
IONIC EQUILIBRIUM 

10.1 INTRODUCTION 

The compounds which give ions either in molten state or in 
solution are called electrolytes. In the solid state they are bad 
conductors, but become good conductors either in the molten 
state or in solution. 

There are two types of electrolytes: 

(1) Strong electrolytes: These electrolytes are almost 
completely ionised when dissolved in a polar medium like water. 
In solution they are excellent conductors, e.g., HN03 , HCI, 
KOH, NaOH, etc. Their degree of ionization is high and 
approaches unity. 

(2) Weak electrolytes: These are not completely ionized 
when dissolved in a polar solvent and they behave as poor 
conductors of electricity, e.g., CH3COOH, H3P04 , H3B03 , 

NH4 OR, etc. Equilibrium between ions and unionised molecules 
is established in solution; e.g., 

CH3 COOH ~ ~H3 COO- + H+ 

The above equilibrium is termed as ionic equilibrium. Degree of 
ioni~ation of weak electrolytes is much less than unity. 

Degree of ionization 'a.' may be defined as a fraction of total 
number of molecules of an electrolyte which dissociate into ions. 

% ionization 

100 

Numberof molecules dissociated as ions 

Total number of molecules of electrolyte dissolved . 

The following classification of electrolytes is based on their 
behaviour in a particular solvent, i. e., water. 

Solutions (aqueous) 

! 
Conducting (solutions of 
electrolytes, i. e., acids, bases 
and salts) 

r 
Strongly conducting (solns. of 
strong electrolytes which 
ionise almost completely in water 
such as HCl, H2S04 , HN03, 

NH4Cl, NaCl, NaOH, KOH, etc.) 

I 
.1 

Non-conducting (solutions of 
non-electrolytes such as urea, 
glucose. sugar. glycerine, etc.) 

1 
Weakly conducting (solutions 
of weak electrolytes which 
slightly ionise in water such as 
CH3COOH, NH40H, H3P04 , 

HCN, etc.) 

However, an electrolyte may behave as a strong one in aqueous 
solution, but it may behave as a weak one in another solvent. For 
example, sodium chloride behaves as a strong electrolyte and 
acetic acid as a weak electrolyte when dissolved ~n water but their 
con9.ucting abilities are comparable in liquid ammonia solvent. 

10.2 OSTWALD'S .DILUTION LAW 

According to Arrhenius theory of electrolytic dissociation, the 
molecules of an e'lectrolyte in solution are constantly splitting up 
into ions and the ions are constantly reuniting to form. unionized 
molecules. Therefore, a dynamic equilibrium exists between ions 
and unionized molecules of the electrolyte in solution. It was 
pointed out by Ostwald that like chemical equilibrium, law of 
mass action can be applied to such systems also. 

Consider a binary electrolyte AB which dissociates into A + 

and B - ions and the equilibrium state is represented by the 
equation: 
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Initially t = 0 
At equilibrium 

AB ~A+ +B
COO 

C(l- 0:) Ca Ca 

So, dissociation constant may be given as: 

[A + ][B-] Ca x Ca 
K 

[AB] C(1-a) 

Ca 2 

(1-a) 

For very weak electrolytes, 

a <~<I,(1-a)'" 1 

K =Ca 2 

a=.JKIC 

Concentration of any ion = Ca = .J CK. 

... (i) 

'" (ii) 

From equation (ii), it is clear that degree of ionization 
increases on dilution. 

Thus, degree of dissociation of a weak electrolyte is 
proportional to the square root of dilution. 

Limitations. of Ostwald's dilution law, The law holds 
good only for weak electrolytes and fails completely in the case 
of strong electrolytes. The value of' ~a' is determined by 
conductivity measurements by applying the formula A I A~. The 
value of 'a' determined at various dilutions of an electrolyte 
when substituted in eq. (i) gives a constant value of K only in the 
,case of weak electrolytes ,likeCH3COOa.;;NH40H, 'etc. The 
cause of failure of Ostwald's ~r ' lawin the case of strong' 

'. , ' •. 1 '.,. 

electroJytes is due to the foIl, actors:', .; 
(i) The 'aw is based on' th,e'~,fa.ctthat only' a portion of the 

electrolyte i!\\, dissociated into 'ions at ordinary dilution and 
completely at ''in.finite dilution. Strong electrolytes are almost 
completely ionisooatall dilutions' and A / A"" does not give 
accurate value of'a'.' , 

(ii) When concentration of the ions is very high, the presence 
of charges on the ions appreciably affects the equilibrium. Hence, 
law of mass action in its simple form cannot be strictly applied in 
the case of strong electrolytes. 

: : : :::I_soME SOLVED EXAMPLES~ I::::: : .' 
;Example 1. A 0.01 M solution of acetic acid is 5% ionised 

at 25° C. Calculate its dissociation constant. 
Solution: According to Ostwald's dilution law, 

Hence; 

a 2 

K=---
a (1-a)V 

0.05, V = _1_ = 100 litre 
0.01 

K = 0.05 x 0.05 = 2.63 xlO-5 
a (1- 0.05)100 . 

Example 2. Calculate the H+ ion concentration of a 
0.01 N weak monobasic acid. the value of dissociation constant 
is 4.0 x 10-10 . 

Solution: 

Applying Ostwald's dilution law for a weak acid, 

a ~KaV 

Ka =4.0x10-1O , v=_l_=lOOlitre 
0.01 

a = ~4 x 1O-1? x 102 = 2 X 10-4 

Concentration of hydrogen ions ' 

_ a _ 2xlO-
4 

=2x10-6 molL-I 
V 100 

or concentration of hydrogen ions 

== .JCK ~r-0-.0-1-x-4-X-I-0--I'-'--O = 2 X 10-6 mol L-1 

;::tExalllpl~3~ The concentration oj H+ ions in O,lO'M 
solution of a weak acid is 1.0 x 10-5 mol L-I

. Calculate the 

dissociation constant of the acid. 

Solution: HA 

Initial concentration 0.1 o .0 

Equilibrium concentration 
(mol L- 1) 0,1- 1.0 X 10-5 1.0 X 10-5 1.0 X 10-5 

[HA] can be taken as 0.1 Mas 1.0 x 10-5 is very small. 
Applying law of mass action, 

[H:t][A 1.0 x 10-5 1.0 X 10-5 

K a = -~--'-----'-
. [HA] 0.10 

==lx10-9 

~xam.ple 4. What will be the dissociation constant ofO.1N 
aqueous ammonia solution in terms of degree of dissociation 
'a'? What will be the, value if the concentration is O.OlN? 

Solutlon:NH40H~NH~ +OW 

At equilibrium (1- a) a a 

Since, the solution is 0.1 N, 

V = 1 = 10 litre 
0.1 

[NH 'OH] (1- a ) [NH + ] a and [OR~ ] ~ ~ 
4 10'. 4 . 10 ~'" . ,.' 10 

Applying law of mass action, 

a a 
+ -x-

[NH4 ][OH- ] :::: 10 10 
[NH40H] 1 a 10(1-a) 

10 

For 0.01 N solution, K b remains the same at the same 
temperature but degree of dissociation value becomes different 

. Example 5. A 0.0128N solution of acetic acid has A = 14 
mho equiv-1 and A"" = 391 mho eq-l at 25°C Calculate the 

dissociation constant of the acid, 
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Solution: Degree of dissociation, 

A 14 ~ 
0,=-=- = 3.58 x 10 

A"" 391 
[1- a ---71 as a is very small] 

Now applying Ostwald's dilution law, 
2 

K _a __ 
a .(l-a)V 

a = 3.58 x 10-2 and V = _1_ litre 
0.0128 

So, Ka =3.58xl0-2 x 3.58 x 10-2 x 0.0128 1.64xlQ-5 

Let AB be the weak electrolyte. Considering its dissociation, 
AB A+ +B-

. and applying law of mass action, we have 

[A+][B-] 
K==-'---=-..... 

[AB] 

The equilibrium constant, K, has a definite value 11t any given 
temperature. If now another electrolyte furnishing the A + and B
ions be added to the above solution, it will increase the 
concentration of either A + ions or B - ions (whichever has been 
added) and in order that K may remain constant, the 
concentration of AB must increase, i.e., the equilibrium will shift 
to the left hand side. 

In other words, the degree of dissociation of an electrolyte 
(weak) is suppressed by the addition of another electrolyte 
(strong) containing a common ion. This is termed as common 
ion effect. Acetic acid is a weak electrolyte and its.ionisation is 
suppressed in presence of a strong acid (H+ ion as common ion) 
or a strong salt like sodium acetate (acetate ion as common ion). 
Similarly, the addition of NH4 CI or NaOH to NH40H solution 
will suppress the dissociation of NH40H due to common ion 
either NH~ or OH . 

As a result of common ion effect, the concentration of the 
ion not in common in two electrolytes, is decreased. The use of 
this phenomenon is made in qualitative analysis to adjust 
concentration of S2- ions in second group and OH- ion 
concentration in third group of analysis. 

!;:J{(;~.~xample 6. The ionisation constant of HCN is 4 x 10-10
. 

Calculate the concentration of hydrogen ions in 0.2 M solution of 
HCN containing Imol rl ofKCN 

Solution: The dissociation ofHCN is represented as 

, HCN~Hi +CW 

Applying law of mass action, 

[H+][CW] 
K ,=----- or 

a [HCN] 
[H+]= Ka [HCN] 

[CN-] 

In presence of strong electrolyte, the total CN- concentration 
comes from KCN which undergoes complete dissociation. It is 
further assumed that dissociation ofHCN is very-very sman and 
the concentration of HCN can be taken as the concentration of 
undissociated HCN. 

Thus, [HCN] = 0.2 M and [CN- ] 1 M 

Putting these values in the expression 

[H+] = K b [HCN] = 4 x 10-
10 

x 0.2 = 8 x 10-11 mol [;1 

[CN-] 1 

Note: When KeN is not present, the [H+ ] concentration is equal to 

..[CK, i.e., ~O.2 x 4 X 10-10 = 8.94 X 10-6 mol L-1
• This shows 

that concentration of H+ ions falls considerably when KeN is 
added to HeN solution. 

~Jample 7. Determine the concentration of hydroxyl ions 
in 0.4 M NH 4 OH solution having (i) no ammonilim c,hlorideqnd 
(ii) 5.35 g ofN}/4Clin a Utreof the solution. Ionisation constant 
ofNH40H is 1.8 x 10-5

. 

Solution: (i) Let 'a' be the degree of dissociation of 
NH4 OH in absence ofNH4 Cl. 

a =J?. . 
So, [OW] = Co, == ~K bC == ~1.8 X 10-5 x 0.4 

2.68 x 10-3 mol L-1 

(ii) In presence ofNH4C~ 
+ 5.35 

[NH4]=-=0.IM and [NH40H]=004M 
53.5 . ' 

So, [OW] K b [NH40H] == 1.8x 10-
5 

x 004 
[NH~] 0.1 

=7.2xlO-5 molL-I 

if&W:~~:xample 8. When 0.100 mole of ammonia, NH3, is 
dissolved in sufficient water to make 1.0 L of solution, the 
solution is found to have a hydroxide ion concentration of 
1.34 x 10-3 M. Calculate K b for ammonia. 

Solution: 

NH3' + H20~ NH! 
At equilibrium (0.100 - 1.34 x 10-3) M 1.34 x 10-3 M 

+ OW 
=O.09866M 1.34 x 10-3 M 

K _ [NH~ ][OW] 1.34 X 10-
3 

x 1.34 X 10-
3 

= 1.8199x 10-5 
b - [NH3] 0.09866 

;{Ci(cExainple 9. : K a for HA is 4.9 x 10-8
. After making the 

necessary approximation, calculate for its decimolar solution 
(a) % dissociation 

(b) H+ ion concentration" 

Solution: (a) For a weak electrolyte, 

a ~Ka ~4.9X 10-
8 

= 7x 10-4 
C 0.1 
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(b) 

% dissociation 100 x a == 100 x 7 X 10-4 

7x 10-2 

HA 

C0-~ ~ ~ 

[H+ ] == C x a == 0.1 x 7 x 10--4 == 7 X 10-5 mol 

•• a.mple 10. Nicotinic acid (Ka = 1.4 x 10-5
) is 

represented by the formula HNiC. Calculate its per cent 
dissociation in a solution which contains 0.10 mole of nicotinic 
acid per 2 litre of solution. (lIT 1993) 

Solution: Initial concentration of the nicotinic acid 

== 0.10 0.05 mol L·I 

or 

or 

2 

Equilibrium cone. (0.05 - x) x x 

As x is very small, (0.05 x) can be taken as 0.05 

K == [H+ ][NiC- ] _ x x X 
a 

[HNiC] 0.05 

x2 = (0.05) x (1.4 x 10-5 
) 

X == 0.83 X 10-3 mol FI 

01 d' .. 0.83 X 10-
3 

x 100 1 66 
70 IssocmtlOn == . 

0.05 

; 
I 

Alternative method: Let a be the degree of dissoci{ltion 

HNiC H+ + NiC 

At equilibrium 0,05 (1- a) 0.05a 0.05a 
K = 0.05a x 0.05a 

a 0.05 (1 a) 

As a is very small, (1 a) ----? I. 
So, 1.4 X 10-5 == 0.05a 2 

or a 1.4 x 10-
5 

== 1.67 x 10-2 

0.05 

Per cent dissociation 100 x a = 100 x 1.67 X 10-2 

= 1.67 

~~DlPle 11. At 30°C, the degree of dissociation of 
0.066M HA is 0.0145. What would be the degree of dissociation 
ofO.02M solution of the acid at the same temperature? 

Solution: Let the ionisation constant of the acid be K a • 

Degree of dissociation at O.066M concentration = 0.0145. 

Applying a = ~? 

0.0145 == ~ Ka 
0.066 

... (i) 

Let the degree of dissociation of the acid at 0.02 M 
concentration be a I . 

fK: 
V 0.02 , .. (ii) 

Dividing eq. (ii) by eq. (i), 

a l ~0,066 
0.0145 == 0,02 1.8166 

or a l = 0,0145x 1.8166= 0.0263 

__ mp)«: 12. A solution contains 0.1 M H 2S and 0.3 M 
HCI. Calculate the concentration of S 2- and HS ions iil 
solution. Given Kal and Ka2 for H 2S are 10-7 and 1.3 x 10-13 

respectively. (lIT 1992) 

Solution: H2 S ~ H+ + HS-

Further 

I·' 

[H+ ][HS-] 
K = ". (i) 

al [H
2
S] 

HS- H+ + S2-

[H+][S2- ] 
K ==---=-..:. 

a2 [HS-] 

Due:to conunon ion, the ionisation of H2S is suppressed and 
the [H+] in solution is due to the presence of 0.3 MHCl. 

or 

[S2- ] [H2 S] = 1.0 X 10-7 
X 1.3 X 10-13 x (0.1) 

(0.3)2 

1.44 x 10-20 M 

Putting the value of [S2- ] in eq. (ii), 

0.3 x 1.44 x 10-20 

1.3 X 10-13 

[HS- ] 

0.3 x 1.44 x 10-20 

1.3 X 10-13 
3.3 X 10-8 M 

~p)e13. What is the H+ ion concentration of a 
solution known to contain O.lg mole ofCH 3 COONH 4 in one litre 
ofO.1MCH3COOH? Assume effective ionisation of ammonium 
acetate is 80%.K a for acetic acid is 1.8 x 10-5

. 

Solution: CH3 COOH ~ CH3 COO- + H+ 
(0.1 x) x x 

K == [CH3COO- ][H+] 

a [CH3COOH] 

The solution also contains CH3COONH4 which is 80% 
dissociated, i. e., a == 0.8. Thus, the acetate concentration 
provided by O.lM CH3COONH4 :;:: 0.1 x 0.8= 0.08M 

Total [CH3COO~]=(0.08+x)M 

So, 
(0.08+ x)x , 

(OJ-x) 

As xis very small, (0.1 x) ----? 0.1 and neglecting x 2
, 

K == O.08x 
a 0,1 
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or 1.8 X 10-5 x 0.1 = 0.08x 

X [H+ ] = 1.8 X 10-
5 

x 0.1 = 2.25 x 10-5 mol L-I 

0.08 
or 

_In,,ple 14. Ostwald obtained the following table by 
determining the equivalent conductivities containing one gram 
equivalent of acetic acid in V litre. If the equivalent conductivity 
of acetic acid at infinite dilution be 364, show that the results are 
in agreement with Ostwald slaw. 

Volume in lilre (V) Equivalent conductivity 
8' 4.34 

64 12.09 

128 16.99 

Solution: Degree of dissociation, a = A v 
A= 

(i) 

(ii) 

(iii) 

a
l 

= 4.34 = 0.01 19 
364 . 

a
2 
= 12.09 = 0.0332 

364 

16.99 = 0.0467 
364 

Now applying Ostwald's dilution law, 
2 

(i) K =~=0.0119xO.0119 1.77 x 10-5 

a VI 8 
2 

(ii) K = a 2 = 0.0332 X 0.0332 1.72 x 10-5 

a V
2 

64 

(iii) K a = a ~ = 0.0467 x 0.0467 = 1.70 X 10-5 

V3 
The values of K a are nearly the same which show the validity 

of Ostwald's dilution law. 

~~ple 15. Calculate the dissociation constant of 
H 2C20;. (oxalic acid)i/0.02 M solution is 2% dissociated. , 

Solution: H2C20~ 2H+ + C20~- " . 
C (1- a) 2Ca C a 

, [Hf f[c 0 2-] K = 2 4 
a [H2C20 4 ], 

(2Ca)2 x (Ca) , 

C(1-a) 

[I a ~ las a is small] 

4C 2a 3 

= 4 x 0.02 x 0.02 x (0.02)3 

= 1.28 X 10-8 

1. A monoprotic acid in 0.1 M solution ionizes to 0.001 %. Its 
ionisation constant is: 
(fl) I x 10-3 (b) 1 x 10-b (c) I X 10-8 (d) 1 x 10-11 

[Ans. (d)] 

[Hint: a=={f or Ka==ca2=O.lx(0~~~lr 
lxlO- 11 ] 

2. The bydrogen ion concentration in'mol/dm3 in 0.2 M solution 
of we~ acid, HA (K a 2 X 10-5 

) is close to: 

(a) 2 X 10-5 ,{b)2xlO-4 (c)2xlO-J (d)2xl(J2 

[Ans. (t)] 

[Hint: [H30+] = ~CKa == ~0.2 x 2 x 10-5 == 2 X 10-3] 

3 .. Autoprotolysis constant ofNH3 is: 

(a) [Nn:][NH3J (b)[NH.2 ][NH3] 

(c) [NH~][NH2] (d) ~] 
[NH.2 ] 

[Ans. (c)] 
[Hint: Autoprotolysis ofNHJ takesplace as: 

2NH3 ~ NH! + NHZ" 

Autoprotolysis constant == [NH! ] [NHi ] J 
4. The degree of ionization of an acid HA is 0.00001 at 0.1 M 

concentration. Its dissociation constant will be: 

(a) 10-9 (b) 10-8 (c) 10-11 (d) 10-7 

[An~ (c)] 
[Hint: For monoprotic acid HA: 

Ka == Ca2 == O.lx (10-5)2 ~ 10-11 ] 

5. The first and second disso<;iation constants of an acid, H2A, 

are 1.0 x 10-5 and 5.0 x 10-10 respectively. The overall 

dissociation constant of the acid will be: . (AI:EEE 2007) 

(a) 0.2 x 105 , (b) 5.0x 10-5 

(c) 5.0 X 10-15 .' (d) 5.0 x 1(j5 

[Ans. (c)] 

[Hint: Ka Kal XKa2 

= 1 x 10-5 X 5 X 10-10 

5 x 10-15 ] 

Iifj SOLUBILITY PRODUCT 
If to a given amount of solvent at a particular temperature, a 
solute is added gradually in. increasing amounts,' a stage is 
reached when some of the solute remains undissolved, no matter 
how long we wait or how vigorously we stir. The solution is then 
said to be saturated. A solution which remaius in coutact with 
undissolved solute is said to be saturated. At saturated stage, 
the quantity of the solute dissolved is always constant for the 
given amount of a particular solvent at a definite temperature. 

In case, the solute is an electrolyte, its ionisation occurs in 
solution and degree of dissociation depends on the concentration 
of dissolved electrolyte at a particular temperature. Thus, in a 
saturated solution of an electrolyte two equilibria exist and can be 
represented as: 

AB.,-- AB 
Solid Unionised 

(Dissolved) 

Applying the law of mass action to the ionic equilibrium, 
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[A+][B-] 
"------"-''--....:. = K 

[AB] 

Since, the solution is saturated, the concentration of unionised 
molecules of the electr<;>lyte is constant at a particular 
temperature, i. e. , [AB] = K' = constant. 

Hence, [A + ][B-] = K[AB] = KK' =Ks (constant) 

K s is termed as the solubility product. It is defined as the 
product of the concentration of ions in a saturated solution of 
an electrolyte at a given temperature. 

Consider, in general, the electrolyte of the type AxB y which is 
dissociated as: 

Ax By ~xAY+ + yB X
-

Applying law of mass action, 

[AY+nBx-y 
-=------='--=---=-- = K 

[Ax B Y] 

When the solution is saturated, 

[AxBy]=K' (constant) 

or [AY+nBx-y =K[AxBy]=KK'=K, (constant) 

Thus, solubility product is defined as the product of 
concentrations of the ions raised to a power equal to the 
number of times the ions occur in the equation representing 
the dissociation 'of the electrolyte at a given temperature 
when the solution is saturated. 
[Note: Solubility product is not.the ionic product under all conditions 

but only when the solution is saturated.] 

Different Expressions for Solubility Products 
. (i) Electrolyte of the typeAB: Its ionisation is represented 

as:" ... 

AB~A+ +Ir 

Thus, 

AgCI~Ag+ +CI-; 

BaS04 ~Ba2+ + SO~-; 

Ks =[Ag+][CI-] 

K s = [Ba 2+ ][SO~-l 

(ii) Electrolyte of the typeABl : Its ionisation IS 

represented as: 

AB2 ~A2+ +2B-

Thus, K s = [A 2+ ][B-]2 

PbCl 2 ~ Pb 2+ + 2CI-; Ks = [Pb 2+ ][Cl-]2 

CaF2 ~Ca2+ +2F-; Ks = [Ca2+][F-]2 

(iii) Electrolyte of the type AlB: Its ionisation is 

represented as: 

A2B~2A+ +B 2-

Thus, Ks =[A+]2[B2:-] 

Ag2Cr04 ~2Ag+ +CrO~-; Ks =[Ag+]2[CrO~-] 

H2S~2H+ +S2-; Ks =[H+]2[S2-] 

(iv) Electrolyte of the type AlB): Its ionisation is 

represented as: 
A B ----->. 2A 3+ + 3B 2-

2 3...----.--

Thus, Ks =[A H ]2[B 2
-]3 

As 2S3 ~2Asr +3S2-; Ks =[ASH]2[S2-]3 

Sb 2S3 ~2SbH +3S2-; Ks =[Sb H ]2[S2-]3 

(v) Electrolyte of the type AB): Its ionisation IS 

represented as: 
AB3 ~A3+ + 3B-' 

Thus, Ks = [A 3+ ][B-]3 

Fe(OH)3 ~FeH +30W; Ks =[FeH ][OW]3 

AlI3 ~~3++3r; Ks =[Al 3+][r]3 

Solubility product of a weak electrolyte: Let degree_oJ 
ionisation of weak electrolyte A mE n be 'a'. 

t = 0 

teq 

AmBn ~mAn+ +nB m-

S o o 
S -Sa mSa nSa , 

Ksp = [An+ r[B m- t 
= [mSa]m[nSaf . 

Ksp = mmnn (Sa)m+n 

Criteria of precipitation of an electrolyte: A very useful 
conclusion is derived from the solubility product concept. No 
precipitation of the electrolyte occurs if the ionic product is less 
than the solubility product, i. e. , the solution has not reached the 
saturation stage. 

Case I: When Kip < K sp' then solution is unsaturated in 

which more solute can be dissolved. 
Case . II: When Kip = K sp' then solution is saturated in 

which no more solute can be dissolved. 

Case m: When Kip > K sp' then solution is supersaturated 

and precipitation takes place. 
When the ionic product exceeds the solubility product, the 

equilibrium shifts towards left hand side, i. e" iI1creasing the 
concentration of undissociated molecules of the- electrolyte. As 
the solvent can hold a fixed amount of electrolyte at a defiriite 
temperature, the excess of the electrolyte is thrown out from the 
solution as precipitate. . . 
. Thus, for the precipitation of an electrolyte, it is necessary 
that the ionic product must exceed its solubility product. For 
example, if equal volumes of 0.02 M AgN03 solution and 0.02 M 
K 2Cr04 solution are mixed, the precipitation of Ag2Cr04 
occurs as the ionic product exceeds the solubility. product of 
Ag 2Cr04 which is 2x 10-12

. ' 

In the resulting solution, 

[Ag +] = 0.02 = O.oI = 1 x 10-2 M 
2 . 

and [CrQ~- ] = 0.02 = O.oI = 1 x 10-2 M 
2 
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Ionic product of Ag 2Cr04 [Ag + ]2[CrO~-] 

= (Ix 10-2 )z (1 X 10-2 )' 

= 1 X 10-6 

I X 10-6 is higher than 2 x 1O-IZ and thus precipitation of 

Ag 2 CrO 4 occurs. 

AeIaIionship ......... su....-, and SaIubIiI.J IIIocIua 
Salts like Ag~ BaS04 , PbS04 , PbIz, etc., are ordinarily 

. considered insoluble but they do possess some solubility. These 
are sparingly soluble electrolytes. A saturated solution of 
sparingly soluble electrolyte contains a very small amount of the 
dissolved electrolyte. It is assumed that whole of the dissolved 
electrolyte is present in the form of ions, i. e., it is completely 
dissociated. 

The equilibrium for a saturated solution of any sparingly 
soluble salt may be expressed as: 

A B--:-"xA Y+ + yB X-x y-V-

Thus, solubility product, K s :::: [A Y+ Y [B x- Y 

Let'S' mol litre -I be the solubility of the salt; then 

AXBy ~xAY+ + yB X-

xS yS 

So, Ks [xSnysy 
";xx, yY(Sr+Y 

(i) I: Ilftle aIts; Examples: AgCI, AgI, BaSO 4' PbSO 4' 

A+ +B-
8 8 

Let solubility of AB be S mol litre -I . 
So, Ks [A+][B-] SxS S2 

or S=Ji(' 

(1)1:2 .. 2:t lftIe salls:: Examples: Ag 2 C03 , 

Ag 2 CrO 4' PbCI2 , CaF2 , etc. 

or 

Let solubility of AB2 be S mol litre -I. 

SO, Ks =[A 2+][B-f :=SX(2S)2 ::::4S 3 

or S VKs l4 

Let S be the solubility of A'2B. 

Ks [A+]2[B2-] 

:::: (2S)2 (S)== 4S 3 

S =VKJ4 
(iii) t:llftle~ Examples: AlI3 , Fe(OH)3, Cr(OHh, 

Al(OH)3' etc. 

~tIcdI~AB3 A 3+ + 3B-
8 38 

Let S mol litre -I be the solubility of AB 3' 

Ks =[A 3+][B-]3 SX(3S)3 ==27S 4 

or S::::~KsI27 

The presence of common ion affects the solubility of a salt. 
Let AB be a sparingly soluble salt in solution and A' B be added to 
it. Let Sand S' be the solubilities of the salt AB before and after 
addition ofthe electrolyte A' B. Let c be the concentration of A' B. 

Before addition of A' B, K s == S 2 ... (i) 

After addition of A' B, the concentration of A + and B - ions 

become S' and (S' + c),respectively. 

So, Ks :::: S' (S' + c) ... (ii) 

Equating eqs. (i) and (ii), 
S2 =S'(S' +c) 

Caladatioa of rwnNing coneeatntion after precip~_ ... 
..... : Sometimes an ion remains after precipitation if it isitf~ 
excess. Remaining concentration can be determined, e.g., 

(i) 
+ Ksp [AB] 

[A ]Ieft == [B-] 

(
") [C 2+] _ K sp [Ca(OHh] 
11 a left -. ---'----

[OH-]2, 

Percentage precipitation of an ion 

[ 
Initial conc. - Left conc.] x 100 

Initial conc. , 

SinUIaneaus SaIubIiI.J 
, Solubility of two electrolytes having common ion; when they 

are dissolved in the same solution, is called simultaneous 
solubility, e.g., 

(i) Solubility of AgBr and AgSCN, when dissolved together. 
(ii) Solubility ofCaF2 and SrF2, when dissolved together. 
(iii) Solubility ofMgF2 and CaF2, when dissolved together. 

Calculation of simultaneous solubility is divided into two 
cases: 

c.e I: When the two electrolytes are almost equally strong 
(having close solubility product), e.g., 

AgBr(Ksp 5xlO-13
); AgSCN(Ksp 10-12

) 

(See ........ 26.) 

Here, charge balancing concept is apr-lied. 

Charge of Ag + = Charge of Br - + Charge of SCN-

[Ag+]= [Br-] + [SCW] 

(a+b)= a b 

c.e U: When solubility products of two electrolytes are 
not close, i. e., they are not equally strong, e.g., 
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CaF2 (Ksp = 3.4 x 10-11
); SrF2 (Ksp = 2.9x 10-9 ) 

Most of fluoride ions come of stronger electrolyte. 

',' ,.:'::::a.SOME SoLVED ExAMPLES' I:::;;~JJ' 

t;~T>EX~mple 16. The solubility product of silver chloride is 
1.5625 x 10-10 at 25°C. Find its solubility in g rl. 

Solution: Let the solubility of AgCl be S mol litre-I . 

AgCl Ag+ + CI-
s s 

Hence, S 2 = 1.5625 X 10-10 

or 

Molecular mass of AgCl (l08 + 35.5) = 143.5 

So, Solubility in g litre -I = Mol. mass x S 

= 143.5 x 1.25 x 10-5 

1.79 x 10-3 g L-I 

;rU\~Example 17. The solubility of PbS04 in water is 0.038 
g rl at 25°C. Calculate its solubility product at the same 

temperature. 
Solution: Solubility (S)ofPbS04 in mol L-I 

, 

0.038 = 0.038 = 1.254 x 10-4 

MoL mass of PbS04 303 

The equilibrium is 

PbS04 Pb 2+ + SO~-
S S 

So, Ks = [Pb 2+ ][SO~-]= S x S = S2 

or K s = 1.254 x 10-4 x 1.254 X 10-4 = 1.573 X 10-8 

~~.~;.Example 18. The concentration of Ag + ion in a saturated 

solution of Ag2Cr04 at 20°C is 1.5 X 10-4 mol rl. Determine 

the solubility product of Ag 2CrO 4 at 20°C. 
Solution: The equilibrium is: 

Ag 2 CrO 4 2Ag + + CrO~-

On the basis of this equation, the concentration ofCrO~- ions 

will be half of the concentration of Ag + ions. 

Thus, [Ag +] =:: 1.5 X 10- 4 M and [CrO~-] = 0.75 X 10-4 M 

Ks [Ag + ]2[CrO~-] =(1.5 x 10-4 i (0.75 X 10-4) 

1.6875 X 10-12 

iU'Jtxample 19. The solubility product of BaSO 4 is 
1.5 X 10-9 . Find out the solubility in (i) pure water and (ii) O.1M 
BaCl2 solution. 

Solution: The equilibrium is: 

(i) BaSO 4 ..-- Ba 2+ + SO~-

Let S be the solubility in mol litre -I; then 
K" [Ba 2+ ][SO~-] = S 2 

or 1.5 X 10-9 S 2 

So, S = 3.87 X 10-5 mol L-I 

(ii) LetS'bethesolubilityofBaS04 in 0.1 MBaC12 solution. 
Total Ba 2+ ions concentration = (S' + c) mol L -I 

and S.O~- ions concentration =S' mol L-I 

So, Ks = (S' + c)S' ;;;,(S' + O.1)S' 
or 1.5 x 10-9 (S' + 0.1) S' 

or (S,)2 + 0.1 S' = 1.5 X 10-9 

Neglecting (S' )2, 

0.1 S' 1.5 x 10-9 

or S' = 1.5 X 10-8 mol L-I 

,~gfExample 20. The solubility of Mg( OHh in pure water is 
9.57 x 10-3 g L-I

• Calculate its solubility in g L-1 in 0.02 M 

Mg(N03 )2 so!ution. 
Solution: Solubility of Mg(OH}z in pure water 

= 9.57 x 10-3 g L-I 

= 9.57 X 10-
3 

mol L-I 
Mol. mass 

9.57 x 10-3 

= 1.65 X 10-4 mol L-I 

58 

Further, Mg(OH}z ..-- Mg2+ + 20W 
s 2S 

K s = [Mg 2+ ][Ow]2 = S x (2S)2 = 4S 3 = 4 x (1.65 X 10-4 
)3 

or 

or 

= 17.9685 X 10-12 

Let S' be solubility of Mg(OH}z in presence of Mg(N03 }z 

[Mg2+] (S' + c)= (S' + 0.02) 

[OH'] 2S' 

So, Ks = (S' + 0.02)(2S,)2 

17.9685 X 10-12 4(S' )2 (S' + 0.02) 

17.9685 x 10-
12 

= (S' i + 0.02(S,)2 
4 

4.4921 X 10-12 

(s')2 

0.02(S,)2 

4.4921 x 10-12 

0.02 

[neglecting (S' )3] 

S' 14.9868 X 10-6 mol L-1 . 

Solubility of Mg(OHh in g litre -I = S' x M 

= 14.9868 X 10-6 x 58 

8.69 x 10-4 g L"':' 

Example 21. The solubility product of lead iodide is 
1.4 x 10-8

. Calculate its molar solubility in 0.1 M K.l solution. 

Solution: Let the solubility of PbI2 be S. Then, 

PbI2 Pb2+ + 21-
s s 2S 

Potassium 'iodide is a strong electrolyte and is completely 
ionised. It shall provide r ion concentration = 0.1 M. 

I 
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~Pb2+] S Whole of the concentration of NH; ions is provided by 

[r] (2S + O.1)M NH4 Cl. [NH: ] K NH40H X [NH40H] 

[OH-] 
K sp = [Pb2+][r]2 

=S X (2S + 0.1)2 

=S X(4S2 +O.OI+O.4S) 

4S 3 + O.OIS + 0.4S 2 

. Neglecting S 3 and S 2 , 

or 

1.4 X 1O~8 =O.OIS 

S = 1.4 X 10-
8 

1.4 X 10-6 mol L-1 

0.01 

Example 22. The solubility product of lead, bromide is 
8 x 10-5

. If the salt is 80% dissociated in saturated solution, find 

the solubility of the salt. 

or 

Solution: Let S be the solubility of the salt. 
Degree of dissociation of the salt = 0.8. 

PbBr2 ~ Pb2+ + 2Br-
. 0.8S 2 x 0,.8S 

K sp = [Pb 2+][Br - ]2 

= (0.8S) x (1.6S)2 

= 2.048S 3 

S3 = 8x 10-
5 

= 3.906x 10-5 
2.048 

S = V3.906 X 10-5 = 3.39, X 10-2 mol L-1 

Mol. mass ofPbBr2 = 367 
Solubility of PbBr2' 3.39 x 10-2 x 367 = 12.44 g L-1 

Example 23. A solution has 0.05 M. Mg2+ and 0.05 M 

NH 3' Calculate the concentration of NH 4 CI required to prevent 
the formation of Mg( OHh in this solution. K sp of Mg( OH)z 
= 9.0 X 10-12 and ionisation constant ofNH3 = 1.8 X 10-5

. 

(lIT 1993) 

Solution: The maximum concentration of [OIr] ion~ that 

will precipitate Mg(OHh is calculated by applying the equation 
K sp = [Mg 2+ ][OH- f 

[OIr]2= Ksp 9.0xlO-
12 

=1.8xl0-10 
[Mg 2+] 0.05 . 

or [OH-] = 1.34 X 10-5 M 

NH3 is present in solution in the form ofNH4 OH 

NH3 +H20~NH40H.--"'NH: +OH-
0.05 0.05 

The ionisation of NH40H is suppressed by the addition of 
NH4 CI (Strong electrolyte). 

i. e., 

1.8 x 10,-5 x 0.05 = 0.067 M 
l.34x 10-5 

[NH4 Cl] = 0.067 M 

Example 24. The solubility product of Ag2C20 4 at 25°C 
is 1.29 x 10-11 mol3 C 3. A solution of K 2C20 4 containing 

0.1520 mole in 500 mL of water is shaken with excess of Ag 2 C03 
till the following equilibrium is reached. 

Ag2C03 +K2C20 4 ~Ag2C204 +K2C03 
At equilibrium, the solution contains 0.0358· mole of K 2C03' 
Assuming the degree of dissociation of K 2C20 4 and K 2C03 to 
be equal, calculate the solubility product of Ag 2 C03 • (lIT 1991) 

Solution: . .,., ,. 

Ag 2C03 + K 2C20 4 ~Ag2Ci04 + K 2C03 
Initial 0.1520 mole 0 
At equilibrium (0.1520 0.0358) 0.0358 mole 

Concentration 
0,1162 mole 

2 x 0,1.162 
=0,2324 M 

2 x 0.0358 
0.0716 M 

Solution: No. of moles of Ag + li120mL 

20 x 0.001= 2x 10-5 

1000 

No. of moles crO~- in one litre = 0.002 = 2 x 10-3 

After mixing, total vs:llume of the solution 

= 1000 + 20 = 1020 rnL = 1.02 L 
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[Ag +] = 2 X 10-
5 

= 1.96 x 10-5 

1.02 

[cr02- ] 2 x 10-
3 

= 1.96 X 10-3 

4 1.02 

Ionic product =[Ag+]2[CrO~-] 

= (1.96 x 10-5 )2 (1.96 X 10-3 ) 

= 7.53 X 10-13 

There will be no precipitation of Ag 2 crO 4 as ionic product is 
less than solubility product. 

. tiample 26. Calculate simultaneous solubility of AgCN8 
and AgBr in a solution of water. K sp of AgCN8 1 x 10-12 

, 

Ksp of AgBr= 5x 10-13
• 

,Solution: Let the solubility of AgCNS and AgBr in water be 
a and b respectively. . 

AgCNS·~ Ag + + CNS-
a a 

AgBr .----. Ag + + Br-
b b 

[Ag+]=a+b,[CNS-]=a and [Br-] b 

KspAgCNS =[Ag+ ] [CNS- ] = a(a + b) 

IxlO-12 = a(a + b) ... (i) 

Ksp AgBr =[Ag+][Br- J= b(a + b) 

5 X 10-13 = b(a + b) ... (ii) 

Dividing eq. (i) by (ii), , 
Ix 10-12 a 

=-
5 x 10-13 b 

2=~ or a=2b . b 

Putting the value of a in eq. (i), 
6h 2 = I X 10-12 

b 2 = ~ X 10-12 

6 
. b 4.08 X 10-7 mol L-1 

a = 2 x 4.08 X 10-7 

- = 8.l6x 10-7 molL-1 

Exalllple 27. The K sp ofCa(OHh is 4.42 KIO-5 at 25° C. 

500 mL of saturated solution ofCa(OH)2 is mixed with equal 
volume of 0.4 M NaOH. How much Ca(OHh in mg is 
precipitated? . (lIT 1992) 

Solution: Let 8 be the solubility of Ca(OH)2 in saturated 

solution. 

Ca(OHh Ca 2+ + 20Ir 
8 28 

Ksp Ca(OHh =[Ca 2+ ][OH-]2 

4.42 x 10-5 = S x 48 2 = 48 3 

8 = 0.0223 mol L- 1 

After mixing the two solutions, the total volume becomes 
1 litre. 

[Ca 2+] = 0.0223 x 500 = 0.01115 mol L-1 

1000 

[OH- ] 0.0223 x 2 x 500 + 0.4 x 500 = 0.2223 mol L-1 

1000 1000 
[From Ca(OHh] (From NaOH) 

Under thl? high concentration of OH- ions, some Ca(OHh 

will be precipitated. 

[Ca 2+heft[OH-]2 =Ksp 

[Ca 2+] = 4.42 x 10- 5 = 8.94 X 10-4 mol L-1 
left (0.2223)2 

Moles of Ca(OHh precipitated = Moles of Ca 2+ precipitated 

= [Ca 2+ ]initial - [Ca 2+ ] left 

= 0.01115 8.94 x 10-4 

111.5 X 10-4 8.94 x 10-4 

= 102.56 X 10-4 M = 102.56 X 10-4 x 74 g 

= 7589.44 X 10-4 g = 758.944 mg 

6. The solubility product of sparingly soluble salt Ag 2Cr04 is 

4 X 10-12
• The molar solubility of the salt is: 

(a) I x 10-4 mol L-1 (b) 2 x 1O~6 mol L-1 

(c) I X 10-5 mol L-1 (d) 2 x 10-12 mol L-1 

[Ans. (a)] 
[Hint: Ksp = [Ag+ ]2[CrO~-] 
IfsOlubility of Ag2Cr04 is'S', then [Ag+ ] 2S and[CrO~-] S. 

K 4S3 
sp 

·4 X 10-12 = ·4S3 

S = I X 10-4 M] 

7. The solubility ofPbS04 at 25°C is 1.1 x 10-4 moUL. Then its . 

Ksp is: 
(a) 1.21 x 10-8 

(c) 121 X 10~1l 
[Ans. (a)] 

(b) 12.1 X 10-6 

(d) 1.21 x 10-10 

[Hint: PbS04 is a binary electrolyte, hence its Ksp can be 
calculated as: 

. Ksp = S2 = [1.1 X 10-4]2 = 1.21 X 10-8 ] 

8. The solubility ofCaF2 (K sp 3.4 x 10-11 lin 0.1 M solution of 

NaP would be: 
(a) 3.4 x 10-12 M 

(c) 3.4 X 10-9 M 
[Ans. (c)] 
[Hint: CaF2 :r== Ca2+ + 2F-

x 2x 

(b) 3.4 X 10-10 M 
(d) 3;4·x 10-13 M 

I 
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NaF~ Na+ + F-
0.1 .0.1 

[Ca2+] = x, [F-] = [2x + O.l] '" 0.1 M 

Ksp = [Ca2+ ][F-]2 

3.4 X 10-11 =x(O.l)2 

x:::: 3.4 x 10-9 M] 

9. The solubility product of Agel is 1.8 x 10-10
. Precipitation of 

AgCl will occur only when equal volumes of which of the 
following solutions are mixed? 
(a) 10-4 M Ag+ and 10-4 MCl-

(b) 10-7 M Ag+ and 10-7 MC1-

(c) 10-5 M Ag+ and 10-5 MCI 

(d) 10-10 M Ag+ and 10-10 MCl-

[Ans. (a)] 

[Hint: After mixing, 

[ Ag + ] '" ~ X 10-4 = 5 X 10-5 M 
2 

[CI-] 1 x 10-4 = 5 X 10-5 M 
2 

Kip = [Ag+ ][Cl-] (5 x 1O-5i = 2.5 x 10-9 

Since, ionic product is greater than solubility product, hence 
precipitation will take place.] 

10. If x mol L -I is the solubility ofKAl(S04 b then Ksp is equal 

to: 
(a) x3 

[Ans. (b)] 

[Hint: KAl(S04h ~ K+ + A1 3+ + 2S0~-
x x 2x 

Ksp '" [K+ ][A13+ ][SO~-]2 

:::: X X X X (2x)z :: 4x4] 

11. For which of the following sparingly soluble salt, the 
solubility (S) and solubility product (Ksp) are related by the 
expression: 

(a) BaS04 
(e) CuS 
[Ans. (c)] 

[Hint: Hg2Clz ~ H~+ + 2CI-
8 8 2S 

IPET (Kerala) 2006] 

12. The solubility of Sb2S3 in water is 1 x 10-5 mollL at 298 K. 
What will be its solubility product? IPMT (Raj.) 2006] 
(a) 108 x 10-25 (b) 1.0 x 10-25 

(c) 144 X 10-25 (d) 126 x 10-24 

[Ans. (a)] 

[Hint: Sb2S3 ~ 2Sb3+ + 3S2-
8 2S 38 

Ksp [Sb3+ ]2[S2-]3 :::: [2S ]2[3S]3 = 108 S5 

= 108 X (10-5)5 :::: 108 x 10-25 ] 

Applications of Solubility Product 

(i) Purification of common salt 
Natural common salt consists of many insoluble and soluble 

impurities. Saturated solution of common salt is prepared and 
insoluble impurities are filtered off. Hydrogen chloride gas (HCl) 
is circulated through the saturated solution. HCl and NaCI 
dissociate into their respective ions as: 

NaCI ~Na + + Cl-

HCl~H+ +CI-

The concentration of CI- ions increases considerably in· 
solution due to ionisation of HC\; Hence,theionic product
[Na + ][CI-] exceeds the solubility product of sodium chloride 

and, therefore, pure sodium chloride precipitates out from 
solution. 

(ii) Salting out of soap 
Soap is a sodium salt of higher fatty acids. From the solution, 

soap is precipitated by the addition of concentrated solution of 
sodium chloride. Soap and sodium chloride are present in the 
form of ions. 

CnH211 + 1 COONa ~ CnH2n +! COO- + Na + 
Soap 

NaCI~Na+ +cr-

Thus, the concentration ofNa + ions increases considerably on 
addition of NaCl solution. Hence, the ionic product 
[CnHZn + 1 COO- ] [Na +] exceeds the solubility product of soap 

and, therefore, soap precipitates out from the solution. 
(iii) Manufacture of sodium bicarbonate (baking soda) 

In Solvay's soda process, CO2 gas is passed through 
ammonical brine to precipitate out NaHC03 . 

NH40H+C02 ~NH4HC03 

NH4HC03 + NaCl ~ NaHC03 + NH4 CI 
NaHC03 is precipitated first because of its lower solubility 

product as compared to those ofNH4 Cl, NH4HC03 and NaCI. 
Thus, baking soda (NaHC03 ) can be quantitatively estimated. 

(Iv) Application of solubility product in quantitative 
analysis 

1. Estimation of barium as barium sulphate: H2 S04 as 

precipitating agent is added to the aqueous solution ofBaCl 2. 
BaCl 2 + H2 S04 ~ BaS04 + 2HCI 

Precipitation of BaSO 4 takes place when its ionic product 
exceeds solubility product. H2 SO 4 is added in slight excess to 
ensure complete precipitation. Large excess of H2S04 is harmful 
for complex formation. 

2. Estimation of silver as silver chloride: NaCI solution 
is added to the silver nitrate solution; slight excess of NaCI is 
added to ensure complete precipitation. 

AgN03 + NaCI ~ AgCI + NaN03 



IONIC EQUILIBRIUM 667 

Again, precipitation of AgCI takes place when ionic product 
of AgCI exceeds its solubility product. 

3. ' In a similar manner, we estimate lead as lead chromate, 
calcium as calcium oxalate, etc. 

(v) Precipitation of the sulphides of group II and IV 

Hydrogen sulphide is a weak electrolyte and is used for the 
precipitation of various sulphides of group II and IV in 
qualitative analysis. . 

It ionises to a small extent in water: 
H2S~2H + + S2-

Applying law of mass action, 
[H+ ]2[S2-] 

K 
[H2S] 

The concentration ofS2
- ions can be decreased by increasing 

concentration of H+ ions and it can be increased by decreasing 
concentration of H+ ions. In group II, lower concentration of 
sulphide ions is required as the solubility products of the 
sulphides of group II are low while higher concentration of 
sulphide ions is required in group IV as the solubility products of 
the sulphides of group IV are high. The values of solubility 
products of various sulphides are given below: . 

:';"c"liY l\f.~~.~ui~bid~,'{. ,S~dubilityproduct' 
Bi2S3 1.6 x 10-72 

HgS 4 X 10-54 

Group II CuS 1 x 10-44 

ilioop N 1 

PbS 5 x 10-29 

CdS 

CoS 

NiS 

ZnS 

MnS 

1.4 X 10,,28 

3 X 10-26 

1.4 X 10-24 

l.Ox 10-22 

1.4 X 10-15 

The concentration of S2- ions in group II is lowered by 
maintaining acidic medium. In the presence of HCI, the ionisation 
ofH2S is suppressed due to common ion effect. The concentration 
is so adjusted that only ionic products 'of the sulphides of group II 
exceed their solubility products and, therefore, get precipitated. 
However, CdS has somewhat higher value. For its precipitation, 
dilution of the solution is done which increases ionisation of Hz S .. 
and thereby increasing concentration ofS2- ions. . . 

