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) Streng electrolytes: These electrolyteé are almost
completely ionised when dissolved in a polar medium like water.
In solution they are excellent conductors, e.g., HNO,, HC],
KOH, NaOH, etc. Their degree of ionization is hlgh 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., CH,COOH, H,PO,, H;BO;,
NH,OH, etc. Equilibrium between ions and unionised molecules
is established in solution; e.g.,

CH,COOH+=—=(H,C00” +H"
The above equilibrium is termed as ionic equilibrium. Degree of

jonization of weak electrolytes is much less than unity.

Degree of ionization ‘«’ may be defined as a fraction of total
number of molecules of an electrolyte which dlssocxate inito ions.
_ % ionization

100
_ Number of 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.
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Solutions (aqueous)

l

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

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

!

Strongly conducting (solns. of Weakly conducting (solutions

strong electrolytes which Gf weaif clec_trolytes which
ionise almost completely in water slightly ionise in water such as
such as HCl, H,SO,,- HNO, CH,COOH, NHaOH, H,PO,,

NH,CI, NaCl, NaOH, KOH, etc.)  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 chioride behaves as a strong electrolyte and
acetic acid as a weak electrolyte when dissolved in water but their
conducting abilities are comparable in liquid ammonia solvent.

102 OSTWALD'S DILUTION LAW

According to Arrhenius theory of electrolytic dissociation, the
molecules of an électrolyte 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 48 which dissociates into 4"

ions and the equilibrium state is represented by the
equation; :
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: AB == A" +B~ Solution: ==H"+4"
Initially £ = 0 c .0 0 . o e s .
At equilibrium cl-o) Co  Cu Applying Ostwald’s dilution law for a weak acid,
So, dissociation constant may be given as; o= K,V
_[AT][B"]_CoxCo 1
- T ca- K, =40x10"%, ¥=——=100litre
[A4B] C(l-a) a 001
Ca .
o () 0 =44%x1070 x10? =2x 107
V (1 05) ,
For very weak electrolytes Concentration of hydrogen ions
_ 4
o <<<l,(l-o)=1 SO 2XA0T 107 mol L
K=co? v.ooo100

o=vK/C ... (i)
Concentration of any ion = Co =+ CK. '

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 lawt The law holds
good only for weak electrolytes and fails completely in the case
of strong electrolytes. The value of ‘o’ is determined by
conductmty measurements by applymg the formula A/ A .. The
value of ‘o’ 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 like CH3COOH /NH,OH, "etc. The

cause of failure of Ostwald’s dilition law in the case of strong’”

electrolytes is due to the followmg ‘factors -“\‘ o

(i) The law is based on ‘the afact that only a portion of the
electrolyte 19‘,3dlssoctated into ions at ordinary dilution and
completely at infinite dilution. Strong electrolytes are almost
completely ionised" at ‘all dilutions and A/ A, does not gwe
accurate value of ‘o’

(ii) When concentration of the jons is very hlgh 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.
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“Example 1. 4 0.01 M solution of acetic acid is 5% ionised

at 25° C. Calculate its dissociation constant.

Selution: According to Ostwald’s dilution law,
Q-
@=0.05, ¥=— =1001itre
V 001
Hence; L = 205x005 _, r 1078
(1-0.05100 ‘

 Example2. Calculate the H" ion concentration of a
0.01 N weak monobasic acid. The value of dissociation constant
is 4.0x 107",

or concentration of hydrogen ions

- =JCK =1/0.01x4x 107 =2x 107 mol L™

= Example3. The concentration of H' ions in 0.10 M
solution of a weak acid is 1.0x107° mol L. Calculate the
dissociation constant of the acid.

~ Solution: H4 == H' + 4~
Initial concentration ol 0 0
Equilibrium concentration ) -
(mol LY 0.1-10x107° L.oxi0”  10xi07

[HA] can be taken as 0.1 M as 1.0x 107> is very small.
Applymg law of mass action,

_[H][47]_1.0x107° x1.0x107
[H4] 0.10
=1x107
... Example 4. What will be the dissociation constant of 0.1N

aqueous ammonia solution in terms of degree of dissociation
o’? What will be the value if the concentration is 0.01 N?

Solutlon: 'NH,OH+=—=NH; +OH™

At equilibrium (1-o) o o
Since, the solution is 0.1 N

= -1— = 1011tre
0.1

Applying law of mass action,
‘ oo
_[NH;]J[OH'] 70" To_ o’
[NH,OH]  1-o 1l-a)
' 10

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

Example 5. 4 0.0128 N solution of acetic acid has A = 14
mho equiv"1 and A =391 mho eq™" at 25°C. Calculate the
dissociation constant of the aci:.

b
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Solution:

Degree of dissociation,
a=D o1 3 sgxi07
A, 391

[1-0a — las o is very small]

Now applying Ostwald’s dilution law,

a’

e(l-a)V

a

0=358%x1072 and V= litre

0.0128
So, K,=3.58x107x358x107% x0.0128=1.64x10"°

3. COMMON ION EFFECT

Let 4B be the weak electrolyte. Considering its dissociation,
AB+—=4" +B~
“and applying law of mass action, we have

_[4*1B7]
[4B]

The equilibrium constant, K , has a definite value at any given
temperature. If now another electrolyte furnishing the 4* 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 4B must mcrease 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 cornmon ion).
Similarly, the addition of NH,Cl or NaOH to NH,OH solution
will suppress the dissociation of NH4OH 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 S?” ions in second group and OH™ ion
concentration in third group of analysis.

22228 W SOME SOLVED EXAMPLES\ §8852%: .

Example 6. The ionisation constant of HCN is 4x 1071

Raw

Calcuiate the concemratzorz of hydrogen ions in 0.2 M solution of
HCN containing 1mol L of KCN.

Solution: The dissociation of HCN is represented as
HCNT=—=H" +CN~

Applying law of mass action,
¢ [HCN] = .

K, [HCN]
[CN7]

[H']=
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In presence of strong electrolyte, the total CN™ concentration
comes from KCN which undergoes complete dissociation. It is
further assumed that dissociation of HCN is very-very small and
the concentration of HCN can be taken as the concentration of
undissociated HCN.

Thus, [HCN]=0.2 M and [CN™ ]=1M
Putting these values in the expression
~10
[H+]=K5[HCN]:4X10 X0.2=8x10_11 molL”}
[CN7] 1

Note: When KCN is not present, the [H* | concentration is equal to

VCK, ie,/02x4 %107 = 8.94 x 107 mol L™". This shows

that concentration of H* ions falls considerably when KCN is
added to HCN solution.
wExample 7. Determine the concentration of hydroxyl ions
in 0.4 M NH ,OH solution having (i) no ammonium chloride and
(i) 5.35g of NH ,Clin a litre of the solution. Ionisation constant
of NH,0H is 1.8x 107

Solution: (i) Let ‘e’ be the degree of dissociation of
NH,OHin absence of NH,CL

o= gé’i
C
So, [OH ™ ]=Ca =K ,C =/1.8x107° x 0.4

=2.68% 107 mol L

(ii) In presence of NH,Cl,
5.35

INH{)=22 =01 and [NH,OH)=04M
1 ' -5 ’
So,  [oH = Ks[NH:OHI_18x 107 x04
[NH; ] 0.1
=7.2x107 mol L

xample 8. When 0.100 mo{e of ammonia, NH;, 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 107 M. Calculate K , for ammonia. :
Solution:

NH,
At equilibrium  (0.100 — 1.34 x 1073) M

+H,0=—= NHj
134 x 107 M
+ OH™
= 0.09866 M 134 %1073 M
_[NHZJ[OH™] 1.34x107° x1.34x 107
[NH; ] 0.09866

‘Example 9. K, for HA is 49x107°. After making the
necessary approximation, calculate for its decimolar solution

(a) % dissociation

(b) H" ion concentration.

Solutien: (a) For a weak electrolyte,

-8
. K, _ [49x10 10
c 0.1

=1.8199% 107>

b
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% dissociation = 100x o, = 100x 7x 107

=7%x1072
() H4A —= H" + 4
C(l-o) Cot Ca

H']1=Cxa=01x7x10"* =7x10" mol L™}

“Example 10. Nicotinic acid (K, =14x107°) s
represented by the formula HNiC.. Calculate its per cent
dissociation in a solution which contains 0.10 mole of nicotinic
acid per 2litre of solution. (1T 1993)

Solution: Initial concentration of the nicotinic acid

_9-?%-9_005 mol L

HNiC == H" + NiC”

Equilibrium cone.  (0.05-x)  x X
As x is very small, (0.05— x)can be taken as 0.05 ,
_[H'INICT ] _xxx :
4 [HNIC] 0.05
or x? =(0.05)x (1.4 x107%)
or x=0.83x107 mol L
Y% dissociation = M x100=1.66

Alternative method: Let o be the degree of dissociation

HNiC — H' + NiC’
Atequilibrium  005(1-0) 005  0.05¢
_0.0500 x 0.050¢
“T005(1-0)
Asais very small, (1-a)—= 1.
So, 1.4x107° = 0.05¢2

-5
or o =1/ﬁ5—10— =1.67x1072
TN 005 S

Per cent dissociation =100 x o = 100 x 1.67 x 107
=1.67

sample 11. At 30°C, the degree of dissociation of
0.066 M HA is 0.0145. What would be the degree of dissociation
of 0.02 M solution of the acid at the same temperature?

Solution: Let the ionisation constant of the acid be K.
Degree of dissociation at 0.066 M concentration = 0.0145.

Applying o= —Ii—“
0.0145 = Ke . (1)
0.066

Let the degree of dissociation of the acid at 0.02 M
concentration be ot ;.

K

o, = a .. (il
" V.02 (@)
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Dlvxdmg eq. (i1) by eq. (i),

s - ,226_6 =1.8166
0.0145 0.02 ’
or o, =0.0145x1.8166=0.0263

E; mple 12. A solution contains 0.1 M H,S and 0.3 M
HCL Calculate the concentration of s% and HS ™ ions in
solution. Given K a, and K, for HzS are 107 and 1.3x 107"

respectively. AT 1992)
Solutien: H,S—=H" +HS"
+ _
a _[H JHS ] .. (d)
[H,8]
Further HS =H' +§%
+ 2~
@ = _[_H_][_S___l ’ BT B
[HS™]
Multlplymg both the equations '
ok xk JHTSTI
“ [H,S]

Due to common ion, the ionisation of H,S is suppressed and
the [H" Jin solution is due to the presence of 0.3 M HCI.

Ko X Koy [HyS] 1.0x107 x1.3x 1077 x (0.1)
[H"? (0.3y°
=144x10° M
Puttmg the value of [S* in eq. (i),
: 0.3x1.44x107%

[s™1=

1.3x107° =
[HS™]
120
or [Hs-]=w= 33x1078 M
: 1.3x107"
ple13. What is the H* ion concentration of a

solution known to contain 0.1g mole of CH,COONH , in one litre
of 0.1M CH,COOH? Assume effective ionisation of ammonium
acetate is 80%. K , for acetic acid is 1.8 x 107°.

Solution: CH,COOH+—CH,C0O0™ +H"
01-x) x x
_ [CH,CO0" J[H"]
“ [CH,COOH]

The solution also contains CH,COONH, which is 80%
dissociated, fLe., oo =0.8. Thus, the acetate concentration
provided by 0.1 CH;COONH, = 0.1x 0.8=0.08 M

Total [CH,CO0 1= (0.08+ x) M
So, =008+ x)x
(0.1-x)

As xis very small, (0.1-x) —0.land neglecting x?,

_0.08x
0.1

K

a
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or 1.8% 107 x 0.1= 0.08x

1.8% 107° x 0.1

=2.25%10" mol L
0.08

or x=[H"]=

mple 14. Ostwald obtained the Jollowing 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 s law.

Yolume in litre (V) Equivalent conductivity

8 4.34
64 12.09
128 16.99
Selution: Degree of dissociation, ot = Ay
. 434
i Oy = = 0 0119
(1) T
.. 12.09
ii o, = =(.0332
®) 27 364
16.99
iii Oy = — = 0.0467
(0 P 364
- Now applying Ostwald’s dilution law,
2
G) Ka__ot__l_00119><00119_‘17,7 1075
| v, T
2
(i) Kﬂ:92_00332><00332_172x10_5
v, 64
2
i) K, =23= 0.0467x 0.0467 _ 1.70 % 1075
Vs - 128

The values of X, are nearly the same which show the validity
of Ostwald ] dllutlon law.

.

, ny le 15. Calculate the dzssoczazzon constant of
H 2C 7O4 (oxaa’:c acid )i 0.02 M solution is 2% dzssa{:zated

Solution: H,C,0, — 2H" + C,0F
C(l-w) 2Ca Ca
_[H P[00 ]
L HG0,
_(2Co)r x (Ca)
e
_4C%°

1-a
=4C%.*
=4 % 0.02 x 0.02x (0.02)°
=1.28%x107°

1. A monoprotic acid in 0.1 M solution ionizes to 0.001%. Its
ionisation constant is:

(M1x107° (O Ix10° @©I1x10°% (@1ixto!

{1~ —las « is small]

- [Ans. (@]

2
. K ) 0.001
Mint: o=-2 or K,=Co*=0.1X|———
Ve & fe [ 100)

Co=1x10
2. The hydrogen ion concentration in mol/dm? in 0.2 M solution A
of weak acid, HA (K, = 2x 107)is close to:
(@)2x10° . (b)2x10* (©)2x107 (d) 2% 10“2
[Ans. ()]

Mint: [H,0" ]=/CK, _1/02><;f:><10'5~:z><10‘3

3. Autoprotolysis constant of NH; is:

(2) [NH; J[NH; ] (b) [NH J[NH, ]
; gy NHa
(¢) [NH4 J[NH; ]
<) 4 J[NH, M]
[Ans. ()]
[Mint:  Autoprotolysis of NH; takes place as: -

INH, += NH} + NH; .
Autoprotolyms constant = [NH} ][NH; 1]

4. The degree of ionization of an acid HA is 0.00001 at 0 M
concentration. Its dissociation constant will be:

(a)107° b 107 (c) 1071 (d) 1077
- [Ams. (c)] :
[Hint: For monoprotlc acid H4:

=Cot =0.1% (107°5) = 10714
S. The first and second dissociation constants of an acid, H,4,
are 1.0x 107 and 5.0x107'° respectively,  The overall
dissociation constant of the acid will be: - (AIEEE 2007
(a) 02 x 10° (b)5.0x 107
(c)5.0x 107" L (d)5.0% 10
[Ans. ()]
[Hint: K,=K, XK,
=1x 107 x 5x 10710
C=5x1075]

PRty

%64 SOLUBILITY PRODUCT

Iftoa gwen amount of solvent at a partxcular 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 remains in contact 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 +—= 4" +B"

Solid Unionised R
(Dissolved) Tons

Applying the law of mass action to the ionic equilibrium,



IONIC EQUILIBRIUM

[4711B7] _
[4B]

Since, the solution is saturated, the concentration of unionised
molecules of the electrolyte is - constant at a particular
temperature, i.e.,[ 4B]= K’ = constant.

Hence, (47 ][B™ 1= K[4B]= KK’ = K, (constant)

K, is termed as the solublhty product. It is defined as the
product of the concentration of ions in a saturated solutlon of
an electrolyte at a given temperature.

Consider, in general, the electrolyte of the type 4, B, which is
dissociated as:

4.8, ==x4”" + yB*
Applying law of mass action,
A7 TBY Y
| [4,B,]
When the solution is saturated,
. [4,B,]= K" (constant)
or (47" T'[B*") =K[4,B,]= 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 Solubillty Products

(1) Electrolyte of the type AB Its ionisation is represented

as: i
o AB—*A++B"
S Thes, - K, =[4" 18]
T AgCl==Ag"* +CI"; K, =[Ag"][CI"]
BaSO, ==Ba?" + SO% =[Ba®*][SOZ" ]
(i) Electrolyte of the type AB,: Its ionisation is
represented as:
AB, == 4> +2B~
Thus, = K,=[4*][B" ]
PbCl.z =—=Pb* +2C1"; K, =[Pb*"|[CI ]?
CaF, = Ca®" +2F ; =[Ca®*J[F ]
@iii) Electrolyte of the type A,B: lis ionisation is
‘represented as: :
A,B==24" + B¥
" Thus, K, =[4"1*[B¥]
Ag,Cr0, =2Ag* +Cr0¥ ; K, =[Ag"
H,S==2H" +§*;

*[CrO7 ]

=[H'1P[S*"]
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(iv) Electrolyte of the type A4,B,:
represented as:

Its ionisation is

A,By =24 +3B%
Thus, K, =[4 1B
As,S; =—=2As}" +387; K, =[As*PP[s¥ ]}
Sb,S; ==25b*" +38* ; K, =[sb>* ][> P’
w) Electrolyte of the type AB,: Its ionisation is
represented as:

ABy=—=4 +3B~
Thus, K, =[4**][B° ]
Fe(OH); ==Fe>* +30H" ; K, =[Fe** |[OH
All, == APTH30 5 K, =[APT ]I ]

Solubility product of a weak electrolyte- Let degree of
ionisation of weak electrolyte 4, B, be“a’. B

A, B, ==mA" +nB""

t=0 s 0 0
teg S - So “mSa., nSo
Ko =[4"1"[B"T"
=[mSa]" [nSat]”
Ky =m"n" (Sa)"*"

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 solut1on has not reached the
saturation stage.

Case I: When K, <K

which more solute can be dissolved.
Case II: When K;, =K,

o> then solution is unsaturated in

, then solution ‘is saturated in

‘which no more solute can be dissolved.

Case III: WhenK- >K

and precipitation takes place

When the ionic product exceeds the solublhty product the
equilibrium shifts towards left hand side, i.e,, increasing the
concentration of undissociated molecules of thé electrolyte. As
the solvent can hold a fixed amount of electrolyte at a definite
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 proeduct. For
example, if equal volumes of 0.02 M AgNO, solution and 0.02 M
K,CrO, solution are mixed, the precipitation of Ag,CrO,
occurs as the ionic product exceeds the solub111ty product of
Ag,CrO, which is 2x 167'2.

In the resulting solution,’

[Ag*]:0'—32=o.o1="1><_10"2 M

o> then solution is supersaturated

and _ [Cr 02‘]—0—32—001—1x10"2M'
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Ionic product of Ag,CrO, =[Ag " *[CrO;™ ]
=(1x1072)? (1x107%)’

=1x 107

110 is higher than 2x 1072

Ag, Cr()g occurs.

Relationship between Solubility and Solubility Product

Salts like Agl BaSO,, PbSO,, Pbl,, 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, 1t i8 completely
dissociated.

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

AB, ==x4"" + yB*
Thus, solubility product, K, =[4”* F[B* ]

and thus precipitation of

Let ‘S’ mol litre ! be the solubility of the salt; then
AB, ==x4"" + yB*"
x5 vS
So, K, =[xST[»ST
| Xy (S
@ 1:1typesals: Examples: AgCl, Agl, BaSO,, PbSO,,
etc. :
Bimary clectrolyte: 415 \——"“:A; +BS“
Let solubility of 4B be S mol litre ™.
So, K, =[4"][B"]=8xS=§7
or - S =K,
(i}l 2 or 2:1 itype saMs: Examples:
Ag,CrO,, PbCl,, CaF,, etc.

Termary clectrolyte: 43, ;::—"‘,gz* + ?EISB”

Ag2CO3,

Let solubility of 4B, be § mol litre ™'
So, K, =[4")B P =8%x(285) =4S’
or S=3K,/4 )
A,B===24" +B¥
' 28 S
Let § be the solubility of 4, B.
K, =[4"T[B"]
=(285)}(5)=45°
or T os=3yx.a
i) 1:3typesallss  Examples:
Al{OH);, etc.
Quarternary clectralyte: 45, ;—:,:33* +?§§ -

All,, Fe(OH),, Cr(OH),,

Let § mol litre " be the solubility of 4B;.
K, =[4 B =85 x(35) =278*
or S =4K./27 °
The presence of common ion affects the solubility of a salt.
Let 4B be a sparingly soluble salt in solution and 4’ B be added to

it. Let § and §” be the solubilities of the salt 4B before and after
addition of the electrolyte A’ B. Let cbe the concentration of 4”B.

Before addition of 4’8, K =S ? .. ()

After addition of 4B, the concentration of 4™ and B~ ions
become §” and (8° + c) respectwely
So, =8(S"+¢) .. (ii)
Equating eqs. (i) and (ii),
8§ =8"(8"+¢)
Calculation of remaining concentration after precipi-

tatiom: Sometimes an ion remains after precipitation if it is'ifi™
excess. Remaining concentration can be determined, e.g.,

_ K., [4B]
At .
® [47 e "-——'[ 31
.. K, [Ca(OH
(i) [Ca* s = _—[[EI%_]T.)-?!
. K [4,8,]
" A”.}. L = sp mn
(i) [4™ Jq w[ B

Percentage precipitation of anion
Initial conc, — Left cone.-
= % 100

Initial conc.

Simultaneous Solubility

- 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 of CaF, and StF,, when dissolved together.
(i) Solubility of MgF, and CaF,, when dissolved together.

Calculation of simultaneous solubility is divided into two

cases:

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

AgBr (Ko, =5x107); AgSCN(K,, =10712)
{See cxample 26.)

Here, charge balancing concept is apr'iad.

Charge of Ag™ = Chargeof Br~ + Charge of SCN™
[Ag"]= [Br] +  [SCN7]
{a+b)= a b )
Case lI: When solubility products of two electrolytes are

not close, i.e., they are not equally strong, e.g.,
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CaF, (K, =34x107"); SiF, (K, =29x107)
Most of fluoride ions come of stronger electrolyte.

C v e s Wi SoME SoLVED EXAMPLES\ 83505
xample 16.  The solubility product of silver chloride is
1.5625x 107'% gt 25°C. Find its solubility in g L".

Solution: Let the solubility of AgCl be S mol litre ™.
AgCl==Ag* +CI”
s s

52 =1.5625%.107"°

or §=125%10"° mol L™
Molecular mass of AgCl = (108 + 35.5)=143.5
So,  Solubility in g litre™

Hence,

=Mol. mass X S
=143.5%1.25% 107
_ =1.79%1072 g L
ample 17. The solubility of PbSO, in water is 0.038
g L7 at 25°C. Calculate its solubility product at the same
temperature.
Solution:  Solubility (S)of PbSO, inmol L™,
0038 _0.038
Mol. mass of PbSO, 303
The equilibrium is
PbSO, == Pb*" +SO0%"
N ' S
So, K, =[Pb?* ]SO ]=8§ x§ =52

or K, =1254x10" x1254x10™ =1.573x 107

=1.254%x107*

“Example 18. The concentration of Ag” ion in a saturated
solution of Ag,CrO, at 20°C is 1.5x 107 mol L. Determine
the solubility product of Ag ,CrO, at 20°C.

Solutien: The equilibrium is:

Ag,Cr0, ==2Ag" + CrO;”

On the basis of this equation, the concentration of CrO%' ions
will be half of the concentration of Ag " ions. '

Thus, [Ag*]1=1.5%10"* M and [CrO2 ]=0.75x 107 M

K, =[Ag* P[CrOF 1=(1.5x 107*)? (0.75x 107*)
=1.6875x 1072

xample 19. The solubility product of BaSO, is

1.5% 107°. Find out the solubility in (i) pure water and (ii)0.1M

BaCl, solution.
Solution: The equilibrium is: _
(i BaSO, ==Ba*" + 807"
Let S be the solubility in mol litre ' ; then
K, =[Ba*][SO; ]=5"
or 1.5x107° =52
So, $ =3.87x10"° mol L

(i) Let S’ be the solubility of BaSO, in 0.1 M BaCl, solution.
Total Ba* ions concentration = (S’ + ¢)mol L™

and SO% ions concentration =S’ mol L™
So, K,=(8"+c)8 =5 +0.1)S’

Cor 1.5%107° = (S’ +0.1) S’

or (8 +0.15" =15x10"°
Neglecting (S’ )°, ‘
018 =1.5x107
§'=15%10"% mol L
EXample 20. The solubility of Mg(OH ), in pure water is
9.57x 107 gL', Calculate its solubility in g L' in 0.02 M

Mg(NO; ), solution.
Selution:  Solubility of Mg(OH), in pure water

=957x102 gLt
_9.57x107?
" Mol. mass
_9.57x107?
T

Mg(OH), =— MSLg oy 2o§{'
2

K, =[Mg?" J[OH 1* =8 x(25)* =48> =4 x (1.65x107*)?
=17.9685x 107"
Let S’ be solubility of Mg(OH), in presence of Mg(NO; ),
Mg? 1= (8" +¢)= (5" +0.02)
[OH' ] =25’
So, Kg=(5"+002)(25" )
17.9685x 10712 = 4(S5” Y* (S’ + 0.02)
17.9685x 1072

mol L

=1.65%107 mol L’

Further,

=(§") +0.025)°

4
[neglecting (S”)*]
4.4921x 10712 = 0.02(S")? ‘
or (8")? _ A2 g
0.02
or §’=14.9868x10° mol L' -

Solubility of Mg(OH), in g litre ™' = 8" x M
=14.9868x 107 x 58
=8.69x107 g L
o Example21. The solubility product of lead iodide is
1.4 x 107, Calculate its molar solubility in 0.1 M KI solution.
Solution: Let the solubility of Pbl, be S. Then,
Pbl, ==Pb>" +2I°
s s 28

Potassium ‘iodide is a strong electrolyte and is completely
ionised. It shall provide I” ion concentration = 0.1 M.
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[P62*1=S
C[1=@QS+0.)M
rpa 2t A 12
Ko =[Pb> JII"]
=8 x (25 +0.1)?
=8 X (457 + 0.01+ 0.45)
, =45% +0.015 + 0452
. I\IeglectingS3 and S 2,
14x107% = 0,015
~8 o
or s —li%‘—l?—= 1.4%107 mol L™

Example 22. The solubtizty product of lezzd bromide is
8 x 1073, If the salt is 80% dissociated in saturated solution, find
the solubility of the salt.
Solution:: Let S be the solublhty of the salt
Degree of dissociation of the salt=10.8.

PbBr, == Pb** + 2Br~
.88 2x 088

=[Pb>"][Br™ |
=(085)x(1.65)?
=2.0485"°

g3 _ 8% 107
2.048

=3.906% 107"

or

8§ =33.906% 1075 =3.39x 1072 mol L’

Mol. mass of PbBr, =367
_ Solubility of PbBr, =3.39x 1072 x367=12.44g L™

NH,. Calculate the concentration of NH ,Cl required to prevent
the formation of Mg(OH ), in this solution. K , of Mg(OH )2
=9.0x107"2 and ionisation constant of NH = 1 8x107°.
; (IIT 1993)
Selution: The maximum concentration of [OH™ ] ions that
will precipitate Mg(OH)2 is calculated by applymg the equatxon
=[Mg*" J[OH " J*

_12 )
[OH ]2 __Te X0 500
Mg "] 005
or [OH 1=134x107° M

NH,; is present in solation in the form of NH,OH

NH; +H,0+—=NH,OHT—=NH] + OH‘
0.05 0.05

The ionisation of NH4OH is suppressed by the addltlcn of
NH, Cli (Strong electrolyte).

[NH; J[OH" ]
[NH, OH]

KNH3 Kynon =

‘Example 23. A solution has 0.05 M Mg** and 0.05 M

Whole of the concentration of NHj ions is provided by
NH,CL
K nu,on % [NH4OH]

[OH"]
_18x 107 x005_ oo,
134x 107 -

ie., [NH,CI]=0.067M
 'Example 24. The solubility product of Ag,C,0, at 25°C

INH, ]=

.zs l29x10"“ mol® L. A solution of K,C)0, containing

0.1520mole in S00mL of water is shaken with excess of Ag,CO;
till the following equilibrium is reached.
Ag2C03 + K2C204 ﬁ Ag2C204 -+ K2C03
At equilibrium, the solution contains 0.0358 mole of K,CO,.
Assuming the degree of dissociation of K ,C,0, and K ,CO4 to
be equal, calculate z‘he soiubzlzty product of Ag 2C0O;. (T 1991)-
Solution:

Ag2CO3+ K2C204 ﬁAgzc‘?O‘* + KzCOzk
0

Initial 0.1520 mole
At equilibrium (0.1520 — 0.0358) " 0.0358 mole
- =0.1162 mole
Concentration 2% 0.1162 2 x 0.0358
=02324 M =0.0716 M-
K, Ag,C,0, =[Ag" *[C,0}
[Ag*]= Ky Ag,C,04 v
[C,0%
K Ag ,CO; =[Ag"*] [CO?'_]
K Ag 2C03
[Ag*]= —-———-—;———
. {CO577]
o 172 . 172
SO’ {Ksp Ag2C2O4} ‘___{Ksp Ag;,CO;}
[C,0% ] [CO5™]
K Ag,C,0, x[CO%
or K, Ag,CO, = spgzz;[ 3 1
[C,077]
‘ K,C
=K, Ag,C,0, K, C04]
_ [K2C,04]
=129 10'11 w 00716 _ 3 67510712 mot® 12

0.2324

Example 25. 20mL of 0.001 M AgNO, solution is added
t0 1 litre of 0.002 M K,CrO, solution. Will there be any
precipitation? K , of Ag,CrQOy is 24 % 10° 2

Solution:  No. of moles of Ag* in 20mL

=20 L 0001=2x10"
1000 »

No. of moles CrO2™ in one litre =0.002=2x 107
After mixing, total volume of the solution -

=1000+20=1020mL =1.02L
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2%x107°
1.02
2%x1073

[AgT]= =1.96x107°

[Crod 1= =196x1073

=[Ag*1*[CrO]]
=(1.96x107°)* (1.96x107%)
=753x1078

There w1ll be no precipitation of Ag 2Cr04 as ionic product is
less than solublllty product.

