base pair. In such apair astrong acid has aweak conjugate base while aweak
acid has a strong conjugate base.

e  Lewis definition is quite broad, according to him, an acid is defined as,* any atom,
molecule or ion that can accept an electron pair from any other atom , molecule or
ion, while a base is * any atom , molecule or ion that can donate a pair of electron’.
The product of areaction between an acid and abase is called an adduct.

MODULE -5
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Srong Arrhenius acids and bases dissociate completely in aqueous solutionswhere
astheweak acidsand basesundergo partial ionisation. Higher the extent of ionisation
stronger the acid or the base.

In Bransted- Lowry concept, the relative strength of an acid is defined as its
relative tendency to lose / donate a proton to water.

Theionisation equilibriaof weak acids and bases are characterized by equilibrium
constants called ionisation constants. Thevalues of these constantsisameasure of
their relative strength.

Water can act both as a weak acid as well aweak base. In a sample of water a
small number of water molecules undergo autoi onisation, inwhich half theions act
as an acid while the other half acts as a base.

In agueous solutions the concentration of H,O" can be expressed in terms of a
logarithmic scale called pH scale. The pH of a solution is defined as pH =-log, [H*]
or pH = -log, [H,O"].

A neutral solution hasapH of 7;any solutionwithapH lessthan 7 isacidicwhile
the ones with a pH of greater than 7 are basic in nature.

The presence of common ions in a solution of aweak acid or a weak base
suppressitsdissociation. Such solutions act as buffer solutionswhich resist achange
in their pH on addition of small amount of an acid or abase. The pH of buffer
solutions depend on their composition and can befound by using asimple equation
called Henderson Hasselbalch equation.

The agueous solutions of certain salts also behave as acids or bases due to the
hydrolysisof their cation or anion or both.

In an agueous sol ution of asparingly soluble salt an equilibrium exists between the
undissolved sat and theions obtained from the dissolved salt. Thisiscalledsolubility
equilibrium.

The product of the concentration of theionsinthe solubility equilibriumisaconstant
called solubility product (Ksp) andisproportional to the solubility of the sparingly
solublesalt.

The presence common ions decreasesthe sol ubility of asparingly soluble salt. This
iscalled common ion effect and has widespread applicationsin qualitative analysis.

E? Terminal Exercise

1
2.

Explain why ahydrogen ion can not exist free in an agueous sol ution?
Writethe equilibrium constant expression for the following reaction.
H2COgz(aq) + H20(1) == H30" (aq) + HCO3 (an)

Explain why does a strong Bronsted — Lowry acid has a weak conjugate base?

What do you understand by the term ‘amphoteric’ ? Show with the help of equations
that water is amphoteric in nature.




10.

lonicEquilibrium

Calculate the pH of 1 x 10 M solution of NH,OH. The dissociation constant of
NH,OH is 1.85 x 10> mol dmr3.

The pH of an agueous solution of HCI is 2.301. Find out the concentration of
hydrogenionsin thissolution.

What is abuffer solution? What are its main constituents?

Solubility of leadiodide Pbl, is1.20 x 10-* mol dm at 298K . Cal culateits solubility
product constant.

Calculate the solubility of Bi,S;inwater at 298K if itsK_ = 1.0 x 10" mol® dm*°.

Calculatethe solubility of Agl in0.10M Nal at 298 K. KspforAgI is 85x 107 at
this temperature.

s Answersto Intext Questions

14.1

1

According to Arrhenius concept an acid is defined as a substance that is capabl e of
producing hydrogen ion (H*) by ionisation in agueous solution. For example, HCI
and CH,COOH.

2. Arrheniusdefinition hasthefollowing drawbacks:

e [tislimited to only aqueous solutions and requiresionisation of the substance.

e |t doesnot explainthe acidic or basic behaviour of some substanceswhich lack
ahydrogen (or ahydroxide) ion. For example, AICl, and Na,CO, which lack a
hydroxide.

3. Inthe Brnsted-Lowry concept, any molecule or ion that can accept a proton is a
base whereasin Arrhenius concept abase isthe one which provideshydroxideions
insolution.

4.  Acids HCI, H,0"

Bases NH3, CN™
14.2
1. Theionisation of weak acid, HF, can be represented as
HF(ag) + H20 == H30" (aq) + F (a0
H3O"][F~
Theexpression for K4 would be, Kg = (MO IIF ]
[HF]
2. For aweak base BOH which partially dissociates in aqueous solutions, and has a

degree of dissociation as o we can write

B+HyO——=BH" +OH"
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Chemical Dynamics Initial concentrations c ~55 0 0
Equilibriumconcentrations  ¢(1 —a) ~55 ca ca
Theequilibrium constant expression or base dissociation constant can be written as

« _[BHIOH™] __[callca]
[H-0][B] c[l-a]55

rearranging we get,

_[ca][ca] c?a? 3 ca?

55K =Kp = = =
= b e l—a] c[l-a] (I-a)
Since the acid B is very weak, o <<1; we can neglected in comparisonto 1in the
denominator to get

K K
a?=2b or b
c c
3. Given hydroniumion concentration, [H,0] = 6.3 x 10*M

Asper definitionpH = -log [H,07]
= pH =-log 6.3 x 102
= pH =-(0.7993 - 2.0000)
= pH =—(-1.2007) = 1.2007

Kb =~ C(x,2 or

4.  Given: Concentration of glycine=1.0M
K, =167 x 10",

. K
For aweak acid o = ‘/Ta =0 = ,1.67x10710 =129 x 10°

= [H,01=1x129x 10° =129 x 10°M
pH = -log [H,O"] = —log [1.29 x 10°°] = — (-4.8894) = 4.8894

14.3
1. Here, [Acid] = 0.05M and [Salt] = 0.025M; and pK , = 4.2
Substituting the valuesin Handerson equation, we get
pH = 4.2 + log (0.05/0.025) = 4.2 + log 2 = 4.2 + 0.3010 = 4.5010
2. Letthe solubility of Ag,SO, be ‘s’ mol dm™

The concentrations of the Ag* and the SO, would be *2s” mol dm™ and ‘s” mol
dm® respectively, and Ksp = [Ag']* [SO,7]

Given[SO,]1 =25" 10°M b [Ag+] =2 25" 10°M =5" 10°M
Substituting the values in the expression of K - Weget,

Ksp =[5 x 1072 x [2.5 x 107] = 625" 10° mol® dm™®
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