In group IV, higher concentration of S2- ions is needed. This 
is done by changing the medium from acidic to alkaline. 
Ammonium hydroxide is added, the OH- ions furnished by 
NH40H remove H+ ions from solution in the form of water 

molecules as, 
H+ +OW ~HzO 

More of the ionisation of Hz S occurs and, thus, concentration 
of S2- ions increases. It becomes so high that ionic products of 
the sulphides of group IV exceed their solubility products and 
they get precipitated. . 

(vi) PreCipitation of III group hydroxides 
When NH40H is added in presence of NH4 Cl then 

precipitation of III group hydroxides takes place, i.e., Al(OH)3 , 
Fe(OHh and Cr(OHh are precipitated. Solubility product of III 
group hydroxides is less than those of higher group hydroxides. 

NH4Cl ~ NH4+ + Cl-

NH40H~NH4+ + OW 

NH4+ ion furnished by NH4CI lowers the ionisation of 
NH40H and hence the concentration of hydroxide ion OH- . At 
low concentration of hydroxide ion only III group hydroxides 
precipitate. 

Fractional Precipitation 
It is a technique of separating two or more ions from a 

solution by adding a reagent that precipitates first one ion and 
then the second. 

Let us suppose 0.1 MBa2 + and OJ MSr 2+ in aqueous"< 

solution. K ZCr04 is added as precipitating agent. K sp ofBaCr04 

is 1.2 x 10-10 andKsp ofSrCr04 is 3.5x 10-5 • 

[CrO~- ] concentration required to precipitate BaCrO 4 

=.Ksp 1.2 x 10-
10 

=1.2xlO-9 

[Ba 2+] 0.1 

BaCr04 will precipitate first because it requires low 
concentration of CrO~- ions. On addition of chromate ions, 

BaCr04 starts precipitating when chromate ion concentration 
reaches 1.2 x 10-9 M. When CrO~- ion concentration reaches up 

to 3.5 X 10-4 M, then SrCr04 also starts precipitating. 

Remaining concentration' of Ba 2+ when SrCr04 starts 

precipitation 
KspBaCr04 

=-~-=--
[CrO~- ] 

1.2 X 10-10 

3.5 X 10-4 
3.4 X 10-7 M 

. . . 3.4 X 10-
7 

100 % remammg concentration = x 
0.1 

0.00034% 

Stability Constant 
Let us consider dissociation of the ion FeBr+. 

FeBr+ Fe2+ + Br-

Dissociation constant for above equilibria may be given as: 
[Fe2+ ] [Br'- ] 

Kd 
[FeBr+ ] 

Reciprocal of dissociation constant is called stability constant. 

K = [FeBr+] 

s [Fe 2+][Br-] 

Let us consider the formation of complex K 2Cd(CN)4' 
Complex ion is Cd(CN)i- where oxidation state of central metal 

Cd 2+ is (+2). Complexing process proceeds in four steps as: 

Cd 2+ + CN-~ CdCN+ ; K _ [CdCN+ ] 
1 - [Cd 2+ ] [CN- ] 

I 
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K2 = [Cd(CNh] 
[CdCN+ ][CN-] 

Cd(CNh +Gr Cd(CN)3; K3 
[Cd(CN)3 ] 

[Cd(CNh ][CW] 

Cd(CN)3 +CW ~Cd(CN)~-; 
K _ [Cd(CN)~- ] 

4 - [Cd(CN)3 ] [CN- ] 

Overall reaction may be given as: 

Cd 2+ + 4CN- [Cd(CN)~- ]; 

Here, KS' =KjK2K3K4 
Significance of stability constant: Greater will be the value 

of stability constant more stable will be the complex. 
Note: (a) If on addition of a conunon ion in a salt solution (sparingly 

soluble), fonnation of complex ion takes place, then ionisation 
.. increases, i.~., equilibrium shifts towards right hand direction to 

maintain the value of K sp constant. It means, addition of 
conunon ion in the case of complex fonnation increases the 
solubility of the sparingly soluble salt which is against the 
concept of conunon ion effect. 

(b) When we add an electrolyte to another electrolyte solution 
having no conunon ion, then ionisation of the latter increases. 

(c) For a given electrolyte solubility product is always constant at a 
particular temperature. 

Solubility of Metal Hydroxides in Acid Medium 
H + ion furnished by the medium affects the solubility of 

metal hydroxide, ~ay M(OH)2' because of neutralization ofOH

ion by H + ion. 

M(0H)2 ~M2+ +20W 

KSf! of M(0H)2 :=[M2+][OW]2 

K 
[M2+] Sf! 

[OW]2 

][OH-] = Kw 10-14 

[OH-f 

From eqs. (i) and (ii), we have 
K [H+]2 

[M 2+ ] = -----'-Sf! __ 

10-28 

... (i) 

.. ·Oi) 

1~~5 ACIDS AND BAS~S . 
\ ,The earliest criteria for the characterisation of acids and bases were 
the experimentally observed properties of aqueous solutions. Ail 
,acid* Was defined as a substance whose water solution tastes sour, 
turns blue litmus red, neutralises bases and so on. A substance was 
a base if its aqueous solution tasted bitter, turns red litmus blue, 
neutralises acids and so on. Faraday termed acids, bases and salts 
as electrolytes and Liebig proposed that acids are compounds 
containing hydrogen that can be replaced by metals., ' 

Different concepts have been put forth by different 
investigators to characterise adds and bases but the following are 
the three important modern concepts of acids and bases: 

. * Acid is a Latin word-aciduS,meaning sour~ , 

(1) Arrhenius concept 

According to Arrhenius concept, aU substances which give 
H+ ions when dissolved in water are called acids while those 
which iouise in water to furnish OH- ions are called bases. 

HA ~H++ A- (Acid) 
BOH~ B+ + OH- (Base) 

Thus, HCI is an acid because it gives H+ ions in water. 
Similarly, NaOH is a base as it yields OH- ions in water. 

HCI H+ + CI-
NaOH Na + + OH-

Some acids and bases ionise almost completely in solutions 
and are called strong acids and bases. Others are dissociated to a 
limited extent in solutions and are termed weak acids and bases. 
HCI, HN03, H2S04 , HCI04 , etc., are examples of strong acids 
and NaOH, KOH, (CH3)4 NOH are strong bases. Every hydrogen 
compound cannot be regarded as an acid, e.g., CH4 is not an 
acid. Similarly, CH30H,C2H50H,etc., have OR groupsbllttbey 
are not bases. 

Actually free H+ ions do not exist in water. They combine with 
solvent molecules, i. e. , have strong tendency to get hydrated. 

HX + H20 H30+ + X-
(Hydronium ion) 

The proton in aqueous solution is generally represented as 
H+ (aq. ). It is now known that almost all the ions are hydrated to 

more or less extent and it is customary to put (aq. ) after each ion. 
The oxides of many non-metals react with water to form adds 

and are called acidic oxides or acid anhydrides. 
CO2 + H20----7H2C03 ~2H+ (aq.)+ CO~~ (~q;) 

N20 S +H20----72HN03~2H+ (aq.)+ 2N03 (aq:) 

Many oxides of metals dissolve in water to form hydroxides. 
Such oxides are termed basic oxides. 

Na20+H20~2NaOH~2Na+(aq.)+20W(aq.) 

The substance like NH3 and N2H4 act as bases as they react 
with water to produce OH- ions. 

NH3 + H20----7 NH40H~NH1 (aq.)+ OH-(aq.) 

The reaction between an acid and a base· is, termed 
neutralisation. According to Arrhenius concept, the 
. neutralisation in aqueous solution involves the reaction between 
Wand OH- ions or hydronium and OH- ions. This can be 
represented as 

Limitations: (i) For the!!.cidic or basic properties, the' 
presence of water is absolutely necessary. Dry HCI shall not act 
as an acid. HCI is regarded as an add only when dissolved in 
water and not in any other solvent. 

(ii) The concept does not explain acidic and basic character of 
substances in non-aqueous solvents. 

(iii) The neutralisation process is limited to those reactions 
which can occur in aqueous solutions only, although reactions 
involving salt formation do occur in the ·absence of solvent. 

(iv) It cannot explain the acidic character of certain salts such 
~ AlCl 3 in aqueous solution. 
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(v) An artificial explanation is required to explain the basic nature 
ofNH3 and metallic oxides and acidic nature of non-metal oxides. 

(2) Bronsted-Lowry concept-The proton-donor· 
acceptor concept " 

In 1923, Bronsted and Lowry independently proposed a 
broader concept of acids and bases. According to 
Bronsted-Lowry concept an acid is a substance (molecule or 
ion) that can donate proton, i.e., a hydrogen ion, H+ , to some 

other substance and a base is a substance tbat can accept a 
proton from an acid. More simply, an acid is a proton-donor 
(proto genic ) and a base is a proton acceptor (protophilic ). 
Consider the reaction, 

HCI+H20~H30+ +Cl-

In this reaction, HCI acts as an acid because it donates a proton 
to the water molecule. Water, on the other hand, behaves as a base 
by accepting a proton from the acid. 

The dissolution of ammonia"in water may be represented as 

NH3 +H20~NH~ +OH-

In this reaction, Hz 0 acts as an acid as it donates a proton to 
NH3 molecule and NH3 molecule behaves as a base as it accepts 
a proton. " 

When an acid loses a proton, the residual' part of it has a 
tendency to regain a proton. Therefore, it behaves as a base. 

Acid H+ + Base 

The acid and base which differ by a proton are known to form 
a conjugate pair. Consider the following reaction: 

CH3COOH+H20~H30+ +CH3COO-

It involves two conjugate pairs. The acid-base pairs are: 

CH3COOH ...---CH3COO- and HzO 
Acid +H+ Base Base -H+ 

Such pairs of substances which can be formed from one 
another by loss or gain of a proton' are known as conjugate 
acid-base pairs. . , 

If in the above reaction, the acid CH3 COOH is labelled acid 1 

and its conjugate base, CH3COO- as basel' H20 is labelled as 

basez and its conjugate acid H30+ as acid z, the reaction can be 

written as: 

Thus, any acid-base reaction involves two conjugate pairs, 
i. e. , when an acid reacts with a base, another acid and base are 
formed. Some more examples are given below: 

Acid I + Base2 ~ Acid 2 + Basel 
HZO+NH3 NH; + OW 
HCN + H20 H30+ + ~ 

HF+CH3COOH~CH3COOH; +F

CH3COOH + NH3 ~NH; + CH3COO

NH3 + NH3 ~NH; + NH2 

HzO+H20 H30+ +OH-

HC03' + H20~H30+ + CO~-

NH~ +H20~H30+ + NH3 

Thus, every acid has its conjugate base and every base has its 
conjugate acid. It is further observed that strong acids have weak 
conjugate bases while weak acids have strong conjugate bases. 

HCI CI- CH3 COOH CH3 COO-
Strong acid Weak base Weak acid Strong base 

There are certain molecules which have dual character of an 
acid and a base. These are called ampbiprotic or amphoteric. 

Examples areNH3 ,H20, CH3 COOH, etc. 

-H+ -H+ 
H20~ OH- NH3 NH-2 
Acid +H+ Base Acid +H+ Base 

+H+ +H+ 
H20.,....,. H3 0 + NH3 ------"'NH + 

...--- 4 
Base -H+ Acid Base -H+ Acid 

The strength of an acid depends upon its tendency to lose its 
proton and the strength of the base depends uponjts tenden~J'Jo~: 
gain the proton. 

HClO4 

H2SO4 

HCI 

HN03 

HP+ 

HS04' 

H~04 

Acid-base chart containing some common 
conjugate acid-base pairs 

(Perchloric ClO4 (Perchlorate 
acid) ion) 

(Sulphuric HS04 (Hydrogen 
acid) sulphate ion) 

(Hydrogen cr (Chloride ion) 
chloride) 

. (Nitric acid) 
..c: NO; (Nitrate ion) 

(Hydronium Oil 

~ 
H2O (Water) 

ion) 
'" 

(Hydrogen "0 SO~- (Sulphate ion) '13 
sulphate ion) ~ .... 
(Ortho-

0 ... H2PO; (Dihydrogen <1l 

phosphoric 'E phosphate ion) 
acid) 

0 
OIl 

= CH3COOH(Acetic acid) ';jl CH3COO-(Acetate ion) ~ 

~ H2C03 (Carbonic - RCO; (Hydrogen 
acid) carbonate ion) 

H2S (Hydrogen HS- (Hydrosulphide 
sulphide) ion) . 

NH! (Ammonium N1J3 (Ammonia) 
ion) 

HCN (Hydrogen CN- (Cyanide ion) 
cyanide) 

C6HsOH (phenol) C6HsO- (Phenoxide ion) 

H2O (Water) OH- (Hydroxide ion) 

C2HsOH (Ethyl alcohol) CzHsO- (Ethoxide ion) 

NH3 (Ammonia) NH2" (Amide ion) 

CH4 (Methane) CHj (Methide ion) 

i = 
~ 
'" 
.~ 
'" ~ 

,J:J 

~ ... 
<1l 

'E 
0 
OIl 

= ';jl 

"~ 
g -
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In acid-base strength series, all acids above H30+ in aqueous 

solution fall to the strength ofH3 0+. Similarly, the basic strength 

of bases below OH- fall to the strength of OH- in aqueous 
solution. This is known as levelling effect. 

The strength of an acid also depends upon the solvent. The 
acids HCl04 , H2S04 , HCI and HN03 which have nearly the 
same strength in water will be in the order of HCI04 > H2 SO 4 
> HCI > HN03 in acetic acid, since, the proton accepting 
tendency of acetic acid is much weaker than water. So, the real 
'Strength of acids can be judged by solvents. On the basis of 
:,roton interaction, solvents can be classified into four types: 

(i) Protophilic solvents: Solvents which have greater 
tendency to accept protons, i. e. , water, alcohol, liquid ammonia, 
etc. 

(ii) Protogenic solvents: Solvents which have the tendency 
to produce protons, i.e., water, liquid hydrogen chloride, glacial 
acetic acid, etc. 

(iii) Amphiprotic solvents: Solvents which act both as 
. protophilic or protogenic, e.g., water, ammonia, ethyl alcohol, 

etc. 
(iv) Aprotic solvents: Solvents which neither donate nor 

accept protons, e.g., benzene, carbon tetrachloride, carbon 
disulphide, etc. 

HCI acts as acid in H20, stronger acid in NH3 , weak acid in 
CH3COOH,neutral in C6H6 and a weak base in HF. 

HCI + HF --t H2CI+ + F-
Base Acid Acid·· Bilse 

Periodic Variations of Acidic and Basic Properti,~' 
(a) Hydracids ofthe elements-of the same perio\l: Consider 

the hydracids of the elements of n period, viz., CH4 , NH3 , H2 ° 
and HF. These hydrides become increasingly acidic as we move 
from CH4 to HF. CH4 has negligible acidic properties while HF 
is a fairly stronger acid. The increase in acidic nature is due to the 
fact that the stability of their conjugate bases increases in the 
order 

CH) <NHz <OH- <F-

The increase in acidic properties is supported by. the 
successive increase in the dissociation constant. 

CH4 (=1O-58 )<NH3 (=10-35 )<H20 1O-14)<HF 10-4) 

(b) Hydracids of the elements of same group: (i) Hydrides 
of V group elements (NH3' PH3 , AsH3, SbH3 and BiH3 ) show 
basic character which decreases due to increase in size and 
decrease in electronegativity from N to Bi. There is a decrease in 
electron density in sp 3 -hybrid orbital and thus electron donor 

capacity decreases. 
(ii) Hydracids of VI group elements (H20, H2S, H2Se and 

H2 Te)act as weak acids. The strength increases in the order 

HzO<H2S <H2Se <Hz Te 

The increasing acidic character reflects decreasing trend in the 
electron donor capacity of OH- , HS- , HSe- or HTe - ions .. 

(iii) Hydracids of VII group elements (HF, HCI, HBr and HI) 
show acidic nature which increases from HF to HI. This is 

explained by the fact that bond energies decrease. (H-F = 135 
kcal/mol, HCl = 103, HBr 88 and HI = 71 kcal/mol) 

(c) Oxyacids: (i) The acidic character of oxyacids of the 
same element which is in different oxidation states increases with 
increase in oxidation number. 

+1 +3 +5 +7 
HCIO< HCI02 < HCI03 <HCI04 

+4 +6 +3 +5 
H2S03 <H2S04; HN02 <HN03 

But this rule fails in oxyacids of phosphorus. 

H3P02 > H3P03 > H3P04 

(ii) The acidic character of the oxyacids of different elements 
which are in the same oxidation state decreases as the atomic 
number increases. This is due to increase in size and decrease in 
electronegativity. 

HCI04 > HBr04 >HI04 

H2 S03 > H2 Se03 

Limitations: There are number of acid-base reactions in 
which no proton transfer takes place, e.g., 

S02 + S02 ~ S02+ + SO~-
Acid I Base2 Acid 2 Basel 

Thus, the protonic definition cannot be used to explain the 
reactions occurring in non-protonic solvents such as COCI2, 
S02,N204,etc. 

(3) Lewis concept 
This concept was proposed by GN. Lewis, in 1939. 

According to this concept, a base is defined as a substance 
which can furnish a pair of electrons to form a coordinate 
bond whereas an acid is a substance which can accept a pair 
of electrons. The acid is also known as electron acceptor or 
electrophile while the base is electron donor or nucleophile. 

A simple example of an acid-base is the reaction of a proton 
with hydroxyl ion. .. 

H++:O:Ir H:O:H 
•• •• 

Acid Base 

Some other examples are: 

H3N: + BF3 H3N -t BF3 
Base Acid 

H+ + : NH3 =[Hf-NHd+ 
Acid Base 

BF3 + [Fr =[F -t BF3 t 
Acid Base 

Lewis concept is more general than the Bronsted Lowry 
concept. 

According to Lewis concept, the following species can act as 
Lewis acids: 

(i) Molecules in which the central atom bas incomplete 
octet: All compounds having central atom with less than 8 
electrons are Lewis acids, e. g., BF3 , BCI 3 , AICI 3 , MgC12' 
BeC12, etc. 
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(ii) Simple cations: All cations are expected to act as Lewis 
acids since they are deficient in electrons. However, cations such 
as Na + , K +, Ca 2+, etc., have a very little tendency to accept 

electrons, while the cations like H+, Ag + , etc., have greater 

tendency to accept electrons and, therefore, act as Lewis acids. 

(iii) Molecules in which the central atom has empty 
d-orbitals: The central atom of the halides such as SiX 4 ,GeX 4, 

TiCI 4 , SnX 4, P X 3' PFs , SF4 , SeF4 , TeCI 4 , etc., have vacant 
d-orbitals. These can, therefore, accept an electron pair and act as 
Lewis acids. 

(iv) Molecules having a multiple bond between atoms of 
dissimilar electronegativity: Typical examples of molecules 
falling in this class of Lewis acids are CO2, S02 and S03' Under 
the influence of attacking Lewis base, one 1t-electron pair will be 
shifted towards the more negative atom. 

OH 
I 

o C= 0+ OH- ~ -0- C=O or HCO:3 
Lewis acid Lewis base 

The following species can act as Lewis bases: 

(i) Neutral species having at least one lone pair of 
electrons: For example, ammonia, amines, alcohols, etc., act as 
Lewis bases because they contain a pair of electrons. .. .. 

NH2, R O-H 

(ii) Negatively charged species or anions: For example, 
chloride, cyanide, hydroxide ions, etc., act as Lewis bases. 

CN-, CI-, OW 

It may be noted that all Bronsted bases are also Lewis bases 
but all Bronsted acids are not Lewis acids. 

Limitations: Since, the strength of the Lewis acids and bases 
is found to depend on the type of reaction, it is not possible to 
arrange them in any order of their relative strength. 

The choice of which definition of acids and bases one wishes 
to use in a particular instance depends largely on the sort of 
chemistry that is studied. But Arrhenius concept is perfectly 
satisfactory and simplest for dealing with reactions in aqueous 
solutions. It explains satisfactorily the strength of acids and bases 
in aqueous solutions, neutralisation, salt hydrolysis, etc. 

-jQ"~RELATIVE STRENGTH OF ACIDS 
AND BASES 

According to Arrhenius concept, an acid is a substance which 
furnishes H+ ions when· dissolved in water. All the acid 
properties on an acid are due to H+ ions present in the solution. 

The extent to which an acid property is given by an acid is 
a measure of its strength. The strength of the acid solution 
does not depend on its concentration but on the number of 
H+ ions present. The concentration of H+ ions depends on the 
ionisation of an acid in solution. On dilution, the ionisation 
increases and more of H+ ions come to solution with the result 
that the strength ofthe acid increases. Thus, str~ngth ofthe acid 
increases on dilution while its concentration decreases. At 

infinite dilution the dissociation of an acid is nearly complete and 
all acids are equally strong at infinite dilution. 

The concentration of H+ ions at all other dilutions of 
equimolar solutions of the acids may not be equal and depends on 
their degree of dissociation. Thus, to measure the relative 
strength of the two acids, the measurements of hydrogen ion 
concentration, i. e. , degree of dissociation is made of equinormal 
solutions of the two acids. Various methods are used for this 
purpose. Some are described below. 

(i) The conductivity method: The degree of dissociation 

of a weak acid is equal to conductivity ratio A . Thus, the 
A"" . 

degrees of dissociation a 1. and a 2 for two equinorrnal acids are 
given by: 

For acid I, 

and For acid II, a 2 = 
A ""2 

At infinite dilution, all weak electrolytes have almost the same 
value of A",,; hence, 

A""l = A""2 
1000 x sp. condo acid I 

Strength of acid I = _a_1 = = C 
Strength ofacid II a 2 A 2 1000 x sp. condo acid II 

C 
Sp. condo acid I 

Sp. condo acid II 

The relative strength of two acids is, thus, equal to the ratio of 
their equivalent conductance or specific conductance of 
equinormal solutions which can be determined experimentally. 

(ii) Comparing dissociation constants: Let K I and K 2 be 

the dissociation constants of two acids and let a 1 and a 2 be their 
degree of dissociation in equinormal solutions. 

Applying Ostwald's dilution law, a I = f%. and a 2 = ~ ~ 

Thus,. Strength of acid I _ a I _ ~1 
Strength of acid II a 2 K 2 

Dissociation constants of some weak acids are given in the 
tahle: 

Acid-ionization constants at 25 DC 

Su-.stallql Fo ...... .aa 
Acetic acid HC2HP2 

Benzoic acid HC7Hs0 2 6.3xlO-s 

Boric acid H3B03 5.9 x 10-10 

Carbonic acid H2C03 4.3 x 10-7 

HCOi 4.8 x 10-11 

Cyanic acid HOCN 3.5 x 10-4 
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Substance 

Formic acid 

Hydrocyanic acid HCN 

Hydrofluoric acid HF 

Hydrogen sulphate ion HSO; 

Hydrogen sulphide H2S 
HS-

Hypochlorous acid HelO 

; ~itrous acid 

Oxalic acid 

Phosphoric acid 

Phosphorous acid 

Propionic acid 

Pyruvic acid 

Sulphurous acid 

HN02 

H2~04 
HC20; 
H3P04 

H2PO; 

·HPO~-

H2PH03 

HPHO; 

HC3Hs02 

HC3H30 3 

H2S03 
HSO-. 3 

1.7 X lO-4 

4.9 X 10-10 

6.8 X 10-4 

1.1 X lO-2 

8.9 X 10-8 

1.2 X 10-13 

3.5 X 10-8 

4.5 X 10-4 

5.6x 10-2 

5.1 X 10-5 

6.9 X 10-3 

6.2 X 10-8 

4.8 X 10-13 

1.6 X 10-2 

7.0 X 10-7 

1.3 X 10-5 

1.4 X 10-4 

1.3 X 10-2 

6.3 X 10-8 

(iii) Thomson thermal method: In this method, heat of 
neutralisation of two acids is first determined separately with 
NaOH. Let it be 'x' and 'y' calorie. The one gram equivalent of 
each of the two acids is rnbc.ed and one gram equivalent ofNaOH 
is added. Let the heat evolved in this case be 'z' calorie~ The two 
acids will neutralise a fraction of the base proportional to their 
relative strength.· Suppose n .gram equivalent Of NaOH is 
neutralised by acid I and the rest (1- n ) by acid II. 

or 

or 

So, 

Total heat evolved, z::;: nx + (1- n)y 
:::,nx+y-ny 

z-y=n(x-y) 
(z y) 

n=---
(x- y) 

Strength of acid I n (x":,,y) (z-y) ----==::..---- = -- ::;: ::;: ---
Strength of acid II (1- n) 1- (z - y) (x - z) 

(x- y) 

Relative strength of bases:. A base is a substance which 

gives OH ions when dissolved in water. The strength of the 
base depends on OH - iori concentration. The above methods can 
be used for measuring relative strengths of bases also. In the 
Thomson thermal method, the two bases and their mixtures will 
be neutralised by strong acid, say HCt. 

The relative strengths of some of the acids are as follows: 

(i) HCI04 >HBr>HCl>HN03 > H2S04 >H30+ >·H2S03 

> H2 C03 > CH3 COOH 
(ii) HCI04 > HCI03 > HCI02 > HClO 

(iii) H~ > HBr > HCl > HF . 

(iv) HCIO) > HBr03 > HI03 
(v) CCI3COOH>CHCI2COOH>CH2CICOOH 

>CH)COOH 

(vi) HCOOH>CH3COOH>C2HsCOOH . 
The relative strengths of some of the bases are as follows: 
(i) KOH > NaOH > Ca(OH)2 > NH40H 

(ii) (CH3 )2 NH > CH3 NH2 > (CH3 h N > NH3 

(iii) (C2HS )2NH>C2HsNH2 >NH3 > (C2HS )3N 
(iv). NaOH > NH3 > H20 

(v) NH3 > NH2 . NH2 > NH20H 

(vi) NH3 >CsHsN>C6HSNH2 

13. Which one is correct statement? (nCE 2007) 
(a) Basicity ofH)P04 and H3P03 are 3 and 3 respectively 
(b) Acidity ofH3P04 and H3P03 are 3 and 3 respective~~~~ 
(c) Acidity ofH3P04 and H3P03 are 3 and 2 respectively 
(d) Basicity ofH3P04 and H3P03 are 3 and 2 respectively 
[Ans. (d)] 

[HIn" [ HO-L OH J ~ 3H' + Pol- (B";,ity 

r Ho-I-OH ] ~ 211' + 0 1-0- (BoOoity 2)] 

14; In the reaction, . 
H~O; + po~- ~ HPO~- + ~o~-

the Bronsted base are: (PET (Raj.) 2004] 
(a) P~- ,~O~- (b) PO!-,~-

(c) H~O;, HPO~- (d) H~O;, ~O~-
[Ans. (a)] 

[Hint: Acid H+ = Conjugate base] 

15. COnjugate base of HCO; is: . 

(a) CO2 (b) H2C03 (c) H20 

[Ans. (d)] 

[PET (Raj.) 2005] 
(d) coi-

[Hint: Acid R"'; Conjugate base, HeO; - H~ COi-] 
16; Four species are listed below: . 

+ 
(i) HCO; (ii) H3 ° (iii) HSO; (iv) HS03F 
Which one of the following is the correct sequence of their 
acid strength? (AIEEE 2008) 
(a) (iii) < (i) < (iv) < (ii) (b) (iv) < (ii) < (iii) < (i) 
(c) (ii) < (iii) <0) < (iv) (d) (i) «iii) < (ii) «iv) 
[Ans. (d)] 

[Hint: 
+ . 

HS03F is super acid and it is most acidic. H3 0 is more acidic than 

anions because . anions (HCO;, HSO;jJ do not release H+ ion 

easily. HSO~ is more acidic than HCO; becauSe sulphur is more 

e1ectronegativethan carbon.] 
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17. Identify Bronsted-Lowry acids in the reaction given: 
[AI(H20)6]3+ + HCOi ~ [AI (H20)s (011 )]2+ + H2C03 

(A) (B) (C) (D) 

The correct answer is: (EAMCET (Med.) 2008) 
(a) A, C (b) B, D (c) A, D (d) B, C 
[ADs. (e)] 

[Ilint : [Al(HPh;]3+ and H2CO) are proton donor or Bronsted 

acids] 

18. Conjugate base ofH2PO:;- is: [Corned (Karnataka) 2008J 

(a) HPO~- (b) PO~- (c) H3P04 (d) HPO:;-

[Ans. (a)] 

[Hint: Acid - H+ "" Conjugate base 

H2PO:; H+ = HPO~-] 

~fOi~ ACID-BASE NEUTRALISATION-SAL TS 
When aqueous solutions of hydrochloric acid and sodium 
hydroxide are mixed in the proper proportion, a reaction takes 
place to form sodium chloride and water. 

HCI( aq. ) + NaOH( aq. ) NaCI( aq. ) + Hp(l) 
Sodium chloride 

Such a reaction is termed neutralisation because both acidic 
(H + ) and basic (OH-) properties are eliminated during the 

reaction. The hydrogen ion, which is responsible for the acidic 
properties, has reacted with the hydroxyl ion which is responsible 
for the basic properties, producing neutral water. The Na + and 
CI- ions have undergone no chemical change and appear in the 
form of crystalline sodium chloride upon evaporation of the 
solution. Sodium chloride is an example of the class of 
compounds called salts. . 

H+ (aq.)+ CI- (aq.)+ Na + (aq.)+ OH- (aq.) 
H2°(l) + Na + (aq.)+ CI- (aq.) 

or H+ (aq.)+ 011 (aq.)~ H20(l) 

Thus, the neutralisation of a base with an acid involves the 
interaction between OH- and H + ions. 

Or 
The reaction between an acid and a base to form salt and 

water is termed neutralisation. 
The process of neutralisation does not produce the resulting 

solution always neutral; no doubt it involves the interaction ofH+ 
and OH- ions. The nature of the resulting solution depends on 

. the particular acid and a particular base involved in the reaction. 
The following examples illustrate this point when equivalent 
amounts of acids and bases are reacted in aqueous solution. 

(i) A strong acid plus a strong base gives a neutral solution 
because both are completely ionised and the reaction goes to 
completion. . 

H+ +CI- +Na+ +OH- H20+Na+ +CI-

(ii) A strong acid plus a weak base gives an acidic solution as 
the weak base is not completely ionised. The reaction does not go 
to completion and there is an excess of hydrogen ions in solution. 

H+ +CI- +NH40H~H20+NH; +CI-

(iii) A weak acid plus a strong base gives a basic solution as 
the weak acid is not completely ionised. The reactnm does not go 
to completion and there is an excess of hydroxyl ions in solution. 

CH3COOH+Na+ +OH- H20+CH3COO- +Na+ 

(iv) A weak acid plus a weak base gives an acidic or a basic or 
a neutral solution depending on the relative strength of acid and 
base. In case, both have equal strength, the resulting solution is 
neutral in nature. 

CH3COOH+NH40H~H20+NH; +CH3COO-

SaIts: Salts are regarded as compounds l1!-ade up of positive 
and negative ions. The positive part comes from a base while 
negative part from an acid. Salts are ionic compounds. Salts may 
taste salty, sour, bitter, astringent or sweet or .tasteless. Solutions 
of salts may be acidic, basic or neutral. Fused salts and aqueous 
solutions of salts conduct electricity and undergo electrolysis~ 
The properties of salts in aqueous solutions are the properties of 
ions. The salts are generally crystalline solids. 

The salts are classified into the following classes: 
(I) Simple salts: The salt formed by the neutralisation 

process, i. e., interaction between acid and base, is termed as 
simple salt. These are of three types: 

(8) Normal salts: The salts formed by the loss of all 
possible protons (replaceable hydrogen atoms as H +) are called 
normal salts. Such a salt does not contain either a replaceable 
hydrogen or a hydroxyl group. 

Examples are: NaCl, NaN03, K 2S04, Ca3 (P04 h, 
N a 3 B03 ,N a 2 HP03 (one H atom is not replaceable as H3 P03 is 
a dibasic acid), NaH2P92 (both H atoms are not replaceable as 
H3 P02 is a monobasic acid), etc. 

(b) Acid salts: Salts formed by incomplete neutralisation of 
poly-basic acids are called acid salts. Such salts still contain one 
or more replaceable hydrogen atoms. These salts when 
neutralised by bases form normal salts. 

Examples are: NaHC03, NaHS04, NaH2P04, Na2HP04' 
etc. 

(c) Basic salts: Salts formed by incomplete neutralisation 
of polyacidic bases are called basic salts. Such salts still contain 
one or more hydroxyl groups. These salts when neutralised by 
acids form normal salts. 

Examples are: Zn(OH)Cl, Mg(OH)CI, Fe(0H)2 Cl, 
Bi(0H)2 Cl, etc. 

(ii) Double salts: The addition compounds formed by the 
combination of two simple salts are termed double salts. Such 
salts are stable in solid state only. 

Examples are: Ferrous ammonium sulphate, FeS04' 
(NH4 h S04 ·6H20, Potash alum, K 2S04 ·Al2(S04 h . 24H20 
and other alums. 

Properties: (a) When dissolved in water, it furnishes all the 
ions present in the simple salts from which it has been constituted. 

(b) The solution of double salt shows the properties of the 
simple salts from which it has been constituted. 

(iU) Complex salts: These are formed by combination of . 
simple salts or molecular compounds. These are stable in solid 
state as well as in solutions. 
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Cos04 + 6NH3 -----7 CO(NH3 )6 S04 
Simple salt Molecular Complex salt 

·compound 

Properties: (a) On dissolving in water, it furnishes a 
complex ion. 

K4Fe(CN)6 ~4K+ + [Fe(CN)6]4-
Complex ion 

Cu(NH3 )4 S04 ~ [CU(NH3 )4 f+ + SO!:-
Complexion 

(b) The properties of the solution are different from the 
properties of the substances from which it has been constituted. 

(iv) Mixed salts: The salt which furnishes more than one 
cation or more than one anion when dissolved in water is called a 
mixed salt. 

Examples ;:rre: 

ca(CI; 

CI 

Acidic, Basic and Amphoteric oxides 

(i) Nein-metal oxides are acidic, they dissolve in water to Torm 
acid. These oxides form salt with bases. 

e.g., SOZ,S03,P401O,COz,NOz,Nz05 }N al'd 
S·O B 0· . on-met oX! es 

1 z, 2 3 

Some Transition metal oxides are also acidic. 

e.g., Cr03' Mo03 , W03 ,Mn 207 . 

COz ·+ H20-----7 HZC03 (Carbonic acid) 

2NOz + Hz 0-----7 HNO z + HN03 (Nitrous and nitric acid) 

PzOs + 3Hz0-----7 2H3P04 
(Phosphoric acid) 

NaOH + S03 -----7 NaHS04 
Salt 

2KOH + COz -----7 K ZC03 + H20 
Salt. . 

(ii) Usually, oxides of highly electropositive metals are basic. 
These oxides dissolve in water to form base and they form salt 
with acids. 
e.g., Na 2 0, KzO, MgO, CaO, SC 20 3 , Ti02,Zr02 

Na20+ Hz0-----7 2NaOH 
(Sodium hydroxide, a base) 

CaO + 2HCl -----7 CaCl2 + H2 ° 
Salt 

Mg + H2S04 -----7 MgS04 + H20 
Salt 

(iii) Oxides of metalloids and less electropositive metals are 
amphoteric. These oxides form salt with both acids and bases. 
e.g., BeO, Al 20 3 , GeO, SnO, Sbz0 3 ,PbO 

ZnO, CrZ0 3 

Al20 3 + 6HCI -----7 2AlC1 3 + 3H2 ° 
Al 20 3 +2NaOH-----72NaAl0z +HzO 

10.8 IONIC PRODUCT OF WATER 

Pure water is a very weak electrolyte and ionises according to the 
equation, 

H2 0..,-- H+ + OH-

Applying law of mass action at equilibrium, the value of 
dissociation constant, K comes to 

K 
[H+][OW] 

[HzO] 

or [H+][OW]=K[H20] 

Since, dissociation takes place to a very small extent, the 
concentration of undissociated water molecules, [Hz 0], may be 
regarded as constant. Thus, the product K [H20] gives another 
constant which is designated as K w • SO, 

[H+][QW] =Kw 

The constant, K w , is termed as ionic product of water. 

The product of concentrations of n+ and on- ions in 
water at a particular temperature is known as ionic product 
of water. The value of K w increases with the increase of· 

temperature, i. e. ,the concentration ofH+ and OH- ions increases 
with increase in temperature. 

Temperature (oq 

o 
10 
25 

100 

Value ofKw 

O.l1x 10-14 

0.31 x 10-14 

1.00 x 10-14 

7,50x 10-14 

The value of K w at 25°C is 1 x 10-14 . Since, pure water is 

neutral in nature, H + ion concentration must be equal to OH 
ion concentration. 

or 

or 

[H+]=[OIr]=x 

[H+ ] [OH- ] = x 2 = 1 X 10-14 

x= Ix 10-7 M 

or [H+] = [OW ] = I X 10-7 mol litre-1 

This shows that at 25° C, in 1 litre only 10-7 mole of water 

is in ionic form out of a total of approximately 55.5 moles. 
When an acid or a base is added to water, the ionic 

concentration product, [H + ] [OH- ], remains constant, i. e. , equal 

to K w but concentrations of H + and OH- ions do not remain 

equal. The addition of acid increases the hydrogen ion 
concentration while that of hydroxyl ion concentration 
decreases, i. e. , 

(Acidic solution) 

Similarly, when a base is added, the OH ion concentration 
increases while H + ion concentration decreases, 
i. e. , [OW] > [H+ ]; (Alkaline or basic solution) 

In neutral solution, [H+] = [OH- ] 1 x 10-7 M 

In acidic solution, [H+] > [OU- ] 
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or [H+]>lx 10-7 M 

and [OW]<lxlO-7 M 

In alkaline solution, [OW] > [H+] 

or [On-]>lxlO-7 M 

and [H+ ] < 1 X 10-7 M 

Thus, if the hydrogen ion concentration is more than 
I x 10-7 M, the solution will be acidic in nature and if less than 

I x 10-7 M, the solution will be alkaline. 
[H+] = 10-0 10-1 10-2 10-3 10-4 10-5 10-6 (Acidic) 

[H+ ] = 10-7 (Neutral) 
[H+] 10-14 10-:-13 1O~12 10-11 10-10 10-9 10-8 (Alkaline) 

We shall have the following table if OH - ion cOncentration is 
taken into account: . 

[On-] = 10-14 10:-13 10-12 10-11 10-10 10-9 10-8 (Acidic) 
[OH- ] = 10-7 (Neutral) 
[OH-] = 10-0 10-1 10-2 10-3 10-4 10-5 10-6 (Alkaline) 

It is, thus, concluded that every aqueous solution, whether 
acidic, neutral or alkaline contains both H + and OH ions. The 
product of their concentrations is always constant, equal to 
1 x 10-14 at' 25° C. If one increases, the other decreases 

accordingly so that the product remains 1 x 10-14 at 25° C 

If [H+] 10-2 M, then [On-]= 10-12 M; the product, 

[H+][on-] 10-2 x 10-12 = 10-14 ; the solution is acidic. 

If [H+] 10-10 M, then [On-] 10- 4 M; the product, 

[H+ ] [OH- ] = 10-10 X 10-4 10-14
; the solution is alkaline. 

11.1 HYDROGEN ION CONCENTRATION-
pH SCALE 

It is clear from the above discussion that nature of the solution 
(acidic, alkaline or neutral) can be represented in terms of either 
hydrogen ion concentration or hydroxyl ion concentration but it 
is convenient to express acidity or alkalinity of a solution by 
referring to the concentration of hydrogen ions only. Since, H + 
ion concentration can vary within a wide range from 1 mol per 
litre to about 10 x 10-14 mol per litre, a logarithmic notation has 
been devised by Sorensen, in 1909, to simplify the expression of 
these quantities. The notation used is termed as the pH scale. 

The hydrogen ion concentrations are expressed in terms of the 
numerical value of negative power to which 10 must be raised. 
This numerical value of negative power was termed as pH, i. e. , 

[H+] 1O-pH 

or log [H+ ] log 1O-pH = - pH log 10 pH 

or pH=-log [n+] 

or 

pH of a solution is, thus; defined as the negative logarithm of 
the coIicentration (in mol per litre) of hydrogen ions which it 
contains or pH of the solution is the logarithm of the reciprocal 
of H + ion concentration. 

Just as pH indicates the hydrogen ion concentration, the pOH 
represents the hydroxyl ion concentration, i. e., 

pOH = -log [OH- ] 

Considering the relationship, 

[H+][On-]=K w =Ix 10-14 

Taking log on both sides, we have 
log [H+] + log [OH ] log Kw = log (1 x 10-14

) 

or -log [H+] -log [OH ... ] =-Iog Kw-Iog (Ix 10-14
) 

or pift- pOH=pK:---14 

i. e., sum of pH and pOH is equal to 14 in any aqueous solution at 
25° C. The above discussion can be summarised in the following 
marmer: 

Acidic solution 

Neutral solution 

Basic solution > 10-7 

7 

>7 
7 

<7 

'--:-07~~:'~'::''":~~:-- ·S,"';:"~~':-'~,~~::~~~:~'~::~,:~:-·~·~r:r:·'7'f2f"::f-~·~T::f:~~~ n;-!.~{; ~~~-. -" ,":7';" 

: [1l+'j'[()H-r ' .' pH' pOH Nature oholutlou 
------... 

10° 10-14 0 14 Strongly acidic 
10-2 10-12 2 12 Acidic 
10-5 10-9 5 9 Weakly acidic 
10-7 10-7 7 7 Neutral 
10-9 10-5 9 5 Weakly basic 
10-11 10-3 11 3 Basic 

10-14 100 14 0 Strongly basic 

The following table shows the pH range for a few common 
substances: 

~!I~~~:~~nf~:,J?H~auge.· s'pl)s~al)~,e r. 
Gastric 1.0 3.0 Milk (cow) 

pBrange 
6.3 -6.6 

contents 
Soft drinks 2.0 - 4.0 
Lemons 2.2 - 2.4 
Vmegar 2.4 ~ 3.4 
Apples 2.9 - 3.3 
lJrine 4.8 8.4 
(human) 

Saliva (human) 6.5 -7.~ 
Blood plasma (human) 7.3 7.5 
Milk of magnesia 10.5 
Seawater 8.5 

. 'I", r" : - - ,,~~, -.' .- " _ . , 

*pK value: p stands fot negative logarithm. Just as H+ and OH - ion cQucentrations range over many negative poWers of.1 0, iUs convenient to 
express them as pH or pOH, the dissociation constant (K ) values also range over many negative powers of 10 and it is. convenient to write them as pK. 
Thus; pK is the negative logarithm of dissociation constant. . 

pKa =-logKa and pKb =-logKb 
Weak acids l]ave higher pK a values. Similarly, weak bases have higher pK b values. 
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Any method which can measure the concentration of H+ ions 
or OH- ions in a solution can serve for finding pH value. 

Limitations of pH Scale: (i) pH values of the solutions do 
not give us immediate idea of the relative strengths of the 
solutions. A solution of pH = I has. a hydrogen ion concentration 
100 times that of a solution of pH 3 (not three times). A 
4 x 10-5 N HCI is twice concentrated. of a 2 x 10-5 N HCI 

solution, but the pH values of these solutions are 4.40 and 4.70 
(not double). 

(ii) pH value of zero is obtained in I N solution of strong acid. 
In case the concentration is 2 N, 3 N, 10 N, etc. The respective 
pH values will be negative. 

(iii) A solution of an acid having very low concentration, say 
10-8 N, cannot have pH 8, as shown by pH formula, but the 

actual pH value will be less than 7. 
[Note: (i) Nonnality of strong acid = [H30+ ] 

Normality of strong base = [OH- ] 

pH - log.[N ] for strong acids 

pOH = -log [N] for strong bases 

(ii) Sometimes, pH of acid comes more than 7 and that of base 
comes less than 7. It shows that the solution is very dilute; in 
such cases, H + or OH - contribution from water is also 
considered, e.g., in 10-8 N Hel, 

[H + homl = [10~ kid + [l0-71watcr 

= 11 X 10-8 M :: 1.1 X 10-7 M 

(iii) pH of mixture: Let one litre of an acidic solution of pH 2 be 
mixed with two litre of other acidic solution of pH 3. The 
resultant pH of the mixture can be evaluated in the following 
way: 

~j~';":'$~1 ';: 

pH::2 

[W J= 10-2 M 

V = 1 litre 

MtVI + M2V2 = MR(VJ + V2) 

10:"2 xl + 10-3 X 2 = M R (1 + 2) 

12 X 10-3 
_ M 

3 - R 

.Sampi.~' 
pH=3 

[H+] 10-3 M 

v = 2 litre 

4 X 10-3 = MR (Here, MR Resultant molarity) 

pH = log (4 x 10-3) 

(iv) Total concentration of [H+ ] or [Hj 0] in a mixture of weak acid 
and a strong acid 

= C2 + ~C; + 4KaCJ 
2 

where, C I is the concentration of weak acid (in mol litre -I) having 
dissociation constantKa and C2 is the concentration of strong acid. 

(v) Let us consider mixture of two weak acids HA and HB. 
HA~H++A 

HB~H++B

On applying charge balance 

[H+] [A-]+[B-]+[OW] 

= Ka[HA] + Kb[HB] + Kw 
[H+ ] [H+ ] [H+ ] 

[W] = .JKa [HA]+ Kb[HBJ+Kw 

=~CKo +CK b +Kw 

(vi) Let us consider mixture of two weak bases AOHandBOH 
with dissociation constant K 1 ,K 2 and concentration C 1 , C 2 

respectively 

~t~: pH OF WEAK ACIDS AND BASES 

Weak acids and bases are not completely ionised; an equilibrium 
is found to have been established between ions and unionised 
molecules. Let us consider a weak acid of basicity' n' .. 

AHn A n- + nH+ 
1=0 COO 

leq C(l a) Ca nCa 

[H+] = nCo.; pH=-logIO [nCo.] ... (i) 

For monobasic acid, n:= I 
pH= -log}O [Cql ... ,(ii) 

Dissociation constant of acid K a may be calculated as: 
[An-][H+]n [Ca][nCa]1I 

Ko 
[AHn] C(l-a)-

a[nCa]n 
=~--=-

(I-a) 
[for weak acids, a «1 

:=a[nCat 

nCK 0 = nCar nCa]n = [nCo. ](n + 1) 

[nCal = [nCKa ]1/(n+ 1) 

[H+ ] == [nCK a ]"(n + I) 

1 
pH=---loglO (nCKa) 

(n + 1) 

For monobasic acid, n = 1 

Since, 

For n = 1, 

pH= -loglO ~CKa 

Ka a[nCat 

K 
_0 =(nCat 
a 

[
K ]"n [nCo.] = -: = [H+] 

:.(1-«)= 1] . 

... (iii) 

... (iv) 

... (v) 

... (vi) 
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~::;V{~~!'Jnp.e28. The hydrogen ion concentration of a solution 
is 0.001 M. What will be the hydroxyl ion concentration of 
solution? 

Solution: We know that, [H+ ][OH- ] = 1.0 x 10-14 

Given that, [H+ ] = 0.001 M 10-3 M 

So, [OIr] = LOx 10-
14 

Ix 10-
14 

=10-11 M 
[H+] 10-3 

JLt':j;J.a~J1le 29. What is the pH of the following solutions? 

(a) 10-3 M HCI (b) O.OOOIM NaOH (c) O.OOOIM H 2S04 

Solution: HCI is a strong electrolyte and is completely 
ionised. 

HCI~H+ +C1-
So, [H+] = 10-3 M 

pH =-log [H+] log (10-3 )=3 

(b) NaOH is a strong electrolyte and is completely ionised. 