- Example 26. Calculate simultaneous solubtlzty of AgCNS
and AgBr in a solution of water. K, of AgCNS =1x 1072,

— -13
K, of AgBr=5x10

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

AgCNS‘—‘Ag +ONS™

Tonic product

AgBr—Ag' +Br"
} b b
[Ag*1=a+b,[CNS"]=a and [Br ]=b

K ,AgCNS =[Agf‘” JICNS™ | = a(a + b)

1x1072 = a(a + b) RN )}
; e
K, AgBr=[Ag" I[Br™]=b(a+b)
5% 1072 = b(a + b) “ ... (id)
Dividing eq. (i) by (ii),
1x 10712 _a
5108 b
2=E or a=2b
b .
Putting the value of a in eq. (i),
T e =1x107R
p? =Ly 1002
6

b=408x10"7 mol L
a=2x4.08%107
" =8.16%107 mol L™

“Example 27. The K, of Ca(OH), is 442x107 at 25°C.
500 mL of saturated solution of Ca(OH), is mixed with equal

volume of 04 M NaOH. How much Ca(OH), in mg is
precipitated? (T 1992)
Solution: Iet S be the solublllty of Ca(OH), in saturated

- solution.
Ca(OH), ==Ca’" +20H"
© K, Ca(OH), =[Ca®" J[OH"]?
. 442%x107° =S x48% =48

| o

§=0.0223mol L™ ‘
After mixing the two solutions, the total volume becomes
1 litre.

[Ca®"]= x 500=0.01115mol L

0.0223
1000 ,
0.4 % 500

- 1000
(From NaOH)

0.0223x2x 500 ,
1000
[From Ca(OH), |

Under the high concentration of OH™ ions, some Ca(OH),
will be precipitated.

[Ca™ | @ [OH 2 = K

[OH™ ]=

=0.2223mol L

[Ca™ Jien = ﬁ%ﬂ_ =894x107¢ mol ™"
(0.2223) -
Moles of Ca(OH), precipitated =Moles of Ca®" precipitated —
=[Ca = ]im‘&at - [Ca2+ Tien

=001115-894x10™*
=111.5%x107* - 894 x 107
=102.56x 107 M =102.56x 10™ x 74 g

=7589.44 x 107 g = 758.944 mg

6. The solubility product of sparirigly soluble salt Ag,CrO, is
4 x 1072 The molar solubility of the salt is:
(@) 1x 107 mol L (b) 2% 107 mol L™
(¢) 1107 mol L™ (d)2x 107" mol L™
[Ans. (a)]
[Hint: =[Ag" 14Cr0} ]
Ifsolublhty ong2Cr04 is*S’, then[Ag' ]= 28 and[CrO2 | = S.
K, =45°

4 %1071 =483
§=1x10" M]

7. The solummy ofpbso4 at 25°C is 1.1x 107 moV/L. Then its
K - is: :
(a)1.21x 1078
(©121x 107"
[Ans.” (a)]
[Hint: PbSO, is a binary electrolyte, hence its K,
calculated as:

(b) 121% 1078
(d)1.21x 1071

can be

o =5 —[11x10‘4}2-121x10 ]

8. The solubxllty of CaF, (K, = 34 x 107" )in 0.1 M solution of
NaF would be:
() 3.4x 1072 M
(©)34x10° M
[Ans. (0)]
[Hint: CaF2 = Ca2+ +2F

(b)34x107°M
(d34x10" M
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9.

10.

11.

12.

G.RB.

NaF —> Na* + F~
[N BEIR
[Fl=[2x+0.1]=01M

Kg =[Ca™ J[FJ?

[Ca¥ ]=1x,

3.4 x 107 = x(0.1)?
x=34x10° M]

The solubility product of AgCl is 1.8 x 107*°. Precipitation of

AgCl will occur only when equal volumes of which of the
following solutions are mixed ?

(a)10* MAg* and 107 M C1™
107 MAg  and 1077 M C1™
()10 MAg* and 107° M C1™
(D107 MAgT and 107 M CI™
[Ams. (a)]

[Hint: After mixing,

[Ag*]=%x10"‘=5x10'5M
[cr]:-%xlo“%sxm'sM

- 52 -9
K, =[Ag" [CI 1= (5 x 107} =25 x 10

Since, ionic product is greater than solubility product, hence
precipitation will take place.]
If x mol L™ is the solubility of KAI(SO, ),, then K « 18 equal

to:

(@)’ (b) 4x* ©x' (d) 4x°
[Ans. (b)]
[Hint: KAKSO,), —> K* + AI** + 2502

x x 2.

K, =[KJ[AP" (803 )
=x xx X (2x) = 4x*]

For which of the following sparingly soluble salt, the
solubility (S) and solubility product (K, ) are related by the

expression;
K 1/3
S = [..Z:_P.:l [PET (Kerala) 2006]
(@) BaSO,  (b)Cay(PO,), (c)Hg,Cl, (d)Ag;PO,
() CuS
[Ans. ()]

[Hint: Hg,Cl, — Hg" + 2C1°
8 N PAY

Ky =[Hg;" J[Cl 1* =[S][25]" = 45>

13
{5’
4

The solubility of Sb,S, in water is 1x 107 mol/L at 298 K.
What will be its solubility product? {PMT (Raj.) 2006]
(a)108 x 1077 5 1.0x107%
(c) 144 x 1075 (d)y 126 x 1072
[Ans. (a)] :

PHysICAL CHEMISTRY FOR COMPETITIONS

[Hint: Sb,S; — 2Sb*" + 387
$

25 38
K, =[St™ (8] =[28)’[35)’ =108 §°

=108 x (107°)* =108 x 1072 ]

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. HC! and NaCl
dissociate into their respective ions as:

NaCl=—=Na" +Cl~

HCl==H"+CI"

The concentration of Cl” ions increases considerably in-
solution due to ionisation of HCL Hence, -the ionic' product™
[Na™][Cl™ ] 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.

CHHZN +1 C%ONa g——— CHHZn + 1COO— + Na+
oap

NaCl=—=Na"* +Cl”

Thus, the concentration of Na* ions increases considerably on
addition of NaCl solution. Hence, the ionic product
[C,H,;, + COO™ J[Na*] exceeds the solubility product of soap

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

In Solvay’s soda process, CO, gas is passed through
ammonical brine to precipitate out NaHCO,.

NH,OH + CO, —> NH,HCO,
NH,HCO; + NaCl —> NaHCO, + NH,Cl

NaHCO, is precipitated first because of its lower solubility
product as compared to those of NH,Cl, NH,HCO, and NaCl.

Thus, baking soda (NaHCO, )can be quantitatively estimated.
(iv) Application of solubility product in quantitative

analysis
1. Estimation of barium as barium sulphate: H,SO, as

precipitating agent is added to the aqueous solution of BaCl,.
BaCl, +H,S80, — BaS0O, + 2HCI
Precipitation of BaSO, takes place when its ionic product
exceeds solubility product. H,80, is added in slight excess to
ensure complete precipitation. Large excess of H,SO, is harmful
for complex formation. 7
2. [Estimation of silver as silver chloride: NaCl solution
is added to the silver nitrate solution; slight excess of NaCl is
added to ensure complete precipitation.
AgNO; + NaCl — AgCl + NaNO;
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“Again, precipitation of AgCl takes place when ionic product
of AgCl 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 gro‘upk lland 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:

H,8==2H" +8§%*

Applying law of mass action,

_HP[s™ ]
[H,8] _

The concentration of $*~ ions can be decreased by increasing
concentration of H™ jons and it can be increased by decreasing
concentration of H' ions. In group I, lower concentration of
sulphide ions is required as the solubility products of the
sulphides of group Il 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 vanous sulphldes are gwen below '

;‘;-:Solubihty product

C1.6x10772

4x107

Group IT Cu$ 1x 1074
PbS 5%107%

Cds 1.4x1078

CoS 3x107%

NiS 1.4%x107

Group IV ZnS 10X 1072
 MnS - 1.4%1071

The concentration of $*~ ions in group II is lowered by
maintaining acidic medium. In the presence of HCl, the ionisation
of H,S 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 bas somewhat higher value. For its precipitation,

dilution of the solution is done which increases ionisation of H, S’

and thereby increasing concentration of S?~ ions.

In group IV, higher concentration of $*” ions is needed. This
is done by changing the medium from acidic to alkaline.
Ammonium hydroxide is added, the OH™ ions furnished by
NH,OH remove H' ions from solution in the form of water
molecules as, 7

H' +OH +—H,0

More of the ionisation of H, S occurs and, thus, concentration

of $*” ions increases. It becomes so high that ionic products of

the sulphides of group IV exceed their solubility products and

they get precipitated.

| o
(vi) Precipitation of lil group hydroxides

When NH,OH is added in presence of NH,Cl then
precipitation of 11 group hydroxides takes place, i.e., AI(OH),,
Fe(OH); and Cr(OH), are precipitated. Solubility product of III

group hydroxides is less than those of higher group hydroxides.
NH,Cl— NH," + CI”

NH,OH==—=NH," + OH"

NH ion furnished by NH,Cl lowers the ionisation of
NH4OH and hence the concentration of hydroxide ion OH™. At
low concentration of hydroxide ion only III group hydroxides
precipitate.

Fractional Precipltation

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 M- -Ba-z* -and 0.1 M-Sr*  in aqueous——

solution, K,CrO, is added as precipitating agent. K o 0fBaCrO,

i51.2x 107 and K, of StCrO, is 3.5% 107,

[CrOz' ] concentratxon required to precipitate BaCrO,

_ Ky _12x107°
- P -9
“ B o =1.2x10

BaCrO, will precipitate first because it requires low

concentration of CrO3” ions. On addition of chromate ions,

BaCrO, starts precipitating when chromate ion concentration
reaches 1.2 x 107 M. When CrO2~ ion concentration reaches up

t03.5x 10™ M, then SrCrO, also starts precipitating.

Remaining concentration of Ba?* when SrCrO, starts
precipitation

K ,BaCrO -0
=2 4:1.2x10_4 =34x107 M
[CrO57 ] 3.5x107 .
‘ -7
% remaining concentration Z34x107 % 100
= 0.00034%

Stabllity Constant

Let us consider dissociation of the ion FeBr*.
FeBr* —=Fe™ +Br~
Dlssomanon constant for above equilibria may be given as:
E“’_filﬂi'__]
[FeBr']
Reciprocal of dissociation constant is called stability constant.
_ [FeBr']
[Fe** ][Br"} ,

Let us consider the formation of complex K,Cd(CN),.
Complex ion is Cd(CN)2~ where oxidation state of central metal
Cd*" is (+2). Complexing process proceeds in four steps as:

Cd* +CN™ == CdCN'; __lcdeN)

« [Cd* JICN™]
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CACN" + CN™ == Cd(CN); = -—————[Cd(fN)Z]
' [CACN" J[CN"]
Cd(CN), + CN” == Cd(CN);; - [CAEN,]
‘ [C(CN), JICN" ]
[Cd(CN); ]

Cd(CN); +CN” =Cd(CN)}"; K, =

[CA(CN); J[CN"]
Overall reaction may be given as:

Cd¥ +4ON" = [CACN)E }; K, =MD ]

: [Cd™ JICNT]
Here, K, =K/ K,K3K, _

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 common ion in a salt solution (sparingly
soluble), formatior of complex ion takes place, then ionisation
_increases, i.¢., equilibrium shifts towards right hand direction to
maintain the value of K, constant. It means, addition of
common ion in the case of complex formation increases the
solubility of the sparingly soluble salt which is against the
concept of common ion effect.
(b} When we add an electrolyte to another electrolyte solution
having no common ion, then ionisation of the latter increases.
(c) Fora given electrolyte solubility product is always constant ata
particular temperature.

Solubility of Metal Hydroxides in Acid Medium

H* ion furnished by the medium affects the solubility of

metal hydrox1de, say M (OH), ,because of neutrahzatmn of OH™
jonbyH" ;
M (OH), ==M*" +20H"
K, of M (OH), =[M*"][OH ]*
K (
[M*]=—2— .. (@)
[OH" ] ‘

H* IoH™]= K L, =10

[OH ]* =

... (i)

From egs. (i) and (ii), we have ,
K_[H"]
24 _ B

(M7 ]= 1078

105 ACIDS AND BASES

! The earliest criteria for the characterisation of acids and bases were
the experimentally observed properties of aqueous solutions. An
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 acids and bases but the following are
the three unportant modern concepts of ac1ds and bases

* Acid is a Latin word-aczdus meanmg sour. -

{1} Arrhenius concept

According to Arrhenius concept, all substances which give
H" ions when dissolved in water are called acids while those
whlch ionise in water to furnish OH™ ions are called bases. .

HA=—H +4~ ' (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.
HCl==H" +Cl”
NaOH==Na" + OH™

Some acids and bases ionise almost. completely in solutions
and are called strong acids and bases. Others are dissociated to a
linited extent in solutions and are termed weak acids and bases.

'HCl, HNO,, H,80,, HCIO,, etc., are examples of strong acids

and NaOH, KOH, (CH; ), NOH are strong bases. Every hydrogen

compound cannot be regarded as an acid, e.g., CH, is not an

acid. Similarly, CH,OH, C,H;OH, etc., have OH groups butthey
are not bases. ‘

Actually free H™ ions do not exist in water. Theyvcombine with
solvent molecules, 1. ., have strong tendency to get hydrated.

HX +H,0== H,0" +X~
(Hydronium ion)

The proton in aqueous solution is generally represented as
H" (agq.). It is now known that almost all the ions are hydrated to
more or less extent and it is customary to put (ag. )after each ion.

"The oxides of many non-metals react with water to form acids
and are called acidic oxides or acid anhydrides '
CO, +H,0— H,C0; =—2H" (ag.)+ CO3 (aq. )

N,O; +H,0—— 2HNO; == 2H" (aq. ) + 2NO; (aq )

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

Na,O+H,0—>2NaOH=—2Na" (¢¢.)+ 20H (aq.)

The substance like NH, and N,H, act as bases as they react
with water to produce OH™ ions.

NH, +H,0—> NH,OH == NH} (4. )+ 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-

H" and OH™ ions or hydronium and OH™ ions. This can be
represented as o )
H,0" + OH" ==2H,0
Limitations: (i) For the acidic or basic properties, the

presence of water is absolutely necessary. Dry HCI shall not act
as an acid. HCI is regarded as an acid only when dissolved in
water and not in any other solvent.

(i) 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

as AlCl3 in aqueous soluuon
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(v) An artificial explanation is required to explain the basic nature
of NH, 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 that can accept a
proton from an acid. More simply, an acid is a proton-donor
(protogenic) and a base is a proton acceptor (protophilic).
Consider the reaction,

HCl+H,0=—=H,0" +CI”

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
NH, + H,O==NH +OH"~

In this reaction, H,O acts as an acid as it donates a proton to
NH; molecule and NH; 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:
CH,COOH + H,0+==H,0" + CH;C00"
- Tt involves two conjugate pairs. The acid-base pairs are:

H-I- ""H+
CH,CO0H == CH,000" and H,0 == H,0"
Acid +H* Base Base -H™  Acid

~ 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 CH, COOHis labelled acid,
and its conjugate base, CH;COO™ as base,. H,Ois labelled as

base, and its conjugate acid H;0" as acid,, the reactzon can be
written as:
Acid, + Base, <= Base, + Acid,

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, + Base, —= Acid , + Base,
H,0+ NH, == NH] + OH"
HON+H,0+=—=H,0" +CN"

HF + CH,COOH+— CH, COOH} +F~
CH,COOH + NH, +=NH; + CH;C00"
NH, +NH; ==NH] +NH,

H,0+H,0==H,0" + OH"
HCOj; +H,0=—=H,0" +C0;"

NH, +H,0=—H,0" + NH,

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.

HCl Cl~ CH;COOH CH;CO0

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 amphiprotic or amphoteric.

Examples are NH; , H, 0, CH; COOH, etc.

-H* -g*
H,O0— OH" NH, —=NH;
Acid s+t B Acid 4yt Base

+H* . +H* .
H, 0= H,0 NH; —=NH,
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 upon its tendency to—

~ gain the proton.

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

S

e — Acid _,;Cmmlg&tg 38
HCIO,  (Perchloric A|Cl0;  (Perchlorate
acidy - ion)
H,80, (Sulphuric ] {HSO;-  (Hydrogen B
acid) sulphate ion)
HCI (Hydrogen Cr- (Chloride ion)
) chloride) .
HNO,;  (Nitric acid}) 1 |NOy (Nitrate ion) a
H,0'  (Hydronium 2luo  (Wated) g
ion) | ' @
HSO;  (Hydrogen 2 |sor  (Sulphate ion) 3
- sulphate ion) qg ' 2
H,PO,  (Citho- . 5 [H,PO;  (Dihydrogen g
" phosphoric B phosphate ion) B i
acid) ) 20‘
CH,COOH(Aceticacid) % | CH,COO" (Acetate ion) -g
H,CO, . (Carbonic _:é HCO;  (Hydrogen § :
- acid) carbonate ion) - -
H,S (Hydrogen HS™ (Hydrosulphide - ;
sulphide} ion)
NH] (Ammonium NH, (Ammonia)
. ion) )
HCN (Hydrogen CN™. (Cyanide ion) :
~ cyanide) ' 1
C4H;OH (Phenol) CH;0™  (Phenoxide ion)
HQQ (Water) ' OH™  (Hydroxide ion)
C,H;OH (Ethylalcohol) | |C,H,0" (Ethoxide ion)
NH, (Ammonia) NH, (Amide ion)
CH, (Methane) CH;  (Methide jon) N2
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In acid-base strength series, all acids above H, 0" in aqueous
solution fall to the strength of H,O" . Similarly, the basic strength

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

The strength of an acid also depends upon the solvent. The
acids HCIO,, H,80,, HC! and HNO, which have nearly the
same strength in water will be in the order of HCIO, > H, S0,
>HCI>HNO; 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
nroton 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,
ete.

(ii) Protegenic solvents: Solvents which have the tendency
to produce protons, i.e., water liquid bydrogen 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 tetrachlonde carbon
disulphide, etc.

HCl acts as acid in H, O, stronger acid in NH,, weak acid in
CH;COOH, neutral in C¢H and a weak base in HF.

HCl + HF —H,ClI" + F~
Base  Acid Acd - Base

-

Periodic Variations of Ac;dlc ancE Basnc Propemes »

{a) Hydracids of the elements of the same period: Consider
the hydracids of the elements of II period, viz., CH,,NH;, H,0
and HF. These hydrides become increasingly acidic as we move
from CH, to HF. CH, 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

in aqueous

CH; <NH; <OH™ <F~
The increase in acidic properties is supported by the
successive increase in the dissociation constant.
CH, (=107%)<NH; (=10 )<H,0(=10")<HF (=107)

(b) Hydracids of the elements of same group: (i) Hydrides
of V group elements (NH;, PH;, AsH;, SbH; and BiH; ) 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 sp3-hybrid orbital and thus electron donor
capacity decreases. V

(if) Hydracids of VI group elements (H,0, H,S, H,Se and
H,Te)act as weak acids. The strength increases in the order

H,O0<H,S<H,Se<H,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
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explained by the fact that bond energies decrease. (H—F = 135
kcal/mol, HCI = 103, HBr = 88 and HI = 71kcal/mol)

(¢) 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 <HCIO, <HCIO, <HCIO,

+4 +6 +3 +5
H,80,; <H,80,; HNO, <HNO,
But this rule fails in oxyacids of phosphorus.
H,;PO, >H,PO; >H,PO,

(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.

HCIO, >HBrO, >HIO,
H,S0; > H,Se0,

Limitations: There are number of acid-base reactions in
which no proton transfer takes place, e.g.,
S0, +80, == S0** +80%
Acid;  Basey Acidy Base;
Thus, the protonic definition cannot be used to explain the

reactions occurring in non-protonic solvents such as COCl,,
SO,,N,0,,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 te 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 H =H;O!H :
Acid Base
Some other examples are:

Base Acid ’
H' + ; NH; =[H«NH, "
Acid Base '
BF, +[F]” =[F—BF,]"
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 has incomplete
octet: All compounds having central atom with less than 8
electrons are Lewis acids, e.g., BE;, BCl,, AICl,, MgCl,,
BeCl, , 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®, 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,,GeX,,

TiCly, SnX,, PX;, PF;, SE,, SeF,, TeCl,, 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 CO,,S0, and SO,. Under
the influence of attacking Lewis base, one n-electron pair will be
shifted towards the more negative atom.

(|)H

O=C=0+ OH C==0 or HCO;3

Lewis acid Lewis base

— "0—

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.

NH;, —NH,, R—O—H

(iiy Negatively charged species or amions: For example,

chloride, cyanide, hydroxide ions, etc., act as Lewis bases.
CN™, CI7, OH

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.

5 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 of the acid increases. Thus, strength of the 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:

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

The degree of dissociation

degrees of dissociation &, and o, for two equinormal acids are
given by:

Foracid I, oy =——

*]

and For acid I, 0&2 =

02
At infinite dilution, all weak electrolytes have almost the same
value of A ; hence,

A, =A.,
1000 x sp.cond. acid 1
Strengthofacidl _ o, Ay _ C
Strengthofacid I o, A, 1000xsp.cond. acid II
C

_ Sp.cond.acid I
Sp. cond. 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 X, and K, be

the dissociation constants of two acids and leto, and ., be their
degree of dissociation in equinormal solutions.

Applying Ostwald’s dilution law, ot = J ando, = ‘{
Thus,. Strength of acid I _9y
Strength of acid I «, K 5
Dissociation constants of some weak acids are given in the
table: :

Acid-ionization constants at 25°C

Substance - Formua - .. K.
Acetic acid HG,H,0, 17107
Benzoic acid HC,;H,0, 6.3x107°
Boric acid H;BO, 59%1071°
Carbonic acid H,CO, 43 % 10"7

HCO; agx10™"

Cyanic acid HOCN 35x107
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Substance .- .. . Formula - . K,
Formic acid HCHO, 1.7x 107
Hydrocyanic acid HCN 49x107°
Hydrofluoricacid ~ HF 6.8x107*
Hydrogen sulphate ion HSOj ‘ S 1x10?
Hydrogen sulphide  H,S 89 %107

HS 12x107

Hypochlorous acid ~ HCIO 35x10°%

Kitrous acid HNO, 45x107*

Oxalic acid H,C,0, 56%x1072
HC, 0 5.1x107°
Phosphoricacid ~ H,PO, 69%107
: H,POy © 62x107

"HPO 48x107'3
Phosphorous acid H,PHO, 1.6x1072
HPHO; 7.0%1077
Propionic acid HC,H,0, 13% 107
Pyruvic acid HC;H;0,4 14 x107
Sulphurous acid H,S0, 1.3x1072
HSO; 6.3 %107

(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 mixed and one gram equivalent of NaOH
is added. Let the heat evolved in this case be ‘2’ 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- »#)by acid I

Total heat evolved, z = nx + (1 - n) y

, . =nx+y-ny
or z—y=n{x-¥)
or l . n= E_‘_}’_) |
' (x-y)
_ (z-7)
So Strength of acid I __n _ {(x—y) _(z- ¥) ‘
’ Strengthof acid T (1—n) 1- (z-y) (x-2)

: (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 ~ ion 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 HCL.

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

(i) HC10, > HBr > HCI > HNO, >H,80, >H,0" >H, S0,

>H,C0O; >CH;COOH
(u) HCIO, >HC(CIO; > HCIO, >HCIO
(iit) HI>HBr >HCL> HF

(iv) HCIO, > HBrO, > HIO,

(v) CC1;CO0H >CHC1,COOH > CH, CICOOH
>CH,COOH

(vi) HCOOH>CH;COOH>C,H;COOH

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

(i) KOH>NaOH > Ca(OH), > NH,OH

(i) (CH; ), NH>CH;NH, >(CH; ); N>NH,

(iii) (C,Hs ), NH>C,H NH, >NH; > (C,Hs); N

(iv). NaOH>NH; >H,0

(v) NH, >NH, -NH, >NH,O0H

(v1) NH, > C5H5N> C¢HsNH,

TONS =—=——

13. Which one is correct statement?
(a) Basicity of HyPO, and H;PO, are 3 and 3 respectively
(b) Acidity of H;PO, and H;PO; are 3 and 3 respectively

(DCE 20067)

(c) Acidity of H;PO, and H;PO, are 3 and 2 respectively-
(d) Basicity of H;PO, and H,PO, are 3 and 2 respectively
[Ans. (d)]

0
T
[Hint: | HO— I!>— OH |== 3H' + PO (Basicity =3)
OH
o -0

1 1.
HO— ll>-— OH|+==2H'+ 0 — r—-O' (Basicity = 2)]

14: In the reaction, ‘
HC,0; + POj" ‘-—*— HPOZ™ + C,0% ‘
[PET (Raj.) 2004]

the Bronsted base are: :
(@) PO}, G0 (b) PO, HPO;
(¢) HC,0; , HPO} (d) HG;0;, G075
[Ans. (a)] -
[Hint: Acid - H" = Conjugate basc]
15. Conjugate base of HCO; is: [PET (Raj.) 2005]
(a) CO, (b)H,C0, ()H,0  (dcok
[Ans. (d)]

. [Hint: Acid - H* = Conjugate base, HCO; ~H' =CO% ] .
16. Four species are listed below : '
" (i) HCO3 (id) H3 (iii) HSO4 (iv) HSO,F
Which one of the following is the correct sequence of their
acid strength ? (AIEEE 2008)

@ (i) <@®<@v)<@) O <F)<@i)<@ -
C (o) ()< (i) <@ <(@v) . (d) () <(ii) < (ii) <(@iv)
. [Ans. ()] = :
[Hint:  HCOj; < HSO; < H3()< HSO3F '

HSO3F is super acid and it is most acidic. H, 0 is more acidic than
anions because anions (HCOj;, HSO;) do not release H io
easily. HSOj is more acidic than HCO; because sulphur is more
electronegative than carbon.
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17. Identify Bronsted-Lowry acids in the reaction given:
[Al(H,0) I+ HCO; == [Al (H,0)s(OH )I** + H,CO,

(4) (B) ©) D)
The correct answer is: {EAMCET (Med.) 2008]
@4, C (b)B, D ()4, D (DB, C
[Ans. (c}]
[Hint : [M(Hzo)ﬁ]y and H,CO; are proton donor or Bronsted
acids]
18.  Conjugate base of H,POy is: [Comed (Karnataka) 2008]
(@HPO;”  (®PO;  (OH,PO,  (d)HPO,
[Ans. (a)]
[Hint : Acid—H' = Conjugate base
H,PO; - H' = HPO2"]

’ ACID-BASE NEUTRALISATION—SALTS

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.
HCl(ag. ) + NaOH(ag. ) == NaCl(aq. ) + H,0(/)
Sedium 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
Cl™ 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' (ag. )+ Cl (aq.)+ Na* (ag.)+ OH (agq.)
==H,0(/)+ Na" (aq.)+ Cl” (aq.)

or  H'(ag)+OH (ag.)==H,0()

Thus, the neqitralisation 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 of H'
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' +Cl” +Na* + OH" —=H,0+Na" +CI”

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

H' +Cl” + NH,OH==H,0+NH; +Cl"

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

CH,COOH + Na* + OH” ==H,0+ CH,C00™ +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.

CH,COOH + NH,OH

Salts: Salts are regarded as compounds made 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: '

(a) 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 hydroxy! group.

Examples are: NaCl, NaNO;, K,50,, Ca;(PO;),,
Na;BO;,Na,HPO, (one H atom is not replaceable as H; PO, is
a dibasic acid), NaH, PO, (both H atoms are not replaceable as
H, PO, is a monobasic acid), etc.

(b) Acidsalts: 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: NaHCO,, NaHSO,, NaH,PO,, Na 2HP()4,
ete.

(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)CI,
Bi(OH), Cl, etc. .

(i) 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,
(NH, }, S0, -6H,0, Potash alum, K,S0, -
and other alums.

Properties: (2) 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.

(ili)y Complex salts: These are formed by combination of -
simple salts or molecular compounds. These are stable in solid
state as well as in solutions.

——H,0+ NH} + CH,C00"

Mg(OH)Cl, Fe(OH),Cl,

FCSO4 .
Mz (504 )3 * 24H20
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FeSO, + 6KCN —— K ,Fe(CN), + K,S0,
[ S———

Simple salt ) Comp!:ex salt
CoSO, + 6NH; —> Co(NH, ), SO,
Simple salt  Molecular . Complex salt
- ‘compound’

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

K ,Fe(CN), == 4K " +[Fe(CN),]*
Comple;c ion

Cu(NH, ), SO, ==[Cu(NH, ), 1*" + SO~
Complex ion

(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 furnishés more than one

cation or more than one anion when dissolved in water is called a

mixed salt. ‘
Examples are:

Ca ; SOy NH4>PO4 ;
Cl H ‘

K

Acidic, Basic and Amphoteric oxides
(i) Non-metal oxides are acidic, they dissolve in water o form
acid. These oxides form salt with bases.
e.g., SO,,80;,P,0y,CO,,NO,;,N,O; ) .
' Si0,,B,0, Non-metal oxides

Some Transition metal oxides are also acidic.
eg., CrO;, MoO;, WO, ,Mn ,0,
CO, + H,0—— H,CO; (Carbonic acid)
2NO, + H,0 —— HNO, + HNO; (Nitrous and nitric acid)
P,05 +3H,0 — 2H,PO, '
(Phosphoric acid)

NaOH+ SO, —— NaHSO0,
Salt

2KOH + CO, —> K,CO; + H,0
Salt |
(iiy Usually, oxides of highly elsctropositive metals are basic.
These oxides dissolve in water to form base and they form salt
with acids. '
eg., Na,0,K,0,MgO, Ca0, Sc¢,0,, TiO, , ZrO,
Na,O0+H,0— 2NaOH
{Sodium hydroxide, a base)

Ca0+ 2HCl — CaCl, + H,0
Salt

Mg + H,80, — MgS0, +H,0
Salt
(i1} Oxides of metalloids and less electropositive metals are
amphoteric. These oxides form salt with both acids and bases.
eg., BeO, Al,0;, GeO, 8n0, Sb,0;,PbO
Zn0, Cr, 0,4
Al,0; + 6HCl — 2AICl, +3H,0
Al, 04 + 2NaOH — 2NaAlO, + H,0

170.8 IONIC PRODUCT OF WATER

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

H,0=—=H" +O0H"

Applying law of mass action at equilibrium, the value of

dissociation constant, K comes to

x - [HIOH ]
[H,0]
or [H' J[OH 1=K [H,0]

Since, dissociation takes place to a very small extent, the
concentration of undissociated water molecules, [H, 0], may be
regarded as constant. Thus, the product X [H, O] gives another
constant which is designated as X, . So,

[H'][OH 1=K,
The constant, X , ,is termed as ionic product of water.

The product of concentrations of H" and OH ™ ions in
water at a particular temperature is known as ionic product
of water. The value of X, increases with the increase of
temperature, i. e., the concentration of H* and OH™ ions increases
with increase in temperature.