NaOH~Na+ +OH

So, [OH+ ] = 0.000 1M = 10-4 M 

pOH - log (10-4 ) = 4 

As pH+pOH=14 

So,_ pH+4 14 orpH=1O 

Alternative method: [OH-] = 10-4 M 

We know that, [H + ][OIr ] = 1.0 xlO-14 

So, [H+ ] 1.0 X 10-
14 

= 10-10 M 
10-4 

pH= log [H+] log(10-lo)=10 

(c) H2 S04 is a strong electrolyte and is ionised completely. 

H2 S04 2H+ + SO~-

One molecule of H2S04 furnishes 2H + ions. 

So, [H+] 2x1Q-4 M 

. pH = - log [H+ ] 

-log (2 x 10-4)= 3.70 

!)ff~~li~.mP:i~30. Calculate the pH of the following solutions 
assuming complete dissociation: 

(a) 0.365 g rl HCI solution 

(b) O.OOIM Ba(OHh solution. 

Solution: (a) Mole. mass ofHCI 36.5 

Concentration of HCI = 0.365 = 1.0 x 10-2 mol L-1 

36.5 
HCI is a strong electrolyte and is completely ionised. 
So, [H+] = I X 10-2 mol L-1 

pH = -log [H + ] = -log (1 x 10-2 ) = 2 

(b) Ba(OHh is a strong electrolyte and is completely ionised 

Ba(OHh ~ Ba 2+ + 20H-

One molecule on dissociation furnishes 20H- ions. 

So, [OIr] 2 x 10-3 M 

pOH = -log [OH- ] 

= -log (2 x 10-3
) = 2.7 

We know that, pH + pOH 14 
So, pH = (14- 2.7) = 11.3 

'?l~~~E:lample 31. Find the pH of a o.002N acetic acid solution, 
ifi! is 2.3% ionised at a given dilution. 

Solution: Degree of dissociation, a. = 2.3 = ~.023 
100 

Concentration of acetic acid, C = 0.002M 
The equilibrium is, 

CH3COOH~CH3COO- + H+ 
C(1-a) Ca Ca 

So, [H+]=Ca. =0.002 x 0.023 

= 4.6x 10-5 M 

pH =-log [H+] 

=-log (4.6 x 10-5 ) = 4.3372 

't~~fe~~ain'Ple 32. Calculate the pH value of a solution 
obtained by mixing 50 mL of 0.2 N HCl with 50 mL of O.1N __ 
NaOH 

Solution: Number of milli-equivalents of the acid 
50x 0.2 10 

Number of milli-equivalents of the base 
=50x 0.1=5 

Number of milli-equivalents of the acid left after the addition 
of base 

= (10- 5)= 5 
Total volume of the solution 50 + 50 = 100 mL 
Thus, 5 milli-equivalents of the acid are present in 100 mL of 

solution. 
or 50 milli-equivalents of the acid are present in one litre of 
solution. 
or 0.05 equivalents of the acid are present in one litre of 
solution. 

The acid is monobasic and completely ionised in solution. 
0.05 N HCI 0.05 M HCI 

So, [H+]=0.05M 

pH =-Iog [H+] =-log 5 x 10-2 [log 5.0+ log 10-2
] 

= [0.70- 2] 1.3 

l;:\\~ample 33. What will be the pH of a solution obtained by 
. mixing 800mL of 0.05 N sodium hydroxide and 200mL of 0.1 N 

HCI, assuming the complete ionisation of the acid and the base? 

Solution: Number of milli-equivalents ofNaOH 

= 800 x 0.05 40 

Number of milli -equivalents of HCI = 200 x 0.1 = 20 

Number ofmilli-equivalents ofNaOH left after the addition of 
HCI 

(40 20)= 20 

I 
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Total volume (200 + 800) mL = lOOO mL = llitre 

20 mill i-equivalents or 0.02 equivalents of NaOH are present 
in one litre, i. e. , 

0.02 NNaOH = 0.02 MNaOH (Mono-acidic) and the base is 
completely ionised. 

or 

So, [OH- ] = 0.02 M 

[OH-] 2x lO-2 M 

pOH log (2 x lO-2 ) = 1.7 

We know that, pH + pOH=14 
So, pH=(l4 1.7)=12.3 

':\i· .. '¢~~u,~ple 34. What is the hydrogen ion concentration of a 
solution (i)whose pH is 12, (ii) whose pH is 5.6? 

Solution: . 
(i) pH = -, log [H+ ] 

or log [H+] =-pH= 12 

"[H+]=lO-12 M 

(ii) pH';'; -log [H+ ] 

or log [H+] 5.6 

or 

~";:·~;.~ .. mp.e 35. How many moles of calcium hydroxide must 
be dissolved to produce 250 mL Of an aqueous solution of pH 
10.65? Assume the complete ionisation. 

Solution: We know that, 

pH+pOH 14 

So, pOH (14:....10.65)=3.35 

[OW] = 10-335 =10--4 X 10°·65 

4.47 x 10--4 M 

One molecule of Ca(OH}z furnishes 2 OH - ions. 

Hence, concentration of 

Ca(OHh = 4.47 x 10--4 =2.235x 10--4 M 
2 

. 2.235 X 10--4 
No. of moles In 250 mL 5.58 X 10-5 

4 

::,..I,!f~.:Jnple 36. The pH 'ofO.1M hydrocyanic acid solution is 
5.2. What is the value of K a for hydrocyanic acid? 

Solution: pH = - log [H+ ] 

or log [H+] pH=- 5.2 

[H+] 10-5.2 = 10-{i X 10°.8 

. = 6.3xlO-6 M 

d fd'" [H+] 6.3 X 1O-{i 63 10-5 '0;', egree 0 lSSOclatlOn -- = . X 
C 0.1 

According to Ostwald'sformu1a for weak electrolyte, 

Ka a, 2C == 6.3 X 10-5 X 6.3 X 10-5 x 0.1 

= 3.69 X 10-10 

';~;:~~Iij;ple 37. . Calculate the pH of thefollowing solutions: 
(i) 1.0 x lO-8 M HCI, (ii) 1.0 x 10-8 M NaOH 

Solution: (i) The neutral water has[H+] I x lO-7 M 

By adding 1.0 x 10-8 M HCl, a concentration of 1.0 x 10-8 M 

H + ions has increased in solution. 

Thus, total [H+] (Ix 10-7 + lx)0:-8)M 

(lxlO-7 +0.lxlO-7 )M 

= 1.1 x lO-7 M 

pH =-Iog (1.1 x 10-7
) [log l.1+ log 10-7 

] 

[0.0414 - 7.0]:::: 6.9586 

(i) The neutral water has [OW] 1 X 10-7 M 

By adding 1.0 x 10-8 M NaOH, a concentration of 
1.0 x 10-8 M OW ions hasincreaied ins()l'ution. 

Thus, total [OW] = (I X 10-7 + 1.0 X 10-8 )M 

Ux 10-7 M 

pOH=-log 1.1 x 10-7 

= 6.9586 
pH=(14 pOH)=(l4 6.9586) 7.0414 

~_~ __ ~.E:!!!m.ple 38. Calculate the S 2- ion concentration in a 
saturated solution (0.IM)ofH2S whose pH was adjusted to 2by 
the addition ofHCI. (Ka 1.1 x 10-21 ) 

Solution: 

or 

H2S~2H +S2-

[H+]2 [S2-] 

[H2 S] 

[S2-] Ka[H2 S] 
[H+]2 

pH 2; So, [H+] = 1 X 10-2 M 

H2 S is a weak electrolyte, So, [H2 S] = 0.1 M 

1.1 x 10-21 x 0.1 
[S2-] 1.1 X 10-18 M 

1 X 10-2 X 1 X 10-2 
So, 

EJ3IgpJe 39. What is the hydrogen ion concentration oj 
0.1 N' CH3COOH solution? The ionisation constant of 
CH 3 COOH is 1.8 x 10-5

• What is the pH of the solution? 

or 

Solution: Let the degree of disso;;.: .. tion be 'a, '. 

CH3COOHis a weak electrolyte; thus, 
a, 2C K a 

a, 2 X 0.1 1.8 x 10-5 

a, = 1.34 X 10-2 

(iTTJ 

[H+] =a, . C 1.34 X 10-2 x 0.1 = 1.34 x 10-3 M 

pH = -log [H+] = - log 1.34 X 10-3 2.8729 



IONIC EQUILIBRIUM 679 

19. At 90°C, pure water has [H30+] == 10-6 M. What is the 

value of Kw at this temperature? [CBSE (Med.) 2006] 
(a) 10-6 (b) 10-12 (c) 10-13 (d) 10-14 

[Ans. (b)] 

[Hint: [HP+ ] = [OH-] 10-6 M 

. , Kw=[HP+][OH ]=10-12
] 

20. The pH of 0.5 M aqueous solution of HF (K a == 2 X 10-4
) is: 

(a) 2 (b) 4 (c) 6 (d) 10 
[Ans. (a)] 

[Hint: [W] = ~CKa ~0.5 x 2 x 10-4 = 10-2 M 

pH = -Jogio [H+] log 10-2 = 2] 

21. The hydroxyl ion concentration in a solution having pH value 
3 willbe:-
(a) 10-11 M (b) 10-7 M (c) 10-3 M (d) 10-14 M 
[Ans. (a)] 

[Hint: pH + pOH 14 
pOH 14 pH == 14 - 3 == 11 

[OW]= 1O-poH 10-11 M] 

22. A 50 mL solution of pH 1 is mixed with a 50 mL solution of 

pH = 2. The pH of the mixture will be nearly: 
(a) 0.76 (b) 1.26 (c) 1.76 (d) 2.26 
[Ans. (b)] 
[Hint: pH = 1, [H+ ] 10-1 M 

pH = 2, [H+] 10-2 M 

MIVI + M2V2 MR(V j + V2 ) 

10-1 x 50 + 10-2 X 50 MR X 100 

MR 5.5 X 10-2 M 

(Resultant molarity of H+ ions) 

pH -log 5.5 x 10-2 = 1.26] 

23. The pH of a solution obtained by mixing 50 mL of 0.4 N HCI 
and 50 mL of 0.2 NNaOH is: 
(a) -log 2 (b) log 0.2 (c) 1 (d) 2 
[ADS. (e)] 

[Hint: N J VI acid - Nz V2 base NR (VI + V2 ) 

0.4 X 50 - 0.2 X 50 NR X 100 
NR 0.1 

[H+] O.lM 

pH -Jog [W ] = -log 0.1 == 1] 

24. What will be the pH value of 0.05 M Ba(OH)2 solution? 

(a) 12 
[ADS. (b)] 

(b) 13 

[Hint: Ba(OH)2---7 
0.05 M 

(c) I 

+ 20ft 
2 x 0.05 M 

0.1 M 

[PMT (Raj.) 20061 
(d) 12.96 

pOH = -log [Oft] == -log 0.1 == 1 

pH=14 113] 

25. Equal volumes of three acid solutions of pH 3, 4 and 5 are 

mixed in a vessel. What will be the W ion concentration in the 
mixture? [CBSE (PMT) 20081 
(a)3.7xlO- 3M (b) 1.11 x 1O- 3M 

(c) 1.11 X 1O- 4M (d) 3.7 x 1O- 4M 

[Ans. (d)] 
[Hint: [H+] 1O-3M, [H+]== 10- 4 M, [W] = 10- 5 M for the 

given acids . 

MmixVmix MIVI + M2V2 + M3V3 
M mix X 3 10- 3 X 1 + 10- 4 X I + 10- 5 X 1 

M
mix 

10-
5

[100+10+1] l11xlO-
5
. 37xl0- 5 M 

3 3 
= 3.7 X 10- 4 M] 

r:~~ BUFFER SOLUTIONS 
For several purposes, we need solutions which should have
constant pH. Many reactions, particularly the biochemical 
reactions, are to be carried out at a constant pH. But it is observed 
that solutions and even pure water (pH = 7) cannot retain the 
constant pH for long. If the solution comes in contact with air, it 
will absorb CO2 and becomes more acidic. If the solution is_ 
stored in a glass bottle, alkaline impurities dissolve from glass 
and the solution becomes alkaline. 

A solution whose pH is not altered to any great extent by the 
addition of small quantities of either an acid (H+ ions) or a base'-

(OH - ions) is called the buffer solution. It can also be defined as a 

solution of re!)erve acidity or alkalinity which resists change of pH 
upon the addition of small amount of acid or alkali. 

General Characteristics of a Buffer Solution 
(i) It has a definite pH, i. e., it has reserve acidity or 

alkalinity. 
(ii) Its pH does not change on standing for long. 

(iii) Its pH does not change on dilution. 
(iv) Its pH is slightly changed by the additiori of small 

quantity of an acid or a base. 
Buffer solutions can be obtained: 
(i) by mixing a weak acid with its salt with a strong base, 

e.g., 
(a) CH3COOH + CH3COONa 
(b) Boric acid + Borax 
(c) Phthalic acid + Potassium acid phthalate 

(ii) by mixing a weak base with its salt with a strong acid, 
e.g., 
(a) NH4 0H + NH4 Cl 
(b) Glycine + Glycine hydrochloride 

(iii) by a solution of ampholyte. Theampholytes or 
amphoteric electrolytes are the substances which show properties 
of both an acid and a base. Proteins and amino acids are the 
examples of such electrolytes. 
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(iv) by a mixture of an acid salt and a nonnal salt of a 
polybasic acid, e.g. ,Na2HP04 + Na 3P04 or a salt of weak acid 
and a weak base, such as CH3COONH4. 

The first and second type are also called acidic and basic 
buffers respectively. 

Explanation of Buffet Action 
,(I) Addle huffer. Consider the case of the solution of 

acetic acid containing sodium acetate. Acetic acid is feebly 
ionised while sodium acetate is almost completely ionised. The . . 
~mixture thus contains CH3COOH molecules, CH3COO- ions, 

Na + ions, H+ ions and OH- ions. Thus, we have the following 
equilibria in solution: . 

CH3COOH~ H + + CH3COO- (Feebly ionised) 

CH3COONa ~Na + + CH3COO- (Completely ionised) 

H20~ H+ + OW . (Very feebly ionised) 

When a drop of strong acid, say HCI, is added, the H + ions 
furnished by HClcombine with CH3 COO- ions to fonn feebly' 

ionised CH3 COOH whose ionisation is further suppressed due to 
common ion effect. Thus, there will be Ii very slight effect in the 
overall H+ ion concentration orpH value. 

When a drop of NaOH is added, it will react with free acid to 
fonn undissociated water m~cules. . 

CH3COOH + OW CH3 COO- + H20 

Thus, OH- ions furnished by a base are removed and pH of 
the solution is practically unaltered. 

(0) Basic huffer.· Consider the case of. the solution 
containing NH40H and its salt NH4Cl. The solution will have 
NH40Hmolecule, NH: ions, Cl- ions,OH- ions and H+ ions. 

NH40H~ NH~ + OH

NH4CI~NH4+ + CI

H20~H++OW 

(Feebly ionised) 

(Completely ionised) 

(Very feebly ionised) 

When a drop ofNaOH is added, the added OH ions combine 
with NH4+ ions to fonn feebly ionised NH4 OH whose ionisation 

is further suppressed due to common ion effect. Thus, pH is not 
disturbed considerably. 

OW 
i 

(From strong base) 

When a drop of HCI is added, the added H + ions combine 
with NH4 OH to fonn undissociated water molecules. 

NH40H+ H+ NH4++H20 
t 

(From strong acid) 

Thus, pH of the buffer is practically unaffected. 

Diagramatlc Replesentation of Buffet Action 
Add Buffer (CH3COOH + CH3COONa) 

Base Buffer (NH40H + NH4 Cl) 

+0"- +0"-

Henderson's Equation (pH of a buffer) 
(i) Addie hulfer: It consists of a mixture of weak acid and 

its salt (strong electrolyte). The ionisation of the weak acid, HA, 
can be shown by the equation, 

or 

HA H+ +A-

Applying law of mass action, 
. [H+][A-] 
K = ::...--::.;'--~ 

a [HAl 

[W]=K [HA] 
a [A-] 

... (i) 

... (ii) 

It can be assumed that concentration of A - ions from 
complete ionisation of the salt BA is too large to be compared 
with concentration of A - ions from the acid HA. 

BA~B+ +A-

Thus, [HA] Initial concentration of the acid as it is feebly 
ionised in presence of common ion 

and [A Initial concentration of the salt as it is completely 

ionised. 

or 

or 

So, [H+] = K . [Acid] 
a [Salt] 

Taking logarithm and reversing sign, 

-log [H +] =-log K -log [Acid] 
a [Salt] 

PH = log [Salt] - log K 
[Acid] a 

PH=pK +log [Salt] 
a [Acid] 

This is known as Henderson's equation. 

When [Salt] 10, then 
[Acid] 

pH=I+pK a 

[Salt] 1 
and when --= - ,then 

[Acid] 10 

pH=pKa -1 

... (iii) 

... (iv) , 
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So, weak acid may be used for preparing buffer solutions 
having pH values lying within the ranges pK a + 1 and pK a - 1 
The acetic acid has a pK a of about 4.8; it may, therefore, be used 
for making buffer solutions with pH values lying roughly within 
the range 3.8 to 5.8. 

(ii) Basic buffer: It consists of a weak base and its salt with 
strong acid. Ionisation of a weak base, BOH, can be represented 
by the equation, 

or 

BOH~B+ +OH

Applying law of mass action, 
[B+ ][OH-] 

K-=---=----=-
b - [BOH] 

[OH-] = K [BOH] 
b [B+] 

... (i) 

'" (ii) 

As the salt is completely ionised, it can be assumed that whole 
of B -f ion concentration comes from the salt and contribution of 
weak base to B+ ions can be ignored. 

So, 

or 

or 

BA ~B+ + A- (Completely ionised) 

[OIr] = K [Base] 
b [Salt] 

[Salt] 
pOH = log ---log Kb 

[Base] 
[Salt] 

pOH=pKb + log _ .. -
[Base] 

... (iii) 

... (iv) 

Knowing pOH, pH can be calculated by,the application of the 
formula, 

pH+ pOH=14 
Buffer capacity: The property of a buffer solution to resist 

alteration in its pH value is known as buffer capacity. It has been 
~ d h 'f th .. [Salt] [Salt]. . h H f 10un t at 1 e ratio -- or -- IS uruty, t e p 0 a 

[Acid] [Base] 
particular buffer does not change at aU. Buffer capacity is defined 
quantitatively as number of moles of acid or base added in one 
litre of solution as to change the pH by unity, i. e. , 

or 

Buffer capacity 

(q, ) = No. of moles of acid or base added to I litre 

Change in pH 

iJb 
$ iJ(pH) 

where, iJb ~ number of moles of acid or base added to 1 litre 
solution and iJ(pH) ~ change in pH. 

Buffer capacity is maximum: 
(i) When [Salt] [Acid], i. e. ,pH = pK a for acid buffer 
(ii) When [Salt] = [Base], i.e., pOH = pKb for base buffer 

under above conditions, the buffer is called efficient. 

Utility of Buffer Solutions in Analytical Chemistry 

Buffers are used: 
(i) To determine the pH with the help of indicators. 

(ii) For the removal of phosphate ion in the 
qualitative inorganic analysis after second group using 
CH3 COOH + CH3 COONa buffer. 

(iii) For the precipitation of lead chromate quantitatively 
in gravimetric analysis, the buffer, CH3COOH + 
CH3COONa, is used. 

(iv) For precipitation of hydroxides of third group of 
qualitative analysis, a buffer, NH4 CI + NH40H, is used. 

(v) A buffer solution of NH4CI,NH40H and (NH4 hC03 is 
used for precipitation of carbonates of fifth group in 
qualitative inorganic analysis. 

(vi) The pH of intracellular fluid, blood is naturally 
maintained. This maintenance of pH is essential to 
sustain life because, enzyme catalysis is pH sensitive 
process. The normal pH of blood plasma is 7.4. 
Following two buffers in the blood help to maintain pH 
(7.4): 
fa) Buffer of carbonic acid (H2 C03 and NaHC03) 
(b) Buffer of phosphoric acid (H2 PO; , HPO~-) 

Buffers are used in industrial processes such as manufacture 
of paper, dyes, inks, paints, drugs, etc. Buffers are also employed 
in agriCUlture, dairy products and preservation of various types of 
foods and fruits. 

.;;~lnple 40. The pH of a bufferis 4.745. When 0.01 mole 
of NaOH is. added to 1 litre of it, the pH changes to 4.832, 
calculate its buffer capacity. 

Solution: From definition, . 
. ·iJb 

Buffer capacity ($) = -
iJ[pH] 

iJ(pH) = (4.832 4.745) = 0.087; iJb 0.01 
Substituting given values, 

$ = 0.01 = 0.115 
0.087 

~it~X.txalllple 41. Suppose it is required to make a buffer 
solution of pH = 4, using acetic acid and sodium acetate. How 
much of sodium acetate is to be added to 1 litre of N 110 acetic 
acid? 

Dissociation constant of acetic acid = 1.8 x 10-5 • 

Solution: Applying Henderson's equation, 

PH = log [Salt] - log K 
[Acid] a 

4 =log [Salt] log (0.1) - log 1.8 X 10-5 

SO, log [Salt] = (4 1- 5 + 0.2552) = 2.2552 

[Salt] =0.018g mol L-1 

The molecular mass of CH3 COONa = 82 
Amountofsalt 0.018x 82 1.476g 

;;;{~:rEi.mple 42. What is the pH of the solution when 0.2 mole 
of hydrochloric acid is added to one litre of a solution containing 
1 M acetic acid and acetate ion? Assume that the total volume is 
one litre. (Ka forCH}COOH:: 1.8x 10-5) 

I 
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Solution: On adding HCI, the free hydrogen ions will 
combine with CH3 COO- ions to fonn CH3 COOH. Thus, the 

concentration of acetic acid increases while that of CH3COO

ions decreases. 
[CH3 COOH] = (0.2 + 1) 1.2 mol litre -I 

[Salt] = (1- 0.2) =0.8 mol litre-I 

Applying Henderson's equation, 
[Salt] 

pH log -- log Ka 
[Acid] 

= log 0.8 log 1.8 x 10-5 

= log 2 log 3 log 1.8 x 10-5 = 4.S687 

~t,~~i~ple 43. 20 mL of 0.2 M sodium hydroxide is added to 
SOmL ofO.2M acetic acid to give 70mL of the solution; What is 
the pH of the solution ? Calculate the additionalvolu1tl.e of 0.2 M 
NaOH required to make the pH of solution 4.74. The iOhisation 
constant of acetic acid is 1.8 x 10-5

. 

Solution: No. of moles ofNaOH in 

20 mL = 0.2 x 20 0.004 
1000 

No. of moles of acetic acid in SOmL= 0.2 X SO=O.OI 
1000 

When NaOH is added, CH3 COONa is fonned. 

CH3COOH+ NaOH~CH3COONa+ H20 
1 mole I mole I mole 1 mole 

No.ofmolesofCH3COONa in 70mLsolution =0.004 
No. of moles of CH3 COOH in 70 mL solution 

= (0.01 - 0.004) = 0.006 

Applying Henderson's equation, 

PH = log [Salt] log K 
[Acid] a 

= log 0.004 - log 1.8 X 10-5 = 4.S687 
0.006 . 

On further addition ofNaOH, th~H becomes 4.74. 
[Salt] 

pH log -- log Ka 
[Acid] 

[Salt] -5 
=log ---log 1.8x 10 

[Acid] 

or log [Salt] =pH+logL8xlO-5 (4.74-4.7448) 0.0048 
[Acid] . 

So, 10 [Salt] 1.99S2 
g [Acid] 

[Salt] = 0.9891 
[Acid] 

Let 'x' moles of NaOH be added. 

[Salt] = (0.004 + x) mole 

[Acid] (0.006 - x) mole 

or 

[Salt] 0.004 + x =0.9891 
[Acid] 0.006 x 

0.004 + x 0.9891 x 0.006 0.9891x 

x 0.000972 mole 

Volume of 0.2 MNaOH solution having 0.000972 mole 

= 1000 x 0.000972 = 4.86 mL 
0.2 

'\~';,Jjll'~mple 44. Calculate the pH of the buffer solution 
containingO.IS moleofNH40Hand0.2S mole ofNH4Cl. Kb for 
NH40H is 1.98 x 10-5

• 

Solution: Applying the equation, 
[Salt] 

pOH=log -- log Kb 
. [Base] 

= 10 0.2S - 101.8 x 10-5 
g 0.15 .g ... ... 

log S - log 3 log 1.8 X 10-5 

0.6989 - 0.4771 + 4.7448 4.966 

pH= (14 - 4.966) = 9.034 

: <.\'2E:xample 45. What volume of 0.10 M sodium formate 
solution should be added to SOmL of O.OS M formiC acid to 
produce a buffer solution of pH 4~O? pK aforformic acid is 3.80. 

(liT 1990) 

Solution: Let x mL of 0.1 0 M sodium formate be added. 

No. of moles inxmL of 0.10 M sodium formate = 0.10 xx 
1000 

No. of moles in SO mLof O.OS M formic acid O.OS x 50 
1000 

[Sod. formate] 

[F ormic acid] 

0.10x 
0.04 x 

2.5 

Applying the equation, . 
[Salt] 

pH=log--+pK 
[Acid] a 

4.0 log 0.04x + 3.8 
x 39.6mL 

.~.~.;~mple 46. How many gram moles of HCI will be 
reqUired to prepare one litre of a buffer solution (containing 
NaCN and HCN) of pH 8.S using 0.01 gformula mass ofNaCN? 
Kafor HCN =4.1x 10-10

• 

Solution: Let a mole of HCl be added. It will combine with 
NaCN to fonn HCN. 

NaCN + HCI ~ NaCl + HCN 
a a 

[NaCN] (0.01- a) 

[HCN] =a 

Applying the equation, 

a 

[NaCN] 
pH = log log K a 

[HCN] 
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8.5 = log 0.01 a log 4.1 X 10-10 

a 

So, log (0.01- a) = 8.5 + 0.6127 -10.0 1.1127 
a 

(0.01- a) = 0.1296 
a 

or a = ~ = 0.0089 mole 
1.1296 

26. The pH of a solution that is 0.1 M NaA and 0.1 M HA 
(Ka I x 10-6)would be: 

(a) 5 (b) 6 (c) 3 (d) 7 
[Ans. (b)] 

[Hint: pH = pK + log [Salt] =-Iog K + log [Salt] 
a [Acid] a [Acid] 

= -log 10-6 + log~::::: 6] 
0.1 

27. pKa for acetic acid is 4.74. What should be the ratio of 

concentrations of acetic acid and acetate ions to have a 
solution with pH 5.74? 
(a)l:!O (b)1O:! (c)I:1 (d)2:1 
[Ans. (a)] 

[Hint: H K I 
[Acetate ion] p ::::: p + og . 

a [Acetic acid] 

5.74::::: 4.74 + log [Acetate ion] 
[Acetic acid] 

[Acetic acid]: [Acetate] I: 10] 

28. What is the pH of the buffer solution containing 0.15 mol of 
NH40H and 0.25 mol of NH4Cl? K b for NH40H is 
1.98 x 10-5; 

(a) 10 (b) 9 (c) 9.2 (d) 10.2 
[Ans. (b)] 

[Hint: 14 - pH = pKb + log 
[Base] 

= -log (1.98 x 10-5) + log (0.25) 
0.15 

pH =9] 

29. The pH of a buffer solution of 0.1 M CH3COOH and 0.1 M 
CH3COONa is ......... (pKa = 4.745). 
(a) 4.745 (b) 3.745 (c) 5.745 (d) 3.255 
[Ans. (a)] 

[Hint: pH·= pK + log ~~~~ 
a [CH3COOH] 

4 I 
0.1 

::::: .745 + og 4.745] 
0.1 

30. The pH of a buffer solution. prepared by adding 10 mL of 0.1 
M CH3COOH and 20 mL of 0.1 M sodium acetate will be: 
(Given: pKa ofCH3COOH 4.74) 
(a) 4.05 (b) 3.04 (c) 5.04 (d) 3.05 
[Ans. (c)] 

[Hint: 

Number of moles ofCH3COOH MV 0.1 x 10 = 0.001 
1000 1000 

Number of moles of CH
3
COONa MV = 0.1 x 20 = 0.002 

1000 1000 

pH K I 
[Salt] 

P + og-
a [Acid] 

4.74 + log [0.002] = 5.04 ] 
0.001 

31. 40 mL of 0.1 M ammonium hydroxide is mixed with 20 mL of 
0.1 M HCI. What is the pH of the mixture? (PKb of ammonia 
solution is 4.74.) (AmHS 
(a) 4.74 (b) 2.26 (c) 9.26 (d) 5 
[Ans. (c)] 
[Hint: Since, ammonium hydroxide is 50% neutralised, hence 

[Salt] = [Base] 
. [Salt] 

pOH = pKb + loglO -- = 4.74 + Iog lO 1= 4.74 
[Base] 

pH:=: 14 - 4.74 = 9.26] 
32. The pKa of a weak acid (HA) is 4.5. The pOH of an aqueous 

buffered solution ofHA, in which 50% of the acid is ionised, 
is: 
(a) 7.0 (b) 4.5 (c) 2.5 (d) 9.5 
[Ans. (d)] 

[Hint: pH = pKa + Iog lO [HA] 

Since, acid is 50% ionised, hence [A-] [HA ] 

or pH =pKa + log I 

=4.5 

pOH = 14 - 4.5 9.5] 

33. pKa value of acetic acid is 4.75. If the buffer solution contains 

0.125 M acetic acid and 0.25 M sodium acetate, the pH of 
buffer solution is: learnea f.1l03j 
(a) 5.05 (b) 5.5 (c) 4.9 (d) 5.75 
[Ans. (a)] 

[Hint: pH = pKa + log [Salt] 
. [Acid] 

::::: 4.75 + 10 0.25 
g 0.125 

= 5.05] 

5~r~~ 47. The dissociation constants for HCOOH and 
CH3COOH are 2.1x 10-4 and 1.8 x 10-5 respectively. Calculate 

the relative strengths of the acids. 
Solution: The strength of the acid is directly proportional to 

tpe square root of the dissociation constant. 

Hence, 

Strength of the acid 0:: .Jr:d1:-· SSO-Cl:-" a-=-tio-n-c-o-nst-an-t 

Strength of HCOOH 

Strength of CH3 COOH 
KHCOOH 

2.1 x 10-4 =3.415 
1.8 x 10-5 
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~~;3f~.lt,!almple 48. Freshly precipitated aluminium and 
magnesium hydroxides are stirred vigorously in a buffer solu!ion 
containing 0.05 mol rl ofNH40H and 0.25 mol L-1 ofNH4Cl. 

Calculate the concentration of aluminium and magnesium ions in 
solution. 

or 

Ksp AI(OHh = 6x 10-32 ; Kb NH40H = 1.8 x 10-5 

Ksp Mg(OH}z = 6x 10-10 

Solution: pOH = log [Salt] - log K b 
[Base] 

-log [OW] = log 0.25 - log 1.8 X 10-5 
0.05 

log [OW] = log 1.8 X 10-
5 

5 

[OH-] =0.36 x 10-5 mol L-1 

K A1(OH) 6 x 10-32 

[Al3+] = sp 3 = = 1.29 X 10-10 mol L-'I 
[OH- ]3 (0.36 x 10-5 )3 

[Mg 2+] Ksp Mg(OH)2 = 6 X 10-
10 

=46.3 mol L-1 
[OW f (0.36 x 10-5 )2 . 

,'(Example 49. Calculate the pH at which Mg( OH h begins 
to precipitate from a solution containing 0.10 M Mg 2+ ions. 

(Ksp Mg(OH)z = l.Ox 10-11 ) (lIT 1992) 

or 

or 

Solution: K sp Mg(OH)2 = 1.0 X 10-1 i ={Mg 2+ ](OW f 

(0.10)[OWf 

(OW]2 = 1.0 X 10-
11 = 1 X 10-10 

0.10 
[OW] = 1 X 10-5 

(H+]= Ix 10-
14 

=Ix 10-9 
Ix 10-5 

pH =-log [H+] =-log (l x 10-9 ) = 9.0 

f~ij;:~~~:~ -~~am.ple SO. An aqueous solution of metal bromide, 
MBr2 (U05M) is saturated with HzS. What is the minimum pH 
at which MS will precipitate? K sp for MS = 6.0 X 10-21 ,cone. of 

saturated H 2S = O.lM. 

KI = 10-7 and K z = 1.3 X 10-13 for H 2 S (lIT 1993) 

Solution: The minimum concentration of S2- ions required 
to precipitate M Sis, 

[S2-] KspMS 6.0xl0-
Z1 

= 1.2 x 10-19 M 
[M2+] 0.05 

H2 S ionises in solution in two steps: 

H2S H+ +HS-; KI 10-7 

K2 = 1.3 x 10-13 

and [H+ :I[S2- L K 
[HS-] - 2 

Hence, 

or [H +)2 = K1Kz[HzS] = 10-
7 x 1.3 X 10-

13 x 0.1 
[Sz-) 1.2 X 10-19 

= 1.08 x 10-2 

So, [H+] 1.04 X 10-1 

pH=-Iog [H+) =-log (1.04 x 10-1)= 0.98 

,j.c?~~~pie 51. The pH of blood stream is maintained by a 
proper balance of H zCO) and NaHC03 concentrations. What 
volume of 5 M NaHC03 solution should be mixed with a 10 mL 
sample of blood which is 2M in H 2C03, in order to maintain a 
pH of7.47? Ka for H 2C03 in blood is 7.8 x 10-7

. (liT 1993) 

Solution: Let V rnL of 5 M NaHC03 solution be mixed. 

. :' Total volume = (V + 10) rnL 
Cone. ofH2C03 and NaHC03 in the solution becomes 

[NaHCO)= 5xV M 
3 (V+I0) 

and [H CO) 2x 10M 
z 3 (V + 10) 

or 

Now applying Henderson's equation, 
[NaHC03 ) 

pH = - log K a + log "'---. .-. ---:;;..;;. 
[HZC03 ] 

7.4 = -10 7.8x 10-7 + to 5xV x (V + 10) 
g g (V + 10) 2x 10 

= -log 7.8x 10-7 + log ~ 
4 

log ~ 7.4 + log 7.8x 10-7 

4 
V = 78.32rnL 

~~~A~¥*a:mpl~ 52. The pH of 0.05 M aqueous solution of 
diethylamine is 12. Calculate its K b • (liT 1993) 

Solution: We know that, pH + pOH = 14 

or pOH=14 - pH=14 -12=2 
So, [OH-)=10- 2 

(CzHs )zNH+ HZO~(C2H5 hNHz+ + OIl" 
At equilibrium (0.05 - x) x x 

(0.05 - 0.01) 0.01 0.01 

[(C H ) NH +)[OW) K b = 2 5 2 z 0.01 x 0.01 = 2.5 x 10-3 

[(C2H5 hNH] 0.04 

~;n~ltii;~~!nple 53. 100mL ofHCI gas at 25°C and 740mm pre
ssure were dissolved in one litre of water. Calculate the pH of 
solution. Given, vapour pressure ofHzOat25° Cis 23.7 mm. 

Solution: Given, V = 100 rnL = 0.1 L 

Applying, 

P = (740- 23.7)atrn = 0.9425atrn 
760 

R = 0.0821 
T = (25 + 273)K 298K 

PV=nRT 
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or n PV == 0.9425 x 0.1 == 3.85 x 10-3 mol 
RT 0.0821 x 298 ' 

n 3.85 x 10-3 

- == 3.85 X 10-3 M 
V I 

Molarity 

HCI is a strong electrolyte. It is completely dissociated. 
So, [H+] = 3.85 X 10-3 M 

pH= -log [H+] =-Iog 3.85 x 10-3 = 2.4146 

~~;.IE:l[i:ample 54. Calculate the[Cr], [Na+], [H+], [OH-] 

and pH of the resulting solution obtained by mixing 50 mL of 
0.6 N HCI and 50 mL of 0.3 N NaOH. 

Solution: HCI + NaOH ----"7NaCl + H20 
Milli-equivalents 50 x 0.6 50 x 0.3 0 0 
before reaction· = 30 15 
Milli-equivalents (30 15) 
after reaction = 15 

Total volume 
o 

50+ 50=100mL 

15+ 15 =0.3M 
100 

[Na +] =J2. =0.15M 
100 

[H+] J2. O.l5M 
100 

10-14 

[OH-] --, = 6.6x 10-14 

0.15 

15 15 

pH -log [H+ ]=-log 0.15=0.8239 

i!~~"J;~~ple 55. What is the pH of a 1.0 M solution of acetic 
acid? To what volume of one litre of this solution be diluted so 
that the pH of the resulting solution will be twice the original 
value? Given, K a = 1.8 X 10-5. (liT 1990) 

Solution: We know that degree of dissociation, 

U= ~Ka 
. C 

= ~1.8XIlO-5. 

= 4.2426 x 10-3 

[H+] ""'C xu =lx 4.2426 x 10-3 

= 4.2426 x 10-3 mol Fl 

pH = -log [H+ ] = -log 4.2426 x 10-3 == 2.3724 

So, pH of the acetic acid solution after dilution = 2 x 2.3724 

=4.7448 

New [H+] "'" 10-4.7448 = 1.8 X 10-5 

Let the new concentration be Co. 

CH3COOH~ H+ + CH3COO-
At equilibrium Co 1.8 x 10-5 1.8 x 10-5 1.8 x 10-5 

K = [H+ ][CH3COO-] 1.8 X 10-5 x 1.8 X 10-5 -5 
------~ = 1.8 x 10 

a [CH3COOH]. (Co - 1.8 X 10-5 
) 

So, Co 3.6x 10-5 

Let the new volume be V litre 
Ixl=3.6xl0-5 xV 

V = 1 = 2.78 X 104 litre 
3.6x 10-5 

;{'\K1gil¥!"JCample 56. Calculate the change in pH of one litre 
buffer solution containing 0.10 mole each of NH3 and NH4 Cl 
upon addition of (i) 0.02 mole of dissolved gaseous HCI, (ii) 0.02 
mole of dissolved NaOH. 
Assume no change in volume (K b for NH 3 = 1.8 X 10-5 

). 

Solutitn: 

First case: 

pOH ofNH3 and NH4CI buffet 

= -log Kb -+ log [Salt] 
[Base] 

= -log 1.8 x 10-5 + log 0.1 == 4.75 
0.1 

pH=(14 4.75)=9.25 

NH3 + HCI----"7 NH4 Cl 

[Salt] (0.1 + 0.02) =0.12M 

[Base] (0.1 0.02) = 0.08 M 

pOH=-logKb + log 0.12 
0.08 

= 4.75 + 0.176 = 4.926 

pH= (14 - 4.926)= 9.074 

(liT 1992) 

~pH=(9.25- 9.074) = 0.1 76 pH unit 

Second case: NH4 Cl + NaOH ----"7 NH3 + NaCI 

[Salt] = (0.1- 0.02) = 0.08 M 

[Base] = (0.1 + 0.02) 0.12 M 

pOH = -log Kb + log 0.08 
0.12 

= (4.75 - 0.176) = 4.576 

pH=(l4 4.574)=9.426 

~pH = (9.426 - 9.25) = 0.176 pH unit 

P%~;Exlunple 57. Saccharin (Ka =2x 10-12
) is a weak acid 

represented by formula HSac. A 4 x 10-4 mole amount of 

saccharin is dissolved in 200 cm3 water of pH 1 Assuming no 

change in volume, calculate the concentration of Sac - ions in the 
resulting solution at equilibrium. (lIT 1994) 

Solution: Concentration of saccharin 

4x 10-4 
== x 1000 == 2 X 10-3 mol L-1 

200 

[H+ ] lO-pH = 10-3 mol L-1 
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HSac ~ -H+ + Sac-
[(2 x 10 .. 3) - xl (10-3 + x) 

K :)H+][Sac-]=(lO-3+ x)[Sac-] 

a [HSac] [2 X 10-3 -X] 

2 X 10-12 X (2 X 10-3 X) 
[Sac- ] 

(10-3 + X) 

Since, X is very small, it can be neglected. 

2x 10-12 X 2x 10-3 

[Sac-] = 3 4 X 10-12 mol L-I 

10-

,'ExaJ.I1ple 58. An aqueous solution contains 10% 
ammonia by mass and has a density 0.99 g cm -3. Calculate 

hydroxyl and hydrogen ion concentration in this solution. 
(Ka jorNH

4
+ ;.,,5.0xlO- IO M) (HT1995) 

Solution: Mass-of 1 litre solution = 1000 x 0.99g 

990g 
NH3 present in 990g solution =99g 

I litre solution contains = 99 5.8 mole 

So, 

17 

NH3 + H20~NH4+ + Olr 

[NH4+ ][OH-] x x X x 2 

Kb z_ 

[NH3] (5.8- x) 5.8 

K 10-14 

K b = ~ = = 2 X 10-5 

Ka 5.0xlO-1O 

2 

2x 10-5 =~ 
- 5.8 

x 2 = 2 X 10-5 x 5.8 

x = 1.078 X 10-2 mol L-1 

[OIr] = x = 1.078 X 10-2 M 

10-14 
[H+] =9.27x 10-13 M 

1.078 X 10-2 

-_,,-;)l;~ample 59. 0.15 mole oj pyridium chloride has been 
-added into 500 cm3 ojO.2 M pyridine solution. Calculate pH and 
hydroxyl ion concentration in the resulting solution assuming no 
change in volume. 

(Kb jorpyridine=1.5xlO- 9 M) 19%) 

Solution: Concentration of pyridilim chloride 
=0.15x 2= O.3M 

pOH log [Salt] - log K b 
[Base] 

= log 0.3 log 1.5 x 10-9 

0.2 -

9 
[OH-] lO-pOH = 10-9 

pH (14-pOH)=(14-9)=5 

',>.~~anrpl~ 60. How many moles oj acetic acid and sodium 
acetate each should be dissolved to prepare one litre of 0.063 
molar buffer solution oj pH 4.5 ? 

(Ka jorCH3COOH 1.8 x 10-5
) 

Solution: Applying Henderson's equation, 
[Salt] 

PH = log -- - log K 
[Acid] a 

log [Salt] =4.5 + log 1.8x 10- 5 =- 0.2447 
[Acid] 

[Salt] =antilog (- 0.2447) 0.5692 
[Acid] - _ 

[Salt] = 0.5692 X [Acid] 

Given: [Acid] + [Salt] _ 0.063 

[Acid] = Q.063 = 0.040 mol L-I 

1.5692 -
[Salt] = (0.063 0.040) 0.023 mol L-1 

'''ff:~ SALT HYDROLYSIS 
pure water is a weak electrolyte and neutral in nature, i. e. , H + 
ion concentration is exactly equal to OH ion concentration 

[H+] =[OH-] 

When this condition is disturbed by decreasing the 
concentration of either of the two ions, the neutral nature changes 
into acidic or basic. When [H+] > [OH- ], the water becomes 

acidic and when [H+ ] < [OIr ], the water acquires basic -nature. 

This is exactly the change which occurs during the phenomenon 
known as salt hydrolysis. It is defined as a reaction in which 
the cation or anion or both of a salt react with water to 
produce acidity or alkalinity. 

Salts are strong electrolytes. When dissolved in water, they 
dissociate almost. completely into ions. In some salts, cations are 
more reactive in comparison to anions and these react with water 
to produce H + ions. Thus, the solution acquires acidic nature. 

M+ +H O~ MOH +H+ 
2 Weak base 

In 'other salts, anions may be more reactive in comparison to 
cations and these react with water to produce OH - ions. Thus, 
the solution becomes basic. -

A- +H20,-----'" _ HA +OIr 
- Weak acid 

The process of hydrolysis is actually the reverse of 
neutralisation. 

Salt + Water ~ Acid + Base 
If acid is stronger than base, the solution is acidic and in case 

base is stronger than acid, the solution is alkaline. When both the 
acid and the base are either strong or weak, the solution is 
generally neutral in nature. 

As the nature of the cation or the anion of the salt determines 
whether its solution will be acidic or basic, it is proper to divide 
the salts into four categories. 
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(i) Salt of a strong acid and a weak base. 
Examples: FeCI 3 , CuCI 2 , AlCI 3 , NH4Cl, CuS04 ,etc. 

(ii) Salt of a strong base and Ii weak acid. 
Examples: CH3 COONa, NaCN, NaHC03 , Na 2 C03 , 

etc. 
(iii) Salt of a weak acid and a weak base. 

Examples: CH3 COONH4, (NH4 h C03 , NH4HC03 , 

etc. 
(iv) Salt of a strong acid and a strong base. 

Examples: NaCI, K 2S04, NaN03 , NaBr, etc. 

1. Salt of a strong acid and a weak base 
The solution of such a salt is acidic in nature. The cation ofthe 

salt which has come from weak base is reactive. It reacts with 
water to form a weak base and H + ions. 

B+ + BOH +H+ 
Weak base 

Consider, for example, NH4 CI. It ioruses in water completely 
into NH~ and CI- ions. ~ ions react with water to form a 

weak base (NH40H) and H+ ions. 

NH; + NH40H + H+ 
C(l x) ex Cx 

Thus, hydrogen ion concentration increases and the solution 
becomes acidic. 

Applying law of mass action, 

Kh 
[H+][NH40H] == Cx·Cx _ x 2C 

[NH:] C(1-x) (I-x) 
... (i) 

",here, C is the concentration of salt and x the degree of hydrolysis. 
Other equilibria which exist in solution are 

NH OH~NH+ +OH- K ==[NH4+][OW] 
4 . 4 ,b [NH40 H] 

H20 H + + OH-, Kw == [H+ ][OH-] 

From eqs. (ii) and (iii), 

Kw [H+ ] [NH40H] _ K 
Kb [NH: ] - h 

+] K [NH+] 
[H+ ] ----'-- ~ X 4 

[NH40H] Kb [NH40H] 
[Salt] 

log [H +] log Kw -log Kb + log-
[Base] 

[Salt] 
pKw + pKb + log-

[Base] 

K H K 1 
[Salt] 

p w.-p P b+ og--
[Base] 

POH=pK + log [Salt] 
b [Base] 

Relation between Hydrolysis Constant 
and Degree of Hydrolysis 

... (ii) 

... (iii) 

... (iv) 

The extent to which hydrolysis proceeds is' expressed as . 
degree of hydrolysis and is defined as the fraction· of one mole of 

'.' 

the salt that is hydrolysed when the equilibrium has been 
attained. It is generally expressed as h or x. 

or 

h = Amount of salt 
Total salt taken 

Considering again eq. (i), 

x 2C 
or Kh 

(I-x) 

When h is very small (l h ) ~ 1, 
1 

h2 Kit X 
C 

1 1 1 
log [H+ ] log K w + log C - log K b 

2 2 2 

1 
pH 2PKw 

1 1 
log C pKb 

2 2 

=7 
1 1 

pKb --logC 
2 2 

2. Salt of a weak acid and a strong base 

The solution of such a salt is basic in nature. The anion of the 
salt is reactive. It reacts with water to form a weak acid and OH
ions. 

A- + HA +OH-
Weak acid 

Consider, for example, the salt CH3 COONa. It ionises in water 
completely to give CH3 COo'- and Na + ions. CH3 COo- ions 

react with water to form a weak acid, CH3 COOH and OH- ions. 

CH3COO- + H20~ CH3COOH + OH-
C(l x) Cx Cx 

Thus, OH- ion concentration increases, the solution becomes 
alkaline. 

Applying law of mass action, 

Kh 
[CH3 COOH][OW ] == ex x Cx:::: Cx2 

[CfhCOO-] C(I-x) (I-x) 
... (i) 

Other equilibria present in the solution are: 

CH
3 

CH COO- + H + K = [CH3COO- ][H+] 
3 ' a [CH

3 
COOH] 

... (ii) 

... (iii) 

From eqs. (ii) and (iii), 
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or 

or 

K w = fCH3 COOH] [OH- ] = K ~ 
Ka [CH3COO-] 

_ K h [CH3 COO- ] K w [CH3 COO- ] 
[OH ] = [CH3COOH] = Ka [CH

3
COOH] 

[Salt] 
log [OW]=log Kw -logKa +log--.

[ACId] 

[Salt] 
-pOH=-pKw + pKa + log --.-

. [ACId] 

[Salt] 
pKw - pOH= pKa + log --,-

[Acid] 

[Salt] 
pH=pKa +log--

[Acid] 

Considering eq. (i) again, 

Cx 2 Ch 2 

Kh =--orKh =--
(I-x) (I-h) 

When h is very small, (I h) ~ 1 

h 2 K" 
C 

h= ~? 
~ [OW]=hxC=~CKh.= V~ 

[H+]=~ 
[OH-] 

:~:t-~Kw 
Ka 

- log [H+ ]= - 1. log K w _1. log K a +1. log C 
2 2 2 

.1 K 1 K 11 C pH =-2 P w + - P a + og 
2 2 

1 1 = 7 + - pK a + - log C 
2 2 

3. Salt of a weak a~id and a weak base 

'" (iv) 

Maximum hydrolysis occurs in the case of such a salt as both' 
the cation and anion are reactive and react with water to produce 
H + and OH - ions. The solution is generally neutral but it can be 
either slightly acidic or slightly alkaline ifboth the reactions take 
place with slightly different rates. Consider, for example, the salt 
CH3COONH4, It gives CH3COO- and NH4+ ions in solution, 

Both react with water . 

. '.. 

NH4+ + H20~ NH40H + H + ) Both the reactions 
Weak base occur with same 

CH COO- + H O~ CH COOH + OW speeds. The solu-
3 2 3 ., I 

. Weak acid tion IS neutra . 

or CH3 COO- + NH4+ + H20~CH3COOH+NH40H 
C (I h) C (I - II) Gil Gh 

Other equilibria which exist in solution are: 

[CH COO- ][H+ ] 
CH COOH -->. CH COO- + H+ K = "---"3'--_-"--_ 

3 ..-- 3 'a [CH
3
COOH] 

". (i) 

[NH4+ ][OW ] .. 
Kb= ... (u} 

[NH4°H] 

K w [H+ ][OW ] ... (iii) 

From eqs. (i), (ii) and (iii), 

Kw [CH3 COOH] [NH4 OH] 
Kh = ... (iv) 

Ka ·Kb [CH3COO- ][NH; ] 

Let C be the concentration and h be the degree of hydrolysis 

h 2 

Kh-~-"'" 
- (I-h)2 

When h is small, (1- h) ~ 1, 

Kh h
2 

h=.Ji(;= ~ 
V~ 

=~KaXKw 
Kb 

+ 11 11 K 11 K -log [H ] = - '2 og K a - '2 og w + '2 og b 

1 1 
pH=-pKa +-pKw 

2 2 
1 1 

=7+-pK --pKb 
2 a 2 

When pKa = pK b , pH 7, i.e., solution will be neutral in 
nature. 

When pK a > pK b, the solution will be alkaline as the acid 
will be slightly weaker than base and pH val~e will be more than 
7. In case pK a < pK b ' the solution will be acidic as the acid is 
relatively stronger than base and pH will be less than 7. 
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4. Salt of a strong acid and a strong base 

Such a salt, say NaCI, does not undergo hydrolysis as both the 
ions are not reactive. The solution is thus, neutral in nature. 

5. Hydrolysis of amphiprotic anion 

Let us consider hydrolysis of amphiprotic anion only, i. e. , 
when counter cation is not hydrolysed example of some salts of 
this category are NaHC03, NaHS, Na 2HP04 , NaH2P04 • 

+ K = [H2P04 ][H+] 
(i) H3P04 ~ H2P04 + H ;-

UI [H3 P04 ] 

[HPO~- ][H+ ] 

[H2PO:;] 

[P01- ][H+] 

[HPO~-] 

Here, H2P04 and HPO~- are amphiprotic anions, pH after their 
hydrolysis can be calculated as, 

pKa + pKa 
pH ofH2PO:; in aqueous medium I 2 

2 
2 pKa + pKa 

pH of HPO 4 - in aqueous medium = 2 3 
2 

Here, HPO~- is conjugate base of H 2P04" and H 3P04 is 
conjugate acid ofH2P04• 
Similarly, pol- is conjugate base of HPO~- and HPO~- is 
conjugate acid of PO~- • 

(iv) Let us consider amphiprotic bicarbonate anion. 
Hcoi- + H2 0 ~ CO~- + H; 0 (Ionization) 

Acid Conjugate base 

HC03 + H20 ~ H2C03 + OW (Hydrolysis) 
Base Conjugate acid 

HCO"3 H+ +C02-. 
3 '. 

[H+ ] [HCO;- ] 

[H2C03 ] 

K = [H+ ][CO~-] 
a2 [HCO;-] 

pH of HCO;- ion after hydrolysis in aqueous medium 

pKal +pKa2 
2 

(v) Let us consider the hydrolysis of amphiprotic anion along 
with cation, e.g., NH4 HC03 , NH4 HS. 

In above examples both cations and anions are derived from 
weak base and weak acids respectively, hence both will undergo 
hydrolysis in aqueous medium. 

When these salts are dissolved in water, [H3 0+] concentration 

can be determined as, 

[H3 0 +]= Kat [~+Ka2] 

pH - log K a I [~: + K a2 ] 

Table 10.1 Hydrolysis at a Glanee 

Hydrolysis 
. 

Salt Nature ...•. Dt!~ , .. .;tjI. , ' .' . , €onstaDt 

I. NaCl No . 
(Strong acid + Neutral hydrolysis 
Strong base) 

1.CH3COONa 
h=ffi 

K _Kw 1 
(Weak acid + Basic 

h-- pH = -[pKw 
CKa Ka 2 .. ;' 

Strong base) 
i 

+pKa+1ogC ] 
3.NH4Cl h= ~Kw Kh = pH 

1 
(Strong acid + Acidic CKb · Kb 

"2 [pKw 

Weak base) -pKb-1ogC ] 
4. CH3COONH4 Kh=~ 1 

(Weak acid + * h-~ KaxKb 
pH="2[pKw 

Weak base) KaxKb +pKa-pKb 1 

*In the case of salt of weak acid and weak base, nature of 
medium after hydrolysis is decided in the following manner: 

(i) If K a = K b' the medium will be neutraL 
(ii) If K a > K b , the medium will be acidic. 
(iii) If K a < K b , the medium will be basic. 

The degree of hydrolysis of salts of weak acids and weak bases is 
unaffected by dilution because there is no concentration term in 
the expression of degree of hydrolysis. 
[Note: Degree of hydrolysis always increases with increase in 

temperature because at elevated temperature increase in Kw is 
greater as compared toKa and Kb'] 

:: ::::a_SOME SOLVED EXAMPLES\!:::::: 
.~,~l1:xample 61. Calculate the degree oJhydrolysisandpH oj 
0.1 M sodium acetate solution. Hydrolysis constant oj sodium 
acetate is 5.6x 10-10

. 

or 

Solution: CH3COO- +H20~CH3COOH+ OW 
0.1(1 h) (O.lxh) (O.lxh) 

K _ [CH3 COOH][OW] 
h - [CH

3
COO-] 

(O.lxh)(O.lxh). 
O~l (1- h) , 

h is small (1 h)~ 1 

5.6x 10-10 O.lx h 2 

h2 = 5.6 x 10-
10 

= 56 x 10-10 

0.1 

h = 7.48 X 10-5 

[OH-] = Ch = 0.1 x 7.48 x 10-5 7.48 x 10-6 M 

K 10-14 

[H+] ~ = ----:-- = 1.33 x 10-9 M 
[OH-] 7.48x 

pH log [H+] log (1.33 X 10-9 ) =8.88' 

~"irJ~)E* .. tnple 62. When 0.2 M acetic acid is neutralised with 
0.2 M NaOH in 0.5 litre oj water the resulting solution is slightly 
alkaline. Calculate the pH oj the resulting solution. K a Jor 
CH 3 COOH -= 1.8 x 10-5

. 
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Solution: 0.2 M acetic acid will fonn 0.2MCH3 COONa in 

0.5 litre of water. Hence, concentration of sodium acetate, 
[CH3COONa] 0.1 mol L-1. 

or 

or 

CH3 COO-' + H2 0 
C (1- xl 

CH3COOH + OH-
CX c, 

(l x) ------7 1 

K - K w _ 1 X 10-
14 

- 5 5' 10-10 
h --- - • x 

Ka 1.8 X 10-5 

So, Kh Cx2 = 5.5 X 10-10 

2 5.5 X 10-10 
x = .. ~---,-- 55 X 10-10 

0.1 

[OW] = Cx = 7.42 x 10-5 x 0.1 7.42 x 10-6 M 

[H+ ] '" Kw = 1 X 1O-
i4 

= 1.3477 x 10-9 M 
. [OH-] 7.42 x 10-6 . 

pH ::::-log [H+ ]=10g(1.3477 X 10-9 ) = 8.87 
. . . 

1I\i'l:~pl~63~' 'Calcuiatethe hydrolysis constantfor NH4CI, 
pH value and [Orr:-l in 0.1 M NH 4 Cl solution. 

.. ' . . ... -5 .. ' '''14 
(KNH40H =L75xlO,Kw::::: 1.x.tO ) 

or 

. .... K 
Solution: Weknowthat,Kh = ~ 

. Kb 

So, Kh :::: . Ix 10-
14

= 5.7xIQ-I0 
L75x 

Hydrolysis ofNH4 CI can be represented as, 

Thus, 

NH4+ +H20~NH40H+ H+ 
C(I x) . CxCx 

Neglecting 'x' in denominator, 
10 . 

x2 Kh = 5.7x 10- = 57x lO-lO 
C 0.1 

x 7.55x lO-5 

[H+] = Cx:::; O.lx 7.55 x lO-5 :::: 7.55 X lO-6 M 

pH = log [H+ -log (7.55 x lO-{)):::: 5.12 

. K . 1 x 10:-14 
Again, [OW] = _w_ 1.32 x 10-:9 M 

[H+] 7.55xl0-6 

I~.;t~mple 64. Calculate the pH at the .equivalence point 
when a solution ofO.lM acetic acid is titrated with a solution of 
UlM sodium hydroxide. . 

K a for acetic acid:::: 1.9 X lO-5 (liT 1990) 

Solution: Concentration of sodium acetate .2J :::: 0.05 M 
2 

as equal volumes of the acid and the base will be used. 
The equilibrium is, 

CH3COO' +H20 CH3COOH+ OW 
C(I-x) Cx Cx 

where, x is the degree of hydrolysis, and 
Cx2 

K h =--
(I x) 

We know that, 
Kw Ix 10-14 
-::::---- 5.26x 10-10 

Ka 1.9 x 

So, K II Cx2 as (l x) ------7 1 

5.26 X 10-10 0.05 X x 2 

or 
2 5.26 X 10-10 

x :::: 1.05 X lO-8 
0.05 

or x:::: 1.025 X 10-4 

[OW] Cx 1.025 X 10-4 x 0.05 = 5.l25 x 10-{) M 

[H+ ] = I X 10-
14 

1.95 X 10-9 M 
5.l25x10-{) 

pH = log [H+]:::: -log (1.95 x 10-9 ) = 8.71 

i':~:.;2,~, ;','E,xamplc' 65. Calculate the amount of ammonium chloride 
required to dissolve in 500 mL water to have pH . 4.5. (K b for 
NH40H is 1.8 x 10-5 

) 

Solution: [H+]=IO-pH 10-45 =10-5 antilog 0.5 

::::3.162xlO-5 M 

Let C be, the concentration ofNH4 CI 

NH4+ + H2 0 NH40H + H+ 
C(I- h) Ch Cil 

If h is small, then 

Kh ::::-" =---::::5.5x lO-10 
[ 

K", 10-
14 1 

K b 1.8 X 

h=Kh=Kh 
Ch [H+] 

5.5 X 10-
10 

= 1.739 x 10-5 
3.162 x 10-5 . 

Ch::::[H+] 

[H+) 3.l62xlO-5 

C -- 1.8 mol 
h 1.739 x 10-5 

500 mL of ,-,;ater contains 1.8:::: 0.9 mole 
2 

Mass in g =0.9 x 53.5 48.l5g 

Example 66. Calcium lactate is a salt of a weak organic 
acid and represented as Ca(Lach. A saturated solution of 
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Ca(Lac h contains 0.13 mole of this salt in 0.50 litre solution. The 
pOH of this solution is 5.60. Assuming a complete dissociation of 
salt, calculateKa of the lactic acid. (lIT 1991) 

Solution: Ca(Lac);z ~ Ca 2+ + 2Lac-
0.13 x 2 M 2 x 2 x 0.13 M 

Lac- + H20~ HLac + OH-
At equilibrium (0.52 - x) x x 

2 2 
X X . II K h = = -- as x IS sma 

(0.52 - x) 0.52 

[OW] = 10-5:6 = 2.51 x 10-6 = X 

Kh = 2.51x 10-
6 

x 2.51x 10-
6 

= 12.12x 10-12 
0.52 

K 10-14 

K = ~ = = 8.26 X 10-4 
a Kh 12.12xlO-12 

>'>ExalDple 67. K a for butyric acid is 2 x 10-5
. Calculate pH 

and hydrOXyl ion concentration of 0.2 M aqueous solution of 
. sodium butyrate. {lIT 1994) 

SoluQon: Butyrate ion hydrolysis in solution into butyric 
acid and OH - i~ns. Let x mole of butyrate ion be hydrolysed. 

So, 

or 

C3H7~OGr + H20~C3H7COOH+ OH-
~2-~' x x 

x 2 

Kh =-.---
. (0.2-x) 0.2 

Kw 
K h =-

Ka 

K 2 
~=~ 
Ka 0.2 

10-14 x2 

2 X 10-5 0.2 

. (x being small is neglected 
as compared to 0.2) 

x 2 = 10-10 or X =10-5 mol L-I 

[OW] =10-5 M 

10-14 
[H+ ] = --' =10-9 M 

10-5 

pH =-Iog [10-9 ] "= 9 

Example 68. Calculate the pH of an qqueous solution. of 
I.OM ammonium formate assuming complete dissociation. pK a 
for formic acid = 3.8 and pK b of ammonia = 4.8. (lIT 1 \'95) 

Solution: Ammonium fonnate is a salt of weak acid and 
weak base. Hence, 

I I 
pH = 7 + - pK a - - pK b 

2 2 

= 7 + (1/ 2) x 3.8 - (1/2) x 4.8 

= 7 + 1.9 - 2.4 

= 6.5 

Example 69. A certain weak acid has K a = 1.0 x 10-4. 

Calculate the equilibrium constant for its reaction with a strong 
base. (lIT 1991) 

Solution: HA + BOH ~ BA + H20 
Weak Strong 

HA+B+ +OH- ~B+ +A- +H20 

or HA + OH -~ A - + H20 

[A -] 
K =---=-------=--

[HA][OW] 

In the above reaction, 

[HA][OH- ] 
Kh =------"--

. [A -] 

So, K=_I-
Kh 

K 10-14 

Kh=~= =10- 10 

Ka LOx 10-4 ' 
We know that, 

K =_1_ = 1010 • 
10-10 

. Example 70. Calculate for 0.01 N solution of sodium 
acetate: 

(a) Hydrolysis constant, (b) degree of hydrolysis, (c) pH. 

(Given, Ka = 1.9 x 10-5
) (MLNR 1991) 

K 10-14 

Solution:K =~= = 5.26x 10-10 
h Ka 1.9 x 10-5 

5.26 X 10-10 
---- = 2.29 X 10-4 

0.01 

CH3COO- +H20~CH3COOH+ OW 
Ch 

[OH-] =C x h = 0.01 x 2.29x 10-4 

=2.29xI0-6 M 

[H+] =~ = 10-
14 

. = 4.37 x 10-9 M 
[OH-] 2.29 x 10-6 

pH = -log [H+}= -log (4.37 x 10-9
) = 8.36 

Example 71. H 2C03 ionises as, 

H 2C03 ~H+ + HC03; KI =4.3xI0-7 

HC03 ~H+ +CO~-; K2 =5.6xI0-11 

Calculate the degree of hydrolysis and pH value of 0.12 M 
Na2C03 solution. 

Solution: Na2C03 is a salt of strong base and weak acid. 

Thus, CO~- ion is hydrolysed. 

CO~- +H20~HC03 + OH-
0.12(1- h) 0.12h 0.12h 
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or h2 = = Kh 
C 0.12 

10-14 
-----:.,- = 1.7857 X 10-4 We know that, K h = K w 

Ka ,K2 

So, h2 = 1.7857 x 10-4 14.88 xl 0-4 
0.12 

h = 3.85 X 10-2 

[OH-] =Cx h = O.12x 3.85 x 10-2 

= 0.462 X 10-2 4.62 X 10-3 

lO-14 
[H+] = 2.164x 10-12 M 

4.62x 

pH= -log [H+] -log (2.164 x lO-12) 11.665 

1.IR~~lpie 72. How much must a 0.2 M solution of sodium 
acetate be diluted at 25°C in order to double the degree of 
hydrolysis ? 

Solution: Let h be the initial degree of hydrolysis 

Kh =Ch 2 
"" 0.2x h 2 

.•• (i) 

Let the concentration be C1 when degree of hydrolysis is 2h. 

Kh C;(2h)2 ... (ii) 

Dividing both the equations, 

Applying, 

1= 0.2 x (h
2

) 

4C1 X(h)2 

C
1 

0.2 = 0.05 M 
4 

M1V1 =M2V2 

0.2VI = 0.05 X V2 

V2 = 0.2 VI = 4V1 
0.05 

The solution be diluted four times. 

~@tlple 73. Calculate change in pH upon ten-fold 
dilution of the following solutio:;s: 

(a) 0.1 HCl (b) 0.1 M acetic acid (c) 0.1 M NH4Cl 

Ka CH3COOH = 1.8x 10 5, Kb NH3 "" 1.8 x lO-5 

Solution: (a) HCl is a strong acid. It is completely ionised " 
in solution. 

HC1 H+ +Cl-

(H+ ] = 0.1 lO-1 

pH = log [H+] = -log (10-1 ) 

After dilution, [H+] 0.01 = 10-2 M 

pH -log [H+ ] -log 10-2 = 2 

pH change from 1 to 2. 

(b) CH3COOH~CH3COO- + H+ 
(0.1 x) x x 

(CH3COOHisa weak acid) 

X2 
1.8 X 10-5 or x2 l.8 x lO-6 or x = 1.34 X 10-3 

0.1 ,,,..,. ,'",*, 

pH =-log x = -10~f(1.34 X 10-3
) 2.87 

After dilution, 

= 1.8 X 10-5 or x~ = 18 X 10-8 or Xl = 4.24 X 10-4 M 
0.01 

pH = log X = -log 4.24 x 10-4 3.37 

pH change from 2.87 to 3.37. 
(c) NH4 CI is a salt of weak base and strong acid. 

NH4+ +H20~NH40H+ H+ 
(0.1 h) h h 

h2 

-=Kh or h2 O.lxKh 
0.1 

[
Kh=Kw lO~14 =5.55XlO-10 ] 

Kb 1.8 x lO-5 

= 0.1 x 5.55 x 10-10 

h 7.45 X 10-6 [H+] 

pH log (7.45 x 10-6 ) "" 5.128 

After dilution, h 2 O.OlxKh 0.01x5.55xlO-1O 

h = 2.35 X lO-6 

pH= -log 2.35 x 10-6 = 5.627 

pH change from 5.128 to 5.627. 

34. The pH of a solution obtained by mixing 100 mL of 0.2 M 
CH3COOH with 100 mL of 0.2 MNaOH would be: 
(Given: pKa for CH3COOH = 4.74) 
(a) 4.74 (b) 8.87 (c) 9.10 (d) 8.57 
[Ans. (b)] 

[Hint: Concentration of salt fonned will be 0.1 M. 

CH3COOH + NaOH ~ CH3COONa + H20 
I 

pH = [pKw + pKa + logC] 
2 

1 [14 + 4.74 -1]= 8.87 ] 
2 ' 

35. The pH of 0.02 MNH4Cl(aq. )(pKb 4.73) is equal to: 

(a) 3.78 (b) 4.73 (c) 5.48 (d) 7.00 
[Ans: (c)] 

1 
[Hint: pH = 2 [pKw - pKb -logC] 

1 
= [14-4.73 log 0.02] 

2 

= 1 [14 - 4.73 + 1.698] 5.48] 
2 

36. pH of 0.05 M(CH3COO)2Ca (pKa = 4.74 )is: 

(a) 8.72 (b) 8.87 (c) 7 (d) 1.30 
[Ans. (b)] 

[Hint: [CH3COO-] = 2 x 0.05 = 0.1 

1 
pH [pKw+pKa+1ogC] 

2 

1 
=-[14 + 4.74 + logO.I] 

2 
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I 
= - [14 + 4.74 -1] = 8.87] 

2 

37. The degree of hydrolysis of which of the follo"l:l:mg salt is 
independent of the concentration of salt solution? 
(a) CH3COONa (b) NH4CI 
(c) CH3COONH4 (d) NaCI 
[Ans. (c)] 
[Hint: It is the salt of weak acid and weak base, hence its degree 
of hydrolysis will be independent of concentration. 

h r=x::=] 
V~ 

38. The pH of 1 M PO~- (aq.) solution will be: (given pK b of 

PO~- = 1.62) 

(a) 1.62 (b) 12.38 (c) 13.19 (d) 7 
[Ans. (c)] 

[Hint: pKa = 14 pKb = 14 - 1.62 12.38 

1 
pH = "2 [ pKw + pKa + log C] 

1 . 
[14 + 12.38 + 0]= 13.19 ] 

2 

39. For the following equilibrium: 

40. 

41. 

NH3 + H20 mr; + Olr 

calculate the equilibrium constant, if for the equilibrium, 
Na;- + H20 ~ N140H + W 

the equilibrium constant is 5.5 x 10-10
. 

(a) 1.8 x 10-4 (b) 1.8 x 10-5 (c) 1.8 X 10-6 (d) 1.8 x 10-7 

[Ans. (b)] 

[Hint: Kw = Ka x Kb 

10-14 5.5 X 10-10 x Kb 

K b = 1.8 X 10-5 
] 

Which of the following expressions is not applicable on the 
hydrolysis equilibrium? IPET (Raj.) ,20041 

CW +H20~HCN+Olr 

(a)K - (b) h =.Fch 

h - Ka(HCN) V 

1 
(c) pH -pKa(HCN) 

.2 
[Ans. (c)] 

(d) (W ) ~ K w x K a C . 

[Hint: For the salt of weak acid and strong base: 
1 

pH 2 [pKw + pKa -logC] 

The pK a of weak acid HA is 4.80 and the pK b of a weak base 
BOH is 4.78. The pH of an aqueous solution'of corresponding 
saltBAwill be: (AlEEI': ,W08i 
(a) 9.22 (b) 9.58 (c) 4.79 (d) 7.01 
[Ans. (d)] 

1 
[Hint: . pH = 2 [pKw + pKa - pKb] 

1 ' 
=="2 [14 + 4.8 4.78]= 7.01] 

;~lti! THEORY OF INDICATORS· 
An indicator is a substance which is used to determine the 
end point in a titration. In acid-base titrations, organic 
substances (weak acids or weak bases) are generally used as 
indicators. They change their colour within a certain pH range. 
The colour change and the pH range of some common indicators 
are tabulated below: 

Indicator' pBranp>:~, 'COlo¥Jr •• ' 
-~~~. -.-.-~~---~--.-::.~---:.----.:.....-.-...:~- ... _._. __ . '.-- '-",".--,-~,-=-~,-.-~"" .. --

Methyl orange 
Methyl red 

3.2 4.5 
4.4 6.5 

Pink to yellow 
Red to yellow 

Litmus 5.5 - 7.5 Red to blue 
Phenol red 6.8 - 8.4 Yellow to red 

.~~~~olp~~~Il.l:in 8,3 10.5 Colourless to pink 

Theory of add-hase indicators: Two theories have been 
proposed to explain the change of colour of acid-base indicators 
with change in pH. 

1. Ostwald's theory: According to this theory: 
(a) The colour change is due to ionisation of the acid-base 

indicator. The unionised form has different colour than the 
ionised form. 

(b) The ionisation of the indicator is largely affected in acids 
and bases as it is either a weak acid or a weak base. In case, the 
indicator is a~eak acid, its ionisation is very much low in acids 
due to common H+ ions while it is fairly ionised in alkalies. 
Similarly, if the indicator is a weak base, its ionisation is large in 
acids and low in alkalies due to common OH- ions. 

Considering two important indicators phenolphthalein (a 
weak acid) and methyl orange (a weak base), Ostwald's theory 
can be illustrated as follows: 

Phenolphthalein: It can be represented as HPh. It ionises in 
solution to a small extent as: 

HPh 
Colourless 

Applying law of mass action, 
[H+ ][Ph-] 

K = .::...--=-='----"-

[HPh] 

The undissociated molecules - of phenolphthalein are 
colourless while Ph - ions are pink in colour. In presence of an 
acid, the ionisation of HPh is practically negligible as the 
equilibrium shifts to left hand side due to high concentration of 
H+ ions. Thus, the solution would remain colourless. On addition 
of alkali, hydrogen ions are removed by OH- ions in the form of 
water molecules and the equilibrium shifts to right hand side. 
Thus, the concentration of Ph ions increases in solution and 
they impart pink colour to the solution. 

Let us derive Henderson's equation for an indicator 

HIn + H20 ___ H;0+. In-
'Acid form' 'Base form' 

t t 
Conjugate acid-base pair 

K - [In - 0] '(K . Ionization constant of indicator) 
In - [HIn] , In 
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[H;O] =Kln X [HIn] 
[In-] 

+ [HIn] 
pH= loglo[H3 0]= 10gIO[KIn]-logJO-

[In -] 

p~ =pK In + loglo [In -] (Henderson's equation for indicator) 
[HIn] . 

At equivalence point; 

[In -] = [HIn] and pH = pK In 

Methyl orange: It is a very weakbase and can be represented 
as MeOH. It is ionised in solution to give Me + and OH- ions . 

. MeOH Me+ + OH-
Yellow Red 

Applying law of mass action, 
[Me+][OH-] 

K 
[MeOH] 

In presence of an acid, OH- ions are removed in the form of 
water molecules and the above equilibrium shifts to right hand 
side. Thus, sufficient Me + ions are produced which impart red 
colour to the solution. On addition of alkali, the concentration of 
OH- ions increases in the solution and the equilibrium shifts to 
left hand side, i.e., the ionisation of MeOH. is practically 
negligible. Thus, the solution acquires the colour of unionised . 

. methyl orange molecules, i.e., yellow. . 
This theory also explains the reason why phenolphthalein is 

not a suitable indicator for titrating a weak base against strong 
acid. The OH- ions furnished by a weak base are not sufficient to ' 
shift the equilibrium towards right hand side considerably, i.e., 
pH is not reached to 8.3. Thus, the solution .does not attain pink 
colour. Similarly, it can be explained why methyl orange is not a 
suitable indicator for the titration of weak acid with strong base. 

2. Quinonoid the(try: According to this theory: 
(a) The acid-base indicators exist in two tautomeric forms 

having different structures. Two forms· are in equilibrium. One 
form is termed benzenoid form and the other quinonoid form. 

ACH- CH · 
~ ~' 

-C C-
"" / CH=CH 

< 

/CH=C~ 
=C C= ",. / 

'., CH=CH 

(b) The two forms have different colours. The colour change 
is due to the interconversion of one tautomeric form into other. 

(c) One form mainly exists in acidic medium and the other in 
alkaline medium. 

Thus; during titration the medium changes from acidic to 
alkaline or vice-versa. The change in pH converts one tautomeric 
form into other and thus, the colour change occurs. 

Phenolphthalein has benzenoid form in acidic medium and 
thus, it is colourless while it has quinonoid form in alkaline 
medium which has pink colour. 

Methyl orange has quinonoid form in acidic solution and 
benzenoid form in alkaline solution. The colour of benzenoid 
form is yellow while that of quinonoid form is red. 

. 0 o <CH
3 

-038-" j-NH-N= _ =N CH 

Quinonoid form ~ Acidic solution (red) 3 

~jf~ 
O 0 <

CH3 

-038-" j-N=N-" j-N 
, CH3' 

Selection of suitable indicator or choice of indicator 
The neutralisation reactions are of the following four types: 
(i) A strong acid versus a strong base. [Fig. 10.1 (a)] 

(ii) A weak acid versus a strong base. [Fig. 10.1 (b)] 
(iii) A strong acid versus a weak base. [Fig. 10.1 (c)] 
(iv) A weak acid versus a weak base. [Fig. 10.1 (d)] 
In order to choose a suitable indicator, it is necessary to 

understand the pH changes in the above four types of titrations. 
The change in pH in the'vicinity of the equivalence point is most 
important for thispurpose. The curve obtained by plotting pH as 
ordinate against the volume of alkali added as abscissa is known 
as neutralisation or titration curve. The titration curves of the 
above four types of neutralisation -reactions are shown in Fig. 
10.1 (a), 10.1 (b), 10.1 (c) and 10.1 (d). 

Strong acid 
12 and strong base 
11 

t10 
Q) 9 

..2 8 
~ 7 
r6 
a. 5 

4 
3. 
2~~~--~--~~ 

22.5 25 27.5 
mLofbase -too-

12 
11 

t10 
, 9 
~ 8 
~ 7 
J: 6 
a. 5 

4 

(a) 
Strong acid 
and weak base 

3 
2~~~--~--~-

22.5 25 27.5 
. mL of base __ 

(c) 

1.2 
11 

t lO 
Q) 9 
'" 8 
~ 7 
J: 6 
0.5 

4 
3 
2~-~-~-~~ 

22.5 25 27.5 
mLofbase_ 

(b) 
Weak acid and 
weak base 

25 27.5 
mLofbase_ 

(d) 
Fig. 10.1 

In each case 25 mL of the acid (N/lO) has been titrated against 
a standard solution of a base (NIlO). Each curv.e becomes almost 
vertical for some distance [except curve Fig. 10.1 (d)] and then 
bends away again. This region of abrupt change in pH indicates 
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the equivalence point. For it' particular titration, the indicator 
should be so selected that it changes its colour within vertical 
distance of the curve. . 

(i) Strong acid vs. strong base: pH curve of strong acid 
(say HCI) and strong base (say NaOH) is vertical over-almost the 
pH range ~ 1 O. So, the indicators phenolphthalein (PH range 8.3 
to 10.5), methyl red (PH range4.~.5) and methyl orange (PH 
range 3.24.5) are $uitablefor such a titration. 

(ti) Weak acidvs. strong base: pH curve of weak acid (say 
CH3COOH or oxalic acid) and strong base (say NaOH) is 

12 
'. 11 

1
.10 

.' 9 

8 
:<1> • 

•• :::S 7 
~. 

'J: 
. 0.'5. 
'4 

3 
2~~ ____ ~ ____ ~ __ ~~~ 

40.0. . 50.0 20.0 30.0. 
mLofHCI-

Fig. 10.2 

1~1iJ.~ample 1. Ionisation constant of NH: in' water is 

5.6x 10-10 at 25°C. The rate constantfor reaction ofNH: and 

OH- to fonn NH3 and H 20 at 25°C is 3.4 x 1010 litre mol-I 

sec -I. Calculate rate constant for proton transfer from water to 
NH3 • (lIT 1996) 

kf 
Solution: NH3 + H20~ NH; + OH-; kb = 3.4 xlOIO 

kb . 

NH; +H20~NH40H+H+;ka =5.6xlO-1O 

k j 
K Bese =.- = ... (i) 

kb K Acid 

K Acid X K Base ... (ii) 

3.4 X 1010 

k j = 6.07 X 105 

~itD;lple 2. K a for the acid ionisation constant of Fe 3+ to 

Fe(OH)~+ and H+ is 6.5 x 10-3 . What is the maximum pH value 

which could be used so that at least 95% of total Fe3+ ion in 
solution exists free? 

Solution: Fe3+ + H20 ~ Fe(OH)2+ + H+ . 

5 + 
2+ +] x [H ] 

K= [Fe (OHh] [H = 100 =6.5xlO-3 
[Fe3+] 951100 

vertical over the approximate pH range 7 to 11. So, 
phenolphthalein is the suitable indicatorfor such a titration. 

(iii) Strong acid VS. weak base: pH curve of strong acid 
(say HCI or H2S04 or RNO]) with a weak base (say NH"OH) is 
vertical over the pH range of 4 to 7. So, the indicators methyl red 
and methyl orange are suitable for such a titration.· 

(iv) Wea({ acid vs. weak base: pH curve of weak acid and 
weak base indicates that there is no vertical part and hence, no . 
suitable indic~tor can be used for such a titration. 

. Titration of soluble carbonate with strong ac~d. 
pH curve of sodium carbonate with HCI shows two inflection 

points (Fig. 10.2). First inflection point (PH 8.5) indicates 
conversion of carbonate into bicarbonate. 

Na2C03 + HCI NaMC03 + NaCI 

As the inflection point lies in the pH range 8to 10, 
phenolphthalein can be used to indicate the above conversion. 
The second inflection point (pH= 4.3) indicates the following 
reaction: 

. NaHC03 + HCI 

As the poiht lies between 3to 5, methyl orange can be used. 

[H+]=0.12M 

pH=-log 0.12 = 0.91 

~~f~Jt~U1ple 3 •. K a for ascorbic acid (HAsc) is 5 x 10-5
. 

Calculate the hydrogen ion concentration and percentage 
hydrolysis in an aqueous solution in which the concentration of 
Asc - ions is 0.02 M. (1fT 1997) 

Solution: 

Degree of hydrolysis' h' 

= 

{K:
Va:: 

10-14 

0.02 x 5 x 10-5 

% hydrolysis 0.01 
I 

pH [pK w + pK a + log C] 
2 

= 1 [14 + (-log 5 x 10-5
) + log 0.02] 

2 . 
pH= 8.3 

[H+] 5 x 10-9 M 

i:'. ... ~alllple 4. Detennine the number of moles of AgI which 
may be dissolved in 1 litre of1 M CN - solution K sp for AgJ and 

Kc for- A:J(CNri are 1.2 x 10-17 M2 and 7.1x 1019 M- 2 

respectively. orr 1998) 
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Solution: AgI(s) Ag + + r 

Ksp == [Ag +][r] 1.2 x 10-17 

Ag+ +2CW [Ag(CN)2r 

K = [Ag(CN};:] = 7.1x 1019 

f [Ag + ][CN-]2 

. Keq =Ksp x Kf 

= [Ag(CN};: ][r] == 1.2 X 10-7 x 7.1 X 1019 

[CN- J2 
== 8.52x 102 

Let us consider the following equilibrium: 
AgJ(s) + 2CN- ~[Ag(CN)2] + I-

t =0 1 0 0 
ler; 1 2x x x 

Let ':i' moles of Aglbe dissolved in CN- solution. 

Then, 
Ag(CN);: + r 

K == 8.5x 102 = XXx 
eq (1 2x)2 

_x_==29.2 
1- 2x 

x= 0.49 mole 

Ag(NH3 )i Ag+ + 2NH3, 

of AgCI is 1.8 x 10-10 at 298 K. 

Calculate concentration of the complex in 1 M aqueous 
ammonia. (lIT 1998) 

Solution: AgCI 

On adding ammonia solution, complex formation takes place. 

Ag + + 2NH3 [Ag(NH3 h t ... (0 
(x y) 1 Y 

where, x = solubility of Agel in NH) 

y = amount of complex formed 

Ksp of AgCI =[Ag + ][CI-] 

1.8x 10-10 ==(x- y)xx 

K for equation (i)= [Ag(NH3 ht 
C . [Ag + ][NH3]2 

Y 

.6.2x (x- y)1 

On solving equations (ii) and (iii), we get 

y==0.0539M 

... (ii) 

... (iii) 

~)jtqple 6. An aqueous solution of aniline of concentra
tion 0.24 is prepared. What concentration of sodium hydroxide is 
needed in this solution so that anilinium ion concentration 
remains at Ix 10-8 M?Kaf()rC6H5NH; is 2.4 x 10-5 M. 

. (lIT 1996) 

Solution: C6H5NH2 + H20 C6HSNH; +- OW 

Thus, K/) :)C6HsNH;][OW] ... (i) 
[C6H5NH2 ] 

... (ii) 

Since, dissociation of C6 H5 NH2 occurs in presence of NaOH 
and thus dissociation of C6H5 NH2 will be suppressed. 

Thus, [OW J ?; [C6H5NH2 ] =0.24 ; [C6HsNH; ]=10-8 

10-14 10-8 x [OH-] 
Therefore, == ----'----'-

2.4 X 10-5 0.24 

[OH-] == 0.24 X 10-
14 

. == 0.01 
2.4 x 10-5 x 10-8 

[NaOH] O.OlM 

[.~i:'3(~ximple 7. A solution contains 0.05 mol litre -\ of Ba 2+ 
ions and 0.002 mol litre -1 of Ag + ions. The metals are to be 

precipitated by addition of chromate ions, cr01-. Which ion 

precipitates first? What percentage of this ion remain in the 
solution when the second ion begins to precipitate? 

Ksp Ag2Cr04 = 3x 10-12
, Ksp BaCr04 = Ix 10-10 

Solution: CrO~- ion concentratioI! required for precipitation: 

For BaCr04: 
K BaCrO ' 10c-1O 

[cr02-] = sp 4 = __ = 20x 10-10 M' 
4 [Ba 2+ ] 0.05 

For Ag2Cr04: 
K Ag CrO . 3x 10-12 

[CrO~-] == sp 2 4 == == 0.75 X 10-6 M 
[Ag +]2 [0.002]2 

Ba 2+ will be precipitated fIrst because it requires low 
concentration of CrO~-. Remaining cone. of Ba 2+ when Ag + 

will start precipitation. 

K BaCrO 10-10 
sp 4 = = 1.33x 10-4 M 
[CrO~-] 0.75 x 10-6 

2+ 
[Ba ] Remaining 

% of remaining Ba 2+ = 1.33 X 10-4 x 100 = 0.26% 
0.05 

i;f~'CE:x:ample 8. Calculate pH change which results when 50 
mL of 0.1 M HN03 is added to each of the following at 25" C: 

(a) 1.00 litre of pure water. 
(b) 1.00 litre of a solution containing acetic acid and sodium 

acetate each of 0.1 M concentration. 
. Solution: 
(a) Molarity after dilution = M 2 

M\Vj =M2V2 

O.lx 50==M2 x 1050 
M2 = 0.00476 
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(b) 

pH -log (0.00476) = 2.322 

Change in pH of water = 7 2.322 = 4.68 

PH=pK + log [Salt] 
a [Acid] 

= 4.7447 + log 0.1 = 4.7447 
0.1 

Moles ofHN03 added = ~ x 50= 5 X 10-3
; it will convert 

1000 
sodium acetate to acetic acid. 

pH 4.7447+IOg[0.1 5X1O-
3

]=4.70123 
0.1 + 5x 10-3 

Change in pH 4.7447-4.70123 0.043 

~l~:};E"ample 9. A certain monoprotic acid (weak) serves as 
indicator. Assuming that colour change is seen when 1I3rd of the 
indicator has been converted to ions and that at end point the pH 
of solution is 6, what is the value of pK In ? 

Solution: HIn H+ + In - (Ionization eqUilibrium of 
indicator) 

[In - ] 
pH= pKIn + log 10 -

[HIn] 

6 pK In + log 10 [
0

.3 
3

] (1I3rd conversion) 
. 0.67 

pKIn = 6.307 

;f:~~ij:~ample 10. What is the 1r!inimum pH of a· solution 
0.10 Min Mg2+ from which Mg(OHh will not precipitate? Ksp 

Mg(OHh = 1.2 x 10-11 M3. 

Solution: Given that, 

Ksp Mg(OHh =[Mg 2+ ][OW]2 

1.2 X 10-11 [0.1][OW]2 

[OH- f = 1.2 X 10-10 

[OW] 1.0954 X 10-5 M 

pOH = log 10 (1.0954 X 10-5 
) "" 4.96 

pH 14 4.96 9.04 

Thus, at 9.04 pH, precipitation will not take place. 

.. ~g;~~r~Jample n. What is the pH of 10-7 moilitre-I HCl at 
, 25°C? 

Solution: [H+] =[H+ ]Acid + [H+ ]Water 

10-7 + 10-7 = 2 X 10-7 M 

pH= log (2x 10-7 )= 6.70 

;1;i7~~Jample 12. A solution contains 0.1 M cr and 0.001 M 
CrOi-. If solid AgN03 is gradually added to this solution, 

which will precipitate first, AgCI or Ag2Cr04? Assume that 

the addition causes no change in 
Ksp AgCl 1.7 x 10-10 M2 and KspAg2Cr04 

volume. Given 
1.79x 10-12 M3. 

What per cent of cr remains in the solution when CrOi-
{ 

starts precipitating? 
Solution: Ag + ion concentration required for precipitation: 

For AgCl: 

AgCl 1. 7 x 10-10 

= 
[Cl-] 0.1 

Ksp Ag 2Cr04 = 1.79 x 10-12 

[CrOi- ] [0.001] 

[Ag +] =[1.79x 10-9 M2 f2 

4.23x 10-5 M 

AgCI will precipitate first because it requires low cone. 
of Ag+. 

K of AgCl 
Remaining cone. of [Cl-] = ---'sp'---

[Ag+] 

1.7 x 10-10 

4.23 x 10-5 
4.01x 10-6 M 

% Remaining conc.of[Cl-] = 4.0lx 10-
6 

x 100= 4 x 10-3 % 
0.1 

'Example 13. 25 mL of 0.1 mol dm -3 aqueous pyridine 
(Kb =1.7xlO-9 moldm-3 ) is titrated with 0.1 mol dm-3 

hydrochloric acid. Calculate the pH initially. at equivalence and 
after 30 cm3 hydrochloric acid have been added. 

Solution: For salt of weak base and strong acid: 

1 . 
pH - [pK w - pK b - log C] 

2 

pKw = 14; pKb = loglo 1.7 x 10-9 = 8.769; C = 0.05 

1 
pH= - [14 - 8.769+ 1.30102] = 3.27 (pH at equivalence) 

2 ' 

5 cc 0.1 M HCl will be considered for pH. 

Mole of HCl remaining =~ x 5=5 X 10- 4 

1000 
. 5x 10-4 

New molanty = x 1000 = 0.00909 M 
55 

pH= -log [0.00909] = 2.04 

,Example 14. If very small amount of phenolphthalein is 
added to 0.i5 mol litre-I solution of sodium benzoate. what 
fraction of the indicator will exist in the coloured form? State any 
assumption that you make. 

K a (Benzoic acid) = 6.2 X 10-5
, K w (H20) = 1 x 10-1

\ 

KIn (Phenolphthalein) 3.16x 10-10 

. I 
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Solution: Fonnula for pH of salt hydrolysis: 
1 ' 

pH= 2 [pKw + pKa + log C] 

1 "2 [14 log 10 6.2 X 10-5 + log 0.15] 

= 8.6918 
Fonnula for pH of indicator: 

[In - ] , 
pH pK In + log 10 --, 

[HIn] 

-10 [In-] 
8.6918= 10gIO (3.16x 10 )+ log 10 --

[HIn] 

0.16= [In ]1 [HIn] = Fraction of indicator in coloured form 

Example 15. How much NH 3 must be added to 0.004 M 
Ag+ solution to prevent the precipitation of AgCI when (Cr) 

reaches 0;001 M? Ksp for AgCl is 1.8x 10-10 
. and K for 

Ag(NH3 )r is 5.9x 10-8. 

Solution: 

[Ag+]= Ksp = 1.8 x 10-
10 

= 1.8 x 10-7 M 
[Cl-] 0.001 

NH3 is added to keep the cone. of Ag + below 1.8 x 10- 7 M 

to prevent precipitation. 

[Ag(NH3 h t at above limiting condition' 

= 0.004 - 1.8 x 10-7 
"" 0.004 M 

Ag+'+ 2NH3 

Kd = [Ag+][NH3]2 

[Ag(NH3 ht 

5.9x 10-8 [1.8 x 10-7 ][NH3 ]2 

[0.004] 

[NH3] = 0.036 M 

[NH3 hOlal =[NH3']Free + [NH3 ]complexed 

0.036 + 2 x 0.004 = 0.044 moillitre 

'f~~~:~$jample 16. Calculate the percentage error in hydronium 
. ion concentration made by neglecting ionization of water in 10-6 

MNaOH. 

• [H 0+] Kw' 10-
14 

10-8 M Solution: 3 --, - = --= 
, [OW] 10-6 

[Neglecting ionization of water] 
Consider ionization of water. 

[H30+] = Y [OW] = ( y + 10-6) 

[H30+][OW] == Kw ;: 10-14 

y[ y + 10-6 ] ::;}0-14 

i + 10-6 y_IO-14 = 0 

~On solving for y, y 9.9 X 10-9 

0/ 10-
8 

9.9 X 10-
9 

, 100 10/0 
/0 error == Xl /( 

9.9x 

:~yj,,';:;,E:xample 17. Determine the silver ion concentration in a 
0.2 M solution of [Ag(NH3 h]N03' 

Solution: 

Ag(NH3 ); Ag+ + 2NH3 

K" - [Ag+ ][NH3 ]2 '6.8 X io-8 
diss. - [Ag(NH

3
);] 

Let concentration of Ag + at equilibrium be' C'M. 

[NH3 ]=2CM 
K [Ag+][NH3 f 

[Ag(NH3 ); ] 

Cx4C 2 

6.8xlO-8 

0.2 
C=0.0015M 

, ,t";:f,;oExafuple 18. The solubility of silver acetate in pure water 
at 25° Cis 835 g litre -1 and 61.8 g litre -1 in an acid solution of 

pH = 3.Calculate: 
(1) Ksp of silver acetate and 

(il) dissociation constant of acetic acid. 

Solution: (i) CH3COOAg (mw) 167 

S = 8.35 moll litre = 0.05M 
167 

K sp = S 2 = (0.05)2 2.5 X 10-4 M 

(ii) Use expression of saIt hydrolysis to calculate K a • 

1 
pH= [pKw + pKa + log C] 

2 

Ka = 1.8x 10-5 

i~~:··:Ex.mple 19. How many moles of NH 3 must be added to 1 
litre of a 0.1 M AgN03 to reduce Ag + concentration to 

2x 10-7 M? 

Ag(NH3 ); ~ Ag+ + 2NH3 

K [Ag+][NH3]2 =6.8xlO-8 
dist. 

[Ag(NH3); ] 

Solutiou: [Ag(NH3 ht "'" O.lM 

[Ag+ ]=2x 10-7 

K = [Ag + ][NH3 ]2 

[Ag(NH3 ht 
6.8 x 10-8 = 2 X 10-

7 
[NH3 ]2 

Ul 
[NH3] =0.184 M 

It is the concentration of freeNH3 . 

[NH3 hotal =[NH3 hree + [NH3 ]complexed 

=0.184 + 2 x 0.1 = 0.384 M 

m~i~jrlp.e 20. A buffer of pH 8.50 is prepared from 
0.02 mole of KCN The desired volume of buffer solution is to be 1 
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litre. How will you make this buffir by using HCI? What is the 
change after addition of 0.5 x 10-4 mole HCI to 100 cm3 and same 

amount ofNaOH in 100 cm3 ofbuffir? (K a HCN = 6.2 x 10-10
) 

Solution: KCN + HCl-----7 KCl + HCN 
~m-~ x x x 

[Salt] 
pH=pK + log --

a [i\cid] 

·8.50 = -log (6.2 X 10-10 ) + log 10 [O.O~ - X] 

8.50 = 9.2076 + log 10 [O.O~ - X] 

x= 0.01672 
(Buffer is prepared by adding 0.01672 mole of HCl in salt 

KCN.) 
Calculation of pH change when HCl is added: 