Temperature (°C) Value of X,
0 0.11x 1071
10 0.31x 107
25 1.00x 107
100 7.50x 1074

The value of K, at 25°C is 1x 107, Since, pure water is

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

[H']=[OH ]=x
or [H"[OH ]=x* =1x 107
or S x=1x107 M
or [H']=[OH"]=1x 107 mol litre™"

This shows that at 25°C, in 1 litre only 10~ 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 * J[OH" ], remains constant, i.e., equal

to K, 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., ) '

[H"]>[OH ]; (Acidic solution)
_ Similarly, when a base is added, the OH ™ ion concentration
increases while H ™ ion concentration decreases,
ie., [OH™]>[H"]; (Alkaline or basic solution)
[H*]=[OH ]=1x10" M
[H"]>[OH" ]

In neutral solution,

In acidic solution,
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or [H'1>1x107 M
and ‘ [OH 1<1x107 M
In alkaline solution, [OH~ ] >[H"]

or : [OH 1>1x107 M
and [H ]<1x107 M

Thus, if the hydrogen ion concentration is more than
1x 1077 M, the solution will be acidic in nature and if less than
1%1077 M, the solution will be alkaline.

[H'1=10° 107 107 107 107 107 107  (Acidic)
[H']= 107 (Neutral)
[H'1=10"* 107 1072 107" 107° 10 10® (Alkaline)

We shall have the followmg table ifOH ™
taken into account:

[OH™1=107 107 10712 107" 10710 10’9 107

[OH |= 107 (Neutral)

[OH ]1=10"° 107" 1072 107 107™* 107 10™® (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
1x107'* at 25°C. If one increases, the other decreases

accordingly so that the product remains 1 x107™ at25°C

If [H']=102 M, then [OH ]=10""* M, the product,
[H'[OH 1=107 x 107 = 107"; the solution is acidic.
© i [H']=10"" M, then [OH 1=10"% M; the product,
[H"[OH 1=10""° x 107 = 107!, the solution is alkaline.

10n concentratlon is

(Acidic)

458 HYDROGEN ION CONCENTRATION—
pH SCALE

1t 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 L0 x 107" mol per litre, a logarithmic notation has
been devised by Serensen, 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']=107"
or log [H" ]=log 107" =—pHlog 10=—pH
or ptl=—log [H ]
‘ b'*pK value:

or

: [H']
pHofa solution i is, thus, defined as the negatwe loganthm of
the concentration (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, Ze.,
pOH =~ log [OH™ ]
Considering the relationship, :
[H"[OH 1=K, =1x 107"
Taking log on both sides, we have
log [H"]+log [OH ] =log K, —1og(1x10'1“)
or ~log[H' ]~ log [OH - l=-log K, =—log (1x107%)
or - pH+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
mannet: : ~

2100 <1 s

Acidic solution > 107
Neutral solution 107 107 7 7
Basic solution <107 > 10-7 >7 <7

3w CCToHT] U pH - pOH Nature of: solutlou
10° 107 0 14 Strongly acidic
1072 10712 2 12 Acidic
10° 107 5 9 Weakly acidic
107 107 7 7 Neutral
107 107 9 5 Weakly basic

S T L T 11 3 - Basic
10 10° 14 0 : Strongly basic

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

Substance pH range 'Substance”. - ... : - pHrange |
Gastric 1.0-3.0 Mikk (cow) 63 -6.6
contents A

. Soft drinks 2.0 ~ 4.0 Saliva (human) 65-75
Lemons 22 -2.4 Bloodplasma (human) 7.3 ~7.5
Vinegar 2.4 -3.4 Milk of magnesia 10.5
Apples 2.9-3.3 Seawater 8.5
Urine 4.8 -84
(human)

E smds for negatlve loganthm Just as H' and OH ion concentrations range over many neganve powers of 10 itis convement to

express them as ptt or pOH, the dissociation constant (X ) values also range over many negative powers of 10 and it is convenient to write them as pX.

Thus pK is the negative logarithm of dissociation constant.

. pK, =-logK, and
Weak acids have higher pK, values Similarly, weak bases have higher pK,, values.

pK, =-logK,
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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 = 1 has a hydrogen ion concentration
100 times that of a solution of pH=3 (not three times). A
4x107° N HCl is twice concentrated of a 2x 107 N HCI
solution, but the pH values of these solutions are 4.40 and 4.70
(not double). '

(i) 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" N, cannot have pH 8, as shown by pH formula, but the
actual pH value will be less than 7.

[Note: (i) Normality of strong acid =[H,0" ]
Normality of strong base =[OH" ]
pH=-log{N ]
pOH =-log[N ] for strong bases v

(iiy 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, eg., in 108 N HC,

[H " Troa =107 Jacia + 1107 hyger
=11x107% M =1.1x107 M

for strong acids

(iii) pH of mixture: Letone litre of an acidic solution of pH2be
mixed with two litre of other acidic solution of pH 3. The
resultant pH of the mixture can be evaluated in the following
way': '

pH=2 pH=3
[H' =102 M H =102 M
¥V =1litre v =2 litre

MV, + My, = Mp (V) + ¥3)
1072 % 1+ 107 x 2= Mp(1 + 2)
12%107
3
4 x107 = M, (Here, M, = Resultant molarity)
pH = -log (4 X 107)

(iv) Total concentration of [H* Jor [H;O] in a mixture of weak acid

and a strong acid
Gy Jcivakc,
: 2
where, C, is the concentration of weak acid (in mol litre™") having
dissociation constant X, and C,, is the concentration of strong acid.
(v) Letus censider mixture of two weak acids H4 and HB.
HA—==H"+4"
HB—=H"+B~
On applying charge balance

=MR

[H']=[4"1+[B"]+[OH"]
_K,[H4] K,[HB] K,
[H] [H'] [H]
[H']= yK,[HA]+ K ,[HB]+K,,
=,JCK, +CK, +K,,

(vi) Let us consider mixture of two weak bases A/OHand BOH
with dissociation constant K,,K, and concentration C;,C,
respectively

[OH 1= C, K, +C,K, +K,

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’. -

AH, ==4" + nH* = - -

t=0 0 0
teq C{l - o) Cou nCa.
. [H' 1= nCa; pH=- log,, [nCa] . (i)
For monobasic acid, n=1

L . . pH: - 10810 [Ca] oo
Dissociation constant of acid X, may be calculated as:
_[A™H) _ [CalirCal’

(i)

a

[4H,] C(l-a)-
n
_ onCa]” [for weak acids, o << 1
(1-a)
~{l-a)=11
=a[aCal”
nCK , =nCa[nCal” =[nCa]®*?
[nCot]=[nCK, Jeed
{H-Iv ] . [nCKa ]l/(ﬂ +1)
B ' )
H =~ lo nCK : . (il
P P g0 ( a)» (ii1)
For monobasic acid, n=1 .
pH=-log,, CK, e (iV)
Since, K, =a[nCa]" |
K, =(nCa.)"
o
1/n
[nCa]:l:&..] :[H+]
o
1 K
pH=-—logy, [-—i] v (V)
n o
K .
Forn=1, pH=-log, (—i‘«] v (V)
‘ o



IONIC EQUILIBRIUM 877 -

Y g@a x»,-?’ e

2 % ..:8 | SOME SOLVED EXAMPLES\ $g844"

Example 28, Y?ze hydrogen ion concentration of a solution
is 0001 M. What will be the hydroxyl ion concentration of
solution?

Solution:

We know that, [H* ][OH‘ 1=1.0x 1074

Giventhat,  [H']=0.001M =107 M
: 14 ~14
SO, [OH—]=1OX1{) =1X103 =IOMHM
[H"] 107

) “V;(;ag;;ple 29, What is the pH of the following solutions?
(@) 107 M HCI (b) 0.0001 M NaOH (c) 0.0001M H 280,

Solution:

HC1 is a strong electrolyte and is completely
ionised. ‘

HCl==H'+CI".
So, [H1=10° M

pH=~log [H"]=~log (107)=3
(b) NaOH is a strong electrolyte and is completely ionised.

NaOH+==Na' + OH"
So, . [OH']=0.0001M =10 M
|  pOH=—log (10%)=4
As pH+pOH=14
So, - pH+4=14 or pH=10

Alternative method: [OH ]= 1074 M
We know that, [H*J[OH ]=1.0x107"*
1.0x 107
107
pH=—log [H' 1=—log (107%)=10
(c) H,80, is a strong electrolyte and is jonised completely.
H,80, == 2H" + 80}
One molecule of H,SO, furnishes 2H * ions.
So, [H ]=2x107* M '
. pH=-log[H"]
=-log (2x107*)=3.70

So, [H']= =107 M

assummg complete dissociation:
(@) 0.365g L™" HCl solution
(b) 0.001M Ba(OH ), solution.

Solution: (2) Mole. mass of HCl = 36.5

0.365

Concentration of HC! = —36—5—- =1.0x 1072 mol L

HCl is a strong electrolyte and is completely ionised.
So, [H']=1x107 mol L
pH=—log[H"]=—log (1x107%)=2
(b) Ba(OH), is a strong electrolyte and is completely ionised

‘ &zxmg 800 mL of 0.05 N sodium hydroxide and 200mL of 0.1 N

Ba(OH), == Ba?' + 20H"
One molecule-on dissociation furnishes 2 OH™ ions.
So, [OH ]=2x10" M
pOH=-1log [OH]
=-log (2x107%)=27
We know that, pH+pOH=14
So, pH=(14-27)=113

ixample 31.  Find the pH of a 0002 N acetic acid solution,
if it is 2.3% ionised at a given dilution. )

Solution:

Degree of dissociation, &« = %66 {) 023

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

CH,COOH == CH,C00™ + H'
C{l-0) Ca Cao
So, [H" ]=Ca =0.002 x 0.023

=46%x107° M
- pH=-log[H"]
“=—log (4.6 x107°)=43372

“Bxample 32. . Calculate the pH value of a solution
obtained by mixing 50 mL of 0.2 N HCI with 50 mL of 0.1 N
NaOH.

Solution:

Number of milli-equivalents of the acid
=50%x02=10"

Number of milli-equivalents of the base

=50%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=100mL

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 HC1=0.05M HCl
So, [H'1=005M ,
pH=—log [H" ]=-1log 5x 107 =—[log 5.0+ log 1072]
=-[070-2]=13
What will be the pH of a solution obtained by

liiample 33.

HCI, assuming the complete ionisation of the acid and the base?
Selution: Number of milli-equivalents of NaOH
o = 800 0.05 = 40
Number of milli -equivalents of HCl=200x 0.1=20

~ Number of mllh-equlvalents of NaOH left after the addltlon of
HCl ‘

=(40~20)= 20 R
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Total volume = (200 + 800) mL =1000 mL =1 litre
20 milli-equivalents or 0.02 equivalents of NaOH are present
in one litre, i.e.,

0.02N NaOH 0.02 M NaOH (Mono-acidic) and the base is
completely ionised.

So, [OB~ ]=0.02M
or - [OB]=2x102 M
pOH=—log 2x107%)=17
“We know that, pH+pOH=14 -
So, pH=(14-1.7)=123

Example 34. What is the hydrogen ion concentration of a
solution (iywhose pH is 12, (u) whose pH is 5.6 7
Solution:"

(i pH =~ log [H']
or log [H"]=-pH=~12
: [H+]=ib—‘2 M
(if) pH=—log[H"]
or log [H ]=-5.6
or [H*1=10"¢ =108 x 10°4 =2.5x 10° M

X g;mple 35. How many moles of calcium hydroxzde must

be dissolved to produce 250 mL of an aqueous solution of pH

10.657 Assume the complete ionisation.

Solution: We know that,
pH+ pOH =14

So, pOH = (14 - 10.65)=3.35

’ [OH™1=10"3 =107 x 10°65 -
=447x10% M

One molecule of Ca(OH}, ﬁnniéhes 20H ~ ions.
Hence, concentration of

447%107*

Ca(OH), = =2235x10°* M

_4
2. 235: 10 5 5810

No. of moles in 2,507mL

‘Exdiiiple 36. The pH of 0.1M hydrocyanic acid solution is
5.2. What is the value of K , for hydrocyanic acid?

pH=—log [H"]

or log[H ]=—pH=-52

[H*’] 10‘52-10”6><1008
=63%x10° M

Solution:

* 5
‘0., degree of dissociation = M1 9%110_ =6

According to Ostwald’s formula for weak electrolyte,
K,=02C=63%10" x63x107° x 0.1

3x 107

=3.69%1071°
“Example 37. Calculate the pH of the followmg solutzons
() 1.0x 1078 M HCI, (i) 1.0x 10" M NaOH
Solution: (i) The neutral water has. [H 1=1x10"7 M-
By adding 1.0x 10°® M HCI, a concentration of 1.0x 107 M
H " ions has increased in solution. =~ ,
Thus, total [H" ]=(1x107 +1x107*) M
=(1x107 +0.1x 107 )M
C=nxw07 M
pH=-1log (1.1x 107 )=—[log 1.1+ log 107" ]
=-[0.0414 - 7.0]= 6.9586
(i) The neutral water has [OH™ ]=1x 10" M
By adding 1.0x 10 M NaOH, a concentration of B
1.0x 107® M OH™ ions has increased in solution.
Thus,  total[OH ]=(1x 107 +1.0x 10 )M
=11x107 M
pOH=—log 1.1x 107
= 6.9586 ’
pH=(14 — pOH) = (14 - 6.9586) =7.0414
- "Example38. Calculate the S ion concentration in a

saturated solution (0.1M )of H, S whose pH was adjusted to 2by
the addition of HCL. (K, =1.1x107")

H,S==2H" +8%
_HPs*]
[H,S]
K,[H,8]
[H* P

Solution:

or ‘ [ $* 1=

pH=2; So, [H]=1x 107 M
H,S is a weak electrolyte, So, [H,S]=0.1M
1.1x1072' x 0.1

So, [$¥]= — —
1x1072 x1x 10

=1.1x 1078 M

Example 39. What is the hydrogen ion concentration of
0 1 N CH sCOOH solution? The ionisation constant of

CH,COOH is 1.8 % 107>, What is the pH of the solution?
- BT 1503y
Sotution: Let the degree of dissow iion be ‘a’. i /

CH,COOH s a weak electrolyte; thus,

alC=K,
a?x0.1=18x107°
or : o =134x107"
[H' =0 -C=134x107 x0.1=134x 10" M
pH=—log [H"]=—log 1.34 x 10~ =2.8729
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19.

20.

21.
- 3willbe:

22.

23.

24.

At 90°C, pure water has [H,O']=10% M. What is the

value of K, at this temperature? [CBSE (Med.) 2006}
(a) 107 {(b) 10712 (107" (d10™
[Ans. ()]

[Hint: [H,0" ]=[OH |=10% M
K, =[H,0" J[OH " ]=10"?]

The pH of 0.5 M aqueous solution of HF (K, = 2 % 107*)is:
(a)2 (b4 ©)6 (d) 10
[Ans. (a)]
[Hint: [H' ]=CK, =05x2x10* =107 i

pH =~ logyo [H' 1= - log 1072 = 2]
The hydroxyl ion concentratxon ina sohmon having pH value

@1y 107 M
[Ans. (a)]
[Hint: pH + pOH = 14
pOH=14 ~pH =14 ~ 3—11
[OH ]=107 =107 pr]
A 50 mL solution of pH = 1is mixed with a 50 mL solution of
pH = 2. The pH of the mixture will be nearly:

(c) 10‘3 M @10y

(a) 0.76 (b) 1.26 (©)1.76 (d)2.26
[Ans. (b)]-
[Hint: pH=1,[H"]=10"'M

pH=2,[H' =107 M
MV + MV, =Mp(Vy + V)
107! x 50 + 107 x 50 = My x 100
Mp=55%x10"M
(Resultant molarity of H' ions)
pH = —log 5.5 x 107 = 1.26]

The pH of a solution obtained by mixing 50 mlL of 0.4 N HCI|
and 50 mL of 0.2 N NaOH is:

(a) —log2 (b)—log0.2 (c)1

[Ans. (c)] :

[Hint: N}V o~ NoVopue = N (Vy +73)

2

0.4 X 50 — 0.2 50 = Ny x 100
Np =0.1

[H']=0.1M
pH = ~log[H* ]=~log 0.1=1]
What will be the pH value of 0.05 M Ba(OH), solution?

_ [PMT (Raj.) 2006]
@12 (b)13 ©1 (d) 12.96
[Ans. (D]
[Hint: Ba(OH), — Ba™ + _20H
0.05 M 2xX 005 M
=01 M
pOH =—Jog[OH ]=~1log 0.1=1

pH=14 —1=13]
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25. Equal volumes of three acid solutions of pH 3,4 and 5 are
mixedina yessel. ‘What will be the H" ion concentration in the
mixture ? |CBSE (PMT) 2008]
(@) 3.7%x107°M

(©) L11x107*M (d)3.7%x107*M

[Ans. (d) ] . : .
[Hint: [H']=10"M, [H" ]=10"*M,[H" ]=10"° M for the
given acids. i '
Mmlemxx = MlVl + MZVZ + M3V3
M x3=107x1+ 1074 x1+107° x 1
-5 -5
,Mm=10 [1003+ 10+1]_1Ix107% sy
=3.7%x107% M]

#9:1% 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 CO, and becomes miore 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) s called the buffer solution. It can also be defined as a

solution of reserve 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, ie, it has reserve acidity or
alkalinity.
(i) 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 addition 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,
eg.,
(a) CH,COOH + CH,COONa
{b) Boric acid + Borax
(c) Phthalic acid + Potassium acid phthalate
(i) by mixing a weak base with its salt with a strong acid,
eg.,
(a) NH,OH +NH,Cl
(b) Glycine + Glycine hydrochloride
(iii) by a solution of ampholyte. The ampholytes 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.

(b) 111 x 10730 S
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(iv) by a mixture of an acid salt and a normal salt of a
polybasic acid, e.g.,Na ,HPQ, +Na PO, or a salt of weak acid
and a weak base, such as CH;COONH,,.

The first and second type are also called acidic and basic
* buffers respectively.
Explanation of Butfer Action

. () Acidic buffer: Consider the case of the solution of
acetic acid containing sodium acetate. Acetic acid is feebly

jonised while sodium acetate is almost completely ionised. The -

Jnixture thus contains CH,COOH molecules, CH,COO™ ions,
Na* ions, H' ions and OH™ ions. Thus, we have the following
equilibria in solution:

CH;COOH=="H" + CH,C00" (Feebly ionised)
CH;COONa==>Na* + CH;CO0~ (Completely ionised)
H,0=—=H" + OH" _ (Very feebly ionised)

When a drop of strong acid, say HCI, is added, the H* ions

furnished by. HCI combine with CH; €00~ ions to form feebly -

ionised CH; COOH whose ionisation is further suppressed due to
comimnon ion effect. Thus, there will be & very slight effect in the
overall H" ion concentration or pH value.

When a drop of NaOH is added, it will react with free acid to
form undissociated water mojgcules. ‘ ' *

CH,COCH + OH™ —=CH,;C00” +H,0

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

(ii) Basic buffer: - Consider the case of the solution
containing NH,OH and its salt NH,Cl. The solution will have
NH,OH molecule, NH; ions, C1™ ions, OH™ ions and H" ions.

NH,OH==NH; + OH (Feebly ionised)
NH,CI=—=NH," +CI {Completely ionised)
H,0=—=H" +OH" (Very feebly ionised)

When a drop of NaOH is added, the added OH
with NH
is further suppressed due to common ion effect. Thus, pH is not
disturbed considerably.

NH, + OH
T
(From strong base)
When a drop of HCl is added, the added H * jons combine
with NH,OH to form undissociated water molecules.

NH,OH + H T=NH, +H,0

ions combine
ions to form feebly ionised NH,OH whose ionisation

< NH,OH

‘ (From strong acid)
Thus, pH of the buffer is practically unaffected.

Diagramatic Representation of Butfer Action
Acid Buffer (CH,COOH + CH;COONa)

Base Buffer (NH,OH + NH,Cl)

+OH™

Henderson’s Equation (pH of a butfer)
(i) Acidic buffer: It consists of a mixture of weak acid and

its salt (strong electrolyte). The ionisation of the weak acid, H4,
can be shown by the equation,

—H +4"

Applying law of mass action,

HY[4" .
a =_{_._.]_[__._17 (l)
[HA]
or [H']=K, [H4] ... (ii)
- [47)
It can be assumed that concentration of 4~ ions from

complete ionisation of the salt B4 is too large tc be compared
with concentration of 4~ ions from the acid HA.

BA+==2B" + 4~
Thus, [HA]= Initial concentration of the acid as it is feebly
ionised in presence of common ion
and [A7 ]= Initial concentration of the salt as it is completely
ionised.

So, [H* =k, - 2ol ... (i)
- [Salt]
Taking logarithm and reversing sign,
"~ [Acid]
~log[H"]=-log K, —lo [Acid]
g [H "] g g [Salt]
[Salt]
ot pH-:log———.——Iog K,
[Acid]
[Salt] .
or H=pK, + 1 o {IV)
pH=p 0g ——— [Acid] ()
This is known as Henderson’s equation.
when 549 _ 10, then
[Acid]
pH=1+pK,
and when LS_a_lj:l R
[Acid] 10

pH=pK, ~1
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So, weak acid may be used for preparing buffer solutions
having pH values lying within the ranges pX, + land pX, -1
The acetic acid has a pK , 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,

BOHT—=B" + OH"

Applying law of mass action,

_[B*1[OH"] -

K= rem . ()

or [oH 1=k, BOH .. (i)
[B¥]

As the salt is completely ionised, it can be assumed that whole
of B* ion concentration comes from the salt and contribution of
weak base to B* ions can be ignored.

BA<+—=B" + 4~ (Completely ionised)
[Base]
So, OH ]=K, .. (iii
[OH ]= [Salf] (iii)
or pOH=1ogL§?lg— log K,
or  pOH=pK, + log 1oAY (V)
[Base]

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
. . [Salt]  [Salf] .
found that if the ratio ——— or is unity, the pH of a
{Acid] [Base]
particular buffer does not change at all. 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.,

Buffer capacity
S (4)= No. of moles of acid or base added to lhtre
Change in pH
ob
or Eg———
d(pH)

where, 0b —> number of moles of acid or base added to 1 litre
solution and ¢(pH) — change in pH.

Buffer capacity is maximum:

(i) When [Salt] = [Acid], i.e.,pH = pK , for acid buffer

(ii) When [Salt] = [Base], i.e., pOH = pK, for base buffer
under above conditions, the buffer is called efficient.

Utility of Buffer Solutions in Analytical Chemistry

Buffers are used:
() To determine the pH with the help of indicators.

(i) For the removal of phosphate ion in the

qualitative inorganic analysis after second group using-

CH,; COOH + CH; COONa buffer.
For the precipitation of lead chromate quantitatively
in gravimetric analysxs the buffer, CH,COOH+
CH;COONa, is used.
For precipitation of hydroxldes of third group of
qualitative analysis, a buffer, NH,Cl + NH,OH, is used.
(v) A buffer solution of NH, Cl, NH,OHand (NH, ), CO, is
used for precipitation of carbonates of fifth group in
qualitative inorganic analysis.
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):
(a) Buffer of carbonic acid (H,CO; and NaHCO; ) .
(b) Buffer of phosphoric acid (H,POj, 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.

:3e 098 W SoME SoLvED EXAMPLES)

(iii)

(iv)

(vi)

S
Y

: jifiple 40. T ke pH of a buffer is 4.745. When 001 mole
of NaOH is added to 1 litre of it, the pH changes to 4.832,
calculate its buffer capacity.

Solution: From definition,

Buffer capacity (¢) Bb

o[pH]
(pH) = (4.832— 4.745) = 0.087; 9b = 0.01

Substituting given values,

0.01

¢=——=0.115

0.087
xample 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 1litre of N/10 acetic
acid?

Dissociation constant of acetic acid = 1.8 x 107°.

Solution:

Applying Henderson’s equation,
[Salt]

H=log —~log K
P g[Acid] & Ra

4 =log [Salt] - log (0.1)- log 1.8x107°
log [Salt] = (4 — 1 - 5+ 0.2552)=2.2552
[Salt] =0.018 g mol L
The molecular mass of CH; COONa =82
Amount of salt =0.018 x 82=1.476g

~Example 42. What is the pH of the solution when 0.2 mole
of hydrochloric acid is added to one litre of a solution containing
1M acetic acid and acetate ion? Assume that the total volume is
one litre. (K, for CH;COOH =1.8x107%)

So,
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Solution: On adding HCl, the free hydrogen ions will
combine with CH;COO™ ions to form CH;COOH. Thus, the

concentration of acetic acid increases while that of CH,COO~

ions decreases.
[CH3COOH] 0.2+ 1)=1.2mol htre
[Salt]=(1- 0.2)=0.8 mol litre™
Applying Henderson’s equation, o
[Salt]
——-logk,
Acid]

0.8 By
~log 28 _log 1.8 10
R

=log

log 1.8x 107 =4.5687

“ PExample43.  20mL of 0.2 M sodium hydroxide is added to
50 ml of 0.2 M acetic acid to give T0mL of the solution. What is
the pH of the solution? Calculate the additional volume of 0.2 M

=log2-log 3~

NaOH requzred to make the pH of solution 4.74. The ionisation-

constant of acetic acid is 1.8x 1075,

No. of moles of NaOH in

20mL——0—2—x 20=0.004
1000

Solution:

No.of moles of acetic acid in 50mL —%{‘:‘—0 % 50=0.01

When NaOH is added, CH3 COONa is formed.
CH;COOH + NaOH+— CH, COONa + H,0
1 mole 1 mole ‘1 mole 1 mole
No. of moles of CH;COONa in 70 mL solution = 0.004
No. of moles of CH;COOH in 70 mL solution
=(0.01 - 0.004) = 0.006
Applying Henderson’s equation,
[Salt]
Acid]

—1og 209 _ 105 1.8x 1075 = 4.5687
0.006 o

pH=lo

a

On further addition of NaOH, th&pH becomes 4.74.

pH= [Salt] —log K

[Salt] _10g1.8x107

[Acid]

or log [[S 1d]] =pH + log 1.8X 10 =(4.74 — 4.7448) = 0.0048
l
So, og 1531 _7 9955

[Acid]

1Saltl _ 5801

[Acid]

Let ‘x’ moles of NaOH be added.
[Salt] = (0.004 + x) mole
[Acid] = (0.006 — x) mole

G.R.B.  PHysiCAL CHEMISTRY FOR COMPETITIONS

[Salt] _ 0.004 +x
[Acid] 0.006— x

or- 0.004 + x = 0.9891x 0.006 — 0.9891x

x = 0.000972 mole

Volume of 0.2 M NaOH solution having 0.000972 mole

=1§%9x0000972 4.86 mL

=0.9891

xample 4. Calculate the pH of the buffer solution
conta ing 0.15 mole of NH ,OH and 0.25 mole of NH,CL.X , for
NH,OHis1.98x107°,

Solution:  Applying the equation,
pOH=log Eﬂ - log K
~ [Base

=log % -log 1.8% 107°

= log 5~log 3—log 1.8x 107

=0.6989— 0.4771+ 4.7448 = 4.966
pH= (14 - 4.966) = 9.034

xample 45. What voiume of 0.10 M sodium Jormate
solution should be added to 50 -mL of 0.05 M formic acid to
produce a buffer solution of pH 4.0? pK , for formic acid is3.80. _
(LET 1990}
Let x mL of 0.10 M sodium formate be added.

No. of moles in x mL of 0.10 M sodium formate = %}-1-9 XX

Solution:

No. of moles in 50 mL of 0.05 M formicacid = —%?—)% x 50

0.10x x

1000 _ 0.10x
005x50 25

1000

[Sod. formate] _
- [Formic acid]

=004 x

Applying the .equation,

=log 0.04x + 3.8
or’ x=396mL
{3 Example 46. How many gram moles of HCI will be
requlred to prepare one litre of a buffer solution (containing
NaCN and HCN Y of pH 8.5 using 0.01 g formula mass of NaCN?
K, for HCN =4.1x107"°,

Solution: Let a mole of HCl be added. It will combine with
NaCN to form HCN,

NaCN + HCl — NaCl + HCN
a a o
[NaCN]=(0.01- a)
[HCN]=
Applying the equation,

NaCN] |

H = lo
p g [HCN]

og K,
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0.01~

8.5=1log

(0 01-a)

a
’ (0.01 —-a)

a

~log 4.1x 1071
=8.5+0.6127-100=1.1127

=0.1296

2= _ 00089 mole
1.1296 :

26.

27.

28.

29.

30.

The pH of a solution that is 0.1 M Nad and 0. 1 MH4
(K, = 1x107)ywould be:

(@5 . (06 ©)3 @7
[Ans. (b)]
[Hinf: pH=pK, +1lo [Salt] [Salt]

- =-log K, + lo
g cid] 08 R T OB A

= —log 10"5 + log'o-—o =6]

pK, 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 5.747 :

(a)1:10
[Ans. (@)]

(b)10:1 (c)l 1 @2:1

[Acetate ion]}
[Acetic acid]

[Acetate ion]
[Acetic acid]

[Acetic acid]: [Acetate] = 1:10]

What is the pH of the buffer solution containing 0.15 mol of
NH,OH and 0.25 mol of NH,CI? K, for NH,OH is
1.98x 107

[Hint: =pK, + log

574 =474 + log

(a) 10 ®9 (€)9.2 (d)10.2
[Ans, (b)]
[Hint: 14 — pH =pK, + log = [Salt]
[Base]
0.25
=—-log (1.98x 107%) + 1
og (1.98x107) og(o 15]
pH=9]
The pH of a buffer solution of 0.1 M CH;COOH and 0.1 M
CH,COONais ......... {(pK, = 4.745}.
(a)4.745 (b) 3.745 (c)5.745 (d)3.255
[Ans. (@)] : ‘
) : . [CH,COONa]
Hint: pH=pK, + log——>
[Hint: pH =pK, + log [CH,COOH]

= 4745 + log % = 4.745]

The pH of a buffer solution prepared by adding 10 mL of 0.1
M CH,;COOH and 20 mL of 0.1 M sodium acetate will be:
{Given: pK, of CH,COOH = 4.74)

(a) 4.05 - (b)3.04 {c) 5.04
[Ans.

(d) 3.0
©]

31.

32.

33.