Moles of HCl added in 1 litre buffer = 0.5 x 10- 3 

HCl will convert more salt into acid. 

pH=9.2076+log
lO 

0.00382-0.5x 10-
3 

=9.4156 
0.01672+0.5x 10-3 

pH change =9.4156- 8.50=0.9156 

.. ;\~xaniple 21. What (H30+) must be maintained ina 

saturated H 2 S solution to precipitate Pb 2+, but not Zn 2+ from a 

solution in which each ion is present at a concentration of 0.0 1M? 
(Ksp H 2S = l.lx 10-

22 
and Ksp ZnS = LOx 10-

21
) (lIT 2000) 

Solution: 
K sp ZnS = [Zn 2+ ][S2-] = 1.0 X 10-21 

or 0.01 x [S2-] = 1.0 X 10-21 

or [S2-] = 1.0 X 10-19 

To start precipitation of ZnS, the required concentration of 
sulphide ions is 1.0 x 10-19 . 

or 

or 

K sp H2 S =[H+]2 [S2- ] = 1.1 >< 10-22 

[H+] 2 1.1 X 10-
22 

= 1.1 X 10-3 

l.Ox 10-19 

[H+]=0.0331M 

Thus, the hydrogen ion concentration higher than 0.0331 M 
will reduce the concentration· of sulphide ions which will not 
allow the precipitation of Zn 2+ ions as ZnS and under this 
condition only PbS precipitation occurs. 

Example 22. The average concentration of S02 in the 
atmosphere over a city on a certain day is 10 ppm, when the 
average temperature is 298 K. Given thq.tthe solubility ofS02 in 
water at 298 K is 1.3653 mol litre-l and the pK a of H 2S03 is 

1.92, estimate the pH of rain on that day. (lIT 2000) 

Solution: pK a = 1.92 

Ka = antilog (-1.92)= 0.012 
. H2S03 ~ 2H+ + SO~-

1=0 c· 0 0 
teq C-Ca 2Ca Ca 

[H+ f[S02-] 
K = 3 

a [H2 S03 ] 

0.012 = (2Ca)2 X Ca = 4C
2
a 3 "" 4C 2a 3 

C(l-a) (I-a) 

0.012 = 4 x (1.3653i x a 3 

or a = 0.l17 

[H+] = 2Ca = 2 x 1.3653 x 0.l17 = 0.3194 

pH = - log 10 (0.3194) = 0.495 

~j';:·-Example 23. 0.16 g of N2H4 are dissolved in water and 
the total volume made up to 500 mL. Calculate the percentage of 
N 2H 4 that has reacted with water at this dilution. The K b for 
N 2H4 is 4.0 xl 0-6 M (lIT li}98) 

Solution: Concentration ofN2H4, 

[N H ] = 0.16 x 1000 = O.OlM 
2 4 32 500 

N2H4 +H20~N2H; +OH-
At equilibrium I-a a a 

2 2 Kb 4.0x 10-6 -4 
K b = Ca or a = - = = 4 x 10 

C 0;01 
or a = 2x 10-2 

i.e., 2% 

;.'Example24. What will be the resultant pH when 200 mL 
of an aqueous solution of HCI (pH == 2) is mixed with 300 mL of 
an aqueous solution of NaOH (pH == 12)? (lIT 1998) 

Solution: pH of HCl = 2 :. [HCl] = 10-2 M 

pHofNaOH=12 :.[NaOH] =10-2 M 

HCl + NaOH ~ NaCl + H20 

rneq after reaction o· 100 X 10-2 

= 1 

[OH-] after reaction = _1_ == 2 x 10-3 M 
500 

pOH == -log [OH-] == -log 2 x 10-3 = 2.7 

pH=14-2.7=11.3 

. ·o;Exainple 25. 500 mL of 0.2 M aqueous solution of acetic 
acid is mixed with 500mL of 0::2 M HCI at 25°C. 

(a) Calculate the degree of dissociation of acetic acid in the 
resulting solution and pH of the solution. 

(b) If 6 g of NaOH is added to the above solution, determine 
final pH Assume there is no change in volume on mixing. K a for 
acetic acid is 1.75 x 10-5 M (lIT 2002) 

Solution: (a) Conc. of HCl and CH3COOH after mixing 

will beO.1 M . 
CH3COOH~CH3Cob- +H+ 

t = 0 .0.1 o 0.1 (from HCl) 

teq 0.1 - x x (0.1 + x) 

K == [CH3COO- ][H+] 

a [CH3COOH] 
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1.75 x 10-5 = X X (0.1+ x) 
(O.l-x) 

On approximation, X"" 1.75 X 10-5 

[H+]:;:: 0.1 + x "" O.IM 

pH= -log [0.1] = 1 

Degree of dissociation of acetic acid 1.75 x 10-
5 

= 1.75 x 10-4 
0.1 
6 

(b) Number of moles ofNaOH added = ----- = 0.15 
40 

CH3COOH + HCl + NaOH CH3COONa + NaCI + H20 
t 0 0.1 0.1 0.15 0 0 0 

teq 0.05 o 0 0.05 

pH pK a + log [Salt] 
[Acid] 

:;:: -log 1.75 x 10-5 + log 0.05 = 4.757 
0.05 

o o 

,; . Example 26. Will the pH of water be same at 4°C and 
25° C? Explain. (lIT .2003) 

Solution: We know that, 
Kw =[H+ ][OH-] 

At 25°C, [H+] =[OIr] 1.01 x 10-7 M 

pH= loglO [H+] = -log 10 [10-7
] 7 

At 4 ° C, ionization of water will be less than that at 25 ° C . 
.. at 25° CK w =[H+] [OH-] will be less than 10-14 . Thus, pH 
of water will be more than 7 at 4°C. 

Example 27. 0.1 MNaOHis titrated with 0.1 M HA till the 
end point; K a for HA is 5.6 x 10-6 and degree of hydrolysis is 

less compared to 1. Calculate pH of the resulting solution at the 
end point. (lIT 20(4) 

as, 
Solution: Neutralization of HA with NaOH may be given 

HA + NaOH-----7 NaA + H20 

Concentration of salt will be Q:.! M, i. e. , 0.05 M, since volume 
2 

will be double. pH of the salt after hydrolysis may be calculated 
as, 

I 
pH = - [pK w + pK a + log C] 

2 
pKw = 14 

... (i) 

pKa= logKa =-log(5.6xlO-6
) 5.2518 

log C = log 0.05 = -1.3010 
Substituting the values of pK w , pK a and log C in eq. (i) we 

get, 

pH,= ~ [14 + 5.2518 1.3010] = 8.9754 

Example 28. A solution of acetic acid is 1 % ionised. 
Determine the molar concentration of acetic acid. (ionization 
constantfor acetic acid = 1.8 x 10-5) jhCHI': !ivlai",) 211061 

Solution: CH3COOH~ CH3 COO- + H+ 

to COO 
teq C -Co: Co: Co: 

K = [CH3 COO-][H+] Ca xCa 

a [CH3COOH] C Ca 

Ca 2 

I-a 

1 
(a =-=0.01) 

100 

1.8 x 10-5 = C x (o.oli 
1- om 

1.8 x 10-5 "" C X 10-4 

C=0.18M 

Example 29. A mixture of H 20 and solid AgCI shaken to 
obtain saturated solution. The solid is filtered and to 100 mL of 
filtrate, 100 mL of 0.03 M NaBr is added, will a precipitate b.e 
formed? IHCH.'E (:\ialll\) 211061 

Ksp AgCI = 10-10
, Ksp AgBr= 5 x 10-13 

Solution: Let solubility of AgCI is'S' 
.. Ksp AgCl =S2 

S =~Ksp 
= ~10-1O = 10-5 

When, 100 mL of both AgCI and NaBr are mixed the~ 
concentration of Ag + and Br - will be: 

[A +]=100XIO-S 0.5xlO-sM 
g 200 

[Br-] = 100 x 0.03 = 0.015 M 
200 

Ionic product of AgBr = 0.5 x 10-5 x 0.015 

=7.5x 10-8 

. Since, ionic product of AgBr is greater than its solubility 
product, hence AgBr will be precipitated. 

SUMMARY AND IMPORTANT POINTS TO REMEMBER ,... .... '.,1'...... ......... ..,., ...... ",_ .... 
1. Strong and weak el~trolytes: Electrolytes which 

ionise ahnostcompletely when dissolved in water are termed 
strong!;1ectrolytes while those electrolytes which ionise to small 
extent are teimed as weak electrolytes. The degree of ionisation 
and electrical conductivity of strong electrolytes have high values 

while weak electrolytes possess small values. NaOH, HCl, 
H2 S04, BaCl2 ,KCI, etc.~ are strong ~lectrolytes while 
NH40H,CH3COOH,(NH4hC03,HCN, etc., are weak 

.. electrolytes. 
Degree of ionisation 
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Number of molecules of the electrolyte dissociated into ions 

Total number of molecules of the electrolyte dissolved 

2. Ostwald's dilution law: A dynamic equilibrium exists 
between ions and unionised molecules of the electrolyte in 
solution and law of mass action can be applied to this equilibrium 
also. Consider a binary electrolyte AB. 

AB ~ A++B-
Initial concentration CO' 0 
Cone. at equilibrium C (1 - a) Ca Ca 

where, a is the degree of dissociation 

K = [A+ ][B"':] = Ca xCa = C ~a 2 

[AB] C(I-a) (I-a) 

K s is termed solubility product. For a general equation, 

AxBy ~xAY+ + yB X-

Ks = [AY+ Y[BX- Y 
Thus, solubility product is defined as the product of 

concentrations of ions raised to a power equal to t-\le number of 
times the ions occur in the equation representing the dissociation 
of the electrolyte at a given temperature when the solution is 
saturated . 

. For the precipitation of an electrolyte, it is necessary that the 
ionic product must exceed its solubility product. 

Relationship between solubility and solubility 
product: Salts like AgI, PbS04 , BaS04 , PbI2 , etc., which are 

K is termed ionisation constant. For a weak electrolyte, the considered to be insoluble do possess solubility. It is assUmed 
value of a is very small in comparison to 1. Thus, 1- a ---71. . that whole of the dissolved. electrolyte is present in the form of 

_~_ K, Ca
2 

or ". aJI~ o~, .... 'a, •. ,.JF:V .. _. _'" _.. __ i9~ _________ ~Q1J Y = trY-~-TYB~-~---
Where, V is the volume containing one mole of electrolyte; xS yS 

The 'degree of dissociation of a weak electrolyte is 
proportional to the square root of dilution. It increases as V 
increases and approaches to one at high dilution. 

Thisla:wholds good forweakelectrol)1es_In the.case,of acids,: 
ionisation constant is represented as K a and in case of bases K b. 

Polybasic acids ionise stepwise and each step has its own 
ionisation constant. 

For example, H3P04 ionises in three steps: 

. . ----->. + - Kl = [I:I+ ][H2P04], Step I: ,-H3.P04 ~ H + H2P04 ; 

[H3P04 ] 

Step II: K 
_ [H+] [HPO~- ] 

H2P04 ...---"'H+ + HPO~-; 2 - -=-----=..:=------':........::. 

Step III: 

JI3P04 ~ 3H+ +PO~

K=K1 xK2 XK3 

Generally, 

[H2P04 ] 
[H+ ][P03-] K - 4 

3 - [HPO~-] 

3. Common ion effect: The degree of dissociation of a 
weak electrolyte is suppressed by the presence of another 
electrolyte (strong) containing a common ion. As a result of 
common ion effect, the concentration of the ion not in common in 
two electrolytes decreases; 

4. Solubility product: In a saturated solution of an 
electrolyte, two equilibria exist in solution. It can be represented 
as: 

AB 
Solid 

AB 
Unionised 
(dissolved) 

K = [A+][B-] 

[AB] 

In saturated solution, the value of [AB] is fix~d at a definite 
temperature. 

Thus, 

Let'S' mol per litre he solubility of the salt; then 

Ks =[AY+Y[Bx-y 

_=(xsr<-Ys.)~, ' 

=XX yY(Sr+ Y 

(a) 1: 1 type salts such as AgCI, AgI, BaS04 , PbS04 , etc. 

(b) 

K = S 2 or~' S = Tj( , 
s V~s 

1 : 2 or 2 : 1 type salts such as Ag 2C03" Ag 2Cr04 , 
PhI

2
, CaF

2
,etc."----------- ... ,'- ' 

Ks=Sx(2S)2= 4S 3 

S=V:
s 

(c) 1: 3 type salts such as AlI3 ,Fe(OHh, etc. 

K s = S x(3S )3=2784 
" 

S=~~; 
The presence of cOlnrnon ion affects the solubility of salt. Let 

C be the concentration of strong electrolyte containing eommon 
ion and new solubility of salt be S'. For an electrolyte, AB, 

8 2 =Ks =S' (S' +C) 

Applications of Solubility Product and Common ion 
Effect 

0) Purification of common salt. 
(ii) Salting out of soap. 

(iii) Precipitation of the sulphides of group (II) and (IV). 
. (iv) Precipitation of the hydroxides of group (III). 

(v) Using excess of precipitating agent in gravim~tric 
estimations. 

(vi) Predicting precipitation in ionic reactions. 
5. Acids and Bases: Three important concepts are: 
(i) Arrhenius concept: All substances which furnish H+ 

ions when dissolved in water are called acids while those which 

I 
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ionise in water to furnish OH- ions are called bases. Actually free 
H+' ions do not exist in water. They combine witb water to form 

. hydronium ions (H3 0+). The i:eaction between an acid and a 

basels termed as neutralisation. 
All aqueous solutio1,1s. contain 

However; their relative amounts 
solutions. 

both H+ and OR" ions. 
are different in' different 

H+ >OH- -solution will be acidic 

H+ <OH--:- -solution will be basic 

H+ = OR" -solution will be neutral 

degree of dissociation .. The ':r:eiative strength is generally 
compared in terms of degree 'of 'dissociation of eqUimolar 
solutions .. 

Strength. of acid I ox, ~K., 
Strength of acid II =a. 2::: K a2 

The strength afthe base depends upon OH- ion concentration. 

Strength ofb ... .! ox, .~Kbi 
StrengthofbaseU = (X2 =: Kb]. 

.7. Neutralisation: The neutralisation is the interaction of 
H+ ions furnished by an acid and OH-'- ions furnished by a base 

(ii) Broosted-Lowry concept:' Any molecule,' cation or or a reaction between acid and base to form salt and water is 
anion, which provides proton to any other substance is known as termed neutralisation. , 
an acid and any molecule, cation· or anion, which can accept· Salts are regarded as compounds made up of positive and 
proton from any other substance is known as base.' Conjugate negative ions. The positive part comes from a base and negative 

".t-; __ """l8lCc:uid1=-hbaals;eeqp)aan:ir:s-s .aar~e~£tooiflrm;ne~d1-btl¥-¥-· .tIth:tlieWlI00Slss~ooor~g~aLllmll-.Qoft-aa-ppJ{ro)ttoQlnlh .. --~-tp'\l;a~rt""conimm· "'esrlftrro"'mn-iaitin'.<>'acr,lttd-"". 1I"hh~e'sa;'a'~llS'Q'.'ar"'e~g;:;;e;nn;;;erF<ia:nIl"y'cryM.:uE1sta:;;lrrlmtii'iPe--
,-.''------- ·····--·~--"---=Hf-· -. ----. -. - "---- - ·----:c-~solids:"_'Ttrese-aTe'cla:ssified-inttnhe-fotlowingc1asses: ---.- --

CH3 COOH ~ CH3 COO- (i) Simple salts:. The salts formed byne~tralisation process 
Acid +H+ . Base are of three types: ", - ...-, 

+H+ (a) Normal salts are salts formed bytbe replacement ofall 

NH: 
ACid 

.. In a conjugate pair, if acid is strong, the base will be weak and 
vice~versa. The substances, which possess dual nature, are termed 
ainphipfotic such as H20 and NH3 • The aCid-base reaction 
involves two conjugate pairs. 

Achl l +Base2 ~Acid2 + Basel 
' ... \1 . " I \ 

. Conjugate pair 

Conjugate pair 

This concept fails to explain reactions between non-protic 
acids and bases. 

(ill) Lewis concept: A base is defined as a substance which 
can furnish a pair of electrons to form a coordinate bond whereas 
an acid is a substance which can accept a pair of electrons, i.e., 
base is a nucleopbUe and acid is an electrophile. All Lewis bases 
are Bronsted bas'es but all Lewis aCids are not Bronsted acids. All 
simple cations, molecules whose central atom has incomplete 
octet, the molecules in which central atom can expand itS valence, 
cell and molecules having multiple bonds between atoms of 
different electronegativities can act as Lewis acids. All siniple 
anions and molecules haying one or more lone pairs of electrons' 
can act as Lewis bases. 

Arrhenius concept is most simPle and explains satisfactorily 
reactions inaqueous solutions." ,... " ' 

6. Relative;trength of acids and bases: The extent to 
which an ac~d prop~iiyis given by an acid is a measure of its 
strength. The streIigth:oftheaCidsolution doeSnot depend on its 
concentration but ontben:umber o{H+ ions present. On dilution, 
as tlie'nill1)berof'H't ion~ihcreases;tbe strength of'an acid also 
increases •. At infiriite dilution, all acids are almost completely 
ionised and, therefore, tend to be equally strong. The 
concentration of H+ ions at all other dilutions of equimolar 
solutions of the acids may not be equal and depends on tbeir 

replaceable hydrogen atoms at H+ ions. Examples are NaCI, 
KN03:"CuSO 4".FeS04 ,etc. 

(b) Acid salts are formed by,incomplete neutralisation of 
polybasic acids. Examples are NaHC03 , NaHS04, Na 2HP04 , 
etc. 

( c) Basic, salts are salts forrtied by incomplete neutralisation 
of polyacidicbases. ,Examples are: Zn(OH)Cl, Mg(OH)Cl, 
Fe(OHhCI,etc. '. ' 

(ii) . Double salts are tbe addition compounds formed' by 
. combinatioti of two or more simple salts. Such salts are stable in 
solid state only. ExampJes are FeS04 '(NH4 hS04;6H2O, 
K 2S04 . Alz (S04h·24HzO, etc; These salts when dissolved in 
water furnish alltbe ions present in simplesahs.., ,., 

(iii) Coirtplexsa.its aretbe salts formed by combination of 
simple salts or molecularcomp(ju,llds'Th~~~ ige ~~1:>I~irI;lioli4 

. state. On dissolving inwater,they furnish at l~aSt oIiecomplex 
ion. 

.' ..... 

Examples areK4Fe(CN)6"' [Cu(NH:l>4 ]S04 ,etc. 
(iv) . Mixed salts furnish more than one cation or more tban 

one anion when dissolved in water. Examples are: . 
, DCl Na 
ca(, ')S04,etc. 

CI K . ' 

8. Ionic product of water: Pure water is a weak 
electrolyte and is very slightly dissociated into hydrogen and 
hydroxyl ions. 

H20~H+ +OH" 

K = [H+ ][OIr ] 

[H20] 
[H20] can be taken as constant. 

K[H20] =[H+][OH- J=Kw 
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. '.' K w is constant and knoWn as ionic product of water. Its value 
IS Lx 10':-14 at 25°C. The value incr~ases with increases· of 

. '. K= [BOH][H+l= Ch x Ch = Ch
2 ~ Ch 2 (if h is small) 

. h . . [B+] C(I":'h) . (I-h) 
ieriIperature.Since, water is neutral; [1-1+ 1 = [Ofr 1. . 
0; . [H+] ~ [OH~ ] "'" 10-7 . 

When[H+] > [OH- ], the solutionis acidic; ...... ,'. ..... .... . 

. Similarly, when [H+ ] < {OH-.] , the sointionis pa.s,icfnuatur~~·· 
Every aqueous sol~ti01i, whethera~ldic,ri~uttalerbasic, cOlltairts 
both H+ ·.and OH"" ions;· Theprp(iucf of.theircoi:i~¢n~tionsis '. 

alwlJYs·i.x· iO~14ai 25~ c; .. IfoneUicreas~s,.(he ~therde.crease$. ' .. 

'. Kw 
KI :::;:-.
. I Kb 

h=~~h=~9~~b" 
.... . .... .JC K 

he =[1-1+] . .x \11 

. .' ........ ' .. '. ······K··· 
[H+r=~w .... and. [OH""l=..L·· pH=. i./2P'K:.· w' ~1/.2··.pKb':" .. J/

2
Iog C . 

'. ") [OH-] . . . . . . [Rio}". . 72 72 72 

. '. . Kb . 

.. , .... . . '. '.'. 11. Summary pH of mixtures ofacidsand bases: 
9. i. pH .si!ide: . TP,is has beendevise~ by Sorellsen In.l~O~. Let' x: meq of acid (HA):and'.y' rneqofbase (BOH}b~mixed. 

Theh~gative l.9~of;tb~ CQDctWtrahonofhyd;rogen,wgs IS . '.' .. meq NVIDL;NMxaci<fi!yorbasicity .. '. 

_~errn~thepli o~~t~~()m~oIL.~_ .. -. ·-~i-. -~~~--....:....:...-~-.- Case i~Strong~cid an"~ti'ong base. .. ' '.. 
. ;"': pH ==...:, log [UI'] log~ . (a) When X.= y, then th(lre will be complete neutnil~satton; the 

. . [H ] solution will then be neutra] with pH:::; 7: 
pH . is . thus logarithm of the . reciprocal of' hydrogen ion (b) When x > y, then acid will remain after neutraiisation. 

concentration. meq of remaining acid = (x - y) 
. ... ." ..... .' ·.1 '~'Tx::;:YT .. ' --,-. 

Similarly,'- , .. pQH=' 16g[OH-]= log [OIr] Na = VmL 

'. '. pH+pOH 14 

Urrdiationsof pH' scale: . pH values do not give any 
inunedi.ate·idea about· the relative strengths of thesolution~. pH' 
yaIqe·is zero tbriN solution of strong acid; In easeof2N,3 N, 4 
N, eic.,~il,ltjons,pH values are negative. A solution of all acid· 
having verylowconcentratioll; say ro- 8 N, caim?thave pH 8 as 

shown 'bypHformula but the actual pH value will be ~ess):han7. 
•. ·10. 'Hydrolysis: It is the interaction of iQnsof a salt with , 

. water tOglve acidiC, basic or n.eutral. solution: It is found in the . 
salts ofwealc acids and strong bases, in salts .. ofstrong acids an9- . 

. weak-bases and in-salts of .weak aCids and weak bases: The . 
process of hydrolysis is actuallytbe reverse.of Ileutral~sation:.· . 

Salt+ Water, .. , Acid+:aase 

. Ifaci4 isstrori~erthan base, the s~luti()nisitcidicandin ca~e ' . 
b~e IS str6ngerthan~cid,the.solution is alkaline, When: both 
acid and base are either strong or w~, the' solution is generally 
neutral innatute. '. ". ..~ . ". . .... . 

'. Salt of fl·litrong· acidan~a' weak base:. Th~~olutiOli· of 
such a salt is acidic ill nattire:The cation o{the salt is reactivea.nd '. . '.'". . - " - -, .', ,- -. , '> 

reacts with water: .' . 
. B++HO,'BOli+W 

. e(l-'- h) .. ·2 '. ..... Ch' 'Cli 
. . '. ·We.l(base 

The exteiltto whichhYdroly~i$ proCeeds is expressed as 
degree ofhydrolysis.Itis denoted as horx.. . 

.' . h= . Amounfofsalt hydrolysed 

. • Total salt taken 

Let C be the concentration of salt ~d'h be the degree of 
hydrolysis. 

+ N:::;(:xy) 
[li ] Strong acid ~.,. V mL. ". 

.PH~-IOg\6{; .i}. 
(e) Wheny > i,-then b'ase :wili remain aftt;:r neutralization .. 

. meq ~fremaining base = (y - x) . . 
. '(y~x) .... 

. ........... '. ' .......... (y-:-x) 
. ... [OH'71S~ng base, '=.Nb= 'VITtL' 

. . .' ,[(y~,X)] 
p~)H= -clOglOVmL;.. pH.= 14 - pOH 

. . ·.t~se·lI, Strong bas,and'weakacid . 
.' . (a) If x = y, then after complete neutralisation there will be 
saitofweakaCidap.dstrongbase. There will behydrolys~s; pH 

. afterl).ydrolysis may be calculated as: .. 
'-1 :. . 
.·pH=-[pKwt pKa + log 10 C] 
. '. ···.,2,··.·.,·:. . .', 

c=·don~. ofSalt'in:·triorUtte-"J .. 

. ~)IfX; y,~en ~eakaci~will be in excess •. ' . 
. Weak acid (x.- y)'meq 

. Salt=ymeq 
The . resultant solution will, be aCid buffer;.' its pH may be 

. . calcula,.ted as:· . 
'. . I [Salt] 

pH=pKa+ og-.-
• [Acid] 

Cone. should be taken in mol litre-I. 
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(c) When y> x, then excess of strong base will remain after 
neutralisation. Remaining base:::: (y - x) meq 

(y-x) 
Nb = =[OH-] 

Strong VmL 

pOH= -loglO 

Salt =xmeq 

Salt and base cone. should be taken in mol litre -I. 
Case IV. Weak acid and weak base. 
(a) When x = y, there will complete neutralisation fonning 

salt of weak acid and weak base. pH after salt hydrolysis may be 
calculated as: 

1 
pH=-[pKw +pKa -pKb ] 

Case In. Strong acid and weak base 2 
(a) When x= y, there will be salt formation after complete (b) When x> y, weak acid will remain after neutralisation; 

neutralisation. Salt of weak base and strong base will undergo the mixture of weak acid and salt behaves as acid buffer. . 
hydrolysis. pH after hydrolysis may be calculated as: ( c) When y > x, then weak base will remain after salt 

. I 
pH = - [pK w - pK a log 10 c] formation; the mixture thus behaves as base buffer. 

2 12. Acid-base indicators: In acid-bas.e titrations, organic 
C = Conc.ofsalt in mol litre-I. substances (weak acids or weak bases) are generally used as 

(b) When x> y,then strong acid will remain after indicators. They chmlge thC('iI coloms within a certain pH lange . 
. -~~-neutrahsa:tion. mmm---wrethyI orange pH range 33=45~ffik to yetrow----

Rtlmaining acid =(x y) meq 

Na = (x- y) =[H+] 
Strong V mL 

........... "'[x- Y]'" 
pH= -loglO V mL 

(c) When y> x, then weak base will remain after salt 
formation; the resultant mixture will be, therefore, base buffer. 

. [Salt] 
'14-pH=pOH=pK b +loglo ----"'-' 

. [Base] 

Remaining base = (y - x) meq 

M(,lthyl red . pR rang~ 4.4 6.5 Red to yellow 
Phenolphthalein pH range 8.3 -10.5 Colourless to pink 

Two theories have been proposed to explain the change of 
colour of these acid-base indicators. These theories are: 

, (arUstwaId'Stlieory'~-----(1i}QumoiioiatlieorY-'-

The suitable indicators for the followingtitrations are: 
(i) Strong acid versus strong base-Phenolphthalein, methyl 

red and methyl orange. 
(ii) Weak acid versus strong base-Phenolphthalein. 

(iii) Strong acid versus-weak· base-Methyl· red and methyl 
orange. 
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~t~~:' . \, " 
Questions 

...:'! 
1. (a) Mention conjugate base of each of the following: 

HS-, H30+, H2P04, HS04, HF, CH3COOH, C6Hs0H, 
HCI04 ,NH

4
+ 

(b) Mention the conjugate acid of each of the following: 
oir, CH3COO-, CI-, CO~-, H2P04, CH3NH2, 
CH3COOH, NH; 

(c) Which of the following behave both as Bronsted acids as 
well as Bronsted bases? 

H20, HC0"3, H2S04 , H3P04 , HS-, NH3 
(d) Which is stronger acid in each of the following pairs? 

HCI, HI; H2C03, H2S04; H20, H2S; C6HsOH, C2HsOH; 
Na+,K+ 

(e) Which is stronger base in each of the following pairs? 

4. 

[C] Match the List-I with List-II: 
,J 

'IIititJlI, - ... -: ........... ,. '~' . i 
.~' .'. / 

(a) Lewis acid (P) PH3 
(b) Lewis base (q) [AI(H2O)sOH]2+ 

(c) Conjugate acid (r) (CH3 )3 B 

(d) Conjugate base (s) H3O+ 

MahU-J)bt~PluiWumli(~iul'DDfA~mnt$'): 
[A] Match the List-I with List-JI: 

'litU '.:~ : 
; .i\ :,~.,~.:.",;-,; .' 

mi", CI-; mi", NH2; mi", CH3CillL-Cl4CO'UO~-,..!,C.Jl--.;-;~ ___ ----,--,~~=-_____ -----;-~~-----;-------;-~,------____ _ 
(a) H3P04 (P) Monobasic _________ ~~CH3NH2_ ____ · ______ _ 

. (f) Classify the following into acids and bases according to 
Lewis concept: ,,\\ \' 
S2-, W, OW, BFi{ Ni2~.' NF;5;,AlCI3, SnCI4 , NH3, 
(CH3 )20 ,.C. :\. "\'< 

2. Predict whether thedoliowing\;i;ubst3Jlces will give acidic, 

3. 

basic or neutral solutibn? ' 

(i) K2C03 (ii) NaCI (iii) FeCI3 
(iv) CuS04 (v) AlCI3 (vi) NH4Cl, 

(vii) CH3COONH4 (viii) NaCN (ix) Na2S 

(x) Na2B40 7 

[A] Match the List-I with List-II: 

List;'.' "," 

, ·($~\tr.· . '.' 
• ';".:~ -< ",{ :.-••• :~. 

(a) Salt of strong acid and 
strong base 

(b) Salt of weak acid and 
strong base . 

(c) Salt of weak base.and 
strong acid 

(d) Sah of weak acid and 
weak base 

:.' 

(P) 

(q) 

(r) 

(s) 

-' . " 

. ": : Llst-Il" .. ",,:, .. 

'. ;i;;;;if<,i~~mt:t~::~,:;::~'J;:.!>;~·' 
1 . 
- [pKw + pKa - pKb] 
2 

1 ' 
- [pKw + pKa + log C] 
2 • 

1 
- [pKw - pKb -log C] 
2 

.! pK 
2 w 

[B] Match the List-I with List-II: 

,List-I List-ll 
(Indicator) , (PH range) '.' 

(a) Phenolphthalein - (P) 4.2 - 6.3 

(b) Litmus (q) 3.1-4.4 

. (c) Methyl red (r) 8.3-10.0 

(d) Methyl orange (s) 5.0-8.0 

(b) H3P03 (q) Dibasic 

(c) H3P02 (r) Tribasic 

(d) H3B03 (s) sp3 -hybrid state 

[B] Match th~ List-I with List-II:_. 

'0' ':;(JJI~f~ ..:;(,:.:~ ... oog),. 

(a) Phenolphthalein 

(b) Phenol red 

(c) Bromo cresol green 

(d) Methyl orange 

(P) 
(q) 

(r) 

(s) 

NaOH+HCI 

H2S04 + NH40H 

, CH3COOH + NH40H 

KOH+H2S04 

[C] Match the acidlbase in List-I with their nature in List-II: 
': ",_. ",". ~. . . ".\ ~. , 

.. uit-I . - -·.ItiJdl'·' 
(a) HSO; (P) Lewis acid 

(b) BF3 (q) Lewis base 

(c) NH3 (r) Bronsted acid 

(d) OH- (s) Bronsted base 

[Note:: ,Consider the normal behaviour of species.] 
[D] Match the Column-I with Column-II: 

·Columa-) 
- ·:(SaIt) 

(a) Zirconium phosphate 

(b) Aluminium phosphate 
,;';/ 

(c) Calcium phosphate 

. (d) Sodium phosphate 

, 
i;~ 

'~Mn_~ 
(p) 27 S4 

(q) 108 SS 

(r) 6912 S7 

(s) S2 
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[E] Match the Column-I with Column-II: 

en =I 
(ScaIt) 

(a) NH4CN 

(b) CH3COONa 

(c) NaCI04 

(d) Fe(N°3}z 

j,;':~,~.,.: •. 
(lNamreefh~j' 

(P) Only cation hydrolysis 

(q) Only anion hydrolysis 

(r) Both cation and anion 
hydrolysis 

(8) No hydrolysis 

(b) H20, CH3COOH, HCl, HC0'3, H3P04 , CH3NH;, 

CH3COOH;, NH3 

(c) H20, HCO; , HS- and NH3 behave both as acids and bases. 

(d) HI>HCI;H2S04>H2C03;H28>H20; 
C6H50H > C2HsOH; Na + > K+ 

(e) OH- >CI;NH2 >OH ,OH >CH3COO-; 

CH3COO- > cr; CH3NH2 > NH3 

(f) Lewis acids: if, BF3, NiH, AlCI3 , SnCl4 

Lewis bases: 82-, OH-, NF), NH3 , (CH3 )20 

[F] Match the Column-l with Column-II: 

Cobmut-I 
(Utration) 

COIUIDD-H 
(Indicator used) 

(a) Strong acid versus (p) Methyl orange (3 4.4) 
strong base 

(b) Weak acid versus strong (q) Methyl red (4.3 - 6.3) 
base 

(c) Strong acid versus weak (r) Phenolphthalein (8-10) 
base 

(d) Weak acid versus weak (s) No suitable indicator 
base. 

Na 2S, Na2B407 
Neutral: NaCl, CH3COONH4 

3. [A] (a-s), (b-q), (c-r), (d-p) 
[Bi (a-r), (b-s), (c-p), (d--q) 
[C] (a-r), (b-p), (c-s), (d--q) 

4. [A] (a-r, s), (b--q, s),(c"-'p, s), (d-'-p) 
[B] (a-p, s), (b-r), (c--q), (d-p, s, q) 
[C] (a-r, s), (b-p), (c--q, s), (d-q, s) 
[D] (a-r), (b-s), (c--q), (d-p) 
[E] (a-r), (b-q), (c-s), (d-p) 
[F] (a-p, q, r), (b-r), (c-p, q), (d-s) 

RACTICE PROB.LEMS. 
L Calculate the degree of ionisation of 0.1 M acetic acid. The 

dissociation constant of acetic acid is 1.8 x 10-5
• 

[Ans. a = 1.34 x 10-2
] 

;,. Calculate the ~oncentration of OH ions of 0.01 M NH40H 

solution. The equilibrium constant ofNH40H is 1.8 x 10-5. 

[r\!l~. 4.24 X 10-4 mol L-1] 

3. At ISoC, O.OS N solution of a weak monobasic acid is 3.S% 

ionised. Calculate the ionisation constant of acid. 
[Ans. 6.125 x 10-5] 

4. 0.02 M solution of NH40H is 3% dissociated. Calculate the 

dissociation constant ofNH40H . 
[ 1.8 x 10-5] 

5. A solution contains 0.4 M CH3 COOH and 0.2 M CH3COONa. 

Calculate the concentration ofH + ions. The ionisation constant 
of acetic acid is 1.8 x 10-5

. 

[A ns. 3.6 x 10-5 mol L-1] 
~ The dissociation constant of hydrocyanic acid (HCN) is 

4 x 10-8
. Calculate the W ion concentr~tion of O.plMHCN 

solution. 
2 x 10-5 mol L-1

] 

'7. The degree of dissociation of a weak electrolyte in 0.1 M aqueous 
solution is 0.0114 at 298 K. Calculate the degree of dissociation 
of the same electrolyte at 298 Kin 0.001 M solution. 
[Ans. 0.114] 

8. Calculate Ka for a dibasic acid if its concentration is O.OS N 

and hydrogen ion concentration is 1 x 10-3 mol L-1
• 

[Ans. 2 x 10-8] 

[Hint: Conc.= 0.025 M, [H+ ] 2C x a = 1 x 10-3, 

i.e,a 0.02,Ka 4xC2 xa3
] 

9. Ka for HC2H30 Z is 1.8 X 10-5
• What concentration of the acid 

must be taken so that it is 1 % dissociated? 
['\n' 0.18 mol L-1

] 

10. Calculate the degree of ionisation and hydroxyl ion 
concentration in 0.2 M NH3 solution. (Kb = 1.8Sx 10-5 

at 298 K) 
[/\ ns. a = 0.962 x 10-2

, [OW] = 1.924 X 10-3 M] 

I L The dissociation constant of acetic acid at 180 Cis 1.8 X 10-5
• 

Calculate the pH of 0.1 Nand 0.001 N solution of acetic acid. 
[" "'. 2.873,3.726] 
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12. Calculate the approximate pH of 0.1 M aqueous H2 S solution. 
KI and K2 for H2S are 1.0 X 10-7 and·I.3 x 10-13 respectively 
at 25°C 

[Ans. pH 4] 
[Hint: Second dissociation constant is very small. H+ ion 
concentration mainly depends on the first dissociation constant. 

KJ 
H2S~ H+ + HS-] 

13. The pH of a soft drink is 4.4. Calculate [H30+] and [OW] of 

the drink. 
[Ans. 3.98 x 10-5 mol L-1, 2.5 X 10-[0 mol L-:l] 

14. Calculate the pH of a 0.001 M solution ofSr(OHh assuming it 

to be completely ionised. 

[Ans. 11.301] 
[Hint: Sr(OH)z ~ Sr2+ + 20W; 

------iOlq 2xO.OOl O.002M] 

~~-~~he~valueof~ffwis--9;S5-x~Hl~t---a~certain-temperature. 

Calculate the pH of water at this temperature. 
[Ans. 6.51] 
[Hint: Kw = [H+ ][OH-], So, [H+]=.JK:] 

16. 9.8 g of H2S04 is present in 500 mLofthe solution. Calculate 

the pH of the solution. 
[Ans. 0.3979] 

17. The pH of a 0.1 M solution of an organic acid is 4.0. Calculate 
the dissociation constant of the acid. 

[Ans. 1 x 10-7 ] 

18. Calculate [H30+], [OW] and pH of 0.2 M solution of HCN. 

(Ka 7.2x 10-10
) 

[Ails. [HP+] 1.2 x 10-5 mol L-1
, [OW] = 8.33 x 10-10 mol 

,pH 4.92] 

19. Calculate pH of 0.002 M CH3COOH if it is 2.3% ionised at 

this concentration. 

[Ans. 4.34] 
20. Calculate the pH of the solution obtained by mixing I SO mL . 

of 0.2 MHCI and 150 mL of 0.1 MNaOH. 

[Ans. 1.30] 
21. pH ofaO.1 MHCN solution is 5.2. What is the value ofKa for 

the acid? 

[Ans. 3.97 x 10-10
] 

22. The pH of a solution of B(OHh is 10.6. Calculate the 

solubility and solubility product of hydroxide. 

[Hint: pOH = 3.4, [OW] = 3.98 X 10-4 mol L- I 

Solubility = Yz[OW]= 1.99 X.1O- 4 mol 

Ksp = [B+ ][ OW]2 = 3.15 X 10-11 ] 

B. Calculate the pH of a solution: 
(i) containing 2 g of sodium hydroxide in one litre; . 

(ii) made by mixing 50 mL of 0.01 M Ba(OH)2 solution with 
50 mL water. 

[Ans. (i) pH = 12.7, (ii) pH = 12] 

Z4. What happens to the pH of 500 mL of a solution that is 0.1 
molar in sodium acetate and 0.1 molar in acetic acid when 10 
mL of 0.1 M sodium hydroxide is added? 

L-\ns. pH = 4.7447 and pH will increase] 

25. What ratio of acetic acid to sodium acetate concentration is 
needed to achieve a buffer whose pH is 5.70? The dissociation 
constant of acetic acid is 1.8 x 10-5

• 

L<\ns. 1: 9] 

26. Find the concentration of H + , HCO:l andCO~- in a 0.01 M 
solution of carbonic acid if the pH of the solution is 4.18, 
K[ = 4.45 X 1O-7 ,K2 4.69 X 10-11 . 

[Ans. [H+ ] = 6.61 x 10-5 M, [HCO;] = 6.73 x 1O-5 M, 

[CO~-] = 4.78 X 10-11 mol L-1] 

[Hin!. K I = [H+ ][HCOi] = 4.45 X 10-1 

·················-fHzC03+-- .~-~-------

K = [H+ ][CO~-] 4.69 X 10-11 

2 [HCO;] 

[H+ ]= 6.61 X 10-5 M, [H2C03 ] = 0.01 M 

[HCO;]= 6.73 x 10-5 M,[CO~-]=4.78 X 10-11 mol L-1 

27. What will be the pH value of a solution of 500 mL containing 
5 g acetic acid and 7.2 g of sodium acetate? K a = 1.8 X 10-5 at 

25°C. 

[Ans. 4.82] 
28. The concentration ofHCN and NaCN in a solution is 0.01 M 

each. Calculate the concentration of hydrogen and hydroxyl 
ions ifthe dissociation constant of HCN is 7.2 x 10-10

. 

(lIT 1991) 

[Ans. [H+]=7.2xI0- IO M;[OW] 1.4 X 10-7 M] 

[Hint: pH = log 10gKa 
[Acid] 

10g[Wl] 

29. A buffer solution of pH = 9 is to be prepared by mixing 

NH4CI and ·~1H40H. Calculate the number of moles of NH4Cl 
that should be added to one litre of 1.0 MNH40Hsolution. 
(Kb = 1.8 x 10-5

) . (MLNR 1991) 

[Ans. 1.8 mole] 
30. Calculate the amount of (NH4 h S04 which must be added to 

500 mLofO.200 MNH3 to yield a solution of pH 9.35. (Kb for 

NH3 = 1.78 X 10-5
)" (MLNR 1992) 

[Ans. 10.494 g] 
31. CalCulate the pH of the buffer containing 1.0 mol L-1 of weak 

acid HA and 0.1 mol L-1 of its sodium saltNaA assuming Ka 

to be 10- 6. (Dbanbad 1993) 

[Am. pH 5] 
32. Calculate K b for a base whose 0.1 M solution has pH of 10.5. 

[Ans. 10-6
] 

33. What is the maximum pH of a solution 0.10 Min Mg2+ ffOln 

which Mg(OH)2 will not precipitate? Given, K sp [Mg(OH)2] 
= 1.2 x 1O-11 . 

[Ans. pH 9.4] 
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34. A solution of HCl has a pH 5. If one mL of it is diluted to I 

litre, what will be the pH of the resulting solution? 
[Ans. . pH = 6.9586] 

[Hint: pH = 5, [H+] 10-5 M. After dilution = 10-
5 

10-8 M 
1000 

[H+] = 10-8 + 10-7 

= 1.1 X 10-7 

pH -log [H+ ] -log 1.1 x 10-7 6.9586] 

35. Calculate the pH of the solution obtained by mixing 10 mL of 
0.1 MHQand40mLof0.2MH2S04 . 

[Ans. pH = 0.4685] 

[Hint: [H+] 10 x 0.1 + 40x 0.4 = 0.34] 
50 . 

[Ans. 9.45] 
[Hint: Total volume == 50 + 40 + 10 = 100 mL 

Molarity of NH3 0.5 x 50 = 0.25' 
100 ' 

Molarity of NH
4
Cl 0.4 x 40 0.16] 

100 . 
41. pKa value of acetic acid is 4.76 at room temperature. How will 

you obtain buffers of4.40 and 5.40 pH values from acetic acid 
and sodium acetate? 

[Ans. Acetate = 0.4365 a~ Acetate = 4.364] 
Acid . Acid 

42. Calculate the ratio of pH of a solution containing I mole of 
CH3COONa + I mole ofHCI per litre and of the other solution 
containing I mole of CH3COONa + I mole of CH3COOH per 
litre. 

36. The degree of dissociation of a weak electrolyte in 0.1 M ______ JHint: 1st case: CH3COONa + HCl ~ CHf~OH + NaQ 

J aqueous soh.ltion is 9.9114 at 29~'K. Calculate the d~gI'ee of ....... _________ ....... _____ ..... ___ . moe ....... __ ~ __ 

-·-·----dlssociation of the same electrolyte at 298 K in 0.001 M . pH = _ ElogK ' . 
solution. 1 2 a 

[Ans. 0.114] 2nd case: pH2 10gK
a 

+ log [Sa~t] =-logKa 

[Hint: a is proportional to IT [ACId] 
~Z =!] 

a = {E' = ~0.001 = 0.1 pH2 2 
at ~C 0.1 43. Calculate the composition of an acidic buffer solution 
at =!:!:. 0.0114 =0.114] (HA +NaA) of total molarity 0.29 having pH=4.4 and 

0.1 0.1 Ka 1.8 x 10-
5

• 

37. The degree of dissociation of water is 1.8 x 10-9 at 298 K. [Ans. [Salt] 0.09 M; [Acid] 0.20 M] 

. Calculate the ionisation constant and ionic product of water at 
298 K. 

[Hint:' H20 H+ + OW, [H20] = I~~O 55.56 mol L-1, 

[H+]= [OW]= C x a 55.56 x 1.8 x 10-9 

= 1.8 X 10-16 

55.56x 1.8 x 10-9 x 55.56x 1.8 x 10-9 

55.56 

Kw = [H+ ][OH-] = (55.56 x 1.8 x 10-9 i = I X 10-14 ] 

38. One litre of a buffer solution is prepared by dissolving 0.6 
mole ofNH3 and 0.4 mole ofNH4Cl. What is the pH of the 
solution? ForNH3,Kb 1.8 x 10-5• 

(i) What is the pH of the buffer after addition of 0.1 mole 
ofHCl? 

(ii) What is the pH of the buffer after addition of 0.1 mole 
of NaOH? 

[Ans. 9.4314 (i) 9.2553 (ii) 9.6233] 
39. One litre ofa buffer contains 40 g ofNH4CI and 20 g ofNH3. 

Calculate the pH of the solution. K b (NH3 ) 1.8 x 10-5 at 

298 K. 
[Ans .. 9.452 ] 

40. A buffer solution is prepared by mixing 50 mL of 0.5 molar 
ammonia solution, 40 mL of 0.4 molar NH4CI solution and 10 
mL of distilled water. Calculate the pH of the buffer. 
Kb (NH3) = 1.8 x ) O-a at 298 K. 

[Hint: PH == -log K + log [Salt] 
a [Acid] 

a 
= -log Ka + log a) ] 

(0.29 

44. Calculate the pH of a solution obtained by mixing 100 mL of 
an acid of pH 3 and 400 mL solution of pH L 
[Ans. 1.096] 

45. The solubility product of AgCI in water is 1.5 x 10-10
. 

Calculate its solubility in 0.01 MNaCI aqueous solution. 

(fiT 1995) 
[Ans. 1.5 x 10-8 mol L-1

] 

46. Calculate the pH of a 0.02 M aqueous solution of NH4CI? 

Given, pKNH40H = 4.73. 
[Ans. 3~78] 

47. Detennine the pH value of 0.1 M aqueous solution of 
ammonium cyanide (pKa = 9.04, pKb 4.73). 
[Ans, 9.15] 

48. Calculate the pH of a 0.2 M solution of strychnine 
hydrochloride. (Kb = 1 X 10-7

) 

[Ans. 3.8494] 
49. The dissociation constants of acetic acid and aniline are 

. 1.8 x 10-5 and 4.2 X 10-10 respectively. What is the degree of 
hydrolysis of aqueous aniline acetate? What is the pH of the 
solution? 
[Ans. 0.5348, pH == 4.684] 
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50. A weak acid ill after treatment with 12 mL of 0.1 M strong 
base has a pH of 5. At the end point, the volume of the same 
base required is 26.6 mL. Calculate the K a of the acid. 
[ADS. &219 x 10-1 
[HiDt: Applying M1V1 =M2V2 

Acid Base 
26.6 x 0.1 

= 2.66meq. 
HA + BOH BA 
2.66 1.2 0 

After the reaction 1.46 0 1.2 
Applying Henderson's equation, 

PH = log [Salt] - pK ] 
[Acid] a 

[HiDt: C6H50- + Hp ~ C6HsOH + OH-
(0.001 -x) x x 

K XZ 

Kh = --"'- 1 X 10-4 = -. ---
Ka (0.001- x) 

x2 + I X 1O-4x -1 X 10-7 = O,X = 2.7 X 10-4 , pOH 3.57] 

60. The dissociation constants of m-nitrobenzoic acid and .acetic 
acid are 36.0 x 10-5 and 1.8 x 10-5 respectively. What are their 

relative strengths? 
[Ans. 4.47: 1] 

61. Calculate the degree of hydrolysis of 0.10 solution of KCN. 
Dissociation constant of HCN 7.2 x 10-10 at 25° C and 

Kw = LOx 10-14
• 

[Ans. 1.18 x 10-2] 

51. K a for HCN is 1.4 x 10-
9

. Calculate for 0.01 NKCN solution: 62. An aqueous solution of aniline of concentration 0.24 M is 
--- (a) degree of hydrolysis --~-- prepared. What- concentration of sodium hydroxide is needed 

-.--~ (b) [OIrland [Cl'r] ~--~ ....... __ ~_mmm~m--mthis solutIOn so that aniliriiUiilfOiiCOticentration remaInS at 

(c) pH I x 10-8 M? 

[Ans. (a) 2.67 x 10-2 (b) 2.67 X 10-4, 9.73 X 10-3 (c) 10.4265] (Ka for C6H5~ = 2.4 x 10- 5 M) (liT 1996) 
52. What is the W ion concentration in ammonium acetate [Ans. 0.Ql MJ 

solution? 63. What is the pH of a 0.50 M aqueous NaCN solution? pK b of 
-:K~-=L8x 10~s,-Ki;=1.8xlO-5lfiid Kw = l.Ox 10-14 -eN- is 4.70. (I1~r 1996)· 

[Ans. 1.0 x 10-7
] [Ans. pH = 11.5] 

53. A40 mLsample of 0.1 Msolution of nitric acid is added to 20 64. Calculate the pH of an aqueous solution of 1M ammonium 
mL of 0.3 M aqueous ammonia. What is the pH of the resulting formate, assuming complete dissociation. 
solution? Given, Kb for ammonia = 1.8 x 10-5

• (pKa = 3.8, pKb = 4.8) (111' 1995) 

[ADS. 8.95] [Ans. 6.5] 

54. Calculate the pH of 0.1 Msolution ofNH40CN. Kb forNH3 is [Hint: Use; pH = I [pKw - pKb + pKa] 
1.75 x 10-5 and Ka for HOCN is 3.3 X 10-4. 2 

[Ans. 6.36] 65. Calculate the hydrolysis· constant of the salt containing NO; 

55. Which of the two solutions 0.1 MHCN (Ka = 4 x 1O-lo)and ions. Given, Ka forHNOz 4.5 x 10-10
• (MLNR 1996) 

0.1 M HF (K a 6. 7 X 10-4 ) will have greater degree of [Ans. 2.2 x 10-5] 

ionisation and to what extent? . 
[ Ans. HF will have greater degree of dissociation. 

a (HF) 1294] 
a (HCN) 

56. Calculate the pH of a solution prepared by mixing 100.0 mL of 
0.4 MHCl with 100.0 mL of 0.4 MNH3 . Hydrolysis constant 
of ammonium chloride is 5.6 x 10-10 • . 

[Ans. pH 4.96] 
57. Calculate the per cent hydrolysis in 0.003 M aqueous solution 

of NaOCN. 
(Ka for HOCN= 3.33 x 10- 4 M) (Ill' 1(96) 

[ADS. 0.01%] 
58. What is the [Olr] in a 0.01 M solution of aniline 

hydrochloride? K b for aniline is 4.0 x 10-IO. 

[Ans. 2.0 x 10-11 M] 

[Hint: GiHsNH; + H20 ~ C6H5NH2 + H30 +] 
(om - x) x x 

59. Calculate the pH ofl.O x 10-3 M sodium phenolate NaOC6Hs. 

Ka for C6H50H is 1 x 10-10
. 

[Ans. pH 10A3] 

66. Aniline is an amine that is used to manufacture dyes.,1!j~ 
isolated as aniline hydrochloride [C6H5NH3]Cl, a salt of 
aniline and HCI. Calculate the pH of 0.233 M solution of 
aniline. 
[K b = (aniline) 4.6 x 10-10 

] 

[Ans. 2.64] 

67. Calculate the pH of a 0.1 M solution of AlCl3 that dissolves to 
give hydrated aluminium ion [Al(HzO)6r in solution. 
(Ka 1.4 x 10-5) 

[ADS. 2.92] 

[ Hint: Consider the equilibrium: 
[Al(HzO:lt;]3+ + H20 H30+ + [Al(HzOMOH)]2+ ] 

68. Calculate the amount ofNH3 and NH4Cl required to prepare a 

buffer solution of pH, when total concentration of buffering 
reagents is 0.6 mol litre- I ,pKb for NH3 = 4.7, loglo2 (PO. 

(111' 1(97) 

[Ans. [Salt] 0.4M, [Base] 0.2M] 

69. The solubility product of AgCl in water is 1.5 x 10-10 at 18° C. 
Calculate its solubility at the same temperature. 
[Ans. 1.75 x 10-3 g L- 1 ] 
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70. The solubility prod"llct of AgBr is 4 x 10- 13 and the 
conccntration of Ag+ ions in it is I x 10-6 mol C l

• What is 
concentration of Br"- ions? 
[AllS. 4 x 10-7 mol L- 1] 

71. A sample of hard water contains 0.005 mole of CaCl2 per litre. 

What is the minimum concentration ofNa zS04 which must be 
exceeded for removing calcium ions from this water solution? 
The solubility product of CaS04 is 2.4 X 10-5. 

[Ans. 4.8 x 10-3 mol L- 1 ] 

72. Solubility of AgCl at 20° C is 1.435 x 10-5 g L- 1 . Calculate 

the solubility product of AgCl. 
[Aus_ I x 10-14] 

73. Given, that the solubility product of radium sulphate (RaS04) 

is 4 x 10-11 . Calculate its solubility in: 

__ (b}O~OMNatR04.-<.Dllanbad 1992)_ 
[Ans. (a) 6.32xI0-6 molr;-1 (b) 4 X 10-10 moJ ] 

74. Calculate the solubility of AgCl in 0.20 M AgN03. Ksp AgCl 

is 1 x 10-10• 

[Ans. 5 x 10-10 mol L- I ] 

75. The values of Ksp for sparingly soluble AB and MBz are each 

equal to 4.0 x 10-18
• Which salt is more soluble? 

[Ans. Solubility AB = 2 x 10-9
; Solubility MBz 1.0 x 10-6; 

MBl is more soluble] 
76. The solubility ofCaS04 at 25Q C is 2.036 g C 1 and degree of 

dissociation of the saturated solution at this temperature is 
52.25%. Compute Ksp for CaS04' (Mol. mass of 
CaS04 = 136) 
[Ans. 6.12 x 10-5

] 

n. The concentration of the Ag + ion in a saturated solution of 

Ag 2Cr04 at 200 C is 1.5 X 10-4 mol C 1. Compute the 

solubility product constant of Ag2Cr04 at 20° C. 
[Ans. 1.7 x 10-12] 

78. Ksp AgCI is 2.8 x 10-10 at 25°C. Calculate the solubility of 

AgCl in (a) pure water (b) 0.1 M AgN03 (c) 0.1 MKCl and 
(d) 0.1 MKN03• (MLNR 1994) 
[Ans. (a) 1.673 x 10-3 mol L- 1 (b) 2.8 x 10-9 mol L- 1 

(c) 2.8 X 10-9 mo1L- 1 (d) No common ion is present, so treat it 
like water 2.8 x 10-9 mol L- 1

] 

79. A solution is saturated with respect to strontium fluoride and 
strontium carbonate. The fluoride ion concentration in the 
solution is found to be 3.7 x 10-2 mol C l 

• What is the value of 

[CO~-]? 

Ksp SrF2 = 7.9 x 10- 10 and Ksp:-orC03 7.0 x 10-10 

[Ans. 1.2 x 10-3 mol L- 1] 

SO. A solution contains 0.01 mol L-1 of each Pb2~ :wd In'' i,lilS. The 
solution is saturated with H2S when [S2-] is 1.0 x 10-14 mol C 1

• 

Predict which one of the two ions will be precipitated from the 
solution? Ksp PbS = 2,4 x 10-27 and K sp ZnS 1.0 x 10-21

• 

[Ans. Both the ions will be precipitated as ionic products 
exceed the solubility products of both the sulphides.] 

81. An acid type indicator, HIn, differs in colour from its 
conjugate base In -. The human eye is sensitive to colour 
differences only when the ratio [In -] / [HIn] is greater than 10 

or smaller than 0.1. What should be the minimum change in 
pH of solution to observe a complete colour change? 

(Ka = 10-5
) (lIT 1997) 

[Ans. 2] 

[Hint: For calculation of pH we can use foHowing relation: 

pH = pKa + Jog 

(i) pH = 5 + 10gIO 10 = 6 
(ii) pH = 5 + 10glO 0.1 = 4 

[HIn] 

82. A sample of A~L'\Ylls trcated with 5 mL of 1.5 A{~a~2LC=--O=--3,---__ 

solution to give Ag 2C03 . The remaining solution contained 

83. 

84. 

85. 

86. 

0.0026 g cr per litre. Calculate the solubility product of AgCl. 

(Ksp Ag 2C03 8.2 x 10-12
) (liT 1997) 

[Ans. Ksp AgCl 1.71 x 10-10 ] 

Calculate the simultaneous solubility ofCaEz_and_SrF2. KspfQl'_ 

the two salts are 4 x 10-11 and 2.8 x 10-9 respectively. 

[Ans. 1.25 x 10-5 and 8.75 x 10-4] 

The solubility product of Fe(OH)3 is Ix 10-36 . What is the 

minimum concentration of OIr ions required to precipitate 
Fe(OHh from 0.001 M solution of FeCl3 ? 
[AllS. I X 10-11 mol L-1] 

The solubility product of AgCI is 1.5 x 10-10
. Predict whether 

there will be any precipitation by mixing 50 mL of 0.01 M 
NaCl and 50 mL of 0.01 M AgN03 solution. 
[Ans. Since, ionic product (2.5 x 10-5

) is greater than solubility 
product, precipitation will occur.] 

A solution containing 0.1 M Zn 2+ and 0.0 I M Cu 2+ is
saturated with H2S. The S2- concentration is 8.1 x 10-31 M. 

Will ZnS or CuS precipitate? 

KspZnS = 3.0 x 10-23 and KspCuS· 8.0 X 10-34 

[Ans. CuS precipitates] 

87. The precipitate ofM2S3 is obtained on mixing equal volumes 

of solutions SI having [M 3+ ] = 4 x 10-5 M and S2 having 

[S2-] 2 x 10-3 M. Calculate its solubility product. 

[Ans. 4 x 10-17 ] 

[Hint: Let 1 litre of both SI and ~ be mixed; then their 
concentration in mixture will become half (M1V1 M2V2~ 

[MJ+ j 2XIO-4 M;[,,2- 1;;lxlO-3 

KspM2~ =[M 3+ f[S2- f 
= [2 X lO-4f[l x 10-3 f 4 X 10-17 M 5

] 

88. Solubility products (Ksp) of two salts AB and A2e are same 

where, 'A' is mono cation and B and C are anions. Calculate 
the ratio of their solubilities. 

[ADS. (l6Ksp)113] 
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[Hint; Use; Ksp AB = x 2 

Ksp A2C =4/] 
89. Calculate the pH of a solution having 0.1 M fonnic acid and 

0.2 M He!. Also find the concentration of all the anions 
present in the solution. 
[Ans. pH = 0.6989,[OW ]=5xlO-14

] 

90. Calculate the accurate pH of 5 x 10-3 M fonnic acid solution. 

Ka (HCOOH) = 2 x 10-4
. 

[ADs. pH = 3.043] 