[Hint:
Number of moles of CH,COOH = w{é—}f— = M =0.001
1000 1000
Numher of moles of CH;,COON = MV _0.1x20 0.002
1000 1000
[Salt] .
H=pK, + lo
pH=p g [Acid]

0002} 5.04]

=474+ 10 g[
0.001

40 mL of 0.1 M ammonium hydroxide is mixed with 20 mL of
0.1 M HCL. What is the pH of the mixture? (pK; of ammonia
solution is 4.74.) (ASIRES 2088

(a)4.74 (b)2.26 {c) 9.26 s
[Ans. (c)]
[Hint: Since, ammonium hydroxide is 50% neutralised, hence

[Salt]=[Base]

" [Salt] '
pOH = pK,, + log,, =4.74 + log;; 1=4.74 -
[Base]

pH =14 - 4.74 = 9.26]
The pK, of a weak acid (HA) is 4.5. The pOH of an aqueous
buffered solution of HA m whxch 50% of the ac1d is ionised,

is: LIDER 2087
(a)7.0 )45 (€)2.5 (d) 9 5
[Ans. (@] ' .

. [47]
Hint: pH=pK, +1
[Hint: pH=p 810 1114]
Since, acid is 50% ionised, hence [47]=[HA]
or pH=pK, + log1

=45

pOH =14 ~4.5=9.5]
pK , 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 ; [Camed (Karuntaks) 2088]

(a) 5.05 ()55 €} 4.9 (d)5.75
[Ans. (a)] .

NP [Salt]
[H_mt :pH=pK, +log [Adid]

-475+ log 0.25
0.125

=505]

ample 47. The dissociation constants Jfor HCOOH and

CH 3COOH are 2.1x 107 and 1.8 x 107> respectively. Calculate
the relative strengths of the acids.

Solution:

The strength of the acid is directly proportional to

the square root of the dissociation constant.

Hence,

Strength of the acid o< /dissociation constant

Strength of HCOOH _ | Kpcoon
Strength of CH;COOH  { K¢y coon
-4
_ 2.1x10 ~3.415
1.8x107°
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Example 48. Freshly precipitated  aluminium  and
magnesium hydroxides are stirred vigorously in a buﬂ}er solution
containing 0.05 mol L' of NH ,OH and 0.25mol L™ of NH ,CI.

Calculate the concentration of aluminium and magnesium ions in
sofs:tzon

K,, AOH); =6x107%; K, NH,OH =18%x107°
K, Mg(OH), =6x107"°

[Salt]

Solutien: pOH =log ~log K,
[Base

_ 0.25 s
-log [OH ]=log ——= - log 1.8 % 10
g [OH™ ]=log 005 o8

-5
or log [OH™ ]=1log 1—8—5—19——

[OH ]=0.36x 107> mol L
Ko AOH); _ 6x1072
[OH™ PP 0.36x107°)
2+]=Ksp Mg(OH); _ 6x10™"
[OH (0.36x1075)%

“Example 49. Calculate the pH at which Mg(OH ), begins
to precipitate from a solution containing 0.10 M Mg 2 ions.

(K, Mg(OH), =1.0x107'") (1T 1992)
Solution: K, Mg(OH), =1.0x10™"! =[Mg*"J[OH" |?

[AI**]= =1.29%x 107" mol L

Mg =463 mol L

=(0.10)[OH" ]?

~11
or jon-p =101y, qgri0
0.10
or [OH ]=1x10" -
~14
=20 107
1x107°

pH=-log [H" |=—1log (1x 107 )=9.0

Example 50. An aqueous solution of metal bromide,
MBr, (005 M )is saturated with H,S. What is the minimum pH
- at which MS will precipitate? K ,, for MS = 6.0x 10"21 ,conce. of

saturated H,S = 0.1M.
K, =107 and K, =13x 107" forH,S (T 1993)
Solution: The minimum concentration of $2~ ions required
to precipitate Af S is,
[Sgw]zKW MS 6.0x107
M*] 0.05

H, S ionises in sotution in two steps:

H,S+=—=H"* +HS™; K, =107
HS™ ==H" +8%;

[H'JHS"] _

[H,S]

=12x107° M

K,=13x107"
s> _
[HS™]

G.R.B. PHysicAL CHEMISTRY FOR COMPETITIONS

Hence, K\K, w
[H,S]
or H' T = K\ K,[H,S] _ 107 x1.3%x 107" x 0.1
[5%7] 1.2x 107"
=1.08x 107

So, [H']=1.04x10"
' pH=-log [H"]=~log (1.04 x 107" )= 0.98

£ Example51. The pH of blood stream is maintained by a
proper balance of H,CO, and NaHCO; concentrations. What
volume of S M NaHCO; solution should be mixed with a 10 mL
sample of blood which is 2 M in H,CO,, in order to maintain a
pHof 14712 K, for H,COs inblood is 18X 107, (it 1993)

Solution: Let? mL of 5 M NaHCO; solution be mzxed
" Total volume = (¥ + 10) mL
Conc of H,CO; and NaHCO; in the solution becomes

_ 5x¥V
(NaHC 3]"(VHO)

2x10 M
V +10)
Now applying Henderson’s equation,

pH=-log K, + log w
[H,C0;]

SxV

¥ +10)

=~-log 7.8x 1077 + log %

and . [H,C0,]=

LT +10)

=—log 7.8%x 107 +1o :
& £ 2x10

or log % =74 +log 7.8x1077

V =7832mL

‘ :ample 52. The pH of 0.05 M aqueous solution of
diethylamine is 12. Calculate its K ;.

(IIT 1993)
Solution: We know that, pH+ pOH=14
or pOH=14~pH=14-12= 2
So, [OH™]=10"2
At equilibrium (0.05 - x)
© (005 - 0.01) 001 {)Gl
[(C;H;),NH, J[OH ] 0.01x 0.01 R
p = = =25x%x10
[(C,H; ), NH] 0.04
Example 53. 100 mL of HCI gas at 25°C and 740 mm pre-

ssure were dissolved in one litre of water. Calculate the pH of
solution. Given, vapour pressure of H,0 at 25° C is 23.7 mm.
Solution: Given, V=100mL=0.1L
_ (740 -23.7
760
R =0.0821
T=(25+273)K=298K
Applying, PV =nRT

} atm=0,9425atm
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or ‘ n—ﬁ~w—385x10‘ ' mol
RT  0.0821x 298
-3
Molarity =-3- 38X s esx10” M
HCl is a strong electrolyte. It is completely dissociated.
So, . [H*1=3.85x107 M
pH=—log [H" ]=-log 3.85x 107 = 2.4146

Example 54. Calculate the [CI” ], [Na*], [H* ], [OH ]
and pH of the resulting solution obtained by mixing 50 mL of
0.6 N HCl and 50mL 0f 0.3 N NaOH.

Solution: HCl + NaOH —NaCl+H,0
Milli-equivalents 50 x 0.6 50x 0.3 0 0
before reaction - =30 =15
Milli-equivalents (30~ 15)
after reaction =15 0 15 15
Total volmne 50+ 50=100 mL
[Cl-]= 15+015 ~03M

[Na*]zﬁxO.ISM

[H*]w%xﬂ.lﬁM
~14
[OH 1= 10 —6 6x107

pH=-log [H" ]=-log 0.15=0.8239

,Example 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, =1.8x 107, (11T 1990)
Solution: We know that degree of dissociation,

K,
Ke

_ ;1.8x10’5_
1

 =42426%107

O ==

[H']=Cxo=1x 4.2426x 107
=4.2426x 107 mol L
pH=—log [H" ]=—log 4.2426 x 107 =2.3724
So, pH of the acetic acid solution after dilution =2x 2.3724
| =47448
New [H*]=10"474¢ =1 8x107°
Let the new concentration be Co-

+ CH,CO0O™

CH;COOH— H*
1.8x107

At equilibrium Cg — 1.8 x 1075 18x 107

1.8x107° x1.8x107°

+ -
- [H'J[CH,CO0" ] _  —18x10°
[CH;COOH]. (Co ~1.8x107%)
So, Cp =3.6x107°
Let the new volume be V litre
Ix1=3.6x107 xV
e 1 _278%10* litre

3.6x 1075

xample 56. Calculate the change in pH of one litre
buffer solution containing 0.10 mole each of NH; and NH,CI
upon addition of (i) 0.02 mole of dissolved gaseous HCI, (ii) 0.02
mole of dissolved NaOH.

Assume no change in volume (K ,, for NH; =1.8x 1075).

(IIT 1992)

Solutiéh: pOH of NH, and NH, Cl buffer

=—log K, + log - [Sald]
[Base]

=-log 1.8x 107 +1og%1 475

pH= (14— 4.75)=9.25
NH, + HCl — NH,Cl
[Salt] = (0.1+ 0.02)=0.12M
[Base]=(6.1-— 0.02)=008M
pOH=-log K, + log %lz
=475+ 0.176 = 4926
pH = (14 - 4.926) = 9.074
ApH =(9.25— 9.074)=0.176 pH unit
NH,Cl + NaOH — NH; + NaCl
[Salt] = (0.1— 0.02) =0.08 M
[Base] =(0.1+0.02)=0.12 M

008
OH=-log K, + log ——
P g Ly g(112

= (4.75-0.176)=4.576
pH=(14 - 4574)=9.426
ApH =(9.426 — 9.25)=0.176 pH unit
T Example 57. Saccharin (K, =2x1072) is a weak acid
represented by formula HSac. 4 4X 10 mole amount of

saccharin is dissolved in 200 cm® water of pH = 3. Assuming no

change in volume, calculate the concentration of Sac™ ions in the
resulting solution at equilibrium. (1T 1994)
Solution: Concentration of saccharin

_4x10™

First case:

Second case:

x1000=2x10"% mol L!

[H'1=10" =107 mol L
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HSac +— H"
(2% 107 - x] 1073 +x)
_[H'I[Sac™] _ (107 +x)[Sac™]
¢ [HSac) [2x107 -x] -
2x107? x (2x107° - x)
107 +x)
Since, x is very small, it can be neglected.
12 -3
[Sac™]= 2x10 x32>< 10
‘ . 10~ 7
. Example58. An aqueous solution contains 10%
ammonia by mass and has a density 099 g em™. Calculate
hydroxyl and hydrogen ion concentration in this solution.
(K, forNH} =5.0%x10"'" M) (XIT 1995)
Massof 1 litre sotution.= 1000 x 0.99¢g
=990g
NH, present in 990g solution =99g

+ Sac”

[Sac” ] =

=4x107"? mol L}

Solution:

1litre solution contains = —?—3 = 5 8 mole

NH; +H,0==NH, +OH"
CINH)JOHT] xxx 5
[NH, ] (5.8-x) 58

So, 2x107° =

x=1.078%107% wol !
[OH 1=x=1.078x10° M
10—14
1.078 x 1072

v Example 39, 0.15 mole of pyridium chloride ha.s been
: added into 500 cm’ of0.2 M pyridine solution. Calculate pH and
hydroxyl ion concentration in the resulting solution assuming no
change in volume.
(K, for pyridine=1. 5x 107% M)
Solution: - Concentration of pyridium chloride
' =015x2=03M

pOH-log [Salt]
[Base

[H" 1= =927x10® M

(T 1993)

~log K,

03 N
=log —— —log 1.5x 10
Bo2 B '

=9
[OH™ =107 =107°

pH=(14 - pOH) = (14~ 9)=5

7P Exaniple 60. How many moles of acetic acid and sodium
acetate each should be dissolved to prepare one lztre of 0.063
mo!ar buffer solution of pH4.5?
(K, forCH;COOH =18x107%)
Solutien: Applying Henderson’s equation,
[Sait]
[Acid]

=4.5+log 1.8x 10' ——02447

pH=log

-log K,

[Salt]
[Acid]

[Salt] .
e 2= A {lOG (— 0.2447) = 0.5692
[Acia]  ulog (- 0-2447)

[Salt] = 0.5692 x [ Acid]

log

Given: [Acid]+[Salt]=0.063
[A ld]’ 0.063 =0.040 mol L™
92

[Salt] = (0.063 - 0.040)=0.023 mol L™

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 disturbéed 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" ] <[OH" ]; 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,0=—= MOH +H"
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" +H,0—_ HA
: 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 1s 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 saits into four categories.

+OH™
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(i) Salt of a strong acid and a weak base.
Examples: FeCl;, CuCl,, AICl; ,NH,Cl, CuSO,,etc.
(ii) Salt of a strong base and 4 weak acid.

Examples: CH,COONa, NaCN, NaHCO,,Na,CO;,
etc.

(i11) Salt of a weak acid and a weak base.

Examples: CH,COONH,, (NH, ), CO,, NH,HCO,,
efc.

(iv) Salt of a strong acid and a strong base.
Examples: NaCl, X,50,,NaNO,, NaBr, etc.

1. Salt of a strong acid and a weak base

The solution of such a salt is acidic in nature. The cation of the.

salt which has come from weak base is reactive. It reacts with
water to form a weak base and H " ions.

B" +H,0== BOH +H"
Weak base

Consider, for example, NH,C1. It ionises in water completely
into NH; and Cl1~ ions. NHj ions react with water to form a

weak base (NH,OH)and H" ions.

NH; +H,0—=— NH, OH + H'
C(l-x Cx

Thus, hydrogen ion concentration increases and the solution
becomes acidic.

Applying law of mass action,
[H'JINH,OH] _ Cx-Cx _ x°C
[NH4] C(l x) (1-x)

where, C is the concentration of salt and x the degree of hydrolysis.
Other equilibria which exist in solution are

K,=

()

JOH”
NH,OH—=NH," +OH", X, =M ... (ii)
~ [NH,OH]
H,0==H" +O0H", K, =[H ][OH ] ... (iii)
From egs. (ii) and (iii),
+ :
£y U INEOH_ g, (W)
Kb M4 ] :
[H"] =W = & X [NH—:]
V [NH,OH] KX, [NH,OH]
log [H *]=log K, - log K, + log o4
[Base]
: [Salt]
-pH=-pK, +pk, +1lo
P P&, P b 4 [Base]
[Salt] ‘
K —pH=pK, +lo
pK,. ~pH=pK, +log [Base]
[Salt]

OH=pK , + lo
p PAy g[Base]

Relation between Hydrolysis Constant
and Degree of Hydrolysis

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 4 or x.

_ Amount of salt hydrolysed
Total salt taken
Considering again eq. (i),

2 2
X’C g oK

}1‘=

(1-x) (1-h)

When 4 is very small (1~ 4)— 1,
h2=KhX—1-

C

or h = -Ii,,_
C

- K,

K, xC

[H]=hxC= K

b

log[H' ]= élogK + - logC-»logKb

1 1 1
H=-pK, 6 ~—log C—-pK
p 2'13 w7 4 2? b

’ 1 i
=7~~pK, ——=logC
2P 573 g

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.

A7 +H, 0= H4
Weak acid

+OH™

Consider, for example, the salt CH,COONa.It ionises in water
completely to give CH,COO™ and Na™ ions. CH;COO™ ions

react with water to form a weak acid, CH;COOHand OH™ ions.

CH,COO™ +H,0—== CH,COOH + OH"
C{l-x) V Cx Cx

Thus, OH™ ion concentration increases, the solution becomes
alkaline.
Applying law of mass action,

[CH; COOH][OH™ ] _
[CH,CO0™ ]

CxxCx _ Cx?
C{l-x) (-x)

K, = ()

Other equilibria present in the solution are:

_ [CH,CO0™ J[H']
[CH, COOH]

, (i)

H,0==H" +OH ,K,, =[H"][OH ] ... (i)

CH,COOH== CH,CO00” +H* K,

From eqs. (ii) and (iii), -
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K, [CH,COOHJ[OH"] - .
K, _[CH, J[_ g e (iV)
K, [CH,CO0" ]

K,[CH;CO0"] _K,, [CH;CO0™]

[OH™]=

[CH,COOH] K, [CH,COOH] .
log [OH ]=log K, — log K, +log [[2::;]]
—pOH=—-pKw.'+ pK, +log %
pK, - pOH=pK, +log [Ei:ffi]]
pH=pK, +log [[i::i]]

Considering eq. (1) again,
2 2
Cx or K Ch

B =

h=

(1-x) (I—-h).
When #is very small, (1- k) —1
or h2 mﬁ
&
or h= ‘}g—”
V C
[OH ]=hxC=,[CK, = C;KW
)=
[OH™ ]

{K xK, .
leK

—-log{H*']——%IogK ——logK +;-logC
1
H=—pK +~—- K +—lo C
P 2p w 2p’ aT3 g
1
=7+ K, +-— lo C
2Pha T8

3. Salt of a weak acid and a weak base

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 if both the reactions take
place with slightly different rates. Consider, for example, the salt
CH, COONH,. It gives CH;COO™ and NH 4" ions in solution.

Both react with water.

G.R.B. PHysicaL CHEMISTRY FOR COMPETITIONS

. Both the reactions
occur with same

== CH;COOH+ OH | speeds. The solu-

NH," + H,0== NH,OH +H"
Weak base
CH,CO0™ +H,

Weak acid tion is neutral.
or CH,COO™ + NH 4+ +H, 0= CH,COOH + NH,OH
Cit-hy C{i-h Ch Ch
K. = {CH; COOH][NH,OH]
p =

[CH,COO™ |[NH;]

Other equilibria which exist in solution are:
[CH3 COO™ J[H"]

CH,COOH== CH,C00™ +H", K,

[CH,COOH]
@)
NH,OH==NHj +OH , K,= %-]-[gu—-:]] .. (ii)
: 4

H,0=—=H"+0H , K,=[H"]OH] .. /ii)
From egs. (1), (i) and (iii),
K, _ [CH,COOH][NH,OH]

K, K, [CH;COO" ][NH, ]

e (iv)

Kh=

Let C be the concentration and 4 be the degree of hydrolysis
»?
(-h)y*
When 4 is small, (1- A)— 1,
K, =h*

’ K
h:JK = e
k KGXK)}

[H"]=K, Xk

Ky =

-_:Kax ,___&.".__
K, xK,
K, xK,
K,

~log [H" ]-—_logK —wlogK + = logK;)

1 1 1
H=-pK, +-pK, —~pK
pH=-pK, +-pK, - =K,

1 1
=7+-pK, —=pK
2p a 2p b

When pK, =pK,, pH=7, ie, solution will be neutral in
nature.

When pK, > pK,, the solution will be alkaline as the acid
will be slightly weaker than base and pH value will be more than
7. In case pK, <pK,, 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. Sait of a strong acid and a strong base

Such a salt, say NaCl, 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, ie.,
when counter cation is not hydrolysed example of some salits of
this category are NaHCO,, NaHS, Na,HPO,, NaH,PO,.

- +
() H;PO, == H,PO; +H'; K, = [H,PO, JIH ]
' V [H3PO, ]
2 +
(i) H,PO; =—HPOZ +H"; K, =Hrod IH ]
[H,PO; ]
N ~ [PO3— ][H+ ] ’
(i) HPO] ==PO; +H" gy =
[HPOZ" ]

Here, H,PO; and HPO?~ are amphiprotic anions, pH after their
hydrolysis can be calculated as,
pK,, +pK,,

2
K, +pK
pH of HPOS™ in aqueous medium = PPay TP ey

pH of H,PQ; in agueous medium =

Here, HPO?™ is conjugate base of H,PO; and H3P04 is
conjugate acid of H,POj.
Similarly, P()4 is conjugate base of HPOZ' and HPO2
conjugate acid of PO} .
(iv) Let us consider amphiprotic bicarbonate anion. -
HCO; +H,0 == CO0% +H;0 (lonization)

Acid Conjugate base
HC03 +H,0 —= H,C0O, +OH (Hydrolysis)
Conjugate acid
H,CO, =—=H" +HCO;; K, = W
[H,CO;]
+ 2~
HCO; J— H‘\" + Coz-—; “ = [H ][603 ]
. ' [HCO; ]
pH of HCO; ion after hydrolysis in aqueous medium
_ pK, +pK,,
2

(v) Let us consider the hydrolysis of amphiprotic anion along
with cation, e.g., NH,;HCO,, NH,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, [H, 0" ]concentration
can be determined as, A

+ K
[H;0 ]‘\/Ka, [—K: +Ka2:l
KW
prI-_v-—log\/Kal [-IE-;-}-K%]

Table 10.1 Hydrolysns at a Glance

Sl o
1. NaCl No — .- e
(Strong acid + Neutral | hydrolysis
Strong base}
2.CH,COONa K Ky -1
(Weak acid + [Basic h= Clga K= K, pH = {pK
Strong base) ‘ ) +pK, + logC ]
3NHCL K . =1
(Strong acid + Acidic h= CI;'V,, Ky K, pH 2[p Ko
Weak base) -pK, ~logC ]
4.CH,COONH, __K, =1
Weakacid + | * | _[K, K=k, [P =5 1PE
Weak base) - K, %K, +pK,~pK, ]

*In the case of salt of weak acid and weak base, nature of

medium after hydrolysis is decided in the following manner:
(i) XX, = K, ,the medium will be neutral.

(i) IfK, > K, the medium will be acidic.

(in) IfK, < X, ,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 X, is
greater as compared to K, and X;.]

10238 W SoME SOLVED EXAMPLES)

% Example 61. Calculate the degree of hydrolysis and pH of
0.1 M sodium acetate solution. Hydrolysis constant of sodium
acetate is 5.6x 1077

CH;CO0™ + H,O+ CH;COOH+ OH
0.1~ B) 0.1 X 4) ©.1xh

L 2 3 IEu
L 2 3 IR

Solution:

[CH; COOH][OH ] _
[CH,COO0™ ]

(0.1xAXO0.1x R)
11~ A)

K}t=

Aissmall (1- A)—1

5.6x107'° = 0.1x A2
5.6x10710

or RP=2T = 56x10710
0.1
h=748x107°
[OH ]1=Ch=0.1x7.48x107° =7.48x 107 M
’ ~14
[H" = Ky __ 10 =1.33x107° M
[OH"] 7.48x107°
pH=—log [H" ]=—log (1.33x 107 )=8.88"

Example 62. When 0.2 M acetic acid is neutralised with
0.2 M NaOH in Q.5 litre of water the resulting solution is slightly
alkaline. Calculate the pH of the resulting solution. K, for -
CH,COOH =1.8x107.
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Solutien: 0.2 M acetic acid will form 02 M CH;COONa in

0.5 litre of water. Hence _concentration of sodium acetate,
{CH, COONa] 0.1mol L!.

~ CH,4 COO" +H20x—“'—"CH COOH+ OH

C(l x} Cx Cx
2
= & =Cx? (1-x)—1
(I-x) o
. o inela
=K IXT0 =55x107
K, 18x107
So,  K,=Cxt=55x10"°
—-10
or =221 55x 107
: : 0.1
or x= 742x10’5
[OH ]=Cx= 742><10‘5><01-742><10"6
2 -4 ‘ ;
,_[Hf]—; K, _ 1x10 ~13477x10‘9M
' [OH] 742x10“’ , ‘

pHm _ log [H+ =-log (. 3477x 107 ) = 8.87

; H,ple 63. Calcuiate the hydrolyszs constant for NH 4 i,
pH value and [OH™ Jin 0. 1 M NH CI solutzon

(K naryom _175><10‘5 —1><10‘”‘) ;

B Solutixm. We know that K, ~£<—
‘ ' Ky
) ~14 .
So, Kh_—lfl—()——_57x10‘1°
) 1:75% 107

Hydr01y51s of NH,Cl can be represented as,
NH, + HZO"‘—*NHE,OH + H*

(- x) : Cx Cx .
.2
Thus, . K, = Cx
' (1-x)
Neglecting ‘x” in denominator, ,
~10 -
w2 = Kn 3TN o g0
) C 0
or x=7.55%x107°

[H']=Cx= 01><755><10"5—755><10‘6M
pH”—-log[H =~ log(755><10_6) 5.12
1x 107

[H ] 7.55x107

cample 64. Calculate the pH at the equivalence point
when a solution of 0.1M acetic acid is titrated with a solutzen of
01 M sodium hydroxide.

K , for acetic acid =1.9% 107

Again, [OH™ = =1.32x 10‘9 M

(IIT 1990)

0.1

Selution: Concentration of sodium acetate = —2—- =005 M

as equal volumes of the acid and the base will be used.
The equilibrium is,
CH;CO0O™ + H, 0= CH;CO0OH+ OH
C{l-x Cx Cx
where, x is the degree of hydrolysis, and

We know that,

So, K,=Cx* as (1-x)—>1
526%107'% = 0.05x x?
» 526x107"°

or =TT —105x1078
0.05. ,

or x=1.025x107"*
[OH ]=Cx=1.025x 107 x 0.05=5.125x 10" M
~14
H]= 1x10
5.125% 107
pH=~log [H" ]=—log (1.95x107%)=871

‘Example 65. Calculate the amount of ammonium chloride
required to dissolve in 500 mL water to have pH =4.5. (K b for

=1.95x107° M

NH,OH is1.8x 107%)

Solution:  [H']=10"" =10™° =10 antilog 0.5
' =3.162x 107 M
Let C be the concentration of NH,Cl

NH,” + H,O===NH,OH+ H'
Cil-h Ch . Ch

If his small, then

. —14
K, = Ch? K,=2w o 10 _55yq0m10
B , K, 18x107°

_Ki _ K o

Ch [H']
~10
-5—53@—5“1 739% 107
3.162% 107
Ch=[H~+] ,
+ 5 o
_[H"] 3.162x10 ~ 1gmol L

o 1739%x107°
500 mL of water contains = 12—8 = 0.9 mole

Mass in g =0.9x 53.5=48.15¢

. Example 66. Calcium lactate is a salt of a weak organic
acid and represented as Ca(Lac),. A saturated solution of
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Ca(Lac), contains 0.13 mole of this salt in 0.50litre solution. The
PpOH of this solution is 5.60. Assuming a complete dissociation of

salt, calculate K , of the lactic acid. (IIT 1991)
Solution:  Ca(Lac), =—=Ca’" + 2Lac”
0.13x2 M 2%2%0.13 M
Lac™ +H,0—— HLac+ OH"
At equilibrium  (0.52 - x) x x
x? x?
p=———=——asxissmall
(0.52—-x) 052
[OH ]=10"% =251x107° =x
-6 —6
K, = 2.51x 107 x 2.51x 10 —12.12x 1012
0.52
-14 '
.= K —Lz— 8.26x 107
Ky 12.12x107

' Example 67 K Jor. butyrtc acid is 2x107° . Calculate pH

~and hydroxyl ion concentratlon of 0.2 M aqueous solution of
sodium butyrate. (IIT 1994)

Solution: Butyrate ion hydrolysis in solution into - butyric
acid and OH~ ions. Let x mole of butyrate ion be hydrolysed.
- H7coa“'+ H,0=C, H7COOH+ OH™
(0 2= x) > . x
_ -xz, <2
s =———=— . (xbeing small is neglected
. (02-x) 0. as compared to 0.2)
SO, Kh ==
! K a
2
K, 02
107 ?
2x10° 02
or ' © x?2=10""" or x=10" mol L}
[OH =107 M
: —14 .
[H+]=10 . =10° M
107 .

pH="—10g[10°]=9

- “Example 68. Calculate the pH of an aqueous solution of
1.0M ammonium formate . assuming complete dissociation. pK ,
Jor formic acid = 3.8 and pK , of ammonia =4.8. AIT 1495)

Solution: - Ammonium formate is a salt of weak ac1d and
weak base. Hence,

1 1
H=7+-pK, ~pK
p 2p a 2p * b .
=7+ (1/2)x 38— (1/2)x 4.8

=7+19-24
=6.5
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Example 69. A certain weak acid has K, =1.0x 107,
Calculate the equilibrium constant for its reaction with a strong

base. (IIT 1991)
Solution: HA + BOH—BA4 + H,0
Weak  Strong -
H4+B*+OH™ <—B"+ 4~ +H,0
or H4+OH —4~ +H,0
147
[HA][OH ]
In the above reaction,
k, = [HAIIOH ]
[47]
S()’ = _1
: -14
We know that, K, = K. _ L4 =107
K, 1.0x107
K= 110 =10"
107

- '_ "Example 70. . Calculate for 001 N solution of sodium
acetate: :
(a) Hydrolysis constant, (b) degree of hydrolysis, (c) pH.

(Given, K, =19x107) (MLNR 1991)
K 14 _
Solution: Kh = —“’ =L5 =526x107"°
K, 19x10~
—10
‘/ —S'ZGXIO =229%107*
0.01

CH,COO~ +H,0+ CH;COOH+ OH"

Ch
[OH ]=Cx h=0.01x229%x107*
=229%x10° M
K -14 .
H ]|=—2—= 10 6=4.37x10‘9M
[OH'] 2.29x10°

pH=—log [H" }=—log (4.37x 107 )=8.36

Example 71.
H,CO, ==H"* + HCO;; K,=43x10"
HCO; =—=H* +C0%; K,=56x107"

Calculate the degree of hydrolysis and pH value of 0.12 M

H,CO; ionises as,

" Na,COj; solution.

Solution: Na,CO; is a salt of strong base and weak acid.
Thus, CO§_ jon is hydrolysed.

CO3 +H,0=—HCO; + OH"
0.12(1 - h) 0.12A 0.12A

K, =h*C
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or X :ﬁ:ﬁ
C 0.12
K K , 14
We know that, X, ———=——‘1=—L()———r=1 7857 107
K, K, 56x107!
-4 ‘
So, p2 = LT8TXA0 7 ) g0
0.12 ~
h=3.85x1072

[OH ]=Cxh=012x3.85%x107
=0.462x 1072 =4.62x 10
10—14 )
[H’“]:———-—B—=2.164x10”12 M
4.62% 10"
H=—log [H"]=-log (2.164 x 10712 )= 11.665

' xample 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 4 be the initial degree of hydrolysis
K, =Ch* =0.2x h? ()
Let the concentration be C; when degrec of hydrolysis is 2A.
K, =Cy (2h) . i)
Dividing both the equations, ‘
_02x (k%)
4C, x (h)?
¢, =22 _o0sm
4
M,
02¥ =

=M,V,
0.05xV,

Applying,

The solution be diluted four times.

ple 73. Calculate change in pH upon ten-fold
dilution of the following solutions
(@) O.YHCI (b) 0.1 M acettc acid
K, CH,COOH =18x16*,
Solution:
in solution.

(¢) 0.1 MNH,CI
K, NH; =1.8x107

HCl=—H" +CI”
[H"]=0.1=10"
pH=—log [H"]=~1log (107" )=1
[H']=0.01=102 M
H=-log [H' ]=~log 107 =2
k pH change from 1 to 2.