[Hint: Use the quadratic equation: 

[H+]2 + Ka[H+ ]-CKa = 0 

[H+ ] = -Ka + ~K?; + 4CKa = 9.05 x 10-4 

2 

(On subsfitutmg the values orc and Ka) 

pH = -log10 [W ] 

= -log10 [9.05 x 10-4
] 

= 3.043] 

91. Calculate the accurate pH of 5 x 10-6 M pyridine solution. 

Kz,(pyridine) = 1.5 X 10-9
. 

[Ans. 7.1215] 

[Hint: Use; [OH-]2=CKb +Kw 

[OW]=~5 x 10-6 x 1.5 X 10-9 + 10-14 

= ~1.75 X 10-14 

pOH = -log [OW] 

Set-1: Questions with single correct answer 

] . A certain weak acid has a dissociation constant of I x 10-4
. 

The equilibrium for its reaction with a strong base is: 

(a) 1 x 10-4 (b) 1 x 10-10 (c) 1 X 1010 (d) 1 x 1014 

K 1 X 10-14 

[Hint: Kh = ~ = = 1 X 10-10 
. 

Ka 1 X 10-4 ' 

K = ~ = 1 x 1010
] 

eq K 
h 

2. Which one of the following fonnulae represents Ostwald's 
dilution law for a binary electrolyte whose degree of 
dissociation is 'a' and concentration C? 

(a) K = (l-a)C (b) K = a
2
C 

a (I-a) 
2 

(d) K _0. __ 

(I-a)C 
(c) K = (I-a)C 

0.
2 

J. Which of the following is the correct quadratic fonn of the 
Ostwald's dilution law equation? fCET (JE 2009] 

= -log ~1.75 x 10-14 = 6.8785 

pH = 7.1215] 

'>1. Ionic product of water (Kw) at two different temperatures 

25° C and 50° Care 1.08 x 10-14 and 5.474 x 10-14 

respectively. Assuming /jjf of any reaction to be independent 
of temperature, calculate enthalpy of neutralisation of strong 
acid with strong base. 

[Ans. 12.5 kcal] 

KW2 !:J.H [1 IJ [Hint: Use log - = --- - - - ] 
KWj 2.303 R TI T2 

93. The solubility product of PbI2 is 7.47 X 10-9 at 15° C and 
1.39 x 10-8 at25 0c. Calculate the molar heat of solution of PbI2. 

[Ans. 44.318 KJ/mol] 

[Hint: CK;J2 !:J.H (~ 
log (Ksp)1 = 2.303RT; - T;:) 

[1.39 x 10-
8

] !:J.H (1 1 J 
log [7.47 x 10-9 ] = 2.303 x 8.314 288 - 298 

!:J.H = 44318.4 J = 44.318 kJ I mol] 

94.. Given, a solution of acetic acid. How many times of the acid 
concentration, acetate sait should be added to obtain a solution 
with pH == 7? 

Ka for dissociation ofCH3COOH = 1.8 x 10- 5. 

[BCECE (Mains) 2007. 

[Ans. 1.799 x 102
] 

(a)a 2C+aK-K=0 

(c) a 2C - aK + K = 0 

(b) a 2C - aK - K = 0 

(d) a 2C+aK +K = 0 
[Hint: According to Ostwald's dilution law: 

Co.2 

K=
I-a 

or Co.2 + Ka - K = 0] 

• 

'i. A monoprotic acid in 1.00 M solution is 0.00 I % ionised. The 
dissociation constant of acid is: 
(a) 1.0 x 10-3 (b) 1.0 x 10-6 

(c) 1.0 X 10-8 (d) 1.0 x 10-10 

5. Formic acid is 4.5% dissociated in a 0.1 N solution at 20° C. 
The ionisation constant of formic acid is: 
(a) 21x 10-4 (b) 21 

(c) 0.21 x 10-4 (d) 2.1 x 10-4 

() The fraction of total molecules which is ionised in a solution 
of an electrolyte is known as: 
(a) molecular velocity 
(b) order of reaction 
(c) degree of ionisation 
(d) mole fraction of the electrolyte 

I 
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77. One litre of water contains 10-7 mole of H + ions. Degree of 

ionisation of water is: 
(a) 1.8 x 10-7% (b) 0.8 x 10-9% 

(c) 3.6 x 10-9% (d) 3.6 x 10-7% 

[HftAt: Since, 1 litre of water contains 1000 '18 mole, degree of 
. .. 10-7 ,1000 ] . IOnIsatIOn = --

18 
~. The degree of dissociation in a weak electrolyte increases: 

(a) on increasing pressure (b) on decreasing dilution 

19. Solubility product of silver bromide 5 ~ 10-13
. The quantity of 

potassium bromide (molllr mass taken as 120 g mol-I) to be 
added to I litre of 0.05 M solution of silver nitrate to start the 
precipitation of AgBr is : (Alt:i~E 2(:1 \1) 

(a) 6.2x 10-5 g (b) 5.0x 10-8 g 

(c) 12x 10-10 g (d) 12x 10-9 g 

lI.. When equal volumes of the following solutions are mixed, 
precipitation of AgCI (Ksp :::: 1.8 X 10-10 )will occur only with: 

I.M'It! (Pl\IT) 

(c) on increasing dilution (d) on increasing concentration (a) 10- 4 M Ag + + 10- 4 M Cl-

99. Which of the following is the weukest base? (b) 10-5 M Ag+ + 10-5 MCr 

(a) NaOH . (b) Ca(OH)2 (c) 10-6 M Ag+ + 10-6 M CI-

(c) NH40H (d) KOH (d) 10-10 M Ag+ + 10-10 M CI-
ltlo. Acetic acid is a weak electrolyte because: 

ZL Buffering action of a mixture of CH3 COOH and CH3 COONa 
(a) its molecular mass is high is..maximum wileD the ratio 9fsalt 00 acid is ~a1 00: __ ~. 

---- (b) it in covatent compound ______ (a)~.O ____ (b)_lOO~O __ (~)_lO>O . -(.d}-O.4-...... -- __ 
---- -(c)ltls11ignly unstab~m--...... -- ~-...... :D... Which hydroxide will have lowest value of solubility product 

(d) it does not dissociate much or its ionisation is very small at normal temperature (25 0C)? (i rr 1 'JI\;fi} 

ttl. When NH4CI is added'to NH40H solution, the dissociation of (a) Mg(OH}z (b) Ca(OHh 
ammonium hydroxide is reduced. It is due to: (c) Ba(OH}z (d) Be(OH)2 

iPiHT (:;;lP) 19931' 

(a) common ion effect (b) hydrolysis 

(c) oxidation ( d) reduction 
ttl. The addition of HCI will not supp'ress the ionisation of: 

. IPIHT ('H') 1993j 

(a) acetic acid (b) sulphuric acid 
(c) H2S (d) benzoic acid 

tl3. H2S in presence ofHCI precipitate.$ second group radicals but 
not fourth group radicals because: 
(a) HCI activates H2S . 
(b) HCI decreases concentration olf sulphide ions 
(c) HCI increases concentration of sulphide ions 
(d) sulphides onv group are unstable in HCI 

t~. The solubility product of a salt AB iis I x 10-8
• In a solution, in 

which concentration of A is 10-3 M,. AB will precipitate when 
the concentration of B will be: WET {MP) 

(a) 10-7 M (b) 10-4 M (c) 10-5 M (d) 10-6 M 
lis. The solubility product of BaS 0 4 is 1.5 x 10-9

• The 
precipitation in a 0.01 M Ba2+ iOIlS solution will start on 
adding HzS04 of concentration: 
(a) 10-9 M (b) 10- 8 M 
(c) 10-7 M (d) 10-15 M 

tti6. Solubility product of BaCI2 is 4 x 10-9
. Its solubility would 

be: . (\k;;!\:mIJ 2ll'iiSl 

(a) 1 x 10-27 (b) I x 10-3 (c) 1 X 10-7 (d) I x 10-2 

I J1. Which pair will show common ion effe (;1? I P:\ IT (:'vI P) gZi G! 

(a) BaCI2 + Ba(N03 h (b) NaCI + HCI 
(c) NH40H + NH4CI (d) AgCN + KCN 

lIS. What is the correct representation o.:f solubility product of 
Ag 2Cr04? 

(a) [Ag+f[CrO~-] 

(c) [2Ag+][Cr~-] 

(b) [Ag+][CrO~-] 

(d) [2Ag+f[CrO~-] 

n. The solubility of Al(OHh is'S' g mol 
product is: . 

. Its solubility 

(a) S2 (b) S3 (c) 27S4 (d) 27S 3 

.. The solubility products of Al(OH)3 and Zn(OH)2 are 
8.5 x 10-23 and 1.8 x 10-14 at room temperature. If the solution 
contains Al3+ and Zn2+ ions, the ion tirst precipitated by 
adding NH40H is: 
(a) Al3+ (b) Zn 2+ 

(c) both ~ (d) none of these 
S. The solubility product of CaS04 is 2.4 x 10-5

• When 100 mL 
of 0.01 M CaCI2 and 100 mL of 0.02 M Na2S04 are mixed, 
then: 
(a) Na2S04 will precipitate (b) both will precipitate 
(c) CaS04 will precipitate (d) none will precipitate 

•. The solubility of AgCl in a solution of common salt is lower 
than in water. This is due to: 
(a) salt effect (b) lowering of solubility effect 
(c) common ion effect (d) complex formation 

1E!7.. The solubility products of AgCI and AgI are 1.1 x 10-10 and 
, '1.6 x 10-16 respectively. If AgN03 is added drop by drop to the 
sofiItion containing both chloride and iodide iqns, the salt 
precipitated first is: 
(a) AgI (b) AgN03 
(c) AgCI (d) both AgI and AgCI 

llR. Why is pure NaCI precipitated when HCI gas is passed in 
saturated solution of NaCI? lPET (MFl i C;9:~! 

(a) Impurities dissolve in HCI 
(b) The value of [Na +] and [CI-] product becomes smaller 

than Ksp ofNaCI 
(c) The value of[Na +] and [Cn product becomes higher than 

Ksp ofNaCI 
(d) HCI dissolves in water 

1m. On passing a current ofHCI gas in saturated solution ofNaCl, 
the solubility ofNaCI: 



IONIC EQUILIBRIUM 

(a) increases (b) decreases 
(c) remains unchanged (d) NaCI decomposes 

30. In a saturated solution of electrolytes, the ionic products of 
their concentration are constant at a particular temperature. 
This constant for an electrolyte is known as: 
(a) ionic product (b) ionisation constant 
(c) dissociation constant (d) solubility product 

31. On addition of ammonium chloride to a solution ofNH40H: 
(a) dissociation ofNH40H increases 
(b) concentration of OIr decreases 
(c) concentration of OIr increases 
(d) concentration of both ~ and OIr increases 

32. The solubility product of a salt AlB is 4 x 10-9
• Its solubility 

would be: (liT 1990) 

(a) 4 x 10-2 M (b) 2 X 10-4 M 
(c) 1 X 10-4 M (d) 1 x 10-3 M 

__ 3,3~ If the concentration of crO~- ions in a saturat~ solution of 
silver chromate. is 2 x 10 '\ solubility· product of silver 
chromate will be: [PET (MP) 19921 

(a) 4 x 10-8 (b) 8 x 10-12 

(c) 16 X 10-12 (d) 32 x 10-12 

34. 50% neutralisation of a solution of formic acid 
(Ka = 2x 10-4) with NaOH wocld r~ult in a ~ol~tion having 
a hydrogen ion concentration of: 

(a) 2x 10-4 (b) 3.7 (c) 2.7 (d) 1.85 

35. The solubility product of BaCl2 is 4 x 10-9 . Its solubility in 
mol L-1 would be: 

(a) I x 10-3 

(c) 4 X 10-21 

(b) 1 x 10-9 

(d) I x 10-27 

36. Addition of conc. HCl to saturated BaCl2 solution precipitate 
BaCl2 because: [EmU (Screening) 20101 

(a) at constant temperature the product [Ba2+ ][Cl- f remains 
constant in a saturated solution 

(b) ionic product of [Ba 2+][Cr) remains constant in a 
saturated solution 

(c) of common ion effect 
(d) it follows Le-Chatelier's principle 

37. How many grams ofCaCz04 will dissolve in distilled water to 
make one litre of satUrated solution? (Ksp = 2.5 x 10-9 and its 
molecular mass is 128) [PMT (MP) 19931 
(a) 0.G064 g (b) 0.0128 g (c) 0.0032 g (d) 0.0640 g 

38. On the addition of a solution containing Cr~- ions to the 
solution ofBa 2+, Sr2+ and Ca 2+ ions, the preCipitate obtained 
first will be of: [PET (1\1 P) 19931 

(a) CaCr04 (b) srCr04. 
(c) BaCr04 (d) a mixture of all the three 

39. Ostwald's dilution law is applicable in the case of the solution 
of: 
(a) NaCI (b) NaOH (c) H2S04 (d) CH3COOH 

40. What will be the solubility of AgCI in a 0.1 MNaCI solution? 
(K sp AgCl = 1.20 x 10-1°) lPiViT (Vi P) 19921 

(a) 0.1 M (b) 1.2 x 10-4 M 

(c) 1.2 X 10-9 M (d) 1.2 x 10-10 M 

41. Which of the following metal sulphides has maximum 
solubility in water? 

(a) CaS(Ksp=36xI0-30
) (b) FeS(Ksp llxlO-2o ) 

(c) HgS (Ksp = 32 x 10-54 ) (d) ZnS (Ksp = 11 x 10-22
) 

42. The ionisation constant of acetic acid is 1.8 x 10-5
• The 

concentration at which it will be dissociated to 2%, is: 
(a) I M (b) 0.045 M (c) 0.018 M (d) 0.45 M 

43. The solubility ofPbS04 in 0.01 MNazS04 solution is: 
(K sp for PbS04 = 1.25 X 10-9 ) 

(a) 1.25 x 10-7 mol L-1 (b) 1.25 X 10-9 mol L-1 

(c) 1.25 X 10-10 mol L-1 (d) 1.25 x 10-18 mol 

44. The value of K sp for HgCI2 is 4 X 10-15 . The concentration of 
Cl- ion in its aqueous solution at saturation point is: 
(a) I x 10-5 M (b) 4 x 10-15 M 

(c) 8 x 10 IS M . __ . (d) 2 x l~- ------~ 

45. lIthe solubility ofPbBrz is'S' gram mol peilitre, considenng 
80% ionisation, its ionic product is: 

(a) 2S 3 (b) 4S2 (c) 4S 3 (d) 184 

46. If the solubility ofM3N2 is'S' g mol C l
, its solubility product 

IS: 

(a) 2S3(b)8S4 (c) 1088 5 . (d)· 27S-~~--
47. At 30°C, the solubility of Ag 2C03 (Ksp = 8x 10-12 ) would 

be greatest in one litre of: 
(a) 0.05 MNa2C03 (b) 0.05 M AgN03 
(c) pure water (d) 0.05 MNH3 

48. The following equilibrium exists in aqueous solution; 

CH3COOH~ H+ +CH3COO-

49. 

If dilute HCI is added: 
(a) the equilibrium constant will increase 
(b) the equilibrium constant will decrease 
(c) acetate ion concentration will increase 
(d) acetate ion concentration will decrease 
According to Arrhenius concept, ba~e is a substance that: 

(a) gives W ions in solution 

(b) gives OIr ions in solution 
(c) accepts electrons 
(d) donates electrons-

50. According to Bronsted-Lowry concept an acid is a substance 
which: 
(a) accepts proton 

(c) gives proton 

(b) gives an electron pair 

(d) combines with H30+ ions 

51. According to Lewis concept, a base is a substance which: 
(a) dO)1ates an electron pair (b) accepts an electron pair 

(c) produces hydronium ions (d) combines with OH - ions 
52. The strength of the acid depends on the: 

(a) number of hydrogen atoms present in the molecule 
(b) oxygen content 
(c) density 
(d) concentration of hydrogen ions furnished by ionisation 

53. cr ion is the conjugate base of: 
(a) HCI (b) HOCI (c) HCI03 (d) HCI04 
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54. Which one of the following is the strongest acid? 
(a) CH3COOH (b) CH2ClCOOH 
(c) CHCl2COOH (d) CCl3COOH 

55. Number oflt ions present in 250 mL of lemon juice of pH = 3 
is: [PMT (Kerala) 2008] 

(a) 1.506 x 1022 (b) 1.506 x 1023 

(c) 1.506 X 1020 (d) 3.012 x 1021 

(e) 2.008 x 1023 

[Hint: [H+] =10- 3 M 

10-3 

Number of moles of H+ ions in 250 mL = - x 6.023 x 1023 

4 
1.506 X 1020 ] 

;)6. Conjugate acid of Olr base is: 

(a) H2 (b) H20 ( c) _.!!_+ __ ~( d-,-) _H.."-30_+ __ 

70. The numerical value of negative power to which 10 must be 
raised in order to express hydrogen ion concentration, is equal to: 
(a) strength of the solution 
(b) pH of the solution 
(c) degree of hydrolysis 
(d) solubility product ofthe electrolyte 

71. Which one of the following solutions will have pH close to 
unity? lIlT 1992; PMT(Kerala) 2008J 

(a) 100 mL of MilO HCl + 100 mL of MilO NaOH 
(b) 55 mL of MIlO HCI + 45 mL of MilO NaOH 
(c) 10 mL of MIlO HCI + 90 mL of MIlO NaOH 
(d) 75 mL of MI5 HCl + 25 mL of MI5 NaOH 
(e) 50 mLofMI5 HCl + 50 mL ofMI5 NaOH 

[Hint: Mmix V mix =MHCI VHC1 + MNaOH VNaOH 

I 1 
M",;x (1 00) = - x 75 + - x 25 - 20 

__ ~_~Wh~i(;ll among the following qualifies as~Lewis acid? ________ _ 5 5 
M

mix 
-0.2---

(a) NaF (b) NaCI (c) BF3 (d) MgCl2 
58. Which of the following will qualifY as Lewis base? 

(a) BCl3 (b) CH4 (c) Cl2 (d) NH3 
59. NIL; ion in an aqueous solution will behave as: 

(a) a base (b) an acid 
(c ) both acid an<foase . .. (d) neutral 

60. In the dissociation of bicarbonate ion, the conjugate base 
involved is: 

(a) coi- (b) CO2 (d) CO 

61. Which one ofthe following is an acidic salt? 
(a) NaHS04 (b) Na 2S04 (c) Na2S03 (d) Na2S04 

62. The conjugate acid ofNlI2 is: 

(a) NH;t (b) NH3 (c) NH20H (d) N2H4 

63. The correct increasing order of strengths of following acids is: 
(a) H2S04 , CH3COOH, HZC03 
(b) CH3COOH, H2S04, H2C03 

(c) H2C03, CH3COOH, HZS04 
(d) CH3COOH, HZC03, H2S04 

64. The decreasing order of strength of following bases is: 

(a) CI-, CH3COO-, NH3 (b) CH3COO-, NH3, CI-

(c) CH3COO-,CI-,NH3 (d) NH3,CH3COO-,cr 

65. Which one of the following does not act as a Bronsted acid? 

(a) NfLt (b) HC03 (c) HS03 (d) CH3COO-

66. Of the given anions, the strongest Bronsted base is: 

(a) ClO- (b) CIO; (c) CIOi (d) ClO:; 

67. The compound that is not a Lewis acid is: 
(a) BaClz (b) AICI3 (c) BCl) (d) SnCl4 

68. The dissociation constants of two acids HAl and HA2 are 

3.0 x 10- 4 and 1.8 x 10-5 respectively. The relative strengths 

of the acids will be: 

(a) 1: 4 (b) 4: I (c) 1:16 (d) 16: 1 
69. In the acid-base relation; 

HCI + CH3COOH CI- + CH3COOH;, 
the conjugate acid of acetic acid is: 
(a) Cl- (b) HCI 

(c) CH3COO~ (d) H30+ 

[H+] 0.2M 

pH = log 0.2 = 0.7 '" close to unity] 

72. 0.1 M acetic acid solution is titrated against 0.1 M NaOH 
solution. What would be the difference in pH between II 4 and 
314 stages of neutralisation of acid? -

(a) 2 log 3/4 (b) 210g 114 (c) log 1/3 (d) 2 log 3 
73. The pKa of acetylsalicylic acid (aspirin) is 3.5. The pH of 

gastric juice in human stomach is about 2-3 and the pH in the 
small intestine is about 8. Aspirin will be: 
(a) unionised in the small intestine and in the stomach 
(b) completely ionised in the small intestine and in the 

stomach 
(c) ionised in the stomach and almost unionised in the small 

intestine 
(d) ionised in the small intestine and almost unionised in the 

stomach 
74. When 10-6 mole of a monobasic strong acid is dissolved in one 

litre of solvent, the pH of the solution is: 
(a) 6 (b) 7 
(c) less than 6 (d) more than 7 

75. When pH of a solution is 2, the hydrogen ion concentration in 
mol litre-1 is: 

(a)lxl0-12 (b)lxlO-z (c)lxlO-7 (d) Ix 10-4 

76 .. At 90° C,pure water has [H30+] = 10- 6 mol litre-I. The value 
of K w at 90 0 Cis: (MLNR 1990) 
(a) 10-6 (b) 10-12 (c) 10-14 (d) 10-8 

77. The pH of 1 0-8 molar solution of HCl in water is: 
(CPMT 1990; MLNR 1992) 

(a) 8 (b) -8 
(c) between 7 and 8 (d) between 6 and 7 

78. When pH of 0.001 M solution of HCl is: 
(a) 1.0 (b) 3 (c) 4.0 (d) 5.0 

79. The pH of a solution containing 0.1 NNaOH solution is: 

(a) 1 (b) 10-1 (c) 13 (d) 10-13 

8t~. When 0.4 g ofNaOH is dissolved in one litre of solution, the 
pH of the solution is: 
(a) 12 (b) 2 (c) 6 (d) 10 
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81. The pH of an aqueous solution of a OJ M solution of a weak 
monoprotic acid which is 1 % ionised is: 
(a) 1 (b) 2 (c) 3 (d) 11 

82. The pH of a 0.002 N acetic acid solution if it is 2.3% ionised at 
this dilution is: (log 4.6 = 0.6628) 
(a) 4.3372 (b) 0.4337 (c) 3.4337 (d) 0.6628 

83. 0.1 M HCI and 0.1 M H2S04 each of volume 2 mL are mixed 
and the volume is made up to 6 mL by adding 2 mL of om N 
NaCI solution. The pH of the resulting mixture is: 
(a) 1.17 (b) 1.0 
(c) 0.3 (d) log2-10g3 

[Hint: Number ofmillimoles ofH+ = 0.1 x2+ 0.1 x 2x2 = 0.6 

Concentration of[H+ ] = 0.6 = 0.1 M 
6 

pH -log[H+] 

95. When a buffer solution of CH3COOH and CH3COONa is 
diluted with water: 

(a) CH3COO- ion concentration increases 

(b) [W] ion concentration increases 

(c) OIr ion concentration increases 

(d) W ion concentration does not change 
96. In a buffer solution consisting of a weak acid and its salt, the 

ratio of concentration of salt to acid is increased tenfold; then 
the pH of the solution will: 
(a) increase by one (b) increase tenfold 
(c) decrease by one (d) decrease tenfold 

-IQg O.l:::-=--,ll-t]---------_. 

97. Acetic acid and propionic acid haveKa values 1.75 x 10-5 and 
1.3 x 10-5 respectively at a certain temperature. An equimolar 
solution of a mixture of the two acids is partially neutralised 
by NaOH. How is the ratio of the contents of acetate and 
propionate ions related te the K a values ami the molarity? 

------ &L-.The-pII-and-pOHof-o.-LM-aqueous..solution..QfHNOg...are~_ 
(a) 0, 14 (b) 14,0 (c) 13, 1 (d) 1, 13 

85. The pH of a neutral solution at 50° Cis: (Kw == 10-13
.
26 at 

50°C) 
(a) 7 (b) 6.0 (c) 7.23 (d) 6.63 

86. Th~_pH of 0.005 molar aqueous solution of sulphuric acid is 
approximately: --

(a) 0.005 (b) 1 (c) 0.1 (d) 2.0 
87. 20 mL of 0.1 N HCl is mixed with 20 mL of 0.1 N KOH 

solution; the pH of the solution will be: 

000 002 W7 009 
88. When the pH changes from 4 to 2, the hydrogen ion 

concentration will increase by a factor: 

(a) 2 (b) 112 (c) 102 (d) 10°·5 

89. 100 mL of 0.2 NHCl is added to 100 mL of 0.18 NNaOH and 
the whole volume is made one litre. The pH of the resulting 
solution is: 
(a) 1 (b) 2 (c) 3 (d) 4 

90. 10 mL of 0.1 NHCI is added to 990 mL solution ofNaCI. The 
pH of the resulting solution fs: 
(a) zero (b) 3 (c) 7 (d) 10 

91. Solutions with reserve acidity and alkalinity are called: 
(a) isohydric solutions (b) true solutions 
(c) normal solutions (d) buffer solutions 

92. A solution which is resistant to changes of pH on dilution, or 
addition of small amounts of an acid or a base is known as: 
(a) buffer solution (b) true solution 
(c) isohydric solution (d) ideal solution 

93. Which ofthe following is a buffer solution? 
(a) CH3COOH + CH3COONa 
(b) NaCI + NaOH 
(c) HCI + NH4CI 
(d) CH3COOH + HCl 

94. The hydrogen ion concentration ora buffer solution consisting 
of a weak acid and its sodium salt is given by: 

(a) [W]=K [Acid] (b) [H+] Ka [Salt] 
a [Salt] 

(c) [W] == Ka [Acid] (d) [W] == K [Salt] 
a [Acid] 

--~ 41 ~ ex J == \~: xb~~Twhere,~~i arei~nis~d~ 
fractions of the acids 

(b) The ratio is unrelated to the K a values 
(c) The ratio is unrelated to the molarity 
(d) The ratio is unrelated to the pH of the solution 

98. A weak acid of dissociation constant 10-5 is being titrated with 
aqueous NaOH solution. The pH at the point of one-third 
neutralisation of the acid will be: [JEE (WB) 20101 
(a) 5+log2-log3 (b) 5-log2 
(c) 5 - log 3 (d) 5 - log 6 

[Hint: pKa == -loglO-5 == 5 

[salt ] 
pH == pKa + log-.

[aCId] 
1/3 

= 5 + log- = 5 10g2] 
2/3 

99. Which of the following salts when dissolved in water~!ll 
hydrolyse? 
(a) NaCI (b) KCI (c) NH4CI (d) Na2S04 

100. The aqueous solution of AlCl3 is acidic due to: 

(a) cation hydrolysis 
(b) anion hydrolysis 
(c) hydrolysis of both the ions 
(d) dissociation 

101. A certain buffer solution contains equal concentration of X -
and Hx. The Kb for X - is 10-1°. The pH of the buffer is: 

(a) 4 (b) 7 (c) 10 (d) 14 
102. An acidic buffer solution can be prepared by mixing the 

solutions of: 

(a) sodium acetate and acetic acid 
(b) ammonium chloride and ammonium hydroxide 
(c) sulphuric acid and sodium hydroxide 
(d) sodium chloride and sodium hydroxide 

103. The compound whose aqueous solution has highest pH, is: 
(a) NaCI (b) NH4Cl 
(c) CH3COONH4 (d) Na2C03 

I 
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104. 

105. 

106. 
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The compound whose 0.1 M solution basic, is: 
(a) ammonium chloride (b) ammonium acetate 
(c) ammonium sulphate (d) sodium acetate 
Aqueous solution of copper sulphate: 
(a) turns blue litmus red 
(b) turns red litmus blue 
(c) does not affect litmus 
(d) affects both red and blue litmus 
When an equivalent of a strong acid is added to one equivalent 
of a weak base, the resulting solution will be: 
( a) neutral (b) acidic 
(c) alkaline (d) coloured 

118. 

119. 

( c) K a will increase 
(d) Percentage ionisation will increase 
Which one of the following indicators works in the pH range 
8 9.8? 
(a) Litmus (b) Phenolphthalein 
(c) Methyl red (d) Methyl orange 
What is [OH-] in the final solution prepared by mixing 20 mL 
ofO.OS MHCl with 30 mLofO.lO MBa(OH)2? 

tCi3SF (P'\H) lGU91 

(a) 0.12M (b) 0.10 M 
(c) 0.40 M (d) O.OOS M 

[H' t· - MV - 0.OSx20 -1'0-3 1 m.n+---- - rno 
107. Indicators used in acid-base titrations are: H 1000 1000 

(a) strong organic acids now;: 2 X nBa(OH)z 

(b) strong organic bases MV 0 1 30 
- 2x-- - 2x_'_x~ - 6xlO-3 mQI 

l (c) weak organic acids or weak organic bases 1000 lUUU 
, (d) non-electrolytes __ . __ .. _ .. _._ .. _ .. ___ ...... _ .. __ ....:.... __ . __ ._._ .. _ .. __ --::- .. _. '-"-... --;-.. --.---.. - .. ~.-

. -;;:--.. --I-~0-8--F .. - .. th-t·;---tr t;- -b-tw" l"d d d' h d 'd Remammg moles of OH after neutrahzatlOn 
~ . or, ~ 1 a Ion ~ een oxa IC aCI an so lUm y rOXl e, _ -3 -3 
'. the mdicator used IS: - 6 x 10 10 

(a) potassium permanganate (b) phenolphthalein 5 x 10-
3 

mol 

(c) litmus (d) methyl orange Cone. of [OW] = now x 1000 = 5 X 10-
3 

X 1000 = O.1M] 
109. Phenolphthalein gives a pink colour in alkaline medium due to V 50 

the fact that: 120. The following reaction is known to occur in the human body; 
(a) it is a coloured compound CO2 + H20 H2C03 ~ Ft + HCO; 
(b) it ionises to give coloured ions If CO2 escapes from the system: 
(c) it is decomposed by alkali (a) pH will decrease 
(d) it forms a complex compound with alkali (b) W ion concentration will decrease 

11 O. Which is the best choice for weak base-strong acid titration? (c) H
2
C0

3 
concentration will be unaltered 

lJEE (Orissa) 2008] (d) the forward reaction will be promoted 

111. 

112. 

113. 

114. 

115. 

116. 

117. 

(a) Methyl red 
(c) Phenol red 
Water is: 

(b) Litmus 121. The pH of human blood is about: 
(d) Phenolphthalein (a) S.2 (b) 6.3 (c) 1.4 

(a) a base (b) an acid 
(c) non-electrolyte (d) an amphiprotic molecule 
An aqueous solution, whose pH is zero, is: 
(a) alkaline (b) neutral 
(c) acidic (d) amphoteric 
0.1 NsolutionofNa2C03 is being titrated with 0.1 NHC!. The 
best indicator to be used is: 
(a) potassium ferricyanide (b) phenolphthalein 
(c) methyl red (d) litmus 
In the reaction, AlCl3 + cr = AICl4 ,AlCI3 can be classified 
as: 
(a) a base (b) an acid 
(c) a salt (d) none of these 
Sulphuric acid is a dibasic acid. Hence, it forms: 
(a) acidic salt (b) basic and acidic salt 
(c) acidic and normal salt (d) double salt 
The buffer solutions play an important role in: 
(a) increasing the pH vah,1e (b) decreasing the pH value 
(c) keeping the pH constant (d) none of these 
Which of the following will occur if 1.0 M solution of a weak 
acid is diluted to 0.0 I M at constant temperature? 

(a) [H +] will decrease to 0.01 M 

(b) pH will decrease by 2 units 

(AIIMS 19{)}) 

122. 

123. 

124. 

125. 

(d) 8.3 
The dissociation constants of acids HA, HB, HC and HD are 
2.6 x 10-3, S.3 x 10-9, I, I x 10-2 and 1.S x 10-5 respectively. 
The weakest acid amongst these acids is: 
(a) HA (b) HB (c) HC (d) HD 
The addition of sodium carbonate in pure water causes: 
(a) an increase in the hydrogen ion concentration 
(b) a decrease in hydroxyl ion concentration 
(c) no change in pH 
(d) an increase in pH 
The best indicator for titrating HCI against NH40H is: 
(a) litmus (b) phenolphthalein 
(c) phenol red (d) methyl orange 
A buffer solution is used in: 
(a) preparation of potash alum 
(b) the removal of PO~- ions 
(c) increasing the pH value of a solution 
(d) precipitation ofCr(OHh from CrCl3 

126. A certain weak acid has a dissociation constant of 1.0 x 10-4
. 

The equilibrium constant for its reaction with a strong base is: 
(a) 1.0 x 10-4 (b) 1.0 x 10-10 

(c) 1.0 X lOW (d) 1.0 x 10-14 

[Hint:HA + BOH ~ BA + H20. The equilibrium constt. 
= 1/ Kh and Kh Kw! Ka] 
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127. Which one of the following statements is correct? 
(a) CH3COOH is a weak acid 
(b) NH4CI gives an alkaline solution in water 
(c)CH3COONa gives an acidic solution in water 
(d) NH40H is a strong base 

128. In the hydrolytic equilibrium A- + H20~ HA + OH
K a = 1.0 X 10-5

. The degree of hydrolysis of 0.00 I M solution 
ofthe salt is: 
(a) 10-3 (b) 10-4 (c) 10-5 (d) 10-6 

. 129. The pH of an aqueous solution of 0.1 Msolutionofthe saltofa 
weak base (Kb = 1.0 X 10-5

) and a strong acid is: 
(a) 4.5 (b) 5.0. (c) 5.5' (d) 6.0 
[Hint: First calculate degree of hydrolysis; 

a 2C = Kh,Kh = (Kw / Kb ), [I£']:: aC] 

no. The pH of the solution obtained by mixing equal volumes of 
solution of pH = 5 and pH:: 3 of the same electrolyte is: 

·---W-r.3 (b) 4.0 (c) 4.5 (d) 2.0 
------ lU_~U_5-TOOXT0-3--:FTO-5>--'.----

[Hint: or] = 50.5 x 10--5] 
2 2 

131. pKa values of four acids are given below at 25°C. The 
strongest acid is: [PMT (]VIP) 1990] 
(a) 2.0 (b) 2.5 (c) 3.0 (d) 4.0 

132. ,Theionisatioll.constant of NUX in water is5.6x 10::-10 at25°C. 
The rate constant of the reaction of NH:t and OH- to form 
NH3 and H20 at 25°C is 3.4 x IOlO L morl s-I. The rate 
constant for proton transfer from water to NH3 is: 
(a) 6.07x lOS S-I (b) 6.07 x 10-10 S-I 

(c) 6.07 x 10--5 S--I (d) 6.07 x loI°s--1 

133. The pH of asbft drink is 3.82. The hydrogen ion concentration 
will be: (given aantilQg 0.18 = 1.5) [PET (MP) 19901 

(a) 1.96 x 10--2 molliel (b) 1.96 x 10--5 molliel 

;. (c) 1.5 X 10--4 molliel (d) 1.5 x 10--2 molliel 

134. 100 mL of 0.1 M HCI is mixed with 100 mL of 0.0 I M HCI. 
The pH of the resulting solution is: 
(a) 2.0 (b) 1.0 
(c) 1.26 (d) none ofthese 

135. How many times has a solution of pH 2 higher acidity than a 
. . .... 

solution ofpH6? . ..: . . 
(a) 10,000 (b) 12 .' 

(c) 400 (d) 4 
136. For a concentrat~d solution of a weak electrolyte AxBy of 

concentration 'C', the degree of dissociation 'a' is given as: 

[PET (Kerala) 20081 

f¥K' 
(a)a. ~KeqlC(x+y) (b) a ----.::!:. 

xy 

[ 

K ]l/X+Y 
. (c)a = (Cx+y ~q . .:? yY) . 

(d) a = 

[Hint: 

to 

teq. 

Cxy' 

K 
(e) a = -".'L 

Cxy 

AxBy ;;::=::=: xAy+ + yBX
-

C 0 0 

C(l-- (X) xC(X yC(X 

K == (xCat(yCa)Y 
eq. C (l a) 

(xCanyCa)Y 

C 
.: (1 a) "" 1 

[ 

K ]I/X+Y 
a - eq. ] - cx+ y -- I XX yY 

137. The following equilibrium is established when hydrogen 
chloride is dissolved in acetic acid; 

HCI + CH3COOH ;;::=::=: Cl- + CH3COOHi 
The set that characterises the conjugate acid-base pairs is: 

OH 1992) 
(a) (HCI, CH3COOH)and (CH3COO~, Cr) 

(b) (HCI, HC;COO~) and (CH3COOH,Cl--) 

(c) (CH3COO~, HCl) and (Cl-, CH3COOH) 

(d) (HCl, Cl-- ) and (CH3COO~, CH3COOH) 
138. The pH ofa 10-10 MNaOH solution is: ............... ~----

(t:Harakh2md) 2006] 
(a) 10 (b) 7.01 (c) 6.99 (d) 4 

139. Which ofthe following is strongest Lewis base? 

(a). CH3-- (b) Ag+ (c) NH3 (d) H2 

140 •. If the solubility of lithium sodium hexafluoro aluminate, 
Li3Na3 (AlF6 his' S'mol L-1

, its solubility product is equal to: 

(CPl\U 1992) 
(a) S8 (b) 12S 3 (c) 18S 3 (d) 29165'8 

141. Given that the dissociation constant for water is 
Kw::: Ix 10--14 mol2 L-2

• The pH ofa 0.001 molar KOH 
solution is: (MLNR 1991) 

(a) 10-11 (b) 10--3 (c) 3 (d) 11 
142. Which one of the following solutions will have the highest pH . 

value? {CPMT 1992) 
(a) (>.01 MNaOH (b) 0.02MCH3COONa 
(c) 0.10 MNaHC03 (d) 0.10 MH2S04 

143. In the titration of NH40H with HCI, the indicator which-
cannot be used is: 
(a) phenolphthalein 
'(b) methyl orange 
(c) methyl red 

...~ Jd) both methyl orange and methyl red , 
.144. pH of the buffer containing 0.6 g of acetic acid and 8.2 g of 

. sodium acetate in I litre of water is: (pKa of acetic acid = 4.5) 
(a) 7.5 (b) 4.5 (c) 5.5 (d) 6.5 

145. At 25°C, the dissociation constants of CH3COOH and NH40H 
in aqueous solution are almost the same. The pH of a s.olution 
of 0.01 NCH3COOHis 4.0 at 25°C. The pH of 0.01 NNH40H 
solution at the same temperature would be: ?90) 

(a) 3.0 (b) 4.0 
(c) 10.0 (d) 10.5 
[Hint: [H+ ]in CH3COOH soln. = 10--4

; 

Similarly [OW ]in NH40H soln. 10-4; 

10--14 

So, [H+]-[OH 10-4'=10-10
] 

• 
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146. The dissociation constant of acetic acid is 1.8 x 10-5 and that 
of ammonium hydroxide is also 1.8 x 10-5 at 25°C. Hence, an 
aqueous solution of ammonium acetate is: 
( a) acidic (b) basic 
(c) neutral (d) slightly acidic 

147. The concentration ofOIr ions in neutral solution is: 

(a) I x 10-14 g ions/litre (b) I x 1014 g ions/litre 

(c) I x 107 g ions/litre (d) I X 10-7 g ions/litre 

148. 10-6 MNaOH is diluted by 100 times. The pH of diluted base 
is: [PMT (Pb.) 1993] 
(a) between 6 and 7 (b) between 10 and 11 
(c) between 7 and 8 (d) between 5 and 6 

160. A semi-normal solution of sodium acetate in water has [H+]: 

(a) less than 10-7 M (b) greater than 10-7 M 

(c) equal to 10-7 M (d) none of these 
161. The most important buffer in the blood consists of: 

(a) HCI and CI- (b) H2C03 and HCO] 

(c) H2C03 and cr (d) HCI and HCO] 

162. The pH of a buffer solution containing 25 mL of I M 
CH3COONa and 25 mL of 1M CH3COOHwill be appreciably 
affected by 5 mL of: 
(a) I MCH3COOH (b) 5 MHCI 
(c) 5 MCH3COOH (d) I MNH40H 

163. 50 mL of 2 N acetic acid mixed with 10 mL of I N sodium 
149. Ionic dissociation of acetic acid is represented as: acetate solution will have an approximate pH: 

CH3COOH + H20~ CH3COO- + H30+ (a) 7 (b) 6 (c) 5 (d) 4 
According to Lowry and Bronsted, the reaction possesses: 164. The solution of which salt in water is acidic? 

IeEE (Bihar) 1992) (a) Na2B40 7 (b) NaIIC03 (c) KCl (d) FeCl3 
-------faj-an-aGid-aRd-tlm.l~as€s___{_9j--tw{)-aGids-and-two-bas€s-. ----t6S;·-Wbieh-of-the-foHowin~press-ions-is-noHme'! 

(c) an acid and abase • (d) three acids and abase (a) [W] = [OIr] =JK: for a neutral solution 

] 50. The concept of an acid as an acceptor of a pair of electrons was (b) [W] fj( A [OIr] fj( fI . d' I l' 
introduced by: > V1'I.w an4 < V1'I.w or an aCl lC so u lon 

(a) Lowry (b) Bronsted (c) Arrhenius (d) Lewis (c) [W] < JK: and [OIr] > JK: for an alkaline solution 

151. The ionic product of water will increase if: (d) [W] = [OIr] = 10-7 M for a neutral solutionl.lLJ!ll 
(a) pressure is decreased (b) W ions are added temperatures 
(c) OIr ions are added (d) temperature is increased 166. Ammonia gas dissolves in water to give NH40H In this 

152. One litre ofa buffer solution containing 0.01 MNH4Cl and 0.1 reaction water acts as: !PMT (MP) 1990J 
MNH40H having pKb of5 has pH of: (a) an acid (b) a base 
(a) 10 (b) 9 (c) 4 (d) 6 (c) a salt (d) a conjugate base 

153. An aqueous solution of ferric chloride would be: 
(a) acidic (b) neutral (c) basic (d) amphoteric 

154. An acid solution of pH 6 is diluted hundred times. The pH of 
the solution becomes: 
(a) 6 (b) 6.95 (c) 4 (d) 8 

155. The pH of a solution is 5.0. To this solution sufficient acid is 
added to decrease the pH to 2.0. The increase in hydrogen ion 
concentration is: (CPMT 1990) 
(a) 100 times (b) 10 times (c) 1000 times (d) 2.5 times 

:'::6. Conjugate base ofHPO~- is: [PMT (MP) 1991] 

(a) PO~- (b) H2P04 
(c) H3P04 (d) H4P03 

157. The pH of a solution is 2. Its pH is to be changed to 4. Then the 
W ion concentration of original solution has to be: 
(a) halved (b) doubled 
( c) increased 100 times (d) decreased 100 times 

158. The pH value of 0.1 mol/litre HCl is approximately 1. The 
approximate pH value of 0.05 mol/litre H2S04 is most likely 
to be: 
(a) 0.05 (b) 0.5 
(c) I (d) 2 

159. The aqueous solution of a salt is alkaline. This shows that the 
salt is made from: [PMT (MP) 19911 
(a) a weak acid and a weak base 
(b) a weak acid and a strong base 
(c) a strong acid and a strong base 
(d) a strong acid and a weak base 

167. What is the decreasing order of strength of the bases .oH --, 
NH;, H- C=C- and CH3CH2-?(HT ](93) 

(a) CH3CH; >N~- >H- C==C- >OH-

(b) H-C=C >CH3-CH; >NH2- >OH

(c) OH- >NH; >H-C=C- >CH3CH; 

(d) NH2- >H- C==C >OH- >CH3CH; 

168. The best explanation for the solubility of MnS in di!. HCl is 
that: (MLNR 1993) 

(a) solubility product ofMnCl2 is less than that ofMnS 
(b) concentration of Mn 2+ is lowered by the formation of 

complex ions 
(c) concentration of sulphide ions is lowered by oxidation to 

free sulphur 
(d) concentration of sulphide ions is lowered by the formation 

of weak acid H2 S 
! 69. The correct order of increasing [H30+] in the following 

aqueous solution is: (",j'." 'J%; AFMC 2009) 
(a) 0.001 M H2S < 0.01 M H2S04 < 0.01 M NaCI < 0.01 M 

NaN02 

(b) O.OIM NaCI <O.OIM NaN02 <O.OIM H2S <O.OIM 
H2S04 

(c) O.OIM NaN02 <O.OIM NaCI <O.OIM H2S <O.OIM 
H2S04 

(d) 0.01 M H2S < 0.01 M NaCI < 0.01 M NaN02 < 0.01 M 
H2S04 
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170. Which of the following statements/relationships is not 
correct? 
(a) Upon hydrolysis salt of strong base and weak acid gives a 

solution with pH > 7 

I 
(b) pH log-

[H+] 

(c) Only at 2SO C, the pH of pure water is 7 

(d) The value of pK w at 25°C is 7 
171. Fear and excitement generally cause one to breathe rapidly 

and it results in the decrease of CO2 concentration in blood. In 
what way will it change the pH of the blood? (lIT 1993) 

(a) pH will decrease (b) pH will increase 

(c) No change (d) pH will adjust to 7 
172. Nucleophiles are: 

(a) Lewis acids (b) Lewis bases 

----173; 

(b) Lewis bases 

(c) Bronsted acids (d) Bronsted bases 
174. Kh (hydrolysis constant) of ammonium benzoate can be 

calculated by the formula: 

-""-- (d) ffF 
175. The pH of a neutral water is 6.5. Then the temperature of 

water: [PET (Kerala) 2007) 
(a) is 25°C 
(b) is more than 25°C 
(c) is less than 25°C 
(d) can be more orless than 25°C 
(e) cannot be predicted 

176. The buffer capacity of buffer containing acid with pKa :::.:: 4.0 
is highest when its pH is equal to: 

(a) 6.0 (b) 5.0 

(c) 4.0 (d) 3.0 
177. Ksp (AgCl»Ksp (AgEr»Ksp (AgI).This means that: 

(a) AgCI is more ionised than AgBr and AgI 

(b) both AgEr and Agi are less soluble than AgCI 
(c) AgI is most soluble 
(d) AgBr is more soluble than AgCI but less soluble than AgI 

178. In the hydrolytic equilibrium; 

B+ + H20~ BOH+ H+ 

K b :::.:: 1 X 10-5 .1'he hydrolysis constant is: 

(a) 10-5 (b) 10-19 (c) 10-10 (d) 10-9 

1.79. The solution of a salt of a weak acid and weak base will have 
pH: (Kb:::':: LOx 10-6 andKa = LOx 10-4) 

(a) 7.0 (b) 8.0 

(c) 6 (d) 4.0 
J 80. 0.1 N solution of sodium acetate will have pH: (pKa 4.57) 

(a) 8.78 (b) 11.57 

(c) 4.57 (d) 7.0 
181. The following acids have been arranged in the order of 

decreasing acid strength. Identify the correct order: (lIT 1996) 

182. 

183. 

ClOH (I) 
(a) 1>Il>UI 
(c) III>U>I 

BrOH (II) 10H (III) 
(b) II> I> III 
(d) I>III>I1 

Which of the following statements is correct? 
(a) pKw increases with increase of temperature 

(b) pK w decreases with increase of temperature 

(c) pK w 14 at all temperatures 

(d) pKw pH at all temperatures 
For a concentrated solution of a weak electrolyte Ax and Bv, 
the degree of dissociation is given as: . 

(a) a:::.:: 

(b) a 

184. A-sorntioo-is-satufat<W.-with-respest-t0--&bGrand--&F:r--The--~ 

185. 

186. 

187. 

188. 

11)9. 

190. 

[CO;-] was found to be 1.2 x 10-3 M. The concentration of .", 

F in the solution would be: 

(a) 1.3 x 10-3 M 

(c) 3.7 X 10-2 M 

(b) 2.6 X 10-2 M 

(d) 5.8 x 10-7 M 

(Given: Ksp SrC03 :::.:: 7.0 X 10-10 M2, 

Ksp(SrF2 ) 7.9 x 10-10 M 3
) 

The solubility of sparingly soluble electrolyte M m Aa in water 
is given by the expression: 

m+a 

m+a 

(b) S = -sp-
[ 

K jll(m+a) 

mmaa 

[ 

K jll(m+a) 
(d) S = -sp-

maam 

The solubility of mercurous chloride in water will be given as: 
(a) S Ksp (b) S = Ksp/4 
(c) S:::.:: (Ksp/4)1I2 (d) S = (Ksp/4i/ 3 

In the titration of acetic acid versus sodium hydroxide, the pH 
of the solution at equivalence point (when temperature is 
25°C) is: 
(a) about 5.5 (b) about 6.5 
(c) about 7 (d) about 8.5 
When K 20 is added to water, the solution is basic because it 
contains a significant concentration of: 
(a) K+ (b) OIr 

(c) 0 3
- (d) O~-

The blood buffers are most often involved in stabilizing the 
pH in presence of metabolically produced: 
(a) acids (b) bases 
(c) salts (d) none of these 
The colour of CuCr207 solution in water is green because: 
(a) Cu 2+ ion is green 
(b) Cr20~- ions are green 

(c) both the ions are green 
(d) Cu 2+ ion is blue and Cr20~- ion is yellow 
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191. An acid with molecular fonnula c;~03 fonns three types of 
sodium salts, i.e., C7Hs03Na, C7H40 3Na2 and C7H30 3Na3. 
The basicity of the acid is: 
(a) one (b) two (c) three (d) four 

192. If the salts M 2X , QY2 and PZ3 have the same solubilities, 

their Ksp values are related as: 
(a) K sp (M2X) Ksp(QY2)<Ksp(PZ3 ) 

(b) Ksp(M2X) > Ksp(QY2) = Ksp(PZ3 ) 

(c) K';r/M2X) Ksp(QY2)=Ksp(PZ3 ) 

(d) Ksp(M2X) > Ksp(QY2 ) > Ksp(PZ3 ) 

193. In an experiment to determine the enthalpy of neutralization of 
sodium hydroxide with sulphuric acid, 50cm3 of 0.4 M 
sodium hydroxide were titrated thennometrically with 0.25 M 
sulphuric acid. Which of the following plots gives the correct 
representation? 

(a) Ei 
~ i 

I 
I 
I 

(b) 
cL 
E 
~ 

.---
V 

10 30 50 10 30. 50 
Vol. of H2S04 Vol. of H2S04 

ci. 
(d) E 

~ 
(c) 

10 30 50 10 30 50 
Vol. of H2S04 Vol. of H2S04 

194. Ksp of CuS, AgzS and HgS are 10-31
, 10-44 and 10-54 

respectively. Select the correct order for their solubility in 
water: (eSSE 1997) 
(a) AgzS > HgS > CUS (b) HgS > CuS > Ag 2S 
(c) HgS>Ag 2S>CuS (d) Ag 2S>CuS>HgS 

[Hint: Solubility of Ag2S (483 
= Ksp) and for CuS arid HgS 

(S2 Ksp}] 

195. If the Kb value in the hydrolysis reaction, 
B+ + H20,-------->' BOH + H+ 

is 1.0 x 10-6, then the hydrolysis constant of the salt would be: 
1998) 

(a) LOx 10-6 (b) LOx 10-7 (c) Ix 10-8 (d) LOx 10-9 

l~o. The concentration of [W ] and [OIr ] of a OJ M aqueous 
solution of 2% ionised weak l'lcid is: (ionic product of water 
= 1 x 10-14

) (CBSE ~ 
(a) 0.2 x 10-3 M and 5 x 10-11 M 

(b) 1 x 10-3 M and 3 x 10-11 M 

(c) 2 X 10-3 M and 5 x 10-12 M 

(d) 3 x 10-2 M and 4 x 10-13 M 

[Hint: [H+ 1 C x a = 0.1 x 0.02 = 2 x 10-3 M; 

[OIr ]:;:~] 
. [H+ 1 

197. The pH value. of decinonnal solution of NH40H, which is 
20% ionised, is: \0 

(a) i3.30 (b) 14.70 (c) 12.30 (d) 12.95 
[Hint: [OIr]:;: 0.1 x 0.2 = 2 x 10-3

; 

pOH = 1.7 pH = 14 -pOH] 
198. The pH of 0.1 M solution of the following salts increases in the 

order of: (HT 
(a) NaCl < NH4CI < NaCN < HCI 
(b) HCI< NH4Cl < NaCI < NaCN 
(c) NaCN < NH4CI < NaCI < HCI 
(d) HCI < NaCI < NaCN <NH4CI 

199. A physician wishes to prepare a buffer solution at pH = 3.58 
that efficiently resists a change in pH yet contains only small 
concentration of buffering agents. Which one ofthe following 
weak acids together with its sodium salt would be best to use? 

(a) m-chlorobenzoic acid (PKa = 3.98) 
(b) p-chlorobenzoic acid (PK-'L - 4.41) 
(c) 2,5-dihydroxybenzoic acid (pKa =_2.~97-,),---~~ _____ ~ __ 
(d) Acetoacetic acid (pKa = 3.58) 

200. Which one does not give a buffer solution? 
(a) Ammonia and sodium hydroxide in water 
(b) Sodium acetate and acetic acid in water 
(c) Ammonia and ammonium chloride in water 
(d) Sodium acetate and hydrochloric acidCinwater 

201. Conjugate base of[Al(H20MOHh] is: 

(a) [Al(H20MOH)2t (b) [Al(H20h(OH)20r 

202. The solubility of calcium phosphate in water is x mol at 
·25°C.lts solubility product is equal to: 7t -,' "';1 1'J''f'" 

(a) 108x2 (b) 3&3 

(c) 36x5 (d) 108x5 

203. K sp values for silver bromide, silver chloride and silver iodide 
are 5 x 10- 13 moe dm- 6, 2 x 10- 10 mol2 dm- 6 and 8 x 10- 17 

mol2 dm - 6 respectively. The order of solubility of these silver 
salts is : r (f , 
(a) AgCI> AgBr> AgI (b) AgI> AgBr> AgCl 
(c) AgCl> AgI> AgBr (d) Agl> AgCl> AgBr 

204. In the reaction, 

the Lewis base is: 

(b) r 
(d) none of these 

205. Which of the followirig on reaction with H2 S does not produce 
metallic sulphide? ~g,~:~ :; . 
(a) CdCl2 (b) ZnCl2 (c) CoCl2 (d) CuCl2 . 

206. A buffer solution of pH = 9 can be prepared by mixing: 

(a) CH3COONa and CH3COOH 
(b) NaCI and NaOH 
(c) NH4CI arid NH40H 
(d) K.H2P04 and K 2HP04 

207. Which of the following is the strongest Lewis base? 

(a) CH3 (b) NH2 (c) OIr (d) F-
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The monobasic acid among the following is: (ISAT 2010) 
(a) H3P03 (b) H2S20 7 

llS:-pH,ofa buffer solution decreases by 0.02 units when 0.12 g of 
acetic acid is added to 250 mL of a buffer solution of acetic 
acid and potassium acetate at 27°C. The buffer capacity of the 
solution is: (EAMCET 2009) 
(a) 0.1 (b) 10 . (c) I (d) 0.4 

. (c) H3P02, , (d) H4P20 7 

209.' To Ag~Cr04' solution over its own precipitate, crO~- ions are 

219. The dissociation constants of monobasic acids A, B, C and D 
_ ar~6 ¥ ,I q-4;; 5 x 10-5 , 3.6 X 10-6 and 7 x 10-10 respectively. 

(1:» l decrease in Ag + concentration The pH values of their 0.1 molar aqueous solutions are in the 

added. This results in: [MEE (Kerala) 2000] 

(a) increase in Ag + concentration 

(c) increase in solubility product order: 
(d) shifting of Ag + ions from the precipitate into the solution (a) A < B < C < D (b) A> B > C > D 

210. Aluminium chloride is: (KCET2000) .. ,(~l4 . D (d) A>B<C>D 
(a) Bronsted Lowry acid (b) Arrhenius acid 220. 'Ir'the equilibrium constant of the reaction of weak acid HA 
(c) Lewis acid (d) Lewis base with strong base is 10

9
,then pH in 0.1 MNaA is: 

211. A50mLsolutionofpH= lis mixed with a 50 mL solution of (a) 5 (b) 9 (c) 7 (d) 8 
pH 2. The pH of the mixture will be nearly: 221. If the freezing point ofo.i molal HA (aq. )is - 0.2046°C, then 

I 

_~~~ __ lIAS (Prelim.) ] 9951 pH of the solution is: [K f (H20) = 1.86° mol-I kg] 

__ ,._~ ___ (a) 0.76. (b) 1.26 (c) 1.76 (dfI26 (a). 1.. (b) 2 ". (el 1-:3- ",-~' -t«di+)-tl-;::;..7--·-----'-
212. The[Ag+j in a saturated solution of Ag;Cr04 is 15x 10~-~·~~~.:%:omsatlon-0f-~ak-aei4ean-be-Galeulatedas: .... --.~--""~ 

• Wbat isthesoIqbility product of Ag2Cr04? (SCRA 2009) , .' , .100 
(a) 3.375 x 10-12 M3 (b) 16875x lO- iO M3 (a) (b) -' ---;-"-;:-----=-. 1+ 
(c) 16875x 1O~11 M3 (d) 16875x 10-12 M3 

[Hint: Ag2Cr04 ---7 2Ag+ + crO~·, 

[Ag+ ] = 15 X 10-4 M .~. [Cro~-] 0.75 X 10-4 M 

Ksp = [Ag+ r[CrO~-] 

= (15 x 1O-4 r(0.75x 10-4] 

= 16875 X 10-12 M 3 ] 

213. The pH of a buffer containing equal molar concentrations of a 
weak base and its chloride (K b for weak base = 2 x 10-5

, 

log 2 0.3) is: 
(a) 5 (b) 9 (c) 4.7 (d) 9.3 

214. The solubility product (Ksp) of AgCI is 1.8 x 10-10
. 

215. 

216. 

217. 

Precipitation of AgCI will occur only when equal volumes of 
solutions of:,' [lAS (Prelim.) 1997; PET (MP) 2007] 

(a) 10-4 MAg + and 10-4 M cr are mixed . " 

(b) 10-7 MAg + and 10-7 M cr are mixed 

(c) 10-5 M Ag+ and 10-5 MCl- are mixed 

(d) H)-IO M Ag+ and 10-10 MCI- are mixed 

Solid Ba(N03 }z is gradually dissolved in a I x 10-4 M Na2C03 
solution. At what concentration of BaH will a precipitate 
begin to form? (K sp for BaC03 = 5:1 x 10-9

) (AlEEE 2009) 

(a) 4.1 x 10-5 M (b) 5.1 x 10-5 M 

(c) 8.1 X 10-8 M (d) 8.1 x 10-:7 M 

How many gram of CaCz04 will dissolve in distilled water to 
make one litre of unsaturated solution of it? (K for 
CaCz0 4 2.5 x 10- 9 mol2liC2) IPMT ("'iP'~ ,i! 
(a) 0.0064 g (b) 0.1028 g (e) 0.1280 g ;{d) 0.2056 g , 
When CO2 dissolves in water, the fcillo\ving~quilibrium is 
established, 

CO2 + 2HzO ~ HP+ + HCO; 
for which the equilibrium,constant is 3.8 x 10-7 and pH = 6.0. 
The ratio of[HC03 ] to [COij ~ould be: 
(a) 3.8 x 10-13 (b) 3.8 x 10-1 ('c) 6.0 (d) 13.4 

(c) 'both correct (d) none is correct 
Assuming comple.tejonis~ti~Il !"hi~h !"illl1a~.e maximum pH? 
(a) 0.01 MNH4CI (b) om M(NH4)2S04 

223. 

(e) O.0IM:(NH~hP64 Cd) equal 

224. H20 + H3P04 r:== H30+ + H2PO:;; pKI = 2.15 

H20 + H2PO:; r:== H30+ + HPO~-; pK2 7.20 

Hence, pH of 0.01 MNaH2P04 is: 
.. (a) , 9.~5 '. . (b) 4.675 (c) 2.675 (d) 7.350 

225. 

226. 

': ", . 

Aootyi "'lioylio ":ld[ 6=:O+l1ed "Pmn is , 
p!!-inkiller}Vii:ll.pKa = 2. If two tablets each of 0.09 gmass, 
containing aspirin are dissolved in 100 mLsolution. Its pH. 
will be: 
(a) 0.5 (b) LO 
(c) 0.0 (d) 2.0 
If ion,ic product of water is K w 10-16 at 4°C, then a solution 
with pH 7.5 at 4°C will: 
(a) turn blue litmus red (b) tum red litmus blue 
(c) tumturmetic paper brovlIl (d) be neutral to litmus 

227.· 'HoW dd.we differentiate between Fe3+ and Cr3+ in group III? 
/ ),tEEF 1.0(2) 

228. 

Ca) By taking excess ofNH40H 
(b) ~Y zi~cre.asirig NEC ion concentration 

(c) By decre~sing Oli ion concentration 
(d) Both (b) and (c) 
Which has the highest pH? 
(a) CH3COOK, 

, (cLNR4C.1: . 

[eSSE (PMT) 20021 

(b) NaZCO) 
(d) Na~03 

229. Water is a:" (KCET2002) 

(b) protophilic solvent \. (a) protophobic solvent 
(c) amphiprotic solvent (d) aprOtic,,solvent . 

;/ 
.«~ 

£7.#1: 
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230. 1 MNaCl and 1 MHCl are present in an aqueous solution. The [OH-]= 10-5 M 
solution is: (AlEEE 2002) 
(a) nota buffer solution with pH < 7 
(b) not a buffer solution'with pH > 7 
(c) a buffer solution with pH < 7 
(d) a buffer solution with pH = 7 

231. Solution of 0.1 M NH40H and 0.1 M NH4CI has pH 9.25. 
.Then pK b ofNH40H is: . (CDSE (PMT) 2002] 
(a) 9.25 . (b) 4.75' 
(c) 3.75 (d) 8.25 . 

232. Solubility of an MX 2 type electrolyte is 0.5 x 10-4 moVlitre, 

240. 

241. 

:. [H+] = 10-9 M and pH = -log [10-9 ] = 9] 

The correct expression for the solubility· product of 
Ca3 (P04 his: [JEE (Orissa) 2005] 

(a) 108S 5 (b) 27S 5 (b) 16S 4 (d) 8lS 4 

The solubility product of a salt, having the general formula 
MX 2' in water is 4 x 10-12

. The concentration of M 2+ ions in 
the aqueous solution of the salt is: (AlEEE 2005) 
(a) 2 x 10-6 M(b) 1 X 10-4 M 

(c) 1.6 X 10-4 M (d) 4 x 10-10 M 

then K~ of electrolyte is: . . (CDSE (PMT) 2002] [Hint: It is temary electrolyte. 
w K 4S 3 (a) 5 x 10-12 (b) 25 X 10- .. sp 

<, (c) Ix 10-13 . (d) 5 x 10-13 4 X 10-12 = 4S 3 

233. The, concentration of KI and KCl in a certain solution S 1~4 M 
containing both is 0.001 M each. If 20 mL of this solution is :. (M2+) = 10 M] .. __ ~ ~_.~. 
added to 20 mL of a saturated sal:atioo of AgI in witter. What 24i:-Thelonizatioll constant of ammonium. hydroxide is 1 77 x I 0-5~~~ _ 

_ :..... ____ ~~~_yvilLhappenL----.------.~~~ .. -:.----~-------~a12~r8~K-:--Hydiolyslsconstant of amInOniuIn chloride is : 
" (Ksp AgCI = 10-10; Ksp AgI = 10-16y (PET (MP) 2004] ,:' (CDSE (PMT) 2009] 

:--w. 

(a) AgI will be precipitated (a) 5.65 x 10-12 (b) 5.65 X 10-10 

(b) AgClwillbeprecipitated (c) 6.50 x 10-12 (d) 5.65 x 10-13 

(c) There will be no precipitate' K 10-14 

(d) Both AgCl and AgI will be precipitated , . [Hint: K h = K: = 177 x 10-5 

234. Degree of dissoeiationofNH40H in water is 1.8 x 1O-S, then = 5.65x10-1~ 
hydrolysis constant ofNH40His: (CECE (Bihar) Pre. 2004] 243. The K values of formic acid and acetic acid are respectively 

(a) 1.8 x 10-
5 

(b) 1.8 x 10-
10 

1.77 x 10-4 and 1.75 x 10-5. The ratio of the acid strength of 
(c) 5.55 x 10-5 (d) 5.55 x i{llo 0.1 M acid is: [PMT (Kerala) 2005J 

235. What is the pH of 0.01 M, glycine solution? For glycine (a) 10 (b) 3.178 (c) 0.3, (d) 0.1 
Kal = 4.5 x 10-3; Ka2 = 1.7 X 10-10 at 298 K: (AllMS2004) (e) 100 . . 
(a) 3.02 (b) 6.94 (c) 7.06 (d) 10.02 244. Equal volumeS of the following Ca2+ and F- solutions are 

236. The. rapid change of pH near the stoichiometric point of an .' mixed. In which solution will the precipitation occur? 
acid base titration is the basis of indicator detection. pH of the .. Ksp ofCaF

2 
= 1.7 X 10-10 

solution is related to the ratio of the concentrations of the 
conjugate acid mn and oase In - forms of the indicator by the 1.10-2 MCa2+ + lO-5MF - 2.10-3 MCa2+ + 1O-3 MF 
expression: . . (CBSE (PMT)20~4] 3.10-4 MCa2+,'i lO-2 MF· 4 .. 10-2 MCa2+ + 10-,3 MF 

'. [In-] . [mnT . ·K· 'H·· Select the. ·correct an. . swer using the codeS given below: (a)log --= pKIn - pH (b) log --. = PIn":' P 
[HIn]~ . .. [In-:] , . IPMT(Ker.la)2005) 

[I -] . (a) in 4 only (b)in I and 2 (c) in 3 and 4 (d) in 2,3 and 4 (.~) log·.[mn] = pH pK (d) log [mUn] ""pH pKIn .) 11 fth ' [In-]. . In (e in a 0 ese 
245. GiVer!, pfIof a solution A is 3 and it is mixed with another 

237. A weak acid HXhas the dissociation co~stant 1 x lO-5 M. It . solution B having pH 2.If both are mixed, then the resultant 
forms a salt NaX on i'eaction with alkali. The. degree of pHofthe solution. will be: [BHU (Pre.) 2005] 
hydrolysis of 0.1 MsolutionofNaXis: [IIT(S) 2004] (a) 3.2 . (b) 1.9 (c) 3.4 (d)3.5 

(a) 0.01)01% (b) 0.01% (c) ?1% (d).0.15% . 246. When 10mLofQ.1Maceticacid(pKa = 5)is titrated against 
238. The molat solubility (in mol litre - ) of a sparingly soluble salt I OmL of 0.1 M ammonia solution (pK b = 5), the equivalent 

MX 4 is S. The corresponding solubility product Ksp is given point will occm at pH: (AIIMS 2005) 
by the relation: (AlEEE2004) (a) 5 .. (b) 6 (c) 7, . (d) 9 .. 
(a) S = (Ksp/128)114 (b) S = (218Ksp)114 247. On adding 0.1 Msolution each of Ag+ , Ba2+ and Ca2+ in an 

(c) S = (256 K~ )1/5 (d) S = (Ksp/256l'5 .. Na2S04 solution, the species first precipitated is: 
'Y (DCE 2005) 

239. The K sp of Mg(OH)2 is I x 10-12 • 0.01 M Mg(OHh will 
precipitate at the limiting pH: . (DPMT 2005) 
(a) 3 (b) 9 (c) 5 (d) 8 
[Hint: IMi+ ][OH-f 10-12 

0.01 x [OH-]2 = W-12 

(Ksp BaS04 = 1O-11
, 

(a) Ag 2S04 
(c) CaS04 

Ksp CaS04 = 10-6 , Ksp Ag2S04 = 10-5) 

(b) BaS04 
. (d) all ofthese 
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t= 0 C o o 
248. When 0.1 mole of CH3NH2 (ionization constant, 

Kb = 5 X 10--4) is mixed with 0.08 mole HCI and the volume is 
made up to I litre, [md the [If' ] of resulting solution: 

(lIT 2005) 
teq. C - Ca Ca Ca 

(a) 8 x 10-2 

(c) 1.23 X 10-4 
(b)2 X 10-11 

(d) 8 x 10-11 

[H+][[] C 2a 2 

K = =--
a [HA] C -Ca 

=,Ca
2 

=Ca2 
[Hint: CH3NH2 + HCI ~ CH3NH;CI- 1- a 

0.1 mol 0.08 mol 0 
0.02 mol 0 0.08 a = J¥a = ~ 10-

5 
= 10-2 

[Salt] COl pOH=pKb + log-- . 
[Base] % ionisation = a x 100 = 1] 

723 

= -log 5 x 10--4 + log _0.0_8 = 3.903 256. At 25° C, the value ofpK b (K b being the dissociation constant 
. 0.02 as a base) for NH3 in aqueous solution is 4.7. What is the pH 

pH = 10.0967 of 0.1 M aqueous solution of NH4Ci with 0.01 M NH3 
[H+] = antilog [-10.0967] = 8 x 10-11 ] (approximately)?' (SCRA 2007) 

249. At 25"C, the dissociation constantofa base BOH is 1 x 10 12. (a) 8.3 (D) 9 (e) 9.5 (d) 10 
-----------l'he-eoneentr-ati{)n-lli-hytlr-ox-yI-i6ns---ill-O;~ll-M__aqlieolis-·--- --[Hiiit~ , -pUR = pKb-nOg~'p·:.J---------------

solution of the base would be: [CBSE-PMT (pre.) 2005) , [NH40H] 

(a) 10-5 mol L -:-1 (b) 10-6 mol L -I [ 0.1 J 
(c) 2x 10-6 mol L -I (d) 1O-:.mol L -I = 4.7 + log -0.0-1 = 5.7 

[l-Hu.; [OH -] = ~CK~ = ~0.01 x 10":.12 = 10~7 _mol L-I ] pH = 14 ~ 5.7 = 8.3] 
250. Which ofthe following solutions haS pHequa:i'to '1O? ' 2.57. The ionisatiQn of sJrong electrolytes inaCdicacid comp.are_d to , 

"- ' [UGET (Manipal) 2006) that in water is; lCET (J4K) 2007) 
". (a) weak, low (b) strong, more 

,(a) 10--4 M.KOH.~. . '(b) 10-
10 

MKOH (c) medium, the same Cd) no ionisation, 100% 
(c) 10-10 MHCI' . ,(d)f()--4 MHCi 258. By adding a little of acid or base, the chimge in pH of blood is 

251. A weak monobasic acid is halfneuti~lised by a strong base. If not significant, because blood: [PET (Raj.) 2006) 
the pH of the solution is 5.4;-i'tS>pKais: [JEE (Orissa) 2006) (a) has iron as a part of molecule 
(a) 6.8 (b) 2.7 I~.'(c) 5.4 (d) 10.8 (b) is a body fluid 
[Hint: [Acid] = [Salt] (c) has serum protein which works as buffer 

(d) is easily coagulated 
pH = pKa + log _[S_al_t} 259. 2.5 mL of 2/5 M weak monoacidic base (K b = I X 10- 12 at 

[Acid] 25°C) is titrated with 2115 M HCI in water at 25°C. The 
5.4 = pKa + loglO 1 concentration of If' ion at equivalence point is: 

.. pKa = 5.4] (Kw = Ix 10- 14 at 25°C) (lIT 200.8) 
252. ZnS is not precipitated by passing H2S in acidic medium but (a) 3.7 x 10- 13 M (b) 3.2 x 10- 7 M 

CuS precipitated. The reason for it is; [.lEE (Orissa) 2006) (c) 3.2 x 10- 2 M (d) 2.7 x 10- 2 M 

(a) Ksp CUS« Ksp znS (b) Ksp CuS» Ksp znS [Hint: 1 BOH+ IHCI~ BCl+ Hp 
(c) Ksp CUS = Ksp znS (d) none of these M V M V . 

253. Solubility product of salt AB is I x 10-8 M2 in a solution, in _1_1 (Base) = ----L.l (ACId) 
which the concentration of A+ ions is 10-3 M. The salt will 1 1 2 2 
precipitate when the concentration of B- ions is kept: - x 2.5 = - x V2 

(KCET 2006) 5 15 
V2 =7.5 mL 

(a) between 10-
8 

Mto 10-
7 

M(b) betweenlO-'? M to 10-
8 

M Total volume = 7.5 + 2.5 = 10 mL 

(c) > 10-
5 

M (d) < 10-
8 

M Concentration of salt in the mixture : 

254. NaOH(aq.), HCI(aq.) and NaCI(aq.) have concentration of M1V1 (Base) = M 2V2 (Salt) 
10-3 M each. Their pH will be respectively: ' 2 

[PMT (Uttarakhand) 2006) 5" x 2.5 = M2 x 10 

(a) 10,6,2 (b) 11,3,7 
(c) 10,3,7 (d) 10,4,7 . 

255. The weak acid, HA, has aKa of 1.00 X 10-5
. If 0.1 mol of this 

acid is dissolved in one litre of water, the percentage of acid 
dissociated at equilibrium is closest to: [CBSE (Med.) 2007) 

(a) 1% (bY 99.9% 
(c) 0.1% (d) 99% 

M2 =0.1 
1 

pH= - [pKw - pKb -logC] 
2 
1 

= - [14 -12 - (-1)] = 1.5 
2 

[H+ ] = Antilog (- 1.5) = 0.032 M] 
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260. Solubility product constants (K sp ) of salts of types 
MX, MX 2 ,M 3X at temperature Tare 4 x 10- 8, 3.2 x 10- 14 
and 2.7 x 10- 15 respectively. Solubility (mol dm - 3) of the 
salts at temperature T are in the order: (UT 20(8) 

(a)MX >MX2 >M3X (b)M3X >MX2 >MX 

[Hint: 

Solubility (Sa of MX =.JK; = ~4 x 10- 8 = 2 x 10- 4M 

Solubility (S2) of 

MX, (K:]i ~(3.2x:o-"li~2xlO-;M 
Solubility (S3) of 

. 1 1 

(c) RN03 and CH]COONa 

(d) CH3COOHand CH3COONa 
6. Four solutions of NH4Clare taken with concentrations I M, 

.0.,1, Af, ,0.01 M and 0.001 M. Their degree of hydrolysis are 
hJ';'fz;,'h3 and h4 . What is the graduation of degree of 
hydrolysis? 

(a) ~ > h2 > h3 > h4 (b) h1 = h2 = h3 = h4 

(c) h4 > h3 > h2 > hi (d) None ofthese 
7. Which has maximum solubility AB, AB2 , AB3 and AB4 ifKsp 

for all the salts are 1O-10 ? 

(a) AB (b) AB2 (c) AB3 (d) AB4 
8. Dissociation of an indicator can be considered as, 

Hln~H+ + In-

Colours of HIn and In - are different. Which statement is 

M3X = (~; Ji (2)X2~O~15J~ =IO-,4M ~:r~~t~tion assumes colours ofHIn when pH = P
K 

1 

--.-~~-.;s;>~.-~. "---,--. ,-.-'" .------- (b) Solution assumes colours otnr'" when pH - PK + J .. ----.. --.. -
.• I ""3'" "'2 I . 

-"--Ior;---Inaqueous-solution;th~illzation cOnstalltsT6r car150mc acIa----~(b) Solutlon~~Umes-coioursofHi;-=-\Vh~n pH =P
K 

+ 1--"'--·-'--
are: ". ..', . '. ., 

KI 4.2x 10-7 andK2 4,8x 1O-11 

Select the correct statement for a saturated 0.034 M solution of 
the carbonic acid: (AIEEE 20lO) 

,MJ~(~61'riC.~~(t~tiohs <jf Wan.d RCO; are approximately 
. ·equ-al'" ,.., 

(b) The conceritr~~ion of fr+ is double that of CO~

(c) Concentration ofCO~- is 0.034 M 

,.\".(d) Jhe conc~n'tf~tion ofCO~- is greater than that of HCO; 

Set-2: The Questions given below may have more 
than one correct answers 

1. For dissociation constant (K) and ionic .product (Kw) of 
water which is correct? . 

(a) K > Kw (b) Kw > K 

(c) Kw K (d) None of these 
'2;. . Which is an example of auto protolysis? 

(a) H20+ H20~ H30+ + OIr 

(b) NH3 + NH3 ~ NH; + NH2 
(c) H2S04 + H2S04 .,..---:. H3S0; + HSO:; 
(d) All of the above 

3. Ifconcentrations of two acids are same, their relative strengths 
can be compared by: 

(a)aJ/a Z 

(c)[W]I/[Wh 

(b) K\IK2 

(d) )KJ1K2 

4. Three bases XOH, YOH and ZOH have pK b values 2, 3 and 4 
respectively; the strongest conjugate acid is: . 

(a) XOH; (b) YOH; 

(c) zoH; (d) all are same 

5. Aqueous solution of HN03 , KOH, CH3COOH and 
CH3COONa of identical concentrations are provided. The 
pair(s) of solutions which fonn a-buffer upon mixing is (are): 

(lIT 2010) 

(a) RN03 andCH3COOH 

(b) KOH and CH3 COONa 

(d) Solution assumes colours ofIn - when pH = PK - J 

9. The % error in [W ] made by neglecting the ionisation of 
water in 1O--{i MNaOH is: 
(a) 1% -. {b} 2% (e) -3%---Ed),A%---------

10.,50mLN (10 NaOH solution is mixed with 50 mL N 120 HCI 
solution. The Fesulting solution will: 

(a) turn phenolphthalein solution pink 

(b) tum blue litmus red 

• ,(c) turt:l m~thylorangered 

"(d) [W ] < [OIr ] 

11. An acid indicator HIn has K a=:3 X 10-5, the acid fonn is red 
and basic fonn is blue. Which is correct? 

(a) pH 5 when indicator is 75% red 

(b) pH = 4.05 when indicator is 75% red 

, .. (c) pH= 5 when indicatoris75% blue 

'. (d) pH 4.05 when indicator is 75% blue 
lZ. ! Which cfthe following will function as buffer? 

[lAS (Pre.) 1997] 

(a) NaCI + NaOH (b) Bora.x + boric acid 

(c) NaH2P04 + NaHP04 (d) NH4 CI +NH40H 
13. Choose the correct statement(s): . 

(a) pH of an acidic buffer increases if more salt is added. 

(~~ ~;pHof a basic buffer decreases if n:ore salt is added. 
(e) In 'a saturated solution, ionic product is equal to its 

solubility product. 
(d) The tenn solubility product is only for sparingly soluble 

salts. . 

14 .. In the following reaction, 

[Cu(H20h(OH)t + [Al(H20)d3+ ----7 [Cu(H20)4]2+-
. (A) . (B) (C) 

. ,(~, 

(a) (A) is an acid and (B) is a base 

(b) (A) is a base and (B) is an acid 

+ [Al(HPls(OH)]2+ : 
(D) 
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(c) (C) is the conjugate acid of{A)an-d (b) i~ th~ co~jhgat~ 
base of (B) 

(d) (C) is the conjugate base of (A) and (D) is the conjugate 
acid of (B) 

15. Which among the following will not react with NaOH or 
which is not acid salt? 

(a) NaH2P02 (b) Na2HP03 (c) Na2HP02 (d) NaHC03 
Direction: In the following three questions, more than one of 
the answers given may be correct. Select the correct answers 
and mark it according to the codes. [Bdt: (NIed.) 
Codes: 
(a) I, 2 and 3 are correct (b) 1 and 2 are correct 
(c) 2 and 4 are correct (d) 1 and 3 are correct 

16. If equal volumes of 0.1 M HBr and 0.1 M KOH are mixed, 
then which of the following is/are correct about the resulting 

--- - ... --~--..... . 

(1) [H30+J= l.0 x 10-7 mol L-1 

(2) [OIr] = 1.0 X 10-7 mol L-1 

(3) [K+] = 0.05 mol 

(4) [Br-] =0.10 mol 

17. Which ofthe following solutions will be acidic? 

(I) O.IM FeS04 (2) O.1M (NH4)2S04 

(3) O.IM CH3COONa (4) O.1M NH40H 
18. In a buffer solution consisting NaH2P04 and Na2HP04: 

(1) NaH2P04 is acid and Na 2HP04 is salt 

(2) The pH of solution can be calculated using the relation: 

--<3)The....l\l~HP04~s.acid.andNaH2P-D4-is-SalL--- ............. --~ 

(4) The pH can not be calculated 
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Assertion-Reason TYPE QUESTIONS 

The questions given below consist of two statements each printed as 
'Assertion' (A) and 'Reason' (R). While answering these questions 
you are required to choose anyone of the following four responses: 

(a) If both (A) and (R) are correct and (R) is the correct 
explanation for (A). 

(b) Ifboth (A) and (R) are correct but (R) is nO,t the correct 
explanation for (A). 

(c) If (A) is correct, but (R) is incorrect. 

(d) If both (A) and (R) are incorrect. 

1. (A)A very dilute acidic solution of Cd2+ and Ni2+ gives 
yellow precipitate of CdS on passing hydrogen sulphide. 

(R) Solubility product of CdS is more than that ofNiS. 
2. (A) In the titration ofNa2COJ with HCl using methyl orailge 

indicator, the volume of the acid required at the' 
equivalence point is twice that of the acid required using 
phenolphthalein as indicator. 

(R) Two moles of HCI are required for the complete 
neutralisation of one mole ofNa2C03' (lIT 1991) 

3. (A) The pH of an aqueous solution of acetic acid remains 
'unchanged on the addition of sodium acetate. 

(R) The ionisation of acetic acid is suppressed by the addition 
of sodium acetate., , 

4. (A) In acidic medium, Zn 2+ is not precipitated by S2-, ions. " 
(R) Common ion effect reduces the concentration of S2- ions 

to the minimw.n level. , 
5, (A) In the acid-base titration involving a strong base and a 

we~k acid, methyl orange can be used as an indicator. 
(R) Methyl orange changes its colour in pH range 3to 5., 

6. (A) A mixture of sodium acetate and sodium propionate forms 
a buffer solution. 

(R) Abuffer solution reacts with small quantities of hydrogen 
or hydroxyl ions and keeps the pH almost same. 

7. (A) When small amount of an acid or base is added to pure 
water its pH undergoes a change. 

(R) Addition of an acid or a base increases the degree of 
ionisation of water. 

8. (A) At 25°C, the pH of 1 0-8 M HCl is 8. 
(R) pH of acidic solution is always below 7 at 25° C 

9. (A) The addition of silver ionsto a mixture of aqueous sodium 
chloride and sodium bromide solution, will first 
precipitate AgBr rather than AgCL 

(R) The value of K ,of AgCI < K of AgBr. (AIIMS 2004) 
~ ~, ' 

10. (A) Sb (III) is not precipitatedas sulphide when in its alkaline 
solutionH2S is passed. 

(R) Concentration of S2- ions in alkaline medium is 
, inadequateforprecipitation. (AIIMS 2004) 

11. (A) Sb2S3 is not soluble in yellow ammonium sulphide. 
(R) The common ion effect due to S2- ions reduces the 

solubility of Sb2S3. (AIIMS 2006) 
12. (A) H2S04 acts as a base in presence ofHCl04 . 

(R) Perchloric acid is stronger acid than H2S04 , 

13. (A) pH of a neutral solution is always 7. 
(R) pH of a solution does not depend upon temperature. 

14. (A) pH oflO-8 MHCl is not equal to 8. 
(R) HCl does not dissociate properly in very dilute solution. 

15. (A) If a solution with pH = 2 is diluted to double the volume, 
the pH of the solution will fall to 1. . 

(R) pH is inverseiy proportional to the volume of the solution. 
16. (A) IfHCl gas is passed through saturated NaCI solution, solid 

NaCI starts separatmg out. 
----CR)1tCr-decreases the solU1:illTty product ofNaCI. 

17. (A) pH of a buffer changes with temperature. 
(R) Ionic product of water (Kw ) changes with temperature. 

18. (A) 12 + 1-~ 13 
In above reaction, 12 is Lewis base. 

(R) Electron pair acceptor-is Lewis base. 
19. (A) Phenolphthalein ,is used as indicator during the titration of 

oxalic acid against sodium hydroxide. 
(R) The pH range of phenolphthalein is from 8 to 9.6. 

20. (A) If K~ is less than Kip, the precipitate is formed. 
(R) Sol:ubility product (K ~) is the highest limit of ionic 

product of electrolyte solutions. 
21. (A) H3P03 is a dibasic acid. 

(R) There are two hydrogen atoms directly attached to 
phosphorus., (AIIMS 2007) 

22. (A) NaCI is precipitated when HCl gas is passed in a saturated 
solution ofNaCI. 

(R) HCI is a strong acid. (AIIMS 2007) 
23. (A) On mixing 500 mL of 10-6 M Ca 2+ ion and 500 mL of --

10-6 MF- ion, the precipitate of CaF2 will be obtained. 
K~ (CaF2) = 10-18

• • 

(R) If K ~ is greater than ionic product, precipitate will be 
obtained. (AIIMS 2007) 

24. (A) The aqueous solution of CH3COONa is alkaline in nature. 
(R) Acetate ion undergoes an ionic hydrolysis. 

25. 

26. 

(EAMCET 2008) 
(A) An aqueous solution of ammonium acetate can act as a 

buffer. 
(R) Acetic acid is a weak acid and NH40H is a weak base. 

(EAMCET 2010) 
(A)[Al(H20)6]3+ is a stronger acid Lan [Mg(H20)6]2+. 
(R) Size of [Al(H20)6]3+ smaller than [Mg(H20)6]2+ and 

possesses more effective nuclear charge. (AIIMS 2010) 
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• Set-1 
1. (c) 2. (b) 3. (a) 4. (d) 5. (d) 6. (c) 7. (a) 8, (c) 

9. (c) 10. (d) 11. (a) 12. (b) 13. (b) 14. (b) 15. (d) 16. (b) 

17. (c) 18. (a) 19. (d) 20. (a) 21. (a) 22. (d) 23. (c) 24. (a) 

25. (c) 26. -(c) 27. (a) 28. (c) 29. (b) 30. (d) 31. (b) 32. (d) 

33. (d) 34. (c) 35. (a) 36. (c) 37. (a) 38. «) 39. (d) 40. (c) 

41. (b) 42. (b) 43. (a) 44. (d)' 45. (a) . 46. (c) 47. (d) 48. (d) 

49. (b) 50. (c) 51. (a) 52. (d) 53. (a) 54. (d) 55. (c) 56. (b) 

57. (c) 58. (d) 59. (b) 60~(a) 61. (a) 62. (b) 63. (c) 64. (d) 

65. (d) 66. (a) 67. (a) 68. (b) 69. (c) 70. (b) 71. (d) 72. (d) 

73. {oj 7'1. (aJ 75. {5J 76. {5J 77. {oj 78. {5J 79. {cJ 80. (aJ 

81. (c) 82. (a) 83. (b) 84. (d) 85. (d) 86. (d) 87. (c) 88. (c) 

89. (b) 90. (b) 91. (d) 92. (a) 93. (a) 94. (a) 95. (d) 96. (a) 

97. (a) 98. (b) 99. (c) 100. (a) 101. (a) 102. (a) 103. (d) 104. (d) 

105. (a) ]06. (b) 107. (c) 108. (b) 109. (b) 110. (a) 111. (d) 112. (c) 

113. (c) 114. (b) US. (c) 116. (c) 117. (d) 118. (b) .. ill ... (b) .. 120. (b}----- . 

121. (c) 122~ (b) 123. (d) 124. (d) 125. (b) 126. (c) 127. (a) 128. (a) 

129. (b) 130. (a) 131. (a) 132. (a) 133. (c) 134. (c) 135. (a) 136. (c) 

137. (d) 138. (b) 139. (a) 140. (d) 141. (d) 142. (c) 143. (a) _ 144. (b) 

145. (c) 146. (c) . 147. (d) 148. (c) 149. (b) 150. (d) 151. (d) 152. (a) 

1-53. (a) 154. (b) .155. (c) 156. (a) 157. (d) 158. (c) 159. (b) 160. (a) 

161. (b) 162. (b) . 163. (d) 164. (d) 165. (d) 166. (a) 167. (a) 168. (d) 

169. (c) 170. (d) 171. (b) 172. (b) 173. (a) 174. (b) 175. (b) 176. (c) 

177. (b) 178. (d) 179. (c) 180. (a) 181. (a) 182. (b) 183. (c) 184. (c) 

185. (b) 186. (d) 187. (d) 188. (b) 189. (a) 190. (d) ]91. (c) 192. (a) 

193. (b) 194. (d) 195. (c) 196. (c) 197. (c) 198. (b) 199. (c) 200. (a) 

201. (d) 202. (d) 203. (a) 204. (b) 205. (c) 206. (c) 207. (d) 208. (c) -

209. (b) 210. (c) 211. (b) 212. (d) 213. (d) 214. (a) 215. (b) 216. (a) 

217. (b) 218. (d) 219. (d) 220. (b) 221. (b) 222. (c) 223. (c) 224. (b) 

225. (d) 226. (a) 227. (d) 228. (b) 229. (c) 230. (a) 231. (b) 232. (d) 

233. (a) 234. (d) 235. (c) 236. (c) 237. (b) 238. (d) 239. (b) 240. (a) 

241. (b) 242. (b) 243. (b) 244. (d) 245. (b) 246. (c) 247. (a) 248. (d) 

249. (d) 250. (a) 251. (c) 252. (a) 253. (c) 254~ (b) 255. (a) 256. (a) 

257. (a) 258. (c) 259, (c) 260. (d) 261. (b) 

@ Set-2 
1. (b) 2. (d) 3. (a, c; d) 4. (c) 5. (c, d) 6. (c) 7. (d) 8. (a, b) 

9. (a) 10. (a, d) 11. (b, c) 12. (b, d) 13. (a, b, c) 14. (b, c) 15. (a, b, c) 16. (a) . 

17. (b) 18. (a) 

[··~·~'J!·1t§!s~~tI0$-RE:ASO~jyP£ .. QlJ€i+mNS·.· 
.: ~~. .,,". ~.. . . ,/'.>:;- . '-. .-

1. (c) 2. (b) 3. (d) 4. (a) 5. (d) 6. (b) 7. (c) 8. (d) 

9. (c) 10. (c) 11. (d) 12. (a) 13. (d) ] 4. (c) 15. (d) J 6. (c) 

17. (a) 18. (d) 19. (a) 20. (b) 21. (c) 22. (b) 23. (d) 24. (a) 

25. (c) 26. (a) 
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The following questions contain single correct option: 6. Glycine NH2CH2COOH behaves: 
1. The pH value of 10-3 M aqueous solution ofNaCI is: (a) as a Bronsted acid 

(a)7 (b) 3 (c) 11 (d) 14 (b) as a Bronsted base 
[Hint: NaCl is the salt of strong acid Hel and strong base NaOH. Its (c) both as an acid and a base 
aqueous solution will be neutral with pH equal to seven.] (d) neither as an acid nor as a base 

1. "The acidic buffer solution can be prepared by mixing solutions 7. Solubility ofHg2Cl2 in a solvent is 8 moles/litre. Its solubility 
of: product will be: 
(a) sodium aceta~e and acetic acid (a) 168 2 -~ (b) 88 2 (c) 168 4 

(b) ammonium chloride and ammonium hydroxide [Hint: Hg
1
CI

2 
---7 Hiz+ + 2Cn 

(c) sul~huric aci~ and sodiu~ sulphate. 8. Arrange the following acids in increasing order of their acid"~~_ . 
. ".~.... . (d) sodt~eFlde and sodlUm ~-~~" .---.-~-". . strength:· .-~- .".~. " 
__ ._. ___ J._Hy.dr.olyslS-COllSta?ts.ot"-tw.()-.8alts..J(A.-aadKB-of-weak-acids----- -l~HCIO~----U. H ~ .... IICIfp~--~--···-···-

,.,. "Il1 and.HE ar~ IO-~ and 10-
6
. If the d~s~ociationconstant of (a) III < 4n < I (b) I ~ II ~ III(c) II ~ m4< I (d) III < I < II 

third aCid HC IS 10 2. The order of aCldlc strengths of three 
acids will be: 
(a)HA > HE> HC 
(c) HC > HA > HE 

[Hint: K" (RA) = 
Kit 

(b)HB > HA > HC 
(d)HA HE HC 

10
- 14 . 

= 10-6 

K (HE) == Kw = 10-
14 

= 10-8 

a Kh 10-6 

Ka(HC) 10-2 

Greater the value of dissociation constant K", more is the acidic 
strength.] . 

4. Three sparingly soluble salts that have same solubility 
products are given below: 
I. A2X II. AX III. AX 3 

Their solubilities in a saturated solution will be such that: 
(a) III> II > I (b)III > I > II(c) II> III> I (d) II> l> III 

[Hint: S =.JK;; for AX; 8 [~sp J 113 for A2X; 

[
K JI/4 

S 2; for AX3 

S. Consider jhe three solutions of I M concentration. 
l. Sodium UCef:lte (CH 3COONa) 
2. Acetic acid + Sodium acetate 

(CH3COOH + CH3COONa) 
3. Acetic acid (CH 3COOH) 
The pH of these solution'; will lie 1\ rhe follOWIng sequence: 
(a) 3 < 2 < 1 (b) 2 < I < 3 (c) i . 2 < 3 (01) 3 < 1 < ;) 

[Hint: CH3COOH (Acetic acid) < (Ch3CO(,j : 
pH < 7 Buffer 

, )Ol';a) 

CH3CuOt- 'i ] 
pH > ~ 

Salt of we,;; Jcid 
with strong base 

9. Select the anion which is the strongest bronsted base: 
(a) GIO; (b) CIO} (c) CIOz (d) CIO-

[Hint: HCI04 > HCIO} > HCI02 > HqO 

(Decreasing acidic character) 

CIO;; < CIO; < CI02: < ClO-

(Increasing basic strength) 

(Conjugate base of strong acid is weak base)] 
10. M(OH)x has Ii Ksp of4 X 10-9 and its solubility is 10-3 M The 

value of x is: 
(a) 4 (b) I (c) 3 (d) 2 

11. What is the maximum possible concentration'ofNi2+ ions in a 
solution containing 0.15 MHCl and 0.10 MH2S? [Given that, 
Ksp(NiS) 2xlO-21 and[S2-]H2s =4X 10-21

]: 

(a) 0.65 M . (b) 0.45 M (c) 0.10 M (d) 0.15 M 
11. The pH of 10-10 MH2S04 will be almost: 

13. 
(a) 4 (b) 7 (c) 6 (d) 0 
Solubility of calcium phosphate (molecular mass, M) in water 
is W g per 100 mL at 25°C. Its solubility product at 25°C win 
be approximately: 

(')5 (J5 [')5 "r J5 wl~IWI OOI~lW Wl~ WI ~1& W 
,.).1 / M M / \M 

[Hint: 8 lOW I' --mo litre 
M 

Ksp of Ca3(P04)2 = 108S5 

=108C~- / 

= 107 (:r ~approximately)J 
14. When some amount of sodium dcetare is further added to a 

mixture of acetic acid and sodium acetate, then pH of the 
solution: 
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( a) increases 
(b) decreases 
(c) remains same 
(d) none of these can be predicted from given information 

[Hint: pH = pKa + log [Sa~tl 
[ACId] 

When the concentration of salt is increased, the value of pH will 
increase.] 

15. When strong base (NaOH) is added to the weak acid (acetic 
acid, CH3COOH), then dissociation of acetic acid inoceases; 
this effect is known as: 
(a) connnon ion effect (b) reverse ion effect 
(c) saltation effect (d) solubility effect 

[Hint: CH3COOH + NaOH ---7 CH3COONa + H20 

Molarity of OIr 0.0005 x 1000 = O.OIM 
50 

pOH 2 :. pH = 14 - 2 = 12] 
21. In the following reaction: 

HCO"3 + H20 ----'- CO~- + H30+ 
whicn two substances are Bronsted bases? 
(a) CO~- and H30+ (b) HCO)" and H30+ 
(c) HCO} and CO~- (d) CO~- and H20 

22. Which are strong acids? 

23. 

1. HCI03 II. H2Se03 
(a) I only 
(c) I and III only 

III. H3As04 
. (b) III only 
(d) II and III only 

HCOOH HCOO-+ H+; Ka = 1.7 X 10-4 

The ionization of formic acid is represented above. Calculate 
Ionization of acetic acid will increase with the progress of its [W 1 of a solution igitially containing 0.1 MHCQOH and 0.05 

__ """""~"m .. ______ neutralization. Tltis effiect is called reverse ion effect',] 
MHCOONa: 

-~~~--·~I~n-eur~body,earbon-diO"xide-fee21--eombines--with-water--~~ ........ ·(a) 8.5 x 10-5 M 
(H 20) to form carbonic acid. 

Hp + CO
2 

---7 H
2
C0

3 
(c) 4.1 X 10-

3 
M 

(b) 3.4·x 10-4 M 
(d) 1.8 x 10-2 M 

Carbonic acid undergoes dissociation as, 24. Carbonic acid, H2CO" is a difrotic acid for which 
----'- + K j = 4.2 x 10-7 and K2 4.7x 10- I. Which solution will 

. H2C03..-- H + HCO; 
produce a pH 'closest to 9? 

During the physical and mental stress, the rate of res. ni,ration 
..,...t: '(a)O:IMHiCOj' 

increases, which results in the decrease in concentration of 
CO2 in the blood. What will be the effect on pH of human (b) 0.1 MNa2C03 
blood during the stress? (c) 0.1 MNaHC03 
(a) Decreases (b) Remains same (d) 0.1 MNaHCO, and 0.1 MNa2C0 3 

(c) Increases (d) Cannot be predicted 25. What is the conjugate acid ofHPO~-? 
17. The correct order of basic strength is: (AUMS 2(07) (a) H3PQ4 (b) H2P04 (c) H3 0 + 

(a) H20< OIr <CH30H <CH30-

(b) CH30H< H20 < CH30- <OIr 

(c) H20 < CH30H < OIr < CH30-

(d) OH- < H20 < CH30- < CH30H 

18. Which of the following orders is expected to be correct? 
(a) pKa (CICH2COOH) > pKa (CH3COOH) 

>pKa (CH3CH2COOH) 
(b) pKa (C1CH2COOH) < pKa (CH3COOH) 

< pKa (CH3CH2COOH) 
(c) pKa (CICH2COOH) > pKa (CH3COOH) 

< pKa (CH3CH2COOH) 
(d) pKa (ClCH2COOH) < pKa (CH3COOH) 

> pKa (CH3CH2COOH) 

19. The concentration of~Oions in pure water is 10-6 mol dm-3. 

The corresponding concentration ofOIr ions will be: 
(a) 10-14 mol dm-3 (b) 10-8 mol dm-3 

(c) 10-6 mol dm-3 (d) 10-7 mol dm-3 

[Hint: In water, [H+] [OIr] = 1O....(i mol dm-3
] 

2(). What will be the pH of a solution formed by mixing 40 cm 3 of 
0.1 MHCI with 10 cm3 of 0.45 MNaOH? 
(a) 10 (b) 8 (c) 5 (d) 12 

. MV 0.lx40 
[Hmt: Number of moles of HCI = -~ = --- 0.004 

1000 1000 
, MV 0.45 x 10 

Number of moles ofNaOH = -~ = 0.0045 
1000 1000 

Remaining moles ofNaOH after neutralization := 0.0005 

I 

26. What is the K b of a weak base that produces one OIr per 
molecule if a 0.05 M solution is 2.5% ionized? 

27. 

28. 

(a) 7.8 x 10-8 (b) 1.6 x 10-6 (c) 3.2 X 10-5 (d) 1.2 x 10-3 

[Hint: Kb = Co,2 

0.05 X (~)2 3.1 X 10-5] 
100 

The amount of sodium hydrogen carbonate, NaHC03, in an 
antacid tablet is to be determined by dissolving the tablet in 
water and titrating the resulting solution with hydrochloric 
acid. Which indicator is the most appropriate for this titration? 

Acid Ka 
H2C03 2.5 X 10-4 

HCO} 2.4 x 10-8 

(a) Methyl orange, pKln 3.7 
(b) Bromothymol blue, pKIn 7.0 
(c) Phenolphthalein, pKrn 9.3 
(d) Alizarin yellow, pKln 12.5 
If equal volumes of BaCl2 and NaF solutions are mixed, 
which of these combinations will not give a precipitate? 

Substance K sp 

BaF2 1.7 X 10-7 

(a) 0.004 MBaCl 2 and 0.02 MNaF 
(b) 0.010 MBaC1 2 and 0.015 MNaF 
(c) 0.015 MBaCl2 and 0.010 MNaF 
(d) 0.020 MBaCI2 and 0.002 MNaF 

I 
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[Hint: In the mixture of 0.02 M BaCl2 and 0.002 M NaF, the 

ionic product is less than the solubility product, hence there will 
be no precipitation ofBaF 2'] 

29. HCN is a weak: acid (Ka = 6.2 x 10-10
). NH40H is a weak: 

base (K b = 1.8 X 10-5
). AIM solution ofNH4CN would be: 

(a) strongly acidic (b) weakly acidic 
(c) neutral (d) weakly basic 

[Hint: Since, Kb > Ka , hence the medium will be weakly basic.] 

30. How many moles of HCOONa must be added to 1 L of 0.1 M 
HCOOH to prepare a buffer solution with a pH of 3.4? 
Given: Ka for HCOOH::::: 2 X 10-4 
(a) 0.01 (b) 0.05 (c) 0.1 (d) 0.2 

31. Silver ions are added to the solution with: 

[Br-] = [Cn = [CO~-] [AsOt] 0.1 M 

(a) NaC:zHJ0 2 (b) NH4NOJ 
(c) CuS04 (d) AICIJ 

39. A sample of hard water contains 0.005 mole of calcium 
chloride per litre. What is the minimum concentration of 
sodium sulphate which must be added for removing the Ca 2+ 
ions from this water sample? Ksp of caS04 = 2.4 X 10-5

. 

(a) 4.8 x 10-2 (b) 4.8 X 10-3 

(c) 2.4 X 10-2 (d) 2.4 x 10-3 

40. Match the List-I and List-II: 

List-I List-II 
(A) The limits of pH values of buffer (i) 5 x 10-12 

solution 

(ii) Equal (B) Concentration of [H30+] in 

0.001 MBa(0H)2 
Which compound will precipitate at the lowest [Ag +] ? (C) The bl:l.ffer eapaeity of It solution (iii) 16-14 .... ----... ---

-··--···---_~Ag!3r~ = ? x 10-I~L_~=~=--=~==~_i&.maximum-wheIl-concenttatIDn-~~ .. ----.--· ... ~--~-~ 
(b) AgCl(Ksp = 1.8 x 10-1°) of salt to that of acid is 

(D) Ionic product of water is (iv) pKa ± 1 

D 
(c) Ag 2C03 (Ksp = 8.1x 10-12

) 

(d) Ag3As04 (Ksp = 10-22
) 

[Hint: In case of AgBr, the ionic product-will exceed the 
solubility product before AgCl, Ag2C03 and Ag3As04• Thus, 
AgBr will start precipitation before other salts.] 

32. The equilibrium constant for this reaction is approximately 10-3
• 

HPO~-(aq.)+ HC03(aq.)~ H2P04(aq.) + COhaq.) 

Which is the strongest conjugate base in this reaction? 

(a) HPO~- (aq.) (b) HCO; (aq.) 

(c) H2P04(aq.) (d) CO~- (aq.) 

[Hint: Conjugate base of weak acid is strong base.] 
33. Which mixture forms a buffer when dissolved in 1 L of water? 

(a) 0.2 mol NaOH + 0.2 mol HBr 
(b) 0.2 mol NaCI + 0.3 mol HCI 
(c) 0.4 mol HN02 + 0.2 mol NaOH 
(d) 0.5 mol NH3 + 0.5 mol HCI 

34. The eqUilibrium constant for this reaction is 3.6 x 10-7
. 

OCr(aq.) + H20(l) ~ HOCl(aq.) + OH-(aq.) 
What is Ka for HOCI? 
(a)2.8xlO-8 (b)3.6xlO-7 (c)6xlO-4 (d) 2.8 x 10-6 

35. What is the concentration of It in Ii solution that is prepared 
by mixing 50 mL of 0.5 MHCI and 200 mL of 0.25 MHCl? 
(a)0.30M (b)0.35M (c)0.40M (d)0.45M 

36. K a for hydrofluoric acid is 6.9 x 10-4. What is the equilibrium 
constant K for the following reaction? 

F-(aq.) + HP{l)~ HF(aq.) + OW(aq.) 
(a) 6.9 x 10-11 (b) 1.4 x 10-11 (c) 2.6 X 10-9 (d) 8.3 x 10-6 

37. A solution of 2 M formic acid (HCOOH) is 0.95% ionized. 
What is the Ka of formic acid? 
(a) 1.9 x 10-2 (b) 1.8 x 10-4 (e) 9 x 10-5 (d) 4.5 x 10-5 

[Hint: Ka = Ca? = 25< (0.95)2] 
. 100 

3S. If 0.1 mol of salt is added to 1 L water, which ofthese salts is 
expected to produce ~e most acidic solution? 

41. 

Codes: A B C 

(a) IV ii 

(b) iv iii 

(c) iv 11 

(d) IV ii 

Match the List-I and List-iI: 

(A) 

(B) 
(C) 

(D) 

List-I' 
Degree of ionization of weak 
electrolytes increases . 

pH of water decreases on 

The solution has hydronium ion 
concentratioJ;l of 0.0001 
molllitre 

The addition ofNaOH to 
Ca(OHhsolution precipitates 
Ca(OH)2 

iii 

ii 
iii 

iii 

List-II 
(i)Corrimon ion 

effect' 

(ii)pH= 4 

(iii) Heating 

(iv) On dilution 

Codes: ABC D 

W ~ ill il 
(b) iii IV ii 

(c) IV iii ii 
(d) iv ii III i 

42. Which of the following is not correct about the percentage 
ionization ofBOH ? 

(a) Kw [It] (b) 100 X [I(";cb 

Kb+Kw Vc 
(c) 100 

1 + lO(pKb pOH) 

[Hint: BOH ~ B+ + OW 

C o o 
C - Co: Co: Co: 

[B+ ] [OIr] C 2a.2 
Kb = [BOH] = C(l 0:) 

(0: «< 1) 



IONIC EQUILIBRIUM 731 

rj(. r](. 
" a = ~ d % ionization = 100 x ~ d ... (1) 

[B+] " 1 " 1 
a = ----,--=------=---

[B+ ] + [BOH] 1 + [BOH] 1 + [OW] 
[B+] [Kb] 

a = ... (2) 
Kb+OW 

P 
"... 100Kb ercentage IOnIZatIOn = --~-

" Kb+OW 
] 

a=---
1 + [OW] 1 + 10- pOH 

Kb 1O- llKb 

1 
a=--.,.-,;;:--==:-

1 + 1 O(pKb ~ pOR) 

---~~:,~Percentage-ionizatiOI1-=l+lo(pKb~flrl----~ 

43. When NaCI is .added gradually to the saturated solution of 
" AgCI then which of the following plot is correct? 

t t ~ •.. [Ag+] [Ag+J 

I I 
-ICj-J- -"- [CI1----

(a) (b) 

t / 1 
[Ag+J " [Ag+l 

I I 
-" [CrJ...,;.-.. -[CI-]-

(c) (d) 

The following questions ma~' han~ more than one COl'rect 
nptions: 

1. Which of the following statements is/are correct about the 
ionic product of water? 
(a) K (equilibrium constant of water) < Kw (ionic product of 

water) 

(b) pK > pKw 
(c) At 300 K, Kw of water becomes W-12 

(d) Ionic product of water at 25°C is 10-14 

2. Which among the following statements is/are correct? 

(a) pH = loglo (H30+ ) 

(b) pH decreases with increase of temperature 
(c) pH cannot be zero, negative or more than 14 
(d) If a solution is diluted ten times, its pH increases by I 

3. Which among the following statements is/are correct? 

(a) pH oflO-8 MHCl is equalto 8 

(b) Conjugate base ofH2PO;j is HPO~-

(c) pH of 0.1 MNaCI (aqueous solution) = ~ pKw 
2 

(d) Ionization of water increases with decrease in temperature 
4. Let us consider the ionization of HCI in the aqueous solution 

ofCH 3COOH. 

CH3COOH + HCi ~ CH3COOH; + cr " 
Select the correct statement(s) among the following:" 

(c) CH 3COOH! is the conjugate base ofCH3COOH 

(d) cr is the conjugate base ofCH3COOH 

5. Which among the following species act both as an acid as well 
.. asa p.ase?" 

(a) SO~-

(c) PO!-

(b) HSO;j 

(d) NH3 

6. Which among the following salts will give basic solution on 
hydrolysis? [PET (MP) 2008) 
(a) NaH2P04 (b) NH4CI 
(c) NaCI (d) K 2C03 

7; Which among the following represent the conjugate acidlbase 
pairs? 
(a) H30'1-/H20 

(b) H2S04/S0~

(c) HC03/C~-

(d) All are conjugate acidlbase pairs 
8. If you have saturated solution of CaF 2 then: 

(a)[Ca2+] = ~Ksp (b)[Ca2+] = 2 [F':'] 

(c)2[Ca2+]=[F-] (d)[Ca2+]=[K 14f3 
51> 

9. The relative strength of two weak bases at same concentration 
may be given as: 

Kb 
(a)-I 

Kb]. 

(c)~ 
(12 

(b) [OWh 
[0I-r]2 

(d) ~Kbl 
~Kb]. 

I 
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[;1I~';'~---------------""":1 

• Single correct option 

1. (a) 2. (a) J. (c) 4. (d) . 5. (a) 6. (c) 7. (d) 8. (a) 

9. (d) 10. (d) 11. (b) 12. (b) 13. (b) 14. (a) 15. (b) 16. (c) 

17. (c) 18. (b) 19. (c) 20. (d) 21. (d) 22. (a) 23. (b) 24. (c) 

25. (b) 26. (c) 27 •. (a) 28. (d) 29. (d) 30. (b) 31. (a) 32. (d) 

33. (c) 34. (a) 35. (a) 36. (b) 37. (b) 38. (b) 39. (b) 40. (d) 

41. (c) 42. (c) 43. (b) 

• One or more than one correct options 

1. (a, b,c, d) 2. (a, b, d) 3. (b, c) 4. (a, b) 5. (b, d) 6. (a, d) 7. (a, c) 8. (c, d) 

9. 

Integer Answer TYPE QUESTIONS 

This section contains 13 questions. The answer to 
each of the questions is a single digit integer, ranging 
from 0 to 9. If the correct answers to question 
numbers X, Y, Z and W (say) are 6, 0, 9 and 2 
respectively, then the correct dark~ning of bubbles 
will look like the given figure: 

1. What will be the pH of 0.1 M CH3COONH4? 
Dissociation constants of CH~COOH and NH40H are 
K a = 18 xl 0-5 and K b = 18 xl 0- respectively. 

2. Ionic product of water is Ix 10-12
. pH of water will be : 

3. Calculate the pH at which an acid indicator HIn with 
concentration 0.1 M changes its colour. 
(K a for HIn = 1 X 10-5

) 

4. Sum of basicity ofH3P04 , H3P03 , H3POZ is equal to: 
5. A given weak acid (O.OIM)has pKa =6. The pH of this 

solution is : 
6. Solubility product of an electrolyte is 69l2S 7. How many ions 

will be obtained by the ionization of one molecule of 
electrolyte? 

7. The solubIlity product of Mg(OH)z is 5 x 10-19 at 25°C. pH of 
saturated solution of Mg(0H)2 will be : 

8. pH of 1 O-x M HCI is 6.9586. The value of x will be : 

9. If the equilibrium constant of the reaction of weak acid HA 
with strong base is 109

, then the pH of 0.1 MNaA solution will 
be: 

1. (7) 

9. (9) 

2: (6) 
10. (3) 

3. (5) 

11. (8) 

4. (6) 

12. (6) 

10. Consider the titration of 50 mLofO.l MHBrwith 0.1 MKOH. 
Calculate pH after 49 mL of the base has been added to the 50 
mLofHBr. 

11. The dissociation constant of a substituted benzoic acid at 25°C 
is Ix 10-4. The pH of a 0.01 M solution of its sodium salt is: 

(lIT 2009) 
[Hint: pH of salt after hydrolysis may be calculated as, 

1 
pH = "2[pKw + pKa + 10gC] 

= 1.[14 + (-loglO-4)+ logO.Ol] 
2 

~[14+4-2]= 8 ] 

] 2. The total number of diprotic acids among the following is: 

H3P04 , H2 S04' H3P03 , H2C03 , H2S20 7 , H2B03, H3POZ' 

H2Cr04 , HZS03 (lIT 2tH9)
[Hint : H2S04, H3P03, H2C03, H2Sz07 ,H2Cr04, H2S03 are 

diprotic acid.] 
13. Amongst the following, the total number of compounds whose 

aqueous solution turns red litmus paper blue is: 

KCN, K 1S04 , (NH4)2 C20 4 , NaCl, Zn(N03 )2' FeCI3• 

K2C03 , NH4N03 ,LiCN (lIT 2010) 

[Hint: Salts of weak acid and strong base will give basic solution 
on hydrolysis and will tum red litmus to blue KCN, K2C03 and 
LiCN are such type of salts.] 

5. (4) 

13. (3) 

6. (7) 7. (8) 8. (8) 
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~.tr"I(.Q;C(jtPRPENSION TvPE' QUESil,IONS-~_, 
• Passage 1 

Higher the amount of acid or base used to produce a definite change 
of pH in a buJfor solution, higher will be its buffer capacity. Buffer 
capacity of solution is maximum under the following conditions: 

[Salt] [Acid] (in acid buffer) 
[Salt] = [Base] (in base buffer) 

pH of a buffer solution lies in the range given below: 
pH = pKa if; 1 

In other words, any buffer solution can be used as buffer up to two 
pH units only, depending upon the value of pK a or pK b' A buffer is 
said to be efficient when pH = pK a or pOH ='=' pK b' 

Answer the.following questions: 
1. Any buffer can be used as a buffer up to: 

.----- (a)'lOprturrt~pH UJjitS(cmHuIlits(dJTp~iiDit--"" 

------2;--Which--amonglile--toHowirrg--sotutioifs willC"Cne-tne mOSI-
efficient buffer? 
(a) 0.1 MCH 3COONa + om MCH 3COOH 
(b) 0.1 MNH4Ci + 0.1 MNH 40H 
(c) 0.001 MHCOOH + 0.002 MHCOONa 
(d) b.ltoLth().apQ.Y(;L . 

3. The buffer capacity is equal to: 

(a) An (b) pH (c) ± IpKa (d) none of these 
ApH An 

4. A buffer of acetic acid (pKa ~ 4.8) with sodium acetate will 
be, when CH 3COOH and CH 3COONa are present III 

equivalent amounts has pH limits equal to: 
(a) 0 to 4.8 (b) 3.8 to 5.8 (c) 4.3 to 5.3 (d) 4.8 

5. Buffer capacity is maximum when: 
(a) one mole ofNH4Cl is added to two moles ofNH40H 
(b) one mole ofNH4Cl is added to one mole ofNH40H 
(c) one mole ofNH 4Cl is added to one mole ofNaOH 
(d) one mole ofNaCl is added to one mole ofNaOH 

6; A buffer solutionis prepared by mixing equal concentration of 
acid (ionisation constant K a ) and a salt. The pRof buffer is: 

[JEE (Orissa) 20081 
(a) pKa + 7 (b)l4 - pKa (c) pKa (d) pKa + 1 

• Passage 2 
When a salt reacts with water to form acidic or basic solution, the 

process is called hydrolysis. The pH of salt solution can be 
calculated using the following relations: 

1 . 
pH - [pKw+ pKa + log C) 

2 

(for salt of weak acid and strong base.) 

pH 
1 . •... 

'2 [pKw - pKb log 

(for salt of weak base and strong acid.) 

1 
pH = - [pKlV + pKa - pKb] 

2 

(for salt of weak acid and weak base.) 

where, 'C' represents the concentration of salt. 

When a weak acid or a weak base is not completely neutralized by 
strong base or strong acid respectively, then formation of buffer 
takes place. The pH of buffer solution can be calculated using the 
following relation: 

PH K + 10 [Salt]. OR = K + 10 [Salt] 
p a g [Acid] , P P b g [Base] 

Answer the following questions using the following data: 

pKa 4.7447, pKb =4.7447, pKw = 14 

1. When 50 rnL of 0.1 MNH 40H is added to 50 rnL of 0.05 M 
HCl solution, the pH is: 
(a) 1.6021 (b) 12.3979 (c) 4.7447 (d) 9.2553 

2. 0.001 MNH 4 C1 aqueous solution has pH: .. ~ __ .. ____ .. ___ _ 

.~ ...... (a) §.:.G7 __ (b) 7.}26 ~ __ ~) 2.l6L_.Jsl)-.J.267 ... ~ ._._._ 
3. 50 mL 0.1 MNaOH is added to 50rnL of 0.1 M CH 3COOH 

solution, the pH will be: 
(a) 4.7447 (b) 9.2553 (c) 8.7218 (d) 1.6021 

4. 1 mole CH 3COOH and 1 mole CH 3COONa are dissolved in 
water to fonn 1 litre aqueous solution. The pH of the resulting 
solution wilLbe: 
(a) 9.2553 (b) 4.7447 (c) 14 (d) 7 

5. When 50 rnL of 0.1 M NaOH is added to 50 mL of 0.05 M 
CH3COOH solution. The pH of the solution is: 
(a) 1.6021 (b) 12.3979 (c) 4.7447 (d) 8.7218 

• Passage 3 

An acid-base titration consists of the controlled addition ofa 
dissolved base to a dissolved acid (or the reverse). Acid-base react 
rapidly to neutralize each other. At the equivalence point, enough 
titrant, the solution being added, has gone into make the chemical 
amounts of the acid and base' exactly equal. The pH of a titration 
changes every time a drop of titrant is added, but the rate of this 
change varies enorm(JUsly. A titration curve, graph of pH tis a_ 
function of the volume of titrant, displays in detail how the pH 
changes over the course of an acid-base titration. Significantly, the 
pH changes most rapidly near the equivalence point. The exact 
shape of a titration curve depends on the Ka and Kb acid and base. 
Answer the following questions: 

1. The following figure represents titration curve ofHCl against 
NaOH. The pH at equivalence point will be: 

.. t ----.---.-----------
pH 

Volume of NaOH ad~ed -
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(a)7 (b) 6 (c) 8 
Examine the titration curve below: 

13 
12 r---~ 

11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

(d)3 

o ~ __ -L ____ ~ __ ~ __ ~ ___ 

20 40 60 80 

solution so called is acid rain. Sulphur dioxide dissolves in water to 
form diprotic acid in aqueous solution. 

S02(g)+HP(l)~HSO:; +H+;Kal 1O-2 M 

HSO:; ~ SO~- + H\ Ka2 10-7 M 

and for equilibrium, 

S02(aq.) + HP(l)~ SO~-(aq.)+ 2H+(aq.); 

Ka = Kal x Ka2 = 10-9 at 300 Kat 27°C 

Answer the following questions; 
1. Which of the following reagents will give white precipitate 

with the aqueous solution of sulphurous acid? 
(a) NaCI (b) KCI (c) BaCl2 (d) HCl 

2. The pH of 0.0 I M aqueous solution of sodium sulphite will be: 
(a) 8.5 (b) 9 (c) 4.5 (d) 9.5 

Vol time of aeid added .. 

~~ ---~~riswer the questIOns 2-;TImQ4 on'the above curve. 

3. The dominant equilibrimn in all aqueous solution of sodimn m 