_ After dilution,

(b) CH; COOH+—= CH,CO0™ + H“
G.1-x) x
(CH,COOH is a weak acid)
2
X

2 =18%x10" or x> =1.8%x10° or x=134x107
pH=—log x=—log (1.34 x 107 )=2.87

(a) HCl is a strong acid. It is completely ionised

After dilution,
2
L 1.8% 1075 orx? =18x 10 orx, =424 x 107 M
pH=—log x=—log 4.24 x 107 =3.37
pH change from 2.87 to 3.37.
{c) NH,Cl s a salt of weak base and strong acid.

NH,” + H,O~—=NH,OH+ H"
0.1~ h) A h
2

Mk,

or h*=0.1xK,
0.1

K, 18x107
=0.1%5.55%x 1071
h=745%x10"% =[H"]
H=—log (7.45x 107 )= 5.128
h? =0.01x K, = 0.01x 5.55% 107'°
h=235x10"¢
pH=-10g 2.35x 107 =5.627 -
pH change from 5.128 to 5.627.

After dilution,

34. The pH of a solution obtained by mixing 100 mL of 0.2 M
CH,COOH with 100 mL of 0.2 M NaOH would be:
(Given: pK, for CH,COOH = 4.74)

(a)4.74 {b) 8.87 {c) 9.10 (d) 8.57
[Ans. (b}]
[Hint: Concentration of salt formed will be 0.1 M.

CH3COOH + NaOH = CH,COONa + H,0
pH= % [pK, + pKa +logC]

=%[14 +4.74 -1]=8.87 ]

35. The pH of 0.02 M NH,Cl(uq. ) (pK,, = 4.73) is equal to:

(a) 3. ?8 (b)Y 4.73 {c) 5.48 (d)7.00
[Amps.” (c)]

[Hint: pH :%[pKW—pr-legC]

lacan-
2

= -i; [14 - 4.73 + 1.698]= 5.48 ]

36. pH of 0.05 M (CH,CO0),Ca (pK, = 4.74)is:

log 0.02]

(a) 8.72 (b) 8.87 )7 (d)1.30
[Ans. (b)]
[Hint: [CH,C00 ]=2x0.05=0.1

1
PH=§[PKw+PKa +logC']

x%[m + 474 + log 0.1]
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=%[14 + 474 ~1]=8.87]

The degree of hydrolysis of which of the follow:ing salt is
independent of the concentration of salt solution?

(a) CH;COONa (b) NH,Cl1

(c) CH,COONH, {d) NaCl

[Ams. (c)]

[Hint: It is the salt of weak acid and weak base, hence its degree

of hydrolysis will be independent of concentration.
X

h= =]
K, xX,
The pHof | M POi‘ {ag.) solution will be: (given pK, of
PO} =1.62)
(a) 1.62 (b) 1238 (e} 13.19 @7
[Ans. (c)] :
[Hint:  pK, =14 -pK, =14 —1.62=1238

pH = [ pK,, + PK, + log C]

= % [14 + 1238 + 0]1=13.19 ]
For the following equilibrium:
NH, + H,0 == NH, + OH"
calculate the equilibrium constant, if for the equilibrium,
NH; + H,0+= NH,OH+ H"
the equilibrium constant is 5.5 x 107%°,

(2)1.8x 107 (b)1.8x 107 (c)1.8%x 107 (d)1.8% 1077
[Ans. (b)]
[Hint: X, =K, xK,

107 =55x10""x K,

K,=18x107]

Which of the following expressioné is not applicable on the
hydrolysis equilibrium? (PET (Raj.) 2004]

CN™ + H,0 = HCN + OH"
K, X
K, =cw by h =]k
@ K= o) ®h=yT

(¢) pH = % pK,, (HCN)

- f!%_XK_
(@ (H)= c
[Ans. (c)]

[Hint: For the salt of weak acid and strong base:
pH =—[pK +pK, ~logC] -
The pK , of weak amd HA is 4.80 and the pK| b ofa weak base

~ BOHis 4.78. The pH of an aqueous solution'of corresponding

salt BA will be : , (ATEEL 1608)
(2) 9.22 (b)9.58 (©)4.79 (d)7.01
[Ans. (d)] ~ : :

. 1
[Hint:  pH =5[pKw +pK, —pK, ]

= % [14 +4.8—4.78]=7.01]

693
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:

CIndieator - . pHrange = olo

Methyl orange 3245 Pmk to yellow
Methyl red 44-6.5 Red to yellow
Litmus 55-15 Red to blue
Phenol red 6.8 -84 Yellow to red
Phenolphthalein 83105 Colourless to pink

Theory of acid-base mdmamrs‘ Two theories have been
proposed to explain the change of colour of acid-base indicators
with change in pH. .

1. Ostwalé’s theory: According to this theory:

(a) The colour change is due to ionisation of the acid-base
indicator, The unionised form has different eolour 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‘weak 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 1s 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: V

HPh
Colourless
Applying law of mass action,
_[H"][Ph"]
[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 +H,0v—H;0+ In~
‘Acid form’ ‘Base form’

===H" + Ph~
Pink

Conjugate acid-base pair
_[In"J[H} 0]
[Hinj

In (K4, = lonization constant of indicator)
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[H01=K,, x 1
[ ]
Hin
pH=— log o [H; O] = - log  [K 1, 1- log o {1 %
) n

pH=pK, +log, [[:I } {Henderson’s equation for indicator)
nl

At equivalence point;
[In ]=[HIn] and pH= pKIn

Methyl orange: It is a very weak base 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+ JIOH™]
- [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 i 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 theory: 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.

. CH—CH CH=—=CH
_ Nol e C/ N
pr— NoH==cft

(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.

A e L2

Phenolphthalein has benzenoid form in acidic medium and
thus, it is colourless while it has quinonoid form in alkaline
medium which has pink celour.

Methy!l 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.

o= =l

Quinonoid form — Acidic solution (red)

Iix
[
: ' ’ CH3
o= (O
T ’ V 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)]
(i) A weak acid versus a strong base. [Fig. 10.1 (b)]
(iii} A strong acid versus a weak base. [Fig. 10.1 (¢}]
(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 this purpose. The curve obtained by plotiing 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 neufralisation reactions are shown in Fig.
10. 1 (a) 10.1 (b), 10.1 (c) and 10.1 (d).

Strong acid
12 | and strong base -2t
- . - 1"ME
: Tm F - pop
o 8F o o
3 8F 3 8} .
"B o7t 87t . S
3>: 6t ; s6F Weak acid and
-4 G 5 strong base
al il B
3r 3+ .
2 = J. . 2 - i 1 "
22,5 25 275 225 25 278
mL of base —» ml of base —»
| @ o
ﬁ | Strong acid : 1% [ Weak acid and
? jo| andweak base T 1o} Wweakbase
e 9F T 9F
g7r g7t ,
I & I. 6 ’
S gl & gl B
4 4tk '
3 3L .
2 k] P 2 i i 4
22.5 25 275 2285 25 21.5
" 'ml. of base —» _ mLofbase —»
(c). _ (d)
Fig. 10.1

In each case 25 mL of the acid (W/ 10) has been tltrated against
a standard solution of a base (V/10). Each curve 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 a 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 4-10. So, the indicators phenolphthalem (pH range 8.3

" to 10.5), methyl red (pH range 4.4-6.5) and methyl orange (pH
range 3. 2-4.5) are suitable for such a titration.
(i) Weak acid vs. strong base: pH curve of weak ac1d (say

'CH3C,00H or. oxahc; acid). and- strong base (say NaOH) is

- _.,
o o N
T

pH v’a}ﬁ‘é — .

oW A GG N ©

200 300 400 © 500 .
’ ~mlL of HCl ——» o

Fig. 10.2

ample 1. Iomsatzon constant of NHj in water is
5 6x 1071 a1 25°C. The rate constant for reaction of NH and
OH™ to form NH; and H,0 at 25°C is 3.4 x 10'° litre mol ™!

sec™. Calculate rate constant Jfor proton transfer from water to

NH;. (IIT 1996)
ko
Solution: NH, +H,0=—= NH; +OH; k; =3.4x10"
kp
NH; +H,0==NH,OH+H";k, =5.6x107"
k K .
KBase = _f' = - (l)
kb KAcid '
K poia XKpae =K, ... (i)
kf 10—14
34x101°  56x1071°
k;=607x10°

S Example 2. K for the acid ionisation constant of Fe**
Fe(OH)Y" and H" is 6.5x 10™. What is the maximum pH value

which could be used so that at least 95% of total Fe** ion in
solution exists free?

Solution: Fe’" +H,0+=="Fe(OH)”" +H"

5
2ty — X[H']
g = FeOH), 1" [H ] _ 100 =6.5% 107
[Fe*"] - 95/100

'EMISCELLANEOUS NUMERICAL EXAMPLES *A,,

vertical over the approximate pH range 7 to 11. So,
phenolphthalein is the suitable indicator for such a titration.

(iif) Strong acid vs. weak base: pH curve of strong acid
(say HCl or H,80, or HNO;) 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) Weak acid vs. weak bas_e' " pH curve of weak acid and
weak base indicates that there is no vertical part and hence, no
suitable indicator can be used for such a titration. - -

- Titration of soluble carbonate with strong acid.

pH curve of sodium carbonate with HCl shows two inflection
points (Fig. 10.2). First inflection point (pH = 8.5) indicates
conversion of carbonate into bicarbonate.

Na,CO, + HCl—> NaHCO, + NaCl

As the inflection point lies in the pH range 8 to 10,
phenolphthalein can be used to indicate the above conversion.
The second mﬂectlon pomt (pH = 4. 3) indicates the following
reaction: :

-.NaHCO3 +HCl— NaCl +CO, +H,0
As the point lies between 3 to 5, methyl orange can be used.

[H ] 0.12M
pH=-log 0.12=0.91

xample 3. K, for ascorbic acid (H4sc) is 5x107 -5,

Calculate the hydrogen ion concentration and percentage

hydrolysis in an aqueous solution in wkzch the concentration of

Asc™ ions is 0.02 M. (17 1997)
Solution:

w

CKa

10-14 _ 0_4
0.02x5%x107

% hydrolysis =0.01
H"—'%[pKW +pK, +logC]

Degree of hydrolysis ‘4’ =

' =%[14+ (~log 5% 107 ) +log 0.02]

pH=83
[H" ]1=5%x107°M
ample 4. Determine the number of moles of Agl which
may e dissolved in 1litre of 1M CN ™ solution K _ for Agl and

K, for A3(CN); are 12x107"7 M* and 7.1><10‘9 M™?
respectively. (T 1998)
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Agl(s)==Ag" +T
Ko =[Ag I ]=12x107"
Ag’ +2CN” ==[Ag(CN),]

Solution:

[ =281 _=7.1x 10"
- [Ag" J[CNT]
Ky =Ko xKs
_[AgCN) IITT 1.2x107 x7.1x 10"
[CN P <
=8.52x 10%

Let us consider the following equilibrium:

Agl(s) + 20N" == [Ag(CN); ] + I
t=0 1 G 0
teg 1-22 ¥ x

Let “x’ moles of Aglbe dissolved in CN™ solution.

Then,
Agl+2CN™ == Ag(CN), +1~

K, =85x10% = X2%_
= (1- 2y
1-2x
x =049 mole
sample 5. Given Ag(NH,); == Ag" + 2NH,,

K,=62x107"% and K,

Calculate concentration of the complex in 1M aqueous
ammonia. (T 1998)

Solation: AgCl=—=Ag" +CI”
On adding ammonia solution, complex formation takes pldce.

Ag® +INH; ==[Ag(NH,),]" )
G- 1 y
where, x = solubility of AgCl in NH,
y=amount of complex formed

K, of AgCl=[Ag™][CI"]
1.8x107"% = (x - y)xx . (i)

[Ag(NH; ), 1"
[Ag"][NH; ]*
1 y
= PR
L 62x107°% (x= y)1 B
On solving equations (ii) and (iii), we get
y=0.0539M

Fxample 6. An aqueous solution of aniline of concentra-
tzon 0.24 is prepared. What concentration of sodium hydroxide is
needed in this solution so that anilinium ion concentration
remains at 1% 1078 M? K for CqH NHY is 2.4 x107° M.

- (HT 1996)

K, forequation (i) =

o, of AgCl is 1.8x107'% ar 298K.

G.R.B. PHysicaL CHEMISTRY FOR COMPETITIONS

Solution: C,H,NH, + H,0—=C,H,NH; %«OH‘
Thus, K, = [CeHsNH, J[OH” ] )
[CsHsNH, ]
Also X, for
—14
C4H NH, = K — = 10 - (i)
K, for CGH,NH 2.4 %107

Since, dissociation of CgH;NH, occurs in presence of NaOH
and thus dissociation of C¢H;NH, will be suppressed.
Thus, [OH™ ]=7;[C4HsNH,1=0.24 ; [CsHsNHj =107
-14 -8 -
Therefore, 10 = 10" x[OH ]
24x107° 0.24
024x107

24%107° x10°®

{OH 1= = 0.01

INaOH]=0.01M
r‘mple 7. A solution contains 0.05 mol litre™
ions and 0.002 mol litre™ of Ag”™
precipitated by addition of chromate ions, CrOﬁ".

precipitates first? What percentage of this ion remain in the
solution when the second ion begins to precipitate?

K, Ag,Cr0, =3x107%, K BaCrO, =1x107"

of Ba™*
ions. The metals are to be

Solution: CrO3~ ion concentration required for precipitation:
For BaCrO,: '
K BaCrO,: 19710
[crod =20 10 o100
[(Ba¥] 005
For Ag,CrO,:
K Ag,CrO -2 :
[CrO2 1= 820104 _3X10°7 2551076 a1
[Ag*)? [0.002]*

Ba®* will be precipitated first because it requires low

concentration of CrO3~. Remaining conc. of Ba>* when Ag*
will start precipitation.
K, BaCrO -10
1B2*" TRemaining = ——— R ~=133x107 M
[CrO57] 0.75x 107
+_133x107

% of remaining Ba? % 100=0.26%

‘Example 8. Calculate pH change which results when 50
mL of 0.1 M HNQ, is added to each of the following at 25° C:
(@) 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.

" Seolution:
(a) Molarity after dilution = M,
MV, =MV,
0.1x 50=M, x 1050
M, =0.00476

Which ion
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pH = — log (0.00476)=2.322
Change in pH of water = 7 — 2.322 = 4.68
[Salt]
[Acid]
0.1 :
=4.7447 + log «b—-i = 4.7447

(b) pH=pK, +log

Moles of HNO; added = _1%61?) x 50=5x107; it will convert

sodium acetate to acetic acid.

» 3
pH=4.7447 + log [0‘1 5x10

PYETT=S }: 4.70123

Change in pH=4.7447 - 4.70123 = 0.043

cample 9. A certain monoprotic acid (weak) serves as
indicator. Assuming that colour change is seen when 1/3rd 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 ;,? :

Solution: HIn==H" +In~ (lonization equilibrium of

indicator)
[n~ ]
[Hin]

pH=pKy, +log,

6=pKj, + logm [g 2?7} (1/ 3rd conversion)

Pk, = 6.307

=i Example 10. What is the minimum pH of a-solution
0.10 M in Mg®* from which Mg(OH ), will not preczpztate7 K,

Mg(OH), =1.2x 107" M3,
Solution: Given that,

K o Mg(OH), =[Mg?" J[OH" T’

1.2x107" =[0.1JOH }?
[OH > =12x1071°
[OH ]=1.0954 x 107> M
pOH = ~ log o (1.0954 x 107° )= 4.96

pH=14-4.96=9.04
Thus, at 9.04 pH, precipitation will not take place.

What is the pH of 1077 mol litre™' HCI at

Solutmn.

[H+ ] Z[H+ ]Acid + [H+ ]Water
=107 +107 =2x1077 M
pH=-log (2% 107 )=6.70

ijample 12. A solution contains 0.1 M CI™ and 0.001 M
CrOy™. If solid AgNO; is gradually added to this solution,

which will precipitate first, AgCl or Ag,CrO,? Assume that

-

the addition causes no change in volume. Given
K, AgCl=1.7x10""M" and K ., 4g,Cr0, =1.79x107> M.
What per cent of CI” remains in the solution when Ccroy
starts precipitating?
Solution: Ag”
For AgClL:
K, AgCl -10
[Ag*]= g€l _1.7x10
[C1™] 0.1

ion concentration required for precipitation:

=1.7x10°M

For Ag,CrOy:

K, Ag,CrO,
[CrOF" ]
[Ag*1=[1.79% 107 M?]""?
=423x107° M

AgCl will precipitate first because it requires low conc.
of Ag™.

_L79x107"
[0.001]

(Ag' T’ =

K, of AgCl
[Ag”]
_17x107
C423%x10°°
4.01x107°

Remaining conc.of [C17 |=

=4.01x107%M

% Remaining conc.of [C1™ ] = x100=4x107%

"% Example 13. 25 mL of 01 mol dm™ aqueous pyridine
(K, =1.7%x107° moldm™) is titrated with 0.1 mol dm™
hydrochloric acid. Calculate the pH initially, at equivalence and
after 30 cm® hydrochloric acid have been added.

Selution: For salt of weak base and strong acid:

1 -
pH:E[pKw —pr _IOgC]
pK,, =14; pK, =-log,, 1.7x107 =8.769; C =0.05

pH= % [14 - 8.769+1.30102] = 3.27 {pH at equivalence)

5 cc 0.1 M HCI will be considered for pH.

Mole of HCI remaining L T
' 1000

x 107

New molarity = % 1000 =0.00909 M

pH=—log [0.00909] = 2.04
. Example 14. If very small amount of phenolphthalein is
added to 0.15 mol litre™ solution of sodium benzoate, what
Jraction of the indicator will exist in the coloured form? State any
assumption that you make. .
K, (Benzoic acid )= 62x 107, K, (H,0)=1x 107",

K ,, (Phenolphthalein)=3.16 x 107
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Solution:
pH= —[pK +pK + log i

Formula for pH of salt hydrolysis:

= 5 [14 ~log o 6.2x 107° +log 0.15]

| =8.6918
Formula for pH of indicator:
' (n"1

H=pK, +]lo ,
P PAy, 10 [HIn]

- {In7]
8.6918=—log,, (3.16x1071%) + lo L
210 ( 077 ) +logye [Hin]

0.16 =[In" ]/ [HIn] = Fraction of indicator in coloured form.

o Example 15.  How much NH, must be added to 0.004 M
Ag™ solution to prevent the precipitation of AgCl when (CI™)
reaches 0.001 M? K, for AgCl is 1.8x107"° and K for
Ag(NHy)3 is 5.9x 1075, ‘

Solution:
K
[Ag"]=—=
[cr]

- NH; is added to keep the conc. of Ag” below 1.8x 107 7M
to prevent precipitation. :
[Ag(NH3 ), 1" at above limiting condmon

"=0.004-1. 8><10"’k~0004M

1 8 10710
0. 001

=18X107 M

[Ag(NH; ), 1" —-—*Ag +2NH,
_[Ag"JINH, P
[Ag(NH3 )2 1

[1.8x 1077 [NH;1?
-~ 10.004]

5.9><,10"8 =

[NH3] =0. O36M

[NH3 ]Tota = [NH3 ]Frec + [NHB ]Comp lexed ;
= (. 036 +2x% 0,004 = 0.044 mols’ litre

Example 16.  Calculate the percentage error in hydronium

_ion concentration made by neglecting ionization of water in 107
M NaOH.

Solution:

[Neglecting ionization of water] '

Consuder jonization of water.
[H;0"]= y [OH ]=( y+10™)
[H,0"J[OH 1=K, =107
yly+10¢]=10""
¥y +10°%y-107" =0

_On solving for y, y=99%10"°

at25°C is 8.35 g litre™ and 61.8 gsm»e -!

108 -9.9%x107°

% error = - x 100=1%
, 99x%107° :

‘Example 17. Determine the silver ion concentranon ina

02M solutzo;z of [Ag(NH; ), INO,.

. Ag(NH, ) '\———Ag + 2NH3
K i _[Ag"WNHS Y _ (o 0
‘ - [4g(NH; )31 , ,
Solution: Let condentration of Ag* at equilibrium be‘C’M.
: ‘ [NH3]' =2CM
[Ag J[NH, J*
[Ag(NH; )5 ]
‘ 2
6.8x107° = Cx4C”
’ 0.2
C=0.0015M

i&imple 18.  The solubility of silver acetate in pure water
in an acid solution of

pH =3 Calculate:
() K, of silver acetate and
(i) dtssaczatton constant of acetic acid.
Solation: (i) CH;COOAg (mw) =167
S = 835 mol/ litre = 0.05 M
167
Ky =8%=(0.05) =25x10" M
(i1) Use expression of salt hydrolysis to calculate X .

pH=%[pKW +pK, +log C]

-5
. =1.8x10

Example 19. How many moles of NH; must be added tol
itre of a 0.1 M AgNQ, to reduce Ag"* concentration to
2x 1077 M?

Ag(NHy); == Ag™ + 2NH,

Ag* [NH,1? -
K s :LE_L%]_ =68%x107%
© l4e(NHy)z ] ‘
[Ag(NH;),]" = 0.1M
[Ag*1=2x107
[Ag" ]INH;1®
[Ag(NH; ), I’
2x 107" [NH, *
ol
[NH,]1=0.184 M
It is the concentration of free NHj;. -
[NH; lrorar =[NHj Jpree + INHs Joomplexed
=0. 184+2><01 0384 M

fmple 2. 4 buffer of pH 8.50 is prepared from
0 02 mole of KCN. The desired volume of buffer solution is to be 1-

‘Solution:

K =

6.8x107% =
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litre. How will you make this buffer by using HCI? What is the .

change after addition 0f 0.5 x 107 mole HCl to 100 cm® and same
amount of NaOH in 100 cm® of buffer? (K, HCN = 6.2x10710)
KCN + HCl — KCl + HCN

02 — x)

‘Solution:

[Salt]

H=pK  +lo
PH=PRa 7108 12l

8.50=—log (6.2x 107'% )+ log,, [0'02 ~ "}

8.50=9.2076 + log ;, [0'02 = "}
| .

x=0.01672

(Buffer is prepared by adding 0.01672 mole of HCI in salt
KCN.)

Calculation of pH change when HCl is added:
Moles of HCladded in 1litre buffer =0.5x 1073

HCI will convert more salt into acid.
0.00382—-0.5% 103

, 0.01672+ 0.5x 107°
pHchange =9.4156 — 8.50=0.9156
.- Example 21.

pH = 9.2076 + log,, =9.4156

saturated H , S solution to precipitate Pb **, but not Zn** from a
solution in which each ion is present at a concentration of 0.01M?
(K HyS =1.1x 107 and K, ZnS =1.0x 107") (IIT 2000)
Solution: . - i
Ko ZnS=[Zn*" |[$* ]=1.0x107"
or 0.01x[$*]=1.0x 107!
or - . [ST1=1.0x107"
To. start precipitation of ZnS, the required concentration of
sulphlde ions is 1.0 X 10_

Ko HyS= [H Ik [sz—]—l1><1o~22
_1Ix 1072
10x107°
or [H'1=0.0331M

or [H]? =1.1x107

Thus, the hydrogen ion concentration higher than 0. 0331 M

will reduce the concentration of sulphide ions which will not
allow the precipitation of Zn2* jons as ZnS and under this
condition only PbS precipitation occurs.

Lxample 22.  The average concentration of SO, in the
atmosphere over a city on a certain day is 10 ppm, when the

average temperature is 298 K. Given that the solubility of SO, in.

- water at 298 K is 1.3653 mol litre™" and the pK, of H,SOy is

1.92, estimate the pH of rain on that day. © (IIT 2600)
Solution: pK, =192 .
‘K, =antilog (- 1 92) 0.012
' sto3 2H" + S0%
1=0 0 0
teg C- C°‘ 200 Co.

What (H,0") must be maintained in a

_[H'P[8057]
4 [H,80,]
(2Co)* xCa _ 4C%0°
Cl-0) (I-a)
0.012=4 x (1.3653)* xa>
or o=0.117 7
[H"]=2Co = 2x 1.3653x 0.117= 0.3194
pH=—log,, (0.3194)=0.495

Example 23. 0.16 g of N, H, are dissolved in water and
the total volume made up to 500 mL. Calculate the percentage of
N,H, that has reacted with water at this dilution. The K, for
N,H, is4.0x107° M.

0.012= = 4C%a>

, IT 1998)
Solution: Concentration of N,H,,
IN,H, ]= 0.16 1000_ 0.01M
32500
N2H4 +H,0—N,H; + OH‘
At equilibrium 1- o
K, 4.0x107°
K, =Ca?oro? _—”_ﬂ_mw“
Cc 0:01
or o=2x107

#-Example 24. 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)? (IIT 1998)

Solution: pHof HCl=2 - .~[HCl]=1072 M '

pHof NaOH=12 .[NaOH]=10" M
HCl +NaOH —

100 x 1072
=1

NaCl + H,0

meq after reaction 0.

[OH™ ] after reaction = 1 o102 M
S T s00

pOH=—-1log [OH ]=~log 2x 107> =2.7
. pH=14-27=113

L Fxample 25. 500 mL of 0.2 M aqueous solution of acetic
acid is mixed with 500mL of 0.2 M HCI at 25°C.

(@) Calculate the degree of dissociation of acetic acid i in the
resulting solution and pH of the solution.

(b) If 6g of NaOH is added to the above solution, determzne
final pH. Assume there is no change in volume on mixing. K , for
acetic acid is 1.75%x 10 M. (IIT 2002)

Solutioh (a) Conc. of HCI and CH3COOH after mixing

will be 0.1 M. .

CH3 COOH+=——="CH,CO0™ +H"
(=0 o1 .0 S0l
£ 0.1-x. - x  (01+x)
~_[CH,CO0™ J[H']"
~ [CH,COOH]

(from HCI)

a
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1.75%107° = ¥x(0.1+x)
0.1-x)
On approximation, x=1.75% 1073
C[H']=0.1+x=0.1M
H=-log [0.1]=1
-5
Degree of dissociation of acetic acid = 175x107 =1.75x 107
(b) Number of moles of NaOH added = % =015
CH,COOH + HCl + NaOH &= CH, COONa + NaCl + H,0
t=0 0.1 0.1 0.15 0 0 0
teg 0.05 0 0 0.05 0 0
pH=pK, +log [Sal]
[Acid]
0.05

=—1log 1.75x 107 + log —— = 4.757
005

.. Example 26. Will the pH of water be same at 4°C and
25°C? Explain.

(11T 26063)
Solution: We know that, «
K, =[H"][OH"]
At25°C, [H'1=[OH 1=1.01x107 M

pH=~log o [H']=~log,o [107]=7
At 4°C, ionization of water will be less than that at 25° C.

at 25° CK,, =[H" ][OH" Jwill be less than 10“4 Thus, pH
of water will be more than 7 at 4°C.
. Example 27. 0.1 M NaOH i zs titrated with 0.1 M HA till the
end point; K, for HA is 5.6 % 1075 and degree of hydrolysis is
less compared to 1. Calculate pH of the resulting solution at the
end point. (IIT 2064)

Solution: Neutralization of H4 with NaOH may be given
as,

HA + NaOH —— Na4 + H,0 ‘ -

Concentration of salt will be %-1 M, ie 005M, éince volume

will be double. pH of the salt after hydrolysis may be calculated
as,

=l[pKw +pK, +log C] D)

Pk, _14
pK, =—log K, =—1og(56><10“’) 52518

log C = log 0.05=-1.3010
Substituting the values of pX,,, pK, and log C in eq. (i) we
get, '

pH= % {14 +52518-1.3010]=8.9754
-Example 28. A4 solution of acetic acid is 1% ionised.

Determine the molar concentration of acetic acid. (ionization
constant for acetic acid = 1.8 x 107° ) [BCRUE (hains) 2006]

Solution: CH,COOH+— CH,C00™ +H"
% C 0 . 0
fog. C ~-Co Ca, Co
_[CH;CO0™ J[H"] _ Co. x Ca
‘ [CH;COOH] C-Co
2
= Ca (o =L=0.01)
1-a 100
2
18x 1075 = £X (001"
1-0.01
1.8x10° =Cx107*
C=0.18M

‘Example 29. A4 mixture of H,0 and solid AgCl shaken to

obtain saturated solution. The solid is filtered and to 100 mL of

Siltrate, 100mL of 0.03 M NaBr is added, will a precipitate be

Jormed? [B€30E (Msins 2606]
K, AgCl=10" K, AgBr=5x10""

Let solubility of AgCl is ‘S’

K AgCl=

S = ,/Ksp
=107 =107

When, 100 mL of both AgCl and NaBr are mixed then,
concentration of Ag” and Br™ will be:

Solution:

~5
(ag" 1= g 510
200
Br =220 _g 15
200

Tonic product of AgBr =0.5% 10~ x 0.015
=7.5%107%
-Since, ionic product of AgBr is greater than its solubility

. product, hence AgBr will be precipitated.

SUMMARY AND IMPORTANT POINTS TO | REMEMBER

1. Strong and weak electroiyteS° Electrolytes which
ionise: almost completely when dissolved in water are termed
strong. e‘lectrolytes while those electrolytes which ionise to small
extent aré termed as weak electrolytes. The degree of ionisation

and electrical conductivity of strong electrolytes have high values

-y

' H,S0,,BaCl,,KCl, etc.,’

. electrolytes.

while weak electrolytes possess small values. NaOH, HCI,
are strong = electrolytes while
NH, OH, CH;COOH, (NH, ), CO3,HCN etc., are weak

Degree ofi mmsatlon
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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 4B.

. ; == A" +B”
Initial concentration ¢ 0 0
Conc. at equilibrium C(1 - o) Co Ca

where, a is the degree of dissociation
_[4*]IB"]_CaxCa Cxo?
~ [4B] C(l-a) (-a)
K is termed ionisation constant. For a weak electrolyte, the
value of o is very small in comparison to 1. Thus, 1- o — 1.-

2 - [E
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K ; is termed solubility product. For a general equation,
A,B, ==x4”" + yB*~
K, =[A""T[B* ) _

Thus, solubility product is defined as the product of
concentrations of 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.

- 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 Agl, PbSO,,BaSO,, Pbl,, etc., which are

considered to be insoluble do possess solubility It is assumed
that whole of the dissolved. electrolyte is present in the form of
ions. .

K=Co~ or o= \IF ofF  G= VKV

I

Where, V is the volume contammg one mole of electrolyte

The degree of dissociation of a weak electrolyte is
proporuonal to the square root of dilution. It increases as V'
increases and approaches to one at high dilution.

‘This law. holds good for weak electrolytes. In the.case.of ac1ds,: :

ionisation constant is represented as K , and in case of bases K ;.
Polybasic acids ionise stepwise and each step has its own
ionisation constant. _

For example, H, PO, ionises in three steps:

StepI: .  H,PO, ==H' + H,PO;; K,
T 2H T T po,
StepII:  H,PO; =—H' +HPOZ; K, = [H' J[HPO}
‘ [H,PO; ]
? T+ 3-
StepIll: HPO} ——H"+PO}; K, = [H ][P?4
5 -7 [EPO*
CH;PO, ==3H' ¥PO}
_ K=K, xK, xK,
Generally, K, >K,>K,

3. Common ion effect: The degree of d1ssoc1at10n of a
weak electrolyte is suppressed by the presence of another
electrolyte (strong) contammg 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 equ111br1a exist in solution. It can be represented
as:

AB —= AB — A" +B"

Solid Unionised Y
(dissolved) lons
_[4%][B7]
[4B]

In saturated solution, the value of [4B] is fixed at a definite
temperature.

Thus, - K[AB] =[4*][B"]

-

¢
= K (constant)

_H'm,PO;]

4, XBy =xd4”"F B
’ xS y.S‘
Let *S” mol per litre be solubility of the salt; then
. Ks=[Ay+]x[Bx—]y

LE (-XS )x,(yS)’Yt e e e

=x y? (SY Y
(a 1:1 type salts such as AgCl, Agl, BaSO,,PbSO,,etc.
K,=S% or- S =JK,

(b) 1:20r2:1 type salts such as s Ag,CO;, Ag,CrO,,
~ Pbl,,CaF,, etc. o

K,=8x(28)* =48

s=ifKs
. 4

() 1:3 type salts such as All; , Fe(OH), ; efc.

- K, =8x(35) =278* . A
: sodKs
27 7
The presence of common ion affects the solubility of salt. Let
C be the concentration of strong electrolyte containing dommon
ion and new solubility of salt be S”. For an electrolyte, 4B,

S?=K,=8"(8'+C)

Applications of Solublilty Product and Common ion

Effect

(i) Purification of common salt

(ii) Salting out of soap. :
(iif) Precipitation of the sulphides of group (II) and (IV)
“(iv) Precipitation of the hydroxides of group (III).

(v) Using excess of precipitating agent in gravnnetnc
estimations. .

(vi) Predicting precipitation in ionic reactions.
S. Acids and Bases: Three important concepts are:

(D Arrhenius concept: All substances which furnish H*
ions when dissolved in water are called acids while those which
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1omse in water to furnish OH ions are called bases Actually free |

H"* ions do not exist in water. They combine with water to form

~ hydronium ions (H30 ). The reaction between an acid and a

base'is termed as neutrahsatlon

All aqueous solutions . contain both H' and OH ions.
However,; their relatwe amounts are drfferent in drfferent
solutions. ‘ :

" H* >0OH~ —solution will be acidic
H* <OH~ —solution will be basic
H" =0OH™ —solution will be neutral

(i) Bronsted-Lowry concept: Any molecule, cation of
anion, which provides proton to any other substance is known as

an acid and any molecule, cation or anion, which can accept -

proton ﬁom any other substance is known as base. Conjugate

G.R. B PHysICAL CHEMISTRY FOR COMF’ET!T!ONS

:_degree of dmsomanon The re,atlve‘ strength is generally

compared in terms of degree of dlssocmtlon of equimolar
solutions. - »

Strength of acid I ozl‘ K

Strength of acid Il '&t,” YK,

az . .
The strength of the base depends upon OH ion concentranon
Strength of base I _Og Ky
_ Strength of base II o 2

,K b
7 Neutrahsatlon The neutrahsanon is the mteracnon of
* ions furnished by an acid and OH™ions furnished by a base
or a reaction between acid and base to form salt and water is
termed neutralisation.

Salts are regarded as compounds made up of posmve and

ot

. niegative ions. The positive part comes from a base and negative

part comes from an .acid. The salts are generally 'cry'stallme

CH,COOH = CH,C00~ .

Acid  +H* . Base - .
T NH

7 NH3 -
~H" Acid

. Base

In a conjugate palr if acid is strong, the base will be weak and
vzce—versa The substances which possess dual nature are termed

amphiprotic: such as H,Oand NH;. The acid-base reaction

involves two conjugate pairs.
: Ac'idl‘+'sas¢2 T Acid, + Base1 :

- Conjugate pair "

Conjugate pair -

Thiis concept fails to explam reactions between non-pronc
acids and bases.

(iii) Lewis concept: - Abase 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 nucleophile and acid is an electrophile. All Lewis bases

are Bronsted bases but all Lewis acids are niot 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 simple
anions and molecules. having one’ or more lone pairs of electrons

can act as Lewis bases.

Arrhenius concept is most- sunple and explams satlsfactorlly
reactions in aqueous solutions,

6. Relative strength of aclds and hases. The' extent to
which an acid property. is gwen by an acid is a measure of its
strength The strength of the a ld\ solution does not depend on its
concentration but on the number of H ions present. On dilution,
as the nurnber of H i lons mcreases the strength of'an acid also
increases. ‘At mﬁmte 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 their

—solids.~These are classified into the" following classes:

(i) Simple salts: The salts formed by neutrahsatlon process

 are of three types:

(a) Normal salts are- salts formed by the replacement of all

replaceable hydrogen atoms at H' ions. Examples are NaCl
KNO;,CuSO,,l ,FeSO,,etc: it

“(b) Acid salts are formed by mcomplete neutrahsatlon of

(c) Basw salts are salts formed by mcomplete neutralisation
of polyacidic. bases Examples -are: Zn(OH)Cl Mg(OH)Cl
Fe(OH), Clretc.” :

- (i) Double salts are the addmon compounds formed by

* combination of two or more simple salts. Such salts are stable in

solid state only. ‘Examples are FeSO, - (NH, ), 80, -6H;0,

K, S0, - Al,(80,);-24H,0, etc. These salts when dlssolved in

water furnish all the ions present in simple salts. - :
(iif). Complex salts are the salis. formed by combmanon of

~ simple salts or molecular compounds “These are stable in solid
- state. On drssolvmg in water they fum1sh at least one complex

ion.
Examples are. K4Fe(CN)5‘, [Cu(NH3 )4]804‘ yete.
(iv) Mixed salts furnish more than one cation or more than
one anion when dissolved in water. Examples are:
oct

Ca< "

'—->SO4 ‘,.eto.
Cl K*

8. lIonic product of water: Pure water is a weak
electrolyte and is very slightly dissociated into hydrogen and
hydroxyl ions.

' H,0—=H"+OH"
_[H"][OH"]
[H,0]

[H, O} can be taken as constant.

K[H,0]=[H"][OH  ]=K,,

polybasxc aolds Examples are NaHC()3 ,NaI{SO4,N32}IPO4,
-efc. ,
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- K, 1s constant and knewn as 1on1c product of water Its value ‘
1s 1>< 10"14 at 25°C The value mcreases with mcreases of

-temperature Smee water 1s neutral {H 1= [OH'j S
o [HI-[0H =107
When [H+]>{0H'] the solutton is ac1d1c7v o
Slmllarly, When [H ]<[0H‘] the solutlon Vsb ic. m nature

Every aqueous solutron whether acxdtc neutra “r.basw eontams_ S
ir ‘coticentrations: ist oo

both H'-and OH"
always 1>< 10'14 at 25° C If ene mcreases, the oth deereases

‘[‘H‘;]";«-i'—l 3 émd,; [OH*.]'Q_-'

[OH]. T [H*‘] A

9 pH scale' Thrs has been devtsed by Sorensen 1n 1909

£ 20
[BOH][H ] Cthk Ch° ~CH2

- (if h is small)
(81 CU=h (-h) |

/logC :

pH= APK ~ YK, 5
11, Summary pH of. mlxtures of acids and bases:

" Let ‘x’ meq of a(:1d (HAY and <y meq 'of base (BOH) be mlxed

meq =NV ml; N =M xamdlty or basmlty

- kconcentratlon

pH is thus loganthm of the remprocal of hydrogen jon

Slrmlarly, , pQH T log[OH'] Tog [Ol

H]
pH+ pOH 14

Lilnntations of pH scale: pH values do not give any

' 'immedrate idea about the relative strengths of the solution. pH'

: vaIue -is Zero. for I N- solution-of strong-acid: Incase 6f 2N, 3 N4

- N, ete., soluttons pH values- are negatlve A solution of an acld.

havmg very low. concentration; say 10 A cannot have pH 8 as
shown by pH formula but the actual pH value will be Iess than’ 7.

10, Hydrolysis. 1t is the interaction of i ions of a salt. with S
‘ water to give acidic, basic or neutral. solution; It is found in.the-" - -~ *
saits of weak acids and strong- bases in salts.of strong ac1ds and- -

' weak ‘bases and in-salts- of weak -acids and weak bases. Thef"
process of hydrolysm is actually the reverse of neutrahsatlon e "

Salt + Water t-—Aetd A+ Base :

If amd is’ stronger than base, the solutton i actdtc and m case L
base is stronger than acid, ‘the solution is ‘alkaling, ‘When both - -

acid and base are elther strong or weak the solutton is gener‘ally' g i salt of weak aci d and strong base. - There will be hydroly51s pH

: i afterh drol sis may be calculated as: .
- Salt of a strong: acid: and a weak base' The Solutlontof y o 4

neutral in nature. . j,

such asaltis acrdte m nature The cauon of the salt is reactlve ;
reacts w1th water

- B* +H20—-—>'B0H +H*‘ L
ca h) . e :

Weak hase

The extent to- whlch hydrolysxs proceeds 1s expressed ‘as.

degree of hydrolysrs Ttis denotedas horx. "
Amotmt of salt hydrolysed

Total salt taken

Let C be the coneentranon of salt and h be the degree of
hydrolysrs

" -Casel. . Strong acid and strong base
. (a)’ When x = y, then there will be complete neutrahsatton, the
solution will then be neutral with pH=17. :

(b) Whenx > 7, then acid will remain aﬁer neutralisation.

‘ meq of remammg acui (x y)

B G
VmL o
X
[H ]Strong acid "‘N (V mIJj)

H‘-"'].o 8 e e .

(c) When y> X, then base wtli remaln after neutrahzatxon
. meq ofremammgbase (y x) ’
U (y—X) ,
@A) U
'V mL .

[OH ]Stmng base LNb‘:'

(y )V |
OH- Io ; H= 14 OH
p | gm[V: L p p

Case lI Strang base: and weak acid
(a) Ifx= y, then’ affer eomplete neutralisation there will be

| %‘[pK +pf< +long]

iy (b) ‘If X > y, then wea.k amd w1ll be in excess K

‘ Weak acid = (x — y)meq
' : , Salt=ymeq : :
The resultant solutlon w111 be ac1d buﬁfer ‘its pH may be

S calculated as:

[Salt]
[Acid]

pH;—'vaK 4 +log

Conc. should be taken in mol litre ™!

PRI
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(c) When y> x, then excess of strong base will remain after
neutralisation. Remaining base = (y — x)meq

N, =270 o
Strong ¥V mL
y—Xx
OH= - lo
P gml:VmL]

Case IIl. Strong acid and weak base

(a) When x = y, there will be salt formation after complete
neutralisation. Salt of weak base and strong base will undergo
nydrolysis. pH after hydmlysxs may be calculated as:

> [pK o« ~logy C]

C= Conc of salt in mol litre™".

Salt =x meq-
Salt and base cone. should be taken in mol litre
Case IV. Weak acid and weak base
(a) When x= y, there will complete neutralisation forming

salt of weak acid and weak base. pH after salt hydrolysm may be
calculated as:

-1

pH——[pK +pK - pKy ]

(b) When x> y, weak acid will remain after neutrahsatlon
the mixture of weak acid and salt behaves as acid buffer.

(¢) When y>ux, then weak base will remain after salt
formation; the mixture thus behaves as base buffer.

12. Acid-base indicators: In acid-base titrations, organic
substances (weak acids or weak bases) are generally used as

imdicators: They clranget

(b) When x>y, then strong ac1d will remain after

neutralisation. Methyl orangeé -~ pH range 3. 2—- 475 Pink to yellow -
,R@@mmg ,act,dé(x—f y)meq. - Methyl red _pHrange4.4-65 Redtoyellow
Phenolphthalein ~ pH range 8.3 -10.5 Colourless to pink
g ( ) [H"'] Two theories have been proposed to explain the change of
Strong V mL colcur of these acid-base mdlcators These theories are:

o
pH g10 V mL

(c) When y>x, then weak base will remain after salt
formation; the resultant mixture will be, therefore, base buffer.

‘14— pH=pOH= pr +10g10 15alt]
[Base]

Remaining base =(y - x) meq

“(a) Ostwald’s theory R G X Quinonoid théory
The suitable indicators for the following titrations are:

(i) Strong acid versus strong base—Phenolphthalem, 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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1 (a) Mentlon conjugate base of each of the followmg
HS™, H,07, H2PO4, HSO4, HF CH,;COOH, C¢H,OH,
HClO4 , NH

(b) Mention the conjugate acid of each of the following:
OH, CH,COO™, CI, CO3 , H,POy, CH3NH2,
CH;COOH, NH,

(c) Which of the following behave both as Bronsted acids as
well as Bronsted bases?

H,0,HCO;3, H,80,,H,P0,,HS™, NH,

(d) Which is stronger acid in each of the following pairs?
HC], HI; H,CO,, H,S0,; H,0, H,S; C;H;OH, C,H;OH;
Nat K*

[C] Match the Llst-I w1th List-II:

(p) PH,
(@ [AI(H,0),OH"
@ (CH%B
(s) H,0"

(@) Lewis acid
(b) Lewis base
(c) Conjugate acid
(d) Conjugate'base

4. Matrix-Matchimg Problims o TN Avgiiants)):
[A] Match the List-I with List-II:

BEE 0% GO

3.

(e) Which is stronger base in each of the following pairs?
OH-, CI7; QH, NH,; OHC, CH,CO0~; CH,COOQ™, CI”; - B
NH,, CH,NH, (a) H;PO, (p) Monobasic
. (f) . Classify the following into a01ds and bases according to (b) H,PO,- (q) Dibasic
Lew1s concept: - ) ¢} H.PO ' Tribasi
s, H', O, BF3, N12+ NFG, A1C13, SnCl,, NH;, (¢) H;PO, (@) Tribasic
3 .
(CH3 »0 (d) H;BO, (s) sp’-hybrid state

2 Predict whether the £0110w1ng‘substances will give acidic,
basic or neutral solutlon'7 :

() K,CO0, (i) NaCl (i) ;Fec13
(iv) CuSO, (v)  AICl, (vi) NH,CI,
(vii) CH;COONH, (viii) NaCN (ix) ~ Na,S

(x)  NayB,0,
[A] Match the List-I with List-II:

e ‘-L_is't'-‘l" ~

(a) Salt of strong a01d and (p) 1
strong base

(b) Salt of weak acidand (q) 1
strong base -

[pK +pK, — pK,]
S [PK,, +pK, + log C]

(c¢) Saltof weak baseand (r) 1

‘Strong acid E [pKw - pr - lOg C]
(d) Saltof weak acidand (s) |
: > —pK,,
weak base ~ 2 ;
[B] Match the List-I w1th List-1I:
. ListT CListIl
(Indlcator) - (pH range). ..
: (a) Phenolphthalem {p) 42-63
~ (b) Litmwus (@ 3.1-44
.(c) Methyl red (r) 83-10.0

(d) Methyl orange (s) 5.0-8.0

[B] Match the List-I with List-II:

(2) Phenolphthalein
(h) - Phenol red

~ (c) Bromo cresol green
(d) Methyl orange

(p) NaOH + HCI
(@ H,S0, + NH,0H

(r) - CH;COOH + NH,OH
(s) KOH+H,S0,

[C] Match the acid/base in List-I with their nature in List-II:

" (a) HSO; (o) Lewisacid

" (b) B, (@) Lewisbase

(c) NH, () ‘Bronsted acid

(d OH" ~ (s) Bronsted base
[Note: . . Consider the normal behaviour of species.]
[D] Match the Column I w1th Column-II

Colnnm -l i Cidimm-m
“(Salg) MM

(a) Zirconium phosphate (p) 278*

(b) Aluminium phosphate  (q) 108 §°

(/c) " Calcium phosphate ©® 691257

-(d) Sodium phosphate () §?
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[E] Match the Column-1 with Column-II:. .

(Salt) (Nature of
(a) NH,CN " (p) Only cation hydrolysis
(b) CH,COONa (q) Only anion hydrolysis
{c) NaClO, (r) Both cation and anion

hydrolysis

(d) Fe(NO;), {s) No hydrolysis

GR.B. PHYSICAL CHEMISTRY FOR COMPETITIONS

[F] Match the Column-I with Column-II:

" Columa-¥ Column-T1
(Titration) (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 .

(@) " TH;0,HPO SO, F, CH;C00 , C;H;0

2. Acidict FgCly, CuSO,, AICL, NH,Cl

2

Lo

Cl0;, NH,
(b) H,0, CH,COOH, HCl, HCO;, H,PO,, CH,NHj,
CH,COOH} , NH,

V(c) H,0, HCO; , HS™ and NH, behave both as acids and bases.
(d) HI>HCl; H,S0, >H,C0;; H,S > H,0;

C¢H;OH > C,H,OH; Na* >K"
() OH™ >CL;NH, >OH"; OH ™ > CH,CO0";

CH,COO0™ >CI; CH;NH, >NH,
(f) Lewis acids: H', BE;, Ni**, AICl,, SnCl,

Lewis bases: 8, OH™, NF,, NH;, (CHj ),0

Lol

Basic: K,CO;, NaCN, Na,8S, Na,B,0,

Neutral: NaCl, CH,COONH,

[A] (a-5), (b—g), (c-1), (d-)

[Bj (a-1), (b-s), (c-p), (d-q)

[C] (a-1), (b-p), (c-5). (d-9) -
[A] (a__n S), (b—q, S):"(C;D; S), (d—p) O
[BI (a—p,5), (b-1), (c—q), (d-p, 5, Q)

[C] (a1, 5), (b-p), (c-q, 5), (44, 5)

[D] (a-1), (b-s), (c-q); (d—p)

[E] (a-1), (b—q), (c-s), (d-p)

[F] (a'—pn 9, I), (b_r)> (C*'p, q): (d—S)

Calculate the degree of ionisation of 0.1 M acetic acid. The
dissociation constant of acetic acid is 1.8 X 107

[Ane. a=134%x107%

Calculate the concentration of OH ™ ions of 0.01 M NH,OH
solution. The equilibrium constant of NH,OH is 1.8 X 1075,
[Ane. 424 X107 mol L]

At 15°C, 0.05 N solution of a weak monobasic acid is 3.5%
ionised. Calculate the ionisation constant of acid.

[Ans, 6.125x107]

0.02 M solution of NH,OH is 3% dissociated. Calculate the
dissociation constant of NH,OH.

[ine 1.8x107%

A solution contains 0.4 A/ CH,COOH and 0.2 M CH,COONa.
Calculate the concentration of H* ions. The ionisation constant
of acetic acid is 1.8 x 107°.

[Ans. 3.6x%107° mol L]

The dissociation constant of hydrocyanic acid (HCN) is
4 x 1078, Calculate the H* ion c011cer}tre}tjot; of 0.01 M HCN
solytion, ' .

[ 2x107° mol L]

<~ PRACTICE PROBLEMS ®

1.

“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 K in 0.001 M solution.

fAns. 0.114]

Caleulate K, for a dibasic acid if its concentration is 0.05 N
and hydrogen ion concentration is 1x 107 mol L.

[Ans. 2x107¥

[Hint: Conc=0025M,[H ]=2C x 0 =1x1073,
ie,a=002K,=4xC*xa’]

K, for HC,H,0, is 1.8 x 107°. What concentration of the acid
must be taken so that it is 1% dissociated?

[Ans  0.18mol L™

Calculate the degrec of ionisation and hydroxyl ion
concentration in 0.2 M NH, solution. (K, =185x107°
at 298 K)

[Ans. a=0962x107 [OH ]=1.924 x 107 M]

The dissociation constant of acetic acid at 18°Cis 1.8 x 107,
Calculate the pH of 0.1 N and 0.001 N solution of acetic acid.
[ane 2.873,3.726]
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12. Calculate the approximate pH of 0.1 M aqueous H, S solution. 24. What happens to the pH of 500 mL of a solution that is 0.1
K, and K, for H,S are 1.0x 1077 and'1.3 x 10” 13 respectively molar in sodium acetate and 0.1 molar in acetic acid when 10
at 25°C. mb. of 0,1 M sodium hydroxide is added?

[Ans. pH=4] [Ans. pH=4.7447 and pH will increase]
) e . 4
[Hint: Sgcond ‘dlssomatlen constant is very anall- H" ion 25. What ratio of acetic acid to sodium acetate concentration is
concentration mainly depe’r(lds on the first dissociation constant. needed to achieve a buffer whose pH is 5.70? The dissociation
H, ‘:\] H" +HS™] constant of acetic acid is 1.8 X 1075,

13. The pH of a soft drink is 4.4. Calculate [H;0" ] and [OH ] of lAns. 1:9]
the drink. 26. Find the concentration of H™, HCO; and'CO%’ ina 00l M
[Ans. 3.98x107° mol L'}, 2.5 x107'% mol L™ solution of carbonic acid if the pH of the solution is 4.18,

14. Calculate the pH of 2 0.001 M solution of Sr(OH), assuming it K, =445x107,K, = 469x107".
to be completely ionised. [Ans. [H'1=6.61x107 M,[HCO;]=6.73 x107 M.

[Ans., 11.301] 29 -1 -1
(Hint:  ST(OH), == Sr?* + 20H"; [CO2 1=4.78 x 107" mol L]
O }=2-%-0:001=0002-M] FH-HHEO5
) [Him. K ="————2=445x10"
15 The-value-of K, —is—9:55¢] 1071%atacertain- ‘temperature: T ‘ LH;€93 i
Calculate the pH of water at this temperature. ‘- [ jcor] 69 >< IO'Ii ‘ ,
{Ans. 6.51] 2—_—_[HC05] = 4. Sy
int: K, =[H" JJOH ], So,[H" ]= /K,
[Hint: K, =[HJOH], So, [H'] ] [H' = 6.61x 10" M, [H,CO4 1= 0.01 M
16. 9.8 g of H,80, is present in 500 mL of the solution. Calculate _ s > i 4
[HCO;1=6.73x 107 M,[COT 1=4.78 x 107" mol L'}
the pH of the solution. . e : e
[Ans. 0.3979] 27. What will be the pH value of a solution of 500 mL containing
17. ThepH of a 0.1 M solution of an organic acid is 4.0. Calculate 5 g acetic acid and 7.2 g of sodium acetate? K, =1.8% 107 at
the dissociation constant of the acid. 25°C.
[Ans. 1x107] [Ans. 482]
18. Calculate [H,0"],[OH" ] and pH of 0.2 M solution of HCN. 28. The concentration of HCN and NaCN in a solution is 0.01 M
’ K =72 10_,0’ each. Calculate the concentration of hydrogen and hydroxyl
(K, =72x ) ions if the dissociation constant of HCN is 7.2 107,
[Ans. [H;0']=12x107 mol L', [OH ]=8.33 %107 mol (LT 1991)
-l yr v
L™, pH=4.92] [Ans. [H'1=72x107° A [OH ]=14 x 107 M]
19, Calculate pH of 0.002 M CH,COOH if it is 2.3% ionised at
. [Salf]
this concentration. [Hint: pH=log [Acid] -logK, =~log[H"]]
[Ans. 4.34] , buff foH=9 |

20. Calculate the pH of the solution obtained by mixing 150 mL 29. A buffer solution of pH=9 is to be prepared by mixing
of 0.2 M HCl and 150 mL of 0.1 A NaOH. NH,Cland NH,OH. Calculate the number of moles of NH,Cl
[Ans. 1.30] that should be added to one litre of 1.0 A NH,OH solution.

-5

21. pHofa0.1 MHCN solution is 5.2. What s the value of X, for (K =1.8x107) (MLNR 1991)
the acid? [Ans, 1.8 mole] ’

[Ans. 3.97x1071%] 3¢, Calculate the amount of (NH, ), SO, which must be added to

22. The pH of a solution of B(OH), is 10.6. Calculate the 500 mL 0f 0.200 ﬁ{ NH; m}”dd asolution of pH 9.35. (K, for
solubility and solubility product of hydroxide. NH; = 1.78x107) (MLNR 1992)
[Hint: pOH =3.4,[OH" ]=3.98 x 10" mol L™* - [Ans. 10494 ] . .

. ~ 4 - 31. Calculate the pH of the buffer containing 1.0 mol L™ of weak
Solubility = J5{OH"}=1.99 x 10" mol L acid H4 and 0.1 mol L™ of its sodium salt Na4 assuming X,
K, =[B*JOH *=3.15x107"] to be 1076, (Dhanbzd 1993)
23, Calculate the pH of a solution: [Ans. pH=3]

(i) containing 2 g of sodium hydroxide in one litre;

(i) made by mixing 50 mL of 0.01 M Ba(OH), so lution with
50 mL water.

[Ans. () pH=127, (i) pH = 12]

Calculate K ; for a base whose 0.1 M solution has pH of 10.5.
[Ans. 107°]

What is the maximum pH of a solution 0.10 # in Mg*" from
which Mg(OH), will not precipitate? Given, K i, [Mg(OH), ]
=12x107""

[Ans. pH=94]
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34,

35.

36.

A solution of HCI. has a pH = 5. If one mL of it is diluted to 1
litre, what will be the pH of the resulting solution?

[Ans. pH 6.9586]
[Hint: pH=5,[H"]= 10" M. After dllutlon—%{g—zd =107 M
C[HT]=10" + 107
=1ix 107’
pH=—log[H' ]=-log 1.1x 1077 = 6.9586]

Calculate the pH of the solution obtained by mixing 10 mL of
0.1 M HCl and 40 mL of 0.2 M H,80,.
[Ans. pH =0.4685]

10x 0.1+ 40x 0.4
int: [H' ="l T
[Hint: [H" ] m

_The degree of dissociation of a weak electrolyte in 0.1 M

=0.34]

41.

42.

GR.B. PHYSICAL CHEMISTRY FOR COMPETITIONS

[Ans.
[Hint:

9.45]
" Total volume =50+ 40+ 10 =100 mL

Molarity of NH, = 2223% ~ ¢ 25, -

0.4 x 40

Molarity of NH,Cl = =0.16]

pK , value of acetic acid is 4.76 at room temperature. How will
you obtain buffers of 4.40 and 5.40 pH values from acetic acid
and sodium acetate?

[Ans Acetzte — 0.4365 ang AcCaIE

=4.364]
cid

Caleulate the ratio of pH of a solution containing 1 mole of.
CH;COONa + Imole of HCl per litre and of the other solution
containing 1 mole of CH;COONa + 1 mole of CH,COOH per
litre.

[Hint: 1st case: CH,COONa + HCl — CH,COOH + NaCl

37.

38.

39,

40.

The degree of dissociation of water is 1.8 % 107 at 298 K.

. Calculate the ionisation constant and ionic product of water at
298 K.

1000

[Hint: H,0==H"+ OH, [Hzo]— ST 55.56 mol L™,

[H"]=[OH ]=C x o= 55.56 x 1.8 x 107

_[H"]J[OH” 1_ 55.56x 1.8% 1070 x 55. 56x13x10‘9
“ H0] 55.56
=18x107%

=[H"J[OH ]=(55.56 X 1.8 x 1077)* = 1x 107]

One litre of a buffer solution is prepared by dissolving 0.6
mole of NH, and 0.4 mole of NH,ClL What is the pH of the
solution? For NHy, K, = 1.8 x 107,
(1) What is the pH of the buffer after addition of 0.1 mole
of HC1?

(ii) What is the pH of the buffer after addition of 0.1 mole
of NaOH?

[Ans. 94314 (i) 9.2553 (i) 9.6233]

One litre of a buffer contains 40 g of NH,Cl and 20 g of NH;.
Calculate the pH of the solution. K,(NH;)=18x 107 at
298 K.

[Ans. 9.452 ]

A buffer solution is prepared by mixing 50 mL of 0.5 molar

ammonia solution, 40 mL of 0.4 molar NH,Cl solution and 10
ml of distilled water. Calculate the pH of the buffer.

K,(NH;)=1.8x 107 at 208 K.

44,

45,

46.

47.

48.

49,

-1.8% 107 and 4.2x 1071°

¢ aqueous solution is 0.0114 at 298 K. Calculate the degree of _ : mele
dissociation- of the same electrolyte at 298 K in 0.001 M pH, =_l»10g K,
solution. 2 B
{Ans. 0.114] : 2ndcase:  pH, =-log K, + log [Ei\ ld]] =-log K,
. 1 : .
| [Hmt. s propomonal to\(~ BIZI_L 1 : ”
C’ 0 OG sz 2 N . Cen e e e e ——— t o wne RV
o o1 =01 43, Calculate the composition of an acidic buffer solution
0.0114 (H4 + Na4) of total molarity 0.29 having pH= 4.4 and
CLLLS Y K,=18x10"
0.1 0.1 a = .

[Ans. [Sali]=0.09 M; [Acid] = 0.20 M]
_ [Salt]
t: pH=-logK, +1
[Hin 08 Ra T OB T ] [ACId]
=—logK, + log—2—
) 357 o)

Calculate the pH of a solution obtained by mixing 100 mlL of

an acid of pH = 3 and 400 mL solution of pH = ]

[Ans. 1.096]

The solubility product of AgCl in water is 1.5x 1071°,

Calculate its solubility in 0.01 M NaCl agueous solution.
(IIT 1995)

[Ans. 1.5x107% mol L' :

Calculate the pH of a 0.02 M aqueous solution of NH,CI?

Given, pKyyon = 4.73.

[Ans.  3.78]

Determine the pH value of 0.1 M aqueous solution of

ammonium cyanide (pK , = 9.04, pK » = 4.73).

[Ans, 9.15]

Calculate the pH of a 0.2 M solution of strychnine

hydrochloride. (K, = 1x 1077)

[Ans. 3.8494]

The dissociation constants of acetic acid and aniline are

respectively. What is the degree of

hydrolysis of aqueous aniline acetate? What is the pH of the

solution?