~~~~~~~m-~---h'Y4regen-sulphite-is:-----

2. Which of the titrations could it represent? 
(a) HCl by KOH (b) RbOH byHBr 
(c) HCl by NaOH (d) NH3 by HN03 

3. The suitable indicator for tills titration will be: 
(a) bromothymol blue (b) methyl orange 
(c) methyl red (d) all of these 

4. The pH at equivalence point is: 
(a) 11 (b)7 (c) 3 (d) 2 

5. Which of the following curves indicates the titration of a weak 
diprotic acid by NaOH of equivalent strength? 

pH 

pH 

Volume of NaOH added 

(a) 

Volume of NaOH added 

(c) 

" Passag~ 4 

pH 

pH 

Volume of NaOH added 

(b) 

Volume of NaOH added 

. (d) 

Acid rain takes place due to combination of acidic oxides with 
water. In atmosphere, sulphur dioxide and nitrogen monoxide are 
oxidised to sulphur trioxide and nitrogen dioxide respectively, which 
react with water to give sulphuric and nitric acid. The resultant 

2HS03(aq.)~ S02(aq.)+ SOi-(aq.) + H20(I) 
The equilibrium constant for the above reaction is: 
(a) 10-6 (b) 10-9 (c) 10-5 (d) 10-3 

4. Which among the following statements is correct? 
(a) CO2 gas develops more acidity in rain-water than 802 
(b) H2803 is less acidic than H 280 4 

(c) HN03 is less acidic than HN02 

(d) 802 (g ) is reduced in the atmosphere during thunderstorm 

• Passage 5 
The product of the concentrations oftke -iOns of an electrolyte 

raised to power of their coefficients in the balanced chemical 
equation in the solution at any concentration. Its value is not 
constant and varies with change in concentration. Ionic product of 
the saturated solution is called solubility product K Sp' 

_ ( i ) When Kip = K sp' the solution is just saturated and no 
precipitation takes place . 

. (li) When Kip < K sp' ~ the solution is unsaturated and 
precipitation will not take place. 

(iii) When KiP> K sp ' the solution is supersaturated and 
precipitation takes place. 

Answer the following questions: 
1. The solubility product, K SP' of sparingly soluble salt MX at 

25°C is 2.5 x 10-9. The solubility of the salt in mol L -1 at this 
temperature is: 
(a) 1 x 10-14 (b) 5 x 10-8 (c) 1.25 X 10-9 (d) 5 x 10-5 

2. Which of the following is most soluble? 

(a) Bi283 (Ksp = 1 x lO-70) (b) Mn8 (Ksp = 7 x 10-16 ) 

(c) CUS (Ksp = 8 x 10-37
) (d) Ag 28 (Ksp = 6 x lO-51) 

3. The concentration of Ag + ions in a given saturated solution of 
AgCl at' 25°C is 1.06 x 10-5 g ion per litre. The solubility 
product of AgCl is: 
(a) 0.353 x 10-10 (b) 0.530 x 10-:10 

(c) 1.12 X lO-10 (d) 2.12 x lO-lo 

4. When equal volUIlles of the following solutions are mixed, 
precipitation of AgCl (Ksp = 1.8 x 10-10

) will occur only 
with: 
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(a) 10--4 M Ag+ + 10':-4 M Cl 

(b) 10-5 M Ag+ + 10-5 M Cl 

(C)10-6 M Ag+ + 10- 6 M CI

(d) 10-10 M Ag + + 10-10 M CI -

5. When HCI gas is passed through saturated NaCI solution, the 
ionic product of NaCI is 'exceeded because of: 

(a) increase in cr ion concentration 

(b) increase in Na + ion concentration 

(c) decrease in the NaCI concentration 

Answer the following questions: 
1. The basicity of phosphoric acid is: 

001 002 003 W4 
2. The state of hybridization of phosphorous in phosphoric acid 

is: 

(a)sp 

3. The removal ofPO~- in qualitative analysis of basic radicals is 

made by using a buffer solution of: 

{a) HC03 and coi- (b) CH3COO- and CH3COOH 

(c) NII; and NH40H (d) none of these 

(d) decrease in cr ion concentration 4. What is the molarity of phosphoric acid used in soft drinks? 
6. If the solubility of Li3Na 3 (AlFd2 is x mol L-

1
, then its (a) 5.1x 10-3 (b) 1.5 X 10-3 (c)3.1 X 10-3 (d) 2.1 x 10-3 

solubility product is equal to: 
(a) 12x3 (b) 18x3 (c) x 8 (d) 2916x8 5. Which among the following relations is correct? 

(a) Kal < Ka2 < Ka3 (b) Kal > Ka2 > Ka3 

.. ~._Pass~ML_. ~_ ..... ____ m 6.·····~~:ici~z!;gn ::;hOSPhOriC ~~i:i~l: ? Ka3 >J(~ ___ .. ~~-. 
---~-.- ... -'I'he-di880Giaf.i.on-ofweak-ele(}tr-oJ.yte{weak-aeiti)-is-expre8Sed-in-----'.-... -~--.... -' -. H--~T~--~-""'~----

terms of Ostwald dilution law. Stronger is the acid, weaker is its 
conjugate base_ The dissociation constants of an acid (Ka) and its 
conjugate base (Kb ) are related by the given relation: 

Kw Ka xKb 

At 25°C, K w (Ionic product of water) = 10"'14. 

Phosphoric acid isa weak acid. It is used in fertilizer, food, 
detergent and toothpaste. Structure of phosphoric acid is: . 

o 
l' 

HO-f-OH (pKal 2.12, pKuz == 7.21, pKU3 == 12.32) 

OH 

Aqueous solution of phosphoric acid with a density oflg mL-. 1 

containing 0.05% by weight of phosphoric acid is used to impart tart 
taste tomany soft drinks. 

Phosphate ion is an inteifering r~dical in qualitative analysis. It 
sho~/d be r~movedf6r analysis beyond third group of qualitative 
analysiS . 

. ' . 

.' 3P04 ..-- HzPO; + n 
pKU1 = 2.21 

The dissociation constant of conjugate base ofH3P04 will 
be: 

(a) 6.45 x 10-9 

(c) 3.48 X 10-11 

[Hlm: pKa] = 2.21 

(b) 1.62 X 10-12 

(d) 4.62 x 10-2 . 

Kal = antilog (- 2.21) 

= 6.165 x 10-3 

Kb (of conjugate base) = Kw 
Kal 

10-14 

6.165 X 10-3 

= 1.62 x 10-12 ] 

[f'~~;:"._ ~ ______ ~ __ --I 

Passage 1 •. 

Passage 2. 

Passage 3. 

Passage 4. 

Passage 5. 

Passage 6. 

L (c) 

1. (d) 

L (a) 

1. (c) 

1. (d) 

1. (c) 

2. (b) 

2. (a) 

2. (b) 

2. (d) 

2. (b) 

2. (c) 

3. (a) 

3. (c) 

3. (d) 

3; (c) 

3. (c) 

3. (b) 

4. (b) 

4. (b) 

4. (b) 

4. (b) 

4. (a) 

4. (a) 

5. (b) 

5. (b) 

5. (a) 

5. (a) 

5. (b) 

6. (c) 

6. (d) 

6. (b) 
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~ SELF ASSESSMENT ~ 

ASSIGNMENT NO.l0 

SECTION-I 
Straight Objective Type Questions 

This section contains 7 multiple choice questions. Each 
question has 4 choices (a), (b), (c) and (d), out of which only 
one is correct. 

1. When 50 mL of 0.1 M NaOH is mixed with 50 mL of 0.05 M 

(a) the pH of its saturated solution will be 10.3 
(b) its solubility will decrease in a buffer medium of pH 9 
(c) its solubility will increase in a buffer medium of pH 
(d) its solubility is unaffected by pH of the medium 

10. Which of the following salt solutions will be basic? 
(a) NaCI (b) NaCN (c) K2C03 (d) NH4N03 

11. Which of the following salts will not undergo hydrolysis? 
CH3COOHsolution, pH becomes: (a) NaCI (b)KCI (c)NH

4
CI (d)CH3COONa 

(a) 1.602 (b) 12.39 12. Which of the following mixtures will be buffer? 
(c) 4.74 (d) 8.72 (a) CH3COOH + CH3COONH

4 2. If the degree of dissociation of water at 90°C is 1.28 x 10-8 

then the ionisation constant of water at 900C is:nmm(b) Hel + NaGl .. -------
--{c}mBor.ax±hot:ic.acidmmmmmm_m, 

m{~1)7~52x lO-mT2mMm~ (b) 9.07x 10 15M~m---m_mm_mmm (d) CH}COOH + CH}COONa 

(c) 1.28 x 10-14 M (d) 1.38 x 10-14 M 

3. How much water from 5 litre of 10-3 M HCI should be SEC1"ION-1II 
evaporated to change its pH by 2 units? 
(a) 1.5 litre (b) 0.5 litre (c) 2.54 litre (d) 4.95 litre 

4. Which among the following cannot exist in an aqueous solution? 

(a) Nat (b) NO; 

(c) NO; (d)N,H2 

5. The pH of an HCI solution is 2. Sufficient water is added to 
make the pH of new solutions. The hydrogen ion 
concentration is reduced: 
(a) ten fold (b) seven fold 
(c) thousand fold (d) hundred fold 

6. Consider the following statements: 
1. RNO} (strong acid) behaves as a base in HE 
II. H2S04 dissociates to a small extent in glacial acetic acid. 
III. CH3COOH (a weak acid) behaves as strong acid in 

NH3 (I). Select the correct alternate for these statements: 
(a) I, II, and III (b) I and III 
(c) II and III (d) I and II 

7. The solubility of A2X 5 is x mol dm m 3. Its solubility product is: 

(a) 36x6 (b) 64 X 104 x7 

(c) 126x7 (d) 1.25 x 104 
X

7 

SECTION-II 
Multiple Answers Type Objective Questions 

8. During the titration of mixture of NaOH, Na 2C03 and an inert 
substance against hydmchloric acid: 
(a) phenolphthalein is used to detect the end point when NaOH 

is completely neutralized and half ofNa2C03 is neutralized 
(b) methyl orange is used to detect the final end point 
( c) methyl orange is used to detect the first end point 
(d) phenolphthalein is used to detect the final end point 

9. Solubilify product of the hydmxide 1vf (OH}z is 4 x 10-12 

Select the correct statement(s) among the following: 

Assertion-Reason Type Questions 
This section contains 5 questions. Each question contains 
Statement-l (Asserlion)andStatement~2·(Reason).Eaclim
question has following 4 choices (a), (b), (c) and (d), out of 
which only one is correct. 
(a) Statement-l is true; statement-2 is true; statement-2 is a 

correct explanation for statementm\. 
(b) Statement-l is true; statement-2 is true; statement-2 is not 

. a correct explanation for statement-\. " 
,(c) Statement-l is true; statement-2 is false. 
(d) Statement-l is false; statement-2 is true. 

13. Statement-I: Mixtui~ of CH3COOH and CH3COONH4 is not 
a buffer solution. 

Because 
Statement-2: Acid buffer contains the mixture of weak acid 
and its salt with strong base. 

l4. Statement-I: Addition of NH40H to an aqueous solution of 
BaCl2 in the presence of excess NH4Cl, precipitates Ba(OH}z. 

Because 
Statement-2: Ba(OH}z is soluble in water. 

15. Statement-I: pH of blood does not change inspite of taking 
acidic foods. 

Because 
Statement-2: Blood behaves as buffer solution. 

16; Statement-I: Borax forms alkaline aqueous solution. 
Because 

Statement-2: Bot:ax is the salt of a weak acid (H3B03 ) and a 
strong base (NaOH). 

17. Statement-I: When the aqueous solution ofCH3COONH4 is 
diluted, then its degree of hydrolysis does not change. 

Because 
Statement-2: It is the salt of a weak acid and a weak base 
hence its degree of hydrolysis does not depend on the 
concentration. 
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SECTION-IV 

Matrix-Matching Type Questions \!!, . ., \ 

This section contains 3 questions. Each question contains 
statement given in two columns which have to be matched. ' 
Statements (a, b, c and d) in Column-I have to be matched with 
statements (p, q, rand s) in Column-II. The answers to these 
questions have to be appropriately bubbled as illustrated in the 
following examples: 
lithe correct matches are (a-p,s); (b-q,r); (c-p,q) and (d-s); 
then correct bubbled 4 x 4 matrix should be as given: 

p q r s 

18. Match the Column-I with Column-II: 
Column-I Column-II 

(Salt solution in (Nature of 
water) hydrolysis) 

(a) NaCI (p) Cationic hydrolysis 
(b) CH3COONa (q) Anionic hydrolysis 
(c) NH4CN (r) Both cationic and anionic hydrolysis 
(d) NH4CI (s) Does ltot undergo hydrolysis 

·19. . Match the Column-I with Column-II: 
Column-I Column-II 

(a) H3P02 (p) Dibasic 
(b) H3P04 (q) Monobasic 
(c) H3P03 (r) Tribasic 
(d) H3B03 (s) Aprotic 

10. Match the Column-I with Column-II: 

--.--~~-' ...... -~-~---F::~F!~F!~F=:~t- ...... ----- __ ..... ____ C~1wnn~1 ...... _. _._Column-II --_ .... ----
.... (Sal!l._ ..JD~g!~~...Qf hydrl!ly~I~ 

1. (b) 

9 •. (a,b,c) 

17. (a) 

2. (a) 3. (a) 

10. (b, c) 11. (a, b) 

18. (a-s) (b-q) (c-r) (d-p) 

4. (d) 

12. (c, d) 

(a) NH4Cl (p) No hydrolysis 

(b) NaCI (q) h J¥ 
. If( 

(c) CH3COONa (r) h == .l_w 
VCK b 

(d) CH3COONH4 (s) h == JK; 

5. (~) 

13. (d) 

6. (a) 

14. (d) 

7. (d) 
15. (a) 

19. (a-<j) (b-r) (c-p) (d-q, s) 10. (a-q, r) (b-p) (c-q) (d-s) 

8. (a, b) 

16. (a) 