[Ans. 0.5348, pH = 4.684]



50.

IONIC EQUILIBRIUM

A weak acid HA after treatment with 12 mL of 0.1 M strong [Hint: CH,O™ + H,0 —= CH,OH+ OH"

base has a pH of 5. At the end point, the volume of the same 0.001 ~x) x ¥

base required 1s 26.6 mi.. Calculate the X, of the acid. K, 2

- V Ky="2=1x10"=—r

[Ans. 8219 x10 ] _ Tk, ~ (0.001 - x)

[Hint:  Applying “:éi’g = “; ;:; 2+ 1x 107 —1x107 = 0,x = 2.7 x 107, pOH = 3.57]
=266 x 01 60. The dissociation constants of m-nitrobenzoic acid and acetic
= 2.66 meq. acid are 36.0 x 107 and 1.8 x 107° respectively. What are their

HA + BOH ==B4 + H,0 relative strengths?
266 1.2 0 0 [Ans. 4.47:1]
After the reaction 1.46 0 12 1.2 61. Calculate the degree of hydrolysis of 0.10 solution of KCN.
Applying Henderson’s equation, Dissociation constant of HCN=72x10"" at 25°C and
= ~14
~ log [Sa?t] K, ] K,=10x10"
[Acid] [Ans. 1.18x107%
51. K, for HCN is 1.4 x 107 Calculate for 0.01 N KCN 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
() [OH Jand [CN7] 1m this solution so that anilinium ion concentration remains at
-8
[Ans. (a) 2.67 x 107 (b) 2,67 107 9,73 x 1073 () 10.4265] (Ka for C,;HSNTI}“ =24x107° M) (1I'T 1996)
52, What is the H" ion concentration in ammonium acetate [Ans. 0.01 M]
solution? 63. What is the pH of a0.50 M aqueous NaCN solution? pX, of
K =T8% 107K =18x 107 and K, = 1.0x 107 CENis470. (1T 1996)

[Ans. 1.0x1077] [Ans. pH=11.5]

53. A 40 ml. sample of 0.1 M solution of nitric acid is added to 20 64. Calculate the pH of an aqueous solution of 1 M ammonium
mL of 0.3 M aqueous ammonia. What is the pH of the resulting - formate, assuming complete dissociation.
solution? Given, X ;, for ammonia =1.8 x 107, (pK, =3.8,pK, = 4.8) (1T 1995)
[Ans. 8.95] [Ans. 6.5]
54. Calculate the pH of 0.1 M solution of NH,OCN. X , for NH; is [Hint: Use; pH = 1 [pK, - pK}, + pK, ]

1.75% 107 and K, for HOCN is 33 x 107, 2 .

[Ans. 6.36] 65. Calculate the hydrolysis constant of the salt containing NO;
55. Which of the two solutions 0.1 M HCN (X, = 4 x 107"%)and ions. Given, K, for HNO, =4.5% 107", " (MLNR 1996)

0.1 M HF (K, =67x10™) will have greater degree of [Ans. 22x107]

jonisation and to what extent? 66. Aniline is an amine that is used to manufacture dyes, It is

[ Ans. HF will have greater degree of dissociation. isolated as aniline hydrochloride [C;HNH;1CL, a salt of

o (HF) aniline and HCI. Calculate the pH of 0.233 M solution of
L HON) 1294 ] aniline.
. [K, = (aniline) = 4.6 x 107 ]
56. Calculate the pH of a solution prepared by mixing 100.0 mL of A

0.4 M HCI with 100.0 mL of 0.4 MNH3 Hydrolysis constant [Ans. 2.64]

of ammonium chloride is 5.6 x 10-"° 67. Calculate the pH of a 0.1 M solution of .MCI3 that dissolves to

give hydrated aluminium ion [AI(H;,O){,] in solution.

[Ans. pH = 4.96] (K, =14x107%)

57. C?;guggab;he per cent hydrolysis in 0.003 A aqueous solution [Ans. 2.9
o1 Na ; Hint: Consider the equilibrium:
=333% 10°* (11T 1996) [ q :
(K, for HOCN=333x 107" M) [AI(H,0)1* + H,0 == H,0" + [AI(H,0)s(OH)} |
[Ans.0.01%] 68. Calculate th t of NH, and NH,Cl required ¢
58. What is the [OH'] in a 0.01 M solutlon of aniline - Lalculate fa amount of N an st requirec o preparle a
hydrochloride? X , for amlme is 4.0% 1071 buffer solution of pH, when total concentration of buffering

[Ans. 20107 M) reagents is 0.6 mol litre™, pK , for NH; = 4.7, log 4 2 = 0.30.

[Hint: CJHNH] + H,0 = CHNH, + H30"§ (FT 1597)
5 (;}101 ) herolate N [Ans. [Salt] = 04 M, [Base]= 0.2 M] .
. Calculate the pH of 1.0x 107 M sodmmp eno ate NaOC Hs. 69. The solubility product of AgCl in water is 1.5 x 10™° at 18°C,

K, for C¢H;OH is 1x 10717,
[Ans. pH =10.43]

Calculate its solubility at the same temperature.
[Ams. 175x107° gL™!]
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The solubility product of AgBr is 4x10™® and the
concentration of Ag* ions in it is 1x 107 mol L', What is
concentration of Br™ ions?

[ABS. 4%107 mol L]

81.

[Ans. Both the ions will be precipitated as ionic products
exceed the solubility products of both the sulphides.]

An acid type indicator, HIn, differs in colour from its
conjugate base In~. The human eye is sensitive to colour

71. A sample of hard water contains 0.005 mole of CaCl, per litre. differences only when the ratio [In "]/ [HIn] is greater than 10
What is the minimum concentration of Na, SO, which must be or smaller than 0.1. What should be the minimum change in
exceeded for removing calcium ions from this water solution? pH of solution to observe a complete colour change?
The solubility product of CaSO, is 2.4 x 107 (K, =10") (1T 1997)
[ARs. 4.8 107 mol '] [Ans. 2]

72. Solubility of AgCl at 20°C is 1.435x 107 g L' . Calculate {Hint:  For calculation of pH we can use following relation:
the solubility_product of AgCL = pK, + log 10 [In™]

[Ans. 1% 1074 [Hin]

73. Given, that the solubility product of radium sulphate (RaSO,) (i) pH=5+log,; 10=6
is 4 x 1071, Calculate its solubility in: GiypH=35+log,; 0.1=4
(a)-pure-water Thus, minimum pH change will be 2.]

(b)_0.10-M Na, SO, (Dhanhad 1992) 82. A sample of AgCl was treated with 5 mL of 1.5 M Na,CO,
[ARS. (a) 632X 10’6 mol L (b) 4 x1071° mol L1 solution to give Ag,CO;. The remaining solution contained

74. Calculate the solubility of AgCl in 0.20 M AgNO;. K, AgCl 0.0026 g CI” per litre. Cal_czlzlate the solubility product of AgCL
is 1% 107, (K AgCO; =82x1077) (IIT 1997)
Ams. 5%107° mol L] 0 [Ans. K, AgCl=171x 1077 -

75, The values of K., for sparingly soluble 4B and MB arc each - Calculate the simultaneous solubility of CaF, and StF,. K, for
equal to 4.0 X 107'8 Which salt is more soluble? the two salts are 4 x 107! and 2.8 x 107 respectively.

[ADS.  Solubility 4B =2 x 10"" Solubility MB,=1.0x107% [Ans. 1.25x107 and 875x 107
MB, is more soluble] 84. ‘The solubility product of Fe(OH), is 1 107, What is the

76. The solubility of CaSO, at 25°Cis 2,036 g L™ and degrce of minimum concentration of OH™ ions required to precipitate

dissociation of the saturated solution at this temperature is Fe(OH), from 0.001 M solution of FeCl; 7 - -
5225%. Compute K, for CaSO,. (Mol. mass of [Ans. 1x 107 mol LY
?{i(.)“ 211232}10_5] 85. The solubility product of AgClis 1.5x 107*°. Predict whether

"7, o . . there will be any precipitation by mixit}g 50 mL of 0.01 M
The concentration of the Ag* jon in a saturated solution of NaCl and 50 mL of 0.01 M AgNO, solution.

Ag,CrO, at 20°C is 1.5x 107 mol L™. Compute the [Ans.  Singe, ionic product (2.5 x 107) is greater than solubility
solubility product constant of Ag,CrO, at 2()° C. product, precipitation will occur.]
[4ns 1.7x 1077 86. A solution containing 0.1 M Zn>" and 001 M Cu® is

78. K, AgClis 2.8 1071 at 25°C. Calculate the solubility of saturated with H,S. The S~ concentration is 8.1x 107! M.
AgCl in (a) pure water (b) 0.1 M AgNO, (c) 0.1 M KCl and Will ZnS or CuS precipitate? ,

(d) 0.1 MKNO,;. (MLNR 1994) KpZnS=30x10" and K, CuS=80x10"

[Ans. (a) 16731 91'3 mol L' (b) 28x 1077 mof L' [ADS.  CuS precipitates]

() 2.8 107 mol L™ {d) No common ion is present, so treat it 87. The precipitate of M,S; is obtained on mixing equal volumes
like water 2.8 x 107 mol L] . . e s .

79. A solution is saturated with respect to strontium fluoride and of solutions S, having [M™ ]=4x 10" M and S, having
strontium carbonate. The fluoride ion concentration in the [S? }=2x 107* M. Calculate its solubility product.
solution is found to be 3.7 x 107 mol L. What is the value of [Ans. 4x107]

[coz’]? Hint: et | litre of both S, and S, be mixed; then their
K, Sty =79x 1 0% and Ky 57C0; =70 %1 g0 concentration 113 mixture will become half (M 7y = M,V5).
, [Ans 12%x107° mol L7'] [M™ §=2x 1074 M; [ 1=1x 107
(tine: Ko S1C0 _[8 3;1[0’*2*2‘; gc(3§‘2]1 KoMySy =[M* P[s" T
Ko St [SQIFT (R =[2x 104X 107 P =4 x 1077 &%)
80. A solution contains 0.01 mol L™ of each Pb>* und Zn’" iuns. The 88.

solution is saturated with H,S when [$*” ]is 1.0 x 107"* moi .
Predict which one of the two ions will be precipitated from the
solution? K, PbS =24 x 1077 and K, ZnS=1.0x 107",

Solubility products (K, ) of two salts AB and A,C are same

where, ‘4’ is mono cation and B and € are anions. Calculate
the ratio of their solubilities,

[Ans. (16 K, W3
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[Hint: Use; K, AB=x

Kg 4,C =4)] _
Calculate the pH of a sclution having 0.1 M formic acid and

=—logy/1.75 x 107 = 6.8785

pH = 7.1215]

0.2 M HC). Also find the concentration of all the anions 92. Tonic product of water (K, ) at two different temperatures
present in the solution. 25°C and 50°C are 1.08x107 and 5.474 x 107
[Ans. pH =0.6989,[OH ]=5x107"] respectively. Assuming AH of any reaction to be independent
90. Calculate the accurate pH of 5 x 10~ M formic acid solution. of temperature, calculate enthalpy of neutralisation of strong
K, (HCOOH) = 2 x 1074 acid with strong base.
[Ans. pH = 3.043] [Ans. 12.5 keal]
[Hint: Use the qufdzatlc equat+10n: (Hint: Use o K,, AH 11 :
[H' ]+ K,[H ]-CK,=0 ' g K, 2303R\T, T,
2 .
[t 1= Rat VKa +4CKs g 05 5 1074 93. The solubility product of Pbl, is 7.47x 10° at 15°C and
2 1.39 x 107 at 25°C. Calculate the molar heat of solution of Pbl,.
{On substifiting the values of C and ;) (&S, 44318 k¥/mol]
= - ¥ K N B
pH .loglo [H ] _ [Hint: log (—ﬂ'ﬁ = _AH [i - i]
— log, [905 X 107] Ky 2303R\T, T,
=3,043] [139%107] AH [ 11 ]
. 0 = -
91. Calculate the accurate pH of 5 x 1078 M pyridine solution. & [747x107°] 2.303x8.314 \ 288 298
e e qs _0 e I S e e il
K y(pyridine) = 1.5x 107, AH =44318.4 J = 44318 kJ / mol ]
[Ans. 7.1215] 04,

~

[Hint: Use; [OH ]*=CK, +K,,

[OH ]=4/5x 107 x 1.5 x 107 + 10™

= ,/1.75 x 107

pOH = —~log [OH™ ]

Given, a solution of acetic acid. How many times of the acid
concentration, acetate salt should be added to obtain a solution
withpH=77? )
K, for dissociation of CH;COOH=1.8 x 10>,
[BCECE (Mains) 2007}

[Ans. 1.799 x 107]

Set-1: Questions with single correct answer

. A certain weak acid has a dissociation constant of 1x 107*.

The equilibrium for its reaction with a strong base is:

(2 1107 (6) 1107 () 1x10° (@) 1x10"
—14
[H].Iit Kh = % = 11>< 11(:)_4 =1x 10—10 :
a X
K, =i=1><10‘°]

g

Which one of the following formulae represents Ostwald’s
dilution law for a binary electrolyte whose degree of
dissociation is ‘e’ and concentration C ?

2
@) K=(1—oc)C (b) K = a°C
a (1-a)
_(l-a)C _ o
© K=—— d) K —a)c

Which of the following is the correct quadratic form of the
Ostwald’s dilution law equation? [CET (J&  20609]

(@) 0’)C+oK -K =0 () a’C-0K -K =0
(c) a’C-0K +K =0 d) a’C+oK +K =0
[ Hint: According to Ostwald’s dilution law :
Co?
K=—""
I-a
or Co’+Ko-K=0]

- A monoprotic acid in 1.00 M solution is 0.001% ionised. The

dissociation constant of acid is:

(a) 1.0x 1073 (%) 1.0x 107

(c) 1.0x 1078 (d)1.0x 10710

Formic acid is 4.5% dissociated in a 0.1 N solution at 20° C.
The ionisation constant of formic acid is:

(@ 21x10™ (b) 21

(c) 0.21x 107 (d) 2.1x 107

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
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One litre of water contains 10~ mole of H* ions. Degree of
ionisation of water is:

(@) 1.8x107% (b) 0.8x107%
(©) 3.6x10°% (d) 3.6x107%
(WAt Since, 1 litre of water contains 1000/18 mole, degree of

jonisation = 1077 / 2~ 1000 ]
18

. The degree of dissociation in a weak electrolyte increases:

(a) on increasing pressure
{c) on increasing dilution

(b) on decreasing dilution
(d) onincreasing concentration

. Which of the following is the weekest base?

(a) NaOH - (b) Ca(OH},
() NH,OH {d} KOH
Acetic acid is a weak electrolyte because:
(a) its molecular mass is high

9.

24.

Solubility product of silver bromide 5 x 107", The quannty of
potassium bromide (molz\ir mass taken as 120 g mol™") to be
added to 1 litre of 0.05 M solution of silver nitrate to start the
precipitation of AgBr is : {AIEEE 2010)

(8) 62x 107 g () 5.0x10% g

(©12x1010 g (d)12x107° g

When equal volumes of the following solutions are mixed,

precipitation of AgCl (K g, = 1.8 107" ywill occur o‘rfly with:
IARIU (PAMT) 2004

@ 10*MAg" +107° M CI

(b 10° M Agt +10° MO

(©) 10 M Ag* +10°8 M CI™

(@ 107 M Ag* +10° M CI

Buffenng action of a mixture of CH:,,COOH and CH3COONa

(by itivacovalent compound

(c)-10.0. (rl\ 0.1

fh\ 1 00,0

{2) 1.0

.

i,

183,

1.

ifs.

1856,

7.

88,

(c)y itis highly unstible
(d) it does not dissociate much or its ionisation is very small
When NH,Cl is added to NH,OH solution, the dissociation of
ammoniom hydroxide is reduced. It is due to:
{PALT
(a) common ion effect (b) hydrolysis
{c) oxidation (d) reduction
The addition of HCI will not suppress the ionisation of:
[PRIT (R1P) 1993)
(a) acetic acid (b) sulphuric acid
{c} H,S (d) benzoic acid
H,S in presence of HCI precipitate:s second group radicals but
not fourth group radicals because:
() HCl activates H,S
(b) HCI decreases concentration oif sulphide ions
(¢} HCl increases concentration of sulphide ions
{d) sulphides of TV group are unstable in HCI
The solubility product of a salt AB is1x10%. ma solutlon in
which concentration of 4 is 10~ M,, 4B will precxpxtate when
the concentration of B will be: [PET (RIP) 1994
@107 ®I10*M @©10°M (d)10°M
The solubility product of BaSlZ)4 is 1.5x10°. The

precipitation in a 0.01 M Ba®* iors solution will start on
adding H,80, of concentration:

() 10° M (b) 1078 M

(©) 107 M (d) 10° M

Solubility product of BaCl, is 4 x 1{)” = Its solubility would
be: {gfpt ﬁg"wf"twge”P &3
() 1x 10777 (b) 1x 10‘3 () I1x 107 (d) 1x107*

Which pair will show common ion effec:? [F3T (1P} 1595
(2) BaCl, + Ba(NO,), {b) Na(Cl+ HCI

(c) NH,OH + NH,Cl {(d) AgCN+KCN -

What is the correct representation of solubility product of
Ag,Cr0,?

@) [Ag"PICrO77]

() [2Ag*1[CrO}" ]

(b) [Ag" 1[CrO]"]
(d) [2Ag " PICrO}

(2P} 1993} -

Which hydroxide will have lowest value of solublhty product

at normal temperature (25°C)? - (BT 1586

(a) Mg(OH), {(b) Ca(OH),
- (c) Ba(OH), (d) Be(OH),
The solubility of Al(OH); is ‘S * g mol L Tts solubility
product is:
(@) §* ®) s° (c) 278%  (d) 278°

{c} CaSO, will precipitate

‘16><10

The solublhty products of AWOH), and Zn(OH), are

8.5% 107 and 1.8 x 107 at room temperature. If the solution

contains AI** and Zn?* ions, the ion first precipitated by

adding NH,OH is:

(a) AP’ (b) Zn**

(c) both (d) none of these

The solubility product of CaSO, is 2.4 x 107, When 100 mL.

of 0.01 M CaCl, and 100 mL of 0.02 M N212804 are mixed,

then:

(a) Na,S80, will precipitate (b) both will precipitate

(d) none will precipitate

The solubility of AgCl in a solution of commen salt is lower

than in water. This is due to:

(@) salteffect (b) lowering of solubility effect

(c) common ion effect (d) complex formation

The solublhty products of AgCl and Agl are 1.1x 10” 10 and

¢ respectively. If AgNO, is added drop by drop to the

solution containing both chloride and iodide ions, the salt

precipitated first is:

(a) Agl (b) AgNO,

(c) AgCl (d) both Agland AgCl

Why is pure NaCl precipitated when HCl gas is passed in

saturated solution of NaC1? [PEF (WP 1590

(a) Impurities dissolve in HCI

(b) The value of [Na*] and [Cl™] product becomes smaller
than K, of NaCl

(c) The value of [Na™ ]and [Cl” ] product becomes higher than
K, of NaCl

(d) HCl dissolves in water

On passing a current of HCI gas in saturated solution of NaCl,
the solubility of NaCl:
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31

32.
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(a) increases (b) decreases

(c) remains unchanged . (d) NaCl decomposes

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

On addition of ammonium chloride to a solution of NH,OH:
(a) dissociation of NH,OH increases

(b) concentration of OH ™ decreases

(c) concentration of OH increases

(d) concentration of both NH}, and OH™ increases

The solubility product of a salt 4,B is 4 x 107, Its solubility

41.

42,

43.

Which of the following metal sulphides has maximum
solubility in water?

(a) CdS (K5 =36x107°) (b) FeS (K =11x107)
() HgS (K, =32x107%) (d) ZnS (K, = 11x107%)

The ionisation constant of acetic acid is 1.8x 107, The
concentration at which it will be dissociated to 2%, is:

(@ 1M (b) 0.045M (c) 0.018M (d) 0.45M
The solubility of PbSO, in 0.01 M Na,SO, solution is:

(K, for PbSO, =1.25x 107)

(@) 1.25x 107 mol L! () 1.25x 107 mol L

(©) 1.25%x 107 mol L (@ 1.25% 107" mol L

44. The value of K, for HgCl, is 4 x 107", The concentration of
would be: 5 . (HT 19%0) CI” ionin its acﬁxeous solution at saturation point is:
(a) 4 XIO— M (b) 2x 10_ M (a) 1)( 10‘5 M (b) 4X 10—15 M
(Q1x10* M () 1x10° M s "
33. If the conceniration of CrOi" ions in a saturated solution of (©) a1 M d) 2x 16" M

34.

35,

36.

3.

38.

39.

40.

(@ 2x107% (b) 3.7

silver chromate is 2x 107, solubility product of silver
chromate will be: [PET (MP) 1992}

(a) 4x1078 (b) 8x 107"
(c) 16x 10712 (d) 32x107"
50% neutralisation of a solution of formic acid

(K, = 2% 10™*) with NaOH would result in a solution having

a hydrogen ion concentration of:

(c) 27 (d) 1.85

The solubility product of BaCl, is 4 x 107 Its solubility in

mol L' would be:

(@) 1x107 (b) 1x107°

(c) 4x 1077 @ 1x1077

Addition of conc. HCl to saturated BaCl, solution precipitate

BaCl, because: [BEHU (Scereening) 2610]

{(a) at constant temperature the product [Ba” 1[CY™ P remains
constant in a saturated solution

(b) ionic product of [Ba®"][Cl"] remains constant in a
saturated solution ' o

{c) of common ion effect

{(d) it follows Le-Chatelier’s principle

"How many grams of CaC,0, will dissolve in distilled water to

make one litre of saturated solution? (K, = 2.5 x 107 and its
molecular mass is 128) [PMT (MP) 1993]
(2) 0.0064g (b) 0.0128 g (c) 0.0032¢g (d) 0.0640 g

On the addition of a solution containing CrO2™ ions to the
solution of Ba?*, Sr2" and Ca*" ions, the precipitate obtained
first will be of: {PET (MP) 1993}

(a) CaCrO, (b) StCrO,
{c) BaCrO, (d) a mixture of all the three
Ostwald’s dilution law is applicable in the case of the solution

of: )

(a) NaCl (b) NaOH  (¢) H,80, (d) CH,COOH
‘What will be the solubility of AgClin a 0.1 M NaCl solution?
(Kq AgC1=120x107'7) [PMT (NiP) 1992
(@ 0.1 M b 12x107% M

(©) 12x10° M (@ 12x107° M

45.

46.

47.

48.

49.

50.

51,

s2.

53.

(a) 283

If the solubility of PbBr, is *S” gram mol per litre, considering

80% ionisation, its ionic product is: L

() 283 (b) 45? (c) 453 (@ 28*

If the solubility of M;N, is ‘S’ g mol L™, its solubility product

is:

(b) 88* (c) 1088° - (d) 278+ ——

At 30°C, the solubility of Ag,CO; (K, = 8% 107%) would

be greatest in one litre of: ‘

(a) 0.05 M Na,CO, (b) 0.05 M AgNO,

(c) pure water (d) 0.05 MNH,

The following equilibrium exists in aqueous solution;
CH;COOHT==H " + CH,CO00"

If dilute HC 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, base is a substance that:

(a) gives H' ions in solution

(b) gives OH  ions in solution

(c) accepts electrons

(d) donates electrons-

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 H;O" ions
According to Lewis concept, a base is a substance which:
(2) donates an electron pair {b) accepts an electron pair
(c) produces hydronium ions (d) combines with OH ~ ions
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
CI ion is the conjugate base of:

(a) HCI (by HOC1 (¢} HCIO;, {(d) HCIO,
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‘Which one of the following is the strongest acid?
(a) CH,COOH (b) CH,CICOOH
(c) CHCL,COOH {d) CC1,COCH

70.

The numerical value of negative power to which 10 must be
raised in order fo express hydrogen ion concentration, is equal to:
(a) strength of the solution

55. Number of H' ions present in 250 mL of lemon juice of pH = 3 (b) pH of the solution
is; [PMT (Kerala) 2008] {c) degree of hydrolysis
(a) 1.506 x 10 {b) 1.506 x 10%* (d) solubility product of the electrolyte
(¢) 1.506 x 102 (d)3.012 x 10 71. Which one of the following solutions will have pH close to
9 i unity ? [T 1992; PMT{Kerala) 2008}
() 2.008x 10 (a) 100 mL of M/10 HCI + 100 mL of M/10 NaOH
(Hint: [H"]=107" M (b) 55 mL of M/10 HCI + 45 mL of M/10 NaOH
Number of moles of H* ions in 250 mL = 1—04- X 6.023 x 107 % ;‘; ’;LL zi‘%éoﬁi?fzioﬁ;% INO:I(;}?H
=1.506 %10 ] (e) 50 mL of M/5 HCI + 50 mL of M/5 NaOH
36. Conjugate acid of OH base is: [Hint: My Voo = Mye Vi + Myon Vivos
@ H, ® HO  (@H'  (d HO' Mo (100) =2 x 75+ L 525 =20
X", Which among the following qualifies as a Lewis acid? 0
() NaF () NaCl  (c) B, {d) MgCl, Moy =02
$8. Which of the following will qualify as Lewis base? (H')=02M :
(a) BCl, (b) CH, © Cl, (d) NH, pH = ~10g 0.2 = 0.7 = close to unity]
59. NH, ion in an aqueous solution will behave as: 72. 0.1 M acetic acid solution is titrated against 0.1 M NaOH
(a) abase (b) an acid solution. What would be the difference in pH between 1/4 and
(é) ‘bothiacid andbase = (d) neutral 3/ 4 stages of neutralisation of acid? -
60. In the dissociation of bicarbonate ion, the conjugate base . (2) 2log 3/4 (b) 2log 1/4 (c) log 1/3  (d) 2log 3
involved is: 73. The pK, of acetylsalicylic acid {aspirin) is 3.5. The pH of
(a) CO‘;‘_ (b) CO, (c) H,CO, (d) CO gast‘rk'f juicef in }1uman stomacl_l %S abcout 2-3 and the pH in the
. . - small intestine is about 8. Aspirin will be:
61. Which one of the following is an acidic salt? (a) unionised in the small intestine and in the stomach
@ NaH_SO'* ®) Nast‘,. (c) Na,80;  (d) Na,SO, (b) completely ionised in the small intestine and in the
62. The conjugate acid of NHj is: stomach
(a) NH; {b) NH, {c) NH,OH (d) N,H, (c) ionised in the stomach and almost unionised in the small
63. The correct increasing order of strengths of following acids is: intestine
(a) H,S80,, CH,COOH, H,CO, {d) ionised in the small intestine and almost unionised in the
(b) CH,COOH, H,S0,, H,CO,4 stomach
{¢) H,CO,, CH,COOH, H,S0, 74. When 107 mole of a monobasic strong acid is dissolved in one
(d) CH,COOH, H,CO5, H,S0, litre of solvent, the pH of the solution is:
64. The decreasing order of strength of following bases is: (a) 6 (b) 7
(a) CI",CH,CO0™,NH,  (b) CH,CO0™, NH,, CI” (©) lessthan6 . (d) morethan? o
e M 75. When pH of a solution is 2, the hydrogen ion concentration in
(¢) CH,CO0™,CI",NH,  (d) NH,, CH,C00", Cl ol litte! is
65. Which one of the following does not act as a Bronsted acid? (@ 1x1072 () 1x107% (¢) 1x107 (d) 1x107
(a) NH;  (b) HCO;  (c) HSO;  (d) CH,C00” 76. - At 90° C, pure water has [H;0"]=10"¢ mol litre™". The value
66.  Of the given anions, the strongest Bronsted base is: of K, at 90°Cis: (MLNR 1999)
(@) ClIO” (b) CIO, () ClO; (d) Cl0; (a) 107 () 107'* () 107" @ 107
67. -The compound that is not a Lewis acid is: 77. The pH of 107® molar solution of HC in water is:
(a) BaCl,  (b) AICl, (c) BCl, (d) SnCl, (CPMT 1990; MLNR 1992)
68. The dissociation constants of two acids Hd4; and HA4, are (2) 8 (b) -8
3.0x 10'-4 an(? 1.8 % 107° respectively. The relative strengths 8. %::?;233%? ifsolution(gt)" I_‘;;v;’:?n 6and7
of the acids will be: (@) 1.0 ®) 3 (©) 4.0 @ 5.0
@14 ()41 (© 1:16  (d) 16:1 79. The pH of a solution containing 0.1 N NaOH solution is:
69. In the acid-base relation; @ 1 (b) 10° © 13 (@ 107

HCl + CH;COOH == CI” + CH,;COOHj,
the conjugate acid of acetic acid is:
(a) CI” (b) HCl
(c) CH,COOH; (d) H;0"

- When 0.4 g of NaOH is dissolved in one litre of solution, the

pH of the solution is:

(a) 12 ) 2 () 6 (d 10
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81. The pH of an aqueous solution of a 0.1 M solution of a weak 95. When a buffer solution of CH;COOH and CH;COONa is
monoprotic acid which is 1% ionised is: diluted with water;
(a) 1 by 2 {c) 3 @ 11 (a) CH;COO" ion concentration increases
82. The pH of a 0.002 N acetic acid solution if it is 2.3% ionised at T oo
trat
this dilution is: (log 4.6 = 0.6628) (b) [H" Jion concentration increases
(2) 43372 (b) 04337 () 34337  (d) 0.6628 (c) OH ion concentration increases
83. 0.1 M HCland 0.1 M H,SO, each of volume 2 mL are mixed (d) H ion concentration does not change
and the volume is made up to 6 mL by adding 2 mL of 0.01 N 96. In a buffer solution consisting of a weak acid and its salt, the
NaCl solution. The pH of the resulting mixture is: ratio of concentration of salt to acid is increased tenfold; then
(@) 1.17 (b) 1.0 the pH of the solution will:
{c) 0.3 (d) log2-1log3 (a) increase by one (b) increase tenfoid
[Hint:  Number of millimoles of H™ = 01x2+ 0.ix2x2=06 (c) decrease by one (d) decrease tenfold
c ieation of [ | = 06 01 M 97. Acetic amd and propionic acid have X, values 1.75 X 107 and
oncentration o == 1.3 x 107 respectively at a certain temperature. An equimolar
6
H = -log [H' ] solution of a mixture of the two acids is partially neutralised
P ]g 0o by NaOH. How is the ratio of the contents of acetate and
= ng E=3 4 p! Sﬁata !aﬂs fe]ated fe the K "“ahies aﬂd the mela;;h 2
84._The-pH and pOH.of 0.1 M aqueous solution of HNO, are: i e
(@) 0,14 (b) 14,0 (©) 13,1 (& 1,13 a) | I—E X —{3— where, o0 and P are ionised
85. The pH of a neutral solution at 50°C is: (K,, = 107*% at @) 1-a 1.3 -7 7 B
50°C) fractions of the acids
@7 (b) 6.0 (c) 7.23 (d) 6.63 (b) The ratio is unrelated to the K, values
86. The pH of 0.005 molar aqueous solution of sulphuric acid is (¢) The ratio is unrelated to the molanty
approximately: (d) The ratio is unrelated to the pH of the solut1on
(a) 0.005 ®1 (c) 0.1 (d) 2.0 o8 ]
87. 20 mL of 0.1 N HCI is mixed with 20 mL of 0.1 N KOH - Aweak at;:zé of dlssoqatlon constant 107 is being txf‘frated t\;]ntg
solution; the pH of the solution will be: aqueous ‘aOH solutlgn. The pH at the point of one-thir
@) 0 ) 2 © 7 @ 9 neutralisation of the acid will be: {JEE (WB) 2010}
88. When the pH changes from 4 to 2, the Khydrogen ion @) §+ iog §_ log 3 (3} g_ iOgé
concentration will increase by a factor: (c)‘ —log 5 (d) 5-log
(a) 2 ® 12 (o) 10° (d) 10°3 (Hint:  pK, =-logl0™ =5
89. 100 mL of 0.2 N HCl is added to 100 mL of 0.18 N NaOH and pH = pK,, + log A1
the whole volume is made one litre. The pH of the resulting [acid]
solution is: —54 logl—@ = 5-log2]
(@1 () 2 (©) 3 ) 4 23
90. 10mLof0.1N HCl is added to 990 mL solution of NaCl. The 99. Which of the following salts when dissolved in water will
pH of the resulting solution is: hydrolyse? ‘
. @z ®3  ©7 (@10 (a) NaCl (b) KCl (c) NH,CI  (d) Na,SO,
L Solgtxons W}th reserve acidity and alkahmtyl are called: 100. The aqueous solution of AICl, is acidic due to:
(a) isohydric solutions (b) true solutions . ]
. (¢) normal solutions (d) buffer solutions (@) cat.mn hydrolys.'ls
92. A solution which is resistant to changes of pH on dilution, or (b) anion hyflrolysxs .
addition of small amounts of an acid or a base is known as: () hydrolysis of both the ions
(a) buffer solution (b) true solution (d) dissociation
(c) isohydric solution (d) ideal solution 101. A certain buffer solution contains equal concentration of X ~
93. Which of the following is a buffer solution? and Hy. The K, for X ~ is 107'°. The pH of the buffer is:
(b) II\{Ia(l’)l * NaOIl'I 102. An acidic buffer solution can be prepared by mixing the
EZ:; CEI éggiﬁi Ol solutions of:
3 sodium acetate and acetic acid
94.  The hydrogen ion concentration of a buffer solution consisting (a) N anc acebio aad .
. . . oo (b) ammonium chloride and ammonium hydroxide
of a weak acid and its sodium salt is given by: .. . .
[Acid] ! (c}) sulphuric acid and sodium hydroxide
(@ [H']=K, Salt () [H™ 1=K, [Salt] (d) sodium chloride and sodium hydroxide
[Salt] Sal 103.  The compound whose aqueous solution has highest pH, is:
© B=K, A @ =K, 50 (@) NaCl (b) NH,CI
ci

(c) CH,COONH, (d) Na,CO,
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104.

105,

106.

107.

The compound whose 0.1 M solution basic, is:

(a) ammoniur chloride (b) ammonium acetate
(¢) ammonium sulphate (d) sodium acetate
Aqueous solution of copper sulphate:

{a) turns blue litmus red

(b) tums 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
Indicators used in acid-base titrations are:

(a) strong organic acids

(b) strong organic bases

118.

119.
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(¢) K, will increase
(d) Percentage ionisation will increase
Which one of the following indicators works in the pH range
8-9.87 ,
(a) Litmus (b) Phenolphthalein
{c) Methyl red (d) Methyl orange
What is [OH™ ]in the final solution prepared by mixing 20 mL
of 0.05 M HCl with 30 mL of 0.10 M Ba(OH),?
{CBRF (PMT) 2609

(@ 0.12M (b) 0.10 M
(c) 0.40M (d) 0.605 M
[Hint: n_, =£{£=M=10’3m01

H 1000 1000

B = 2 X Myomy, ‘
MV 0.1x30

110.

111,

112.

113.

114,

115,

116.

117.

the fact that:

(a) it is a coloured compound

(b} it ionises to give coloured ions

(c) itis decomposed by alkali

(d) it forms a complex compound with alkali

Which is the best choice for weak base-strong acid titration ?
[JEE (Orissa) 2008]

{a) Methyl red (b) Litinus

{c) Phenol red {d) Phenolphthalein
Water is:

(a) abase {b) an acid

(c) non-electrolyte (d) an amphiprotic molecule
An aqueous solution, whose pH is zero, is:
{(a) alkaline (b) neutral
(¢} acidic (d) amphoteric
0.1 N solution of Na,CO, is being titrated with 0.1 NHCL The
best indicater to be used is: .
{(a) potassium ferricyanide (b) phenolphthalein
(c) methyl red (d) litmus
In the reaction, AICl; + CI7 = AICI;, AlCl, can be classified
as:
(a) abase (b) anacid
{c) asalt {d) none of these
Sulphuric acid is a dibasic acid. Hence, it forms:
(a) acidic salt (b) basic and acidic salt
(¢) acidic and normal salt  (d) double sait
The buffer selutions play an important role in:
(a) increasing the pH value (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 0.01 M at constant temperature?
(AIIMS 1993
(a) [H*1will decrease to 0.01 M
(b) pH will decrease by 2 units

120.

121.

122.

124.

125,

126.

~ (a) H4
123.

. (¢) weak organic acids or weak organic bases = me =2x 1000 = 6x10™ mol
(d) non-electrolytes - _ —
i 108. For the titration between oxalic acid and sodium hydroxide, Remaining moles of OH" after rﬁutrahjatmn
the indicator used is: . : : =6x10"-10 e e
(8) potassium permanganate (b) phenolphthalein = 5%107 mol X
(c) litmus (d) methyl orange Cone. of [OH"]= 208" 1000 = 2X1 " 1000 = 0.1 17
: 109. Phenolphthalein gives a pink colour in alkaline medium due to |4

The following reaction is known to occur in the human body;
CO, + H,0+== H,CO, — H' + HCO;

If CO, escapes from the system:

(a) pH will decrease

(b) H' ion concentration will decrease

{c) H,CO, concentration will be unaitered

(d) the forward reaction will be promoted

The pH of human blood is about:

(a) 5.2 {b) 63 ) 74 (d) 83

The dissociation constants of acids H4, HB, HC and HD are

2.6x107,53% 107, 1.1x 107 and 7.5 x 107 respectively.

The weakest acid amongst these acids is:

(b) HB (¢) HC (@ 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 NH,OH is:

{a) litmus {b) phenolphthalein

(c) phenol red (d) methyl orange

A buffer solution is used in:

(a) preparation of potash atum

(b) the removal of PO} ions

(¢) increasing the pH value of a solution

{d) precipitation of Cr{OH), from CrCl,

A certain weak acid has a dissociation constant of 1.0 1074,
The equilibrium constant for its reaction with a strong base is:
(a) 1.0x 107 ®) 1.0x1071°

(c) 1.0x 10" (d 1.0x107"

[Hint: H4 + BOH == B4 + H,0. The equilibrium constt.
=1/Kyand K, =K /K]
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127. Which one of the following statements is correct? _ (xCay (yCay
(a) CH,COOH is a weak acid - @ C-a
(b) NH,Clgives an alkahne‘s?lutxon in V\fater , (xCo) (yCay '
() ‘CH;COONa gives an acidic solution in water e v l-a)=1
(d) NH,OH is a strong base Vsey
128. In the hydrolyuc equilibrium A~ + H,O+—— H4 + OH" = { _K# ] ]
K, = 1.0x 107%. The degree of hydrolysis of 0.001 M solution CF gy
of the salt is: 137 The following equilibrium is established when hydrogen
(@) 107 (b) 107 (© 107 (d) 107 chloride is dissolved in acetic acid;
" 129, The pH of an aqueous solution of 0.1 M solution of the salt of a HCl + CH,COOH = CI” + CH,COOH}
weak base (K, =1.0x 107%) and a strong acid is:- The set that characterises the conjugate acid-base pairs is:
(a) 4.5 (b) 5.0 (C) 5.5 (d) 6.0 ) (Ff’f 1992}
[Hint: First cal;:ulate degree of hydrolysis; (2) (HCl, CH,COOH)and (CH, COOH; ,CIN)
C=K;.K,=(K, /K,),[H]= GC] e
. (b) (HCl, HC,COOH,) and (CH;COOH, CI")
130. The pH of the solution obtained by mixing equal volumes of
solution of pH = 5 and pH = 3 of the same electrolyte is: (¢) (CH,;COOH;, HClyand (Cl”, CH,;COOH)
@y 33 (b) 40 © 43 @ 2.0 (d) (HCI, CI" )and (CH,COOH; , CH,COOH) -
[Hint: [H']= 107 107 _10ox 10107 =50.5% 10 138. The pH of a 107'° M NaOH solution is: ‘
2 2 [PMT (Utiarakhand) 2006]. -
131. pkK, values' o_f four acids are given below at 25°C. The (@) 10 () 7.01 (c) 6.99 () 4
ztr)or;ggst acid lib) - © 30 EP?;)TFSE?) 1994] 139. Which of the following is strongest Lewis base?
a C - +
132. . Theionisation constant of NH, in water is.5.6 x 107'% at25°C. A (@), CH, ®) Ae (©) NH; (d) B =
. The rate constant of the reaction of NH; and OH™ to form 140. If the solubility of hthmm sodium hexaﬂuoro aluminate,
NH, and H,0 at 25°Cis 3.4 x 10" L mol™ s™'. The rate Li;Na (AlF ), is S " mol L™, its solubility product is equal to:
constant for proton transfer from water to NH, is: (CPMT 1992)
" (a) 6.07x10°s7" (b) 6.07x 107105~ (a) §* (b) 125° () 188%  (d) 29168°
(©) 6.07x 10757} (d) 6.07x 100 571 141. Given that " the 2dis§§)ciation constant for water is
133. The pHofa Soft drink is 3.82. The hydrogen ion concentration ‘K‘i’ t: 1><' 1.0 mol” L. The pH of 0'001‘ m(?ITaI KOH
* will bé: (given aantilog 0.18=1.5) - [PET (MP) 1990} - o 103113' i\ 13 (MLNR 1991)
(a) 1.96x 102 mollit™  (b) 1.96x 10”° mol Lit™* (@ 10 (b) 10 (© 3 (d 1l
’ , ' 142. Which one of the following solutions will have the highest pH
. (©) 1.5x 107 mot tit™ (d) 1.5% 1072 mot lit™ © value?. , (CPMT 1992)
134. 100 mL of 0.1 M HCI is mixed with 100 mL of 0.01 MHCL (a) 0.01 MNaOH (b) 0.02 M CH,COONa
The pH of the resulting solution is: {¢) 0.10 M NaHCO, (d) 0.10 M H,80,
(a) 2.0 . (b) 1O 143. In the titration of NH40H with HCI, the mdlcator which— -
{c) 1.26 (d) none of these cannot be used is:
135. How many times has a solution of pH2 hlghcr acxdlty than a (a) phenolphthalein
solution of pH 67 . ~*(b) methyl orange
(a) 10,000 (b) 12 {c) methyl red
{c) 400 (d) 4 o gd) both methyl orange and methy! red :
136. For a concentrated solution of @ weak’ electrolyte A.B, of - 144. pH of the buffer containing 0.6 g of acetic acid and 8.2 g of
‘ concentratlon ', * the degree of dissociation ‘o’ is given as " “sodium acetate in 1 litre of water is: (pK, of acetic acid = 4.5)
[PET (Kerala) 2668] - (a) 7.5 (b) 4.5 (c) 5.5 @ 6.5
CK,, 145, At25°C, the dissociation constants of CH,COOH and NH,OH
@o =K, /Clx+y) (o= - in aqueous solution are almost the same. The pH of a solution
ees e of 0.01 N CH,COOHis 4.0 at 25°C. The pH of 0.01 N’ NH,OH
’ Ko ‘ solution at the same temperature would be: (1T 100
o= [m} (2 3.0 (b) 4.0
K ' ' K {c) 10.0 d 105
(o =2 ea= —j;'— [Hint: [H' }in CH,COOH soln. = 107%
Co' ; ¢ Similarly [OH" }in NH,OH soln. = 164
Hint: 4B, == x4 + yB*~ K 107
, c 0 0 So, [H']=——2—=——"=10""]
¢ [OH™] 10
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146.

147.

148.

149,
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The dissociation constant of acetic acid is 1.8 x 107 and that
of ammonium hydroxide is also 1.8 x 107 at 25°C. Hence, an
aqueous solution of ammonium acetate is:

(a) acidic (b) basic

(c) neutral (d) slightly acidic

The concentration of OH™ ions in neutral solution is:

(a) 1x 107 g ions/litre (b) 1x 10" g ions/litre

(c) 1x 107 g ions/litre (d) 1x 1077 g ions/litre

107% M NaOH 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
Tonic dissociation of acetic acid is represented as:

CH,COOH + H,0—— CH,CO0™ + H,0"
According to Lowry and Bronsted, the reaction possesses:

ICEE

164.

{3~ anae;danchhreebases—(b)ﬂoac}ds and two bases

150.

151.

1-’6
<20,

157.

. An aqueous solution of ferric chloride would be:

161.

162.

163.

160. A semi-normal solution of sodium acetate in water has [H+ ]:

(a) less than 107 M (b) greater than 107" M

(c) equal to 107 M (d) none of these

The most important buffer in the blood consists of:

(a) HCland C1” (b) H,CO4 and HCO;5

(¢) H,CO5 and CI” (d) HCl and HCO;

The pH of a buffer solution containing 25 mL of 1 M

CH;COONa and 25 mL of 1 M CH;COOH will be appreciably
affected by 5 mL of :

(a) 1 M CH;COOH (b) S MHCI

(c) 5 M CH,;COOH (d) 1 M NH,OH

50 mL of 2 N acetic acid mixed with 10 mL of 1 N sodium
acetate solution will have an approximate pH:

(@7 () 6 (© 5 (@) 4
The solution of which salt in water is acidic?

[CEE %aﬂ%——@%(bﬁfaﬂee—f@m——@me}———

(c) anacid and a base ° (d) three acids and a base

The concept of an acid as an acceptor of a pair of electrons was
introduced by:

(a) Lowry  (b) Bronsted (c) Arrhenius (d) Lewis

The ionic product of water will increase if: .

(a) pressure is decreased (b) H' ions are added

(c) OH ions are added (d) temperature is increased

. One litre of a buffer solution containing 0.01 A NH,Cl and 0.1

M NH,OH having pX, of 5 has pH of:

(a) 10 ®) 9 (c) 4 d e

(a) acidic (b) neutral  (c) basic (d) amphoteric

. An acid solution of pH 6 is diluted hundred times. The pH of

the solution becomes:

(a) 6 ) 695  (c) 4 @ 8

. 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
Conjugate base of HPO?{ is: [PMT (MP) 1991]
(2) PO} (b) H,PO;

(c) H;PO, (d) H,PO,

The pH of a solution is 2. Its pH is to be changed to 4. Then the

. H* ion concentration of original solution has to be:

158.

159.

(a) halved (b) doubled
(c) increased 100 times (d) decreased 100 times
The pH value of 0.1 mol/litre HCI is approximately 1. The .

approximate pH value of 0.05 mol/litre H,SO, is most likely
to be: '

(a) 0.05 (b) 0.5

©1 d 2

The aqueous solution of a salt is alkaline. This shows that the
salt is made from: : [PMT (MP) 1991]
(a) aweak acid and a weak base

(b) a weak acid and a strong base

(c) a strong acid and a strong base

(d) astrong acid and a weak base

166.

167.

168.

169.

—165.—Which-of the following-expressions-isnottrue?

(@) [H'1=[OH ] \/_w for a neutral solution

(b) [H']>/K,, and [OH" ] < /K, for an acidic solution

() [H*1< yK,, and [OH ]> /K, for an alkaline solution

(d) [H']=[OH ]=107 M for a neutral solution at all
temperatures

Ammonia gas dissolves in water to give NH,OH In this
reaction water acts as: IPMT (MP) 1990

(a) anacid (b) abase

(c) asalt (d) a conjugate base

What is the decreasing order of strength of the bases OH ",
NH, , H— C=C" and CH,;CH,? .(HT 1993)
(a) CH;CH, >NH, >H— C=C~ >OH"

(b)) H— C=C" >CH; — CH; >NH, >OH"

(¢) OH™ >NH; >H— C=C" >CH;CH;

(d) NH; >H— C=C" >O0H" > CH,CH,

The best explanation for the solubility of MnS in dil. HCI is
that (MLNR 1993)
(a) solubility product of MnCl, is less than that of MnS

(b) concentration of Mn?" 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 H,S

The correct order of increasing [H;0] in the following

aqueous solution is: (il i993; AFMC 2009)
(a) 0.001 M H,S<0.01 M H,SO, <0.01 M NaCl <0.01 M
NaNO,
(b) 0.01 M NaCl <0.01 M NaNO, <0.01M H,S <0.01 M
H,S0,
(c) 0.01 M NaNO, <0.01 M NaCl <0.01M H,S<0.01 M
H,S80,
(d) 0.01M HZS<0 01 M NaCl<0.01 M NaNO, <0.01 M
H,SO,
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172.
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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 YA N

174.

175,

176.

177.

178.

179.

186.

181.

CIOH (I)
(2) I>11> 111
(c) M >1I>1

BrOH (I)  IOH (II)
(b) II>1>1I
(d) I>1I>1I

182. Which of the following statements is correct?
(b) pH= (a) pK,, increases with increase of temperature
(b} pK,, decreases with increase of temperature
(c) Only at 25° C, the pH of pure water is 7 (c) pK,, =14 atall temperatures
(d) The value of pK, at 25°C is 7 (d) pK,, = pHat all temperatures
Fear and excitement generally cause one to breathe rapidly 183. For a concentrated solution of a weak electrolyte 4, and B,,,
and it results in the decrease of CO, concentration in blood. In the degree of dissociation is given as:
what way will it change the pH of the blood? JIT 1993) (a)y o= JK o/ (x+ y)
(a) pH will decrease (b) pH will increase )
o= K, c/
(¢) No change (d) pH will adjust to 7 ¢/ C) . )
Nucleophiles are: ' (€) o= (Koq /"t 771 xm yy )+ )
(a) Lewis acids (b) Lewis bases (d) o = m
(¢) Bronsted acids nione of these ‘
E‘l‘e‘ctrophﬂes are: 184. A-solution-is cnhwafnrl with l’espeaetftOSIgQr&Hd&Ff%@“—y’
(a) Lewis acids (b) Lewis bases [CO% | was found to be 1.2x 107" M. The concentration Gf
{c) Bronsted acids (d) Bronsted bases F 7 in the solution would be:
K, (bydrolysis constant) of ammonium benzoate can be (@ 1.3x10° M (b) 26x102 M
calculated by the formula: © 37x102 M () 58x 107 M
@ K Ko @ (Given: K, SICO; = 70x 1070 M2,
K,C K, xK, K, x C ~10 3 r3
Ko (StF)=79% 107" M7)
The pH of a neutral water is 6.5, Then the temperature of - . .
watef: [PET (K ef ala) 2007] 185. "Fhe‘ solubility of sparm.gly soluble electrolyte M,, 4, in water
o is given by the expression:
(a) 1s 25°C K mte V{m+a)
(b) is more than 25°C @) § = sp () S = Ko
(¢) is less than 25°C m"a® m"a*
(d) can be more or less than 25°C e m+a K 1m+a)
(e) cannot be predicted {c) S = [ﬁ] @d S = [ asrsm}
The buffer capacity of buffer containing acid with pK, = 4.0 m-a ma
is highest when its pH is equal to: 186. The solubility of mercurous chloride in water will be given as:
{2) 6.0 (b) 5.0 (@ S=Kg (b S=Kg/4
(c) 40 (d) 3.0 (©) S = (Kg/4)" @ 8=E&gya)®
Ko (AgC)> Ky, (AgBr)> K, (Agl). This means that: 187. In the titration of acetic acid versus sodium hydroxide, the pH
(a) AgClis more ionised than AgBr and Agl of the solution at equivalence point (when temperature is
(b) both AgBr and Agl are less soluble than AgCl 25°C)is:
(c) Agl is most soluble (a) about 5.5 (b) about 6.5
(d) AgBris more soluble than AgCl but less soluble than Agl (c) about 7 ] @ about_ 8.5. . .
In the hydrolytlc equlhbrlum 188. Wheq K,0 is added to water, the solution is basic because it
* 4 H.O— BOH + H* ~contains a significant concentration of:
. o o (a) K* (b) OH"
K, = 1x107". The hydrolysis constant is: (c) O°~ (d) 0%
(@) 107 ®) 1077 (c) 107 @ 107 189. The blood buffers are most often mvolved in stabilizing the
The solution of a salt of a weak acid and weak base will have pH in presence of metabolically produced:
pH: (K, = 1.0x10°and K, =1.0x 107*) (a) acids (b) bases
(2) 70 (b) 8.0 (c) salts (d) none of these
() 6 (d) 4.0 190. The colour of CuCr, 0, solution in water is green because:
0.1 N solution of sodium acetate will have pH: (pK, = 4.57) (2) Cu®" ion is green
(a) 878 (b) 11.57 (b) CrzOg" ions are green
(© 4.57 @ 7.0 {c) both the ions are green

The following acids have been arranged in the order of
decreasing acid strength. Identify the correct order: (T 1996)

(d) Cu** ion is blue and Cr,0%" ion is yellow



720 |

191.

An acid with molecular formula C,H,O, forms three types of
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(b) 14.70

20% ionised, is: (OB pue

(a) 13.30 (c) 12.30 (d) 12.95
sodium ,S{‘ltsr Le., CvHstNa» C;H,0;Na; and C;H;0;Na;. [Hint: [OH ]1=01x02=2x107;
The basicity of the acid is: pOH = 1.7pH = 14 — pOH]
- (a) one (b) two (c) three (d) four 198. The pH of 0.1 M solution of the following salts increases in the
192, If the salts MgX QY, and PZ, have the same solubilities, order of: (T 1999)
their K, values are related as: () NaCl <NH,CI < NaCN < HCl
(@) K, (MzX )= Ko (QY;) < K o PZy) (b) HCI <NH,Cl < NaCl < NaCN
(b) Ksp(MzX )> Ko (QF)= Ksp(PZa) () NaCN < NH,Cl < NaCl < HCl
(©) KuM,X) =K (O),)=Ky(PZy) (d) HCI <NaCl < NaCN < NH,CI
@ K sp(M 2X)> Kg(QY,) > Ko (PZ3) 199. A physician wishes to prepare a buffer solution at pH.= 3.58
193. inan experiment to determine the enthalpy of neutrahzatlon of that efficiently resists a change in pH yet contains only small
sodium hydroxide with sulphuric acid, 50cm® of 0.4 M concentration of buffering agents. Which one of the following
sodium hydroxide were titrated thermometrically with 0.25 M weak acids together with its sodium salt would be best to use?
sulphuric acid. Which of the following plots gives the correct (CBSE 1997
representation? (a) m-chlorobenzoic acid (pK , = 3.98) ‘
: s {b) p-chlorobenzoic acid (pK, = 4.4))
~ v a " i {c} 2,5-dihydroxybenzoic acid (pK , = 2. 97)
@ §| : ) E|° | (d) Acetoacetic acid (pK, = 3.58)
= F E 200, Which one does not give a buffer solution?
AT ' it i (a) Ammonia and sodium hydroxide in water
\; {;; ??_{ ssg ; \:(: 0??_1 ss,g (b) Sodium acetate and acetic acid in water
o". O 2ot LR {¢) Ammonia and ammonium chloride in water
(d) Sodium acetate and hydrochloric acidin water e
G a -201. Conjugate base of [AI(H,0),(OH), ]is:
© 5 () 5 ' (3) [AH,0),(0H),T" (b) [Al{(H,0);(OH), 01"
: (¢) [AH,0);(OH), T (d) [Al{H,0), (OH), I
10 30 50 10 30 50 202. The solubility of calcium phosphate in water is x mol h
Vol. of Hy80, Vol. of HySO4 +25°C. Its solubility product is equal to: 31~ T ?“’('7
) 2 3
194. K, of CuS, Ag,S and HgS are 107!, 10™* and 10™ (a) 108x (b) 365"
respectively. Select the correct order for their solubility in (c) 36x - (d) 108
water: ' (CRSE 1997 203. K, values for silver bromide, sitver chloride and silver iodide
(a) Ag,S>HgS> CuS (b) HgS>CuS > Ag,S are 5% 10' mol?dm™%, 2% 10" mol® dm™ € and 8 x 10”7
(¢) HgS> Ag,S > CuS (d) Ag,S>CuS>HgS - m?tl: ‘dm 8 respectively. The order of solubxlxty of thgse sﬂver
Hint:  Solubility of Ag,S(45° =K,) and for CuS and HgS salts 1s : T
[ hots SOWEY A8 ( ») an & () AgCl> AgBr> Agl  (b) Agl> AgBr> AgCl
(8" =Kg) : (c) AgCl> Agl> AgBr (d) Agl> AgCl> AgBr
" 195, If the K, value in the hydrolysis reaction, 204. In the reaction, '
« . B* + H,0=— BOH+H" LT — T
is1.0x 10 , then the hydrolysis constant of the salt would be:
(BT 1998} the Lewis base is: LAl
(a) 1.0%107° () 1.0x107 (¢) 1x107%  (d) 1.0x107° @ 1, ) 1
1¥6. The concentration of [H™ ] and [OH ] of a 0.1 M aqueous © L (d) none of these
solution of 2% ionised weak acid is: (ionic product of water ;
=1x 1071 » (CBSE 1999) 205. Which of the following on reacnon with H, S does not produce
() 02x 107> Mand 5x 107" M znjtaéﬁz 1sulphlci}e)‘; 2cl, © ol (d; ﬂé‘ c1:' S
-3 ~11 o8 2 Ay € Loty u
() 1 ><‘ 107 Mand 3x 107" M 206. A buf’fer solution of pH = 9 can be prepared by rmxmg
(€) 2x 107 M and 5x 1072 M bty
(d) 3x102 Mand 4x107° M (a) CH;COONa and CH3COOH
- — _ B 3 (b) NaCl and NaOH _
[Hint: [H ]~CK><0L-0.1><0.02-2><10 M (¢) NH,Cl and NH,OH
[OH ]=-—2-] (d) XH,PO, and K,HPO,
[H" ] _ , 207. Whlch of the followmg is the strongest Lewis base?
197. The pH value of decinormal solution of NH,OH, which is

;r‘\aff

(@ CH; (b)) NH;  (c) OH @ F
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208. The monobasic acid among the following is:  (ISAT 2016} 218: :;thot’:‘a‘ buffer solution decreases by 0.02 units when 0.12 g of
(a) H;PO, () H,8,0, acetic acid is added to 250 mL of a buffer solution of acetic

(©) H3p02 (d) H,P,0, acid ‘fmd potassium acetate at 27°C. The buffer capacity of the
209. To AgQCrO4 solution over its own precipitate, Cr04 ions are solution is: ; : (EA MCET 2009)
added. This results in: IMEE (Kerala) 2000 gfﬁ (11-1 () 10 . ©1 e ac éd)AOg Cad D
: . + tration : . The ISSOClathIl constants of monobasic acids 4, B, C an
(a) increase {n Ag +concen a Ifm --are 6 % IQ' s 5% 107, 3.6 x 107 and 7x107"° respectlvely
- (b) :decrease in Ag” concentration The pH values of their 0.1 molar aqueous solutions are in the
(c) increase in solubility product order:
(d) shifting of Ag* ions from the precipitate into the solution (@) 4<B<C<D (b) 4>B>C>D
210. Aluminium chloride is: (KCET2000) (:)zz;i‘;)th“f A : bc b - f((IIl 4> “f <C > b ¢ acid 1A
Bronsted L. id Artheni . R e equilibrium constant of the reaction of weak aci -
?g L:\:ﬁz Zgi d owty aet E:; Lew;nézz:md with strong base is 10°; then pH in 0.1 M Na4 is:
211. A 50 mL solution of pH = 1is mixed with a 50 mL solution of (@ 5 ®9 - © 7 @38 o
pH = 2. The pH of the mixture will be nearly: 221, If};he freezmlg point of 0.1 molal HA {aq. }is ~ 101;2046 C, then
of the solution is: [K , (H O)— 1.86° mol™ kg]
[1AS (Prelim,) 1995 P P AT
(a) 0.76 (b) 1.26 ©) 1.76 (d) 2.26 vy o e tey-3 N
212. The[Ag"]in a saturated solution of Ag,CrO, is L5x 107 M. e “;“,‘“f”‘j‘“ff ?-Of Fweak-acid-can be caleulated asi-———— I
-+ What is the solubility product of Ag,Cr0O,?  (SCRA 2009) ' (‘ 10{I K, b - 100
(@) 3375x 1072313 (b) 16875x 107041 a) =r (O T oke -
~11443 12 5 73
{C). 16875x 107" M (d) L6875x107"M {c) both correct - (d) none is correct
[Hint:  Ag,CrO, — 2Ag" + Cr04 223. Assuming complete ionisation which will have maximumpH?
[Agh]=15x107¢ M = [CrO]=0.75%10° M (@) 0.01 MNH,CI (b) 0.01 M(NH,),50,
K, =[Ag" FICIOT ] . (e) 0.01M (NH, ):PO, (d) equal
(L5107 F[075 x107] 224. H,0+ H,PO, == H,0" + H,PO;; pK, =2.15
o L6875 X 1074 ] H,0 + H,PO; === H,0" + HPO}"; pK, = 7.20

213. The pH of a buffer containing equal molar concentrations of a A‘Hence, pH Of 0.01 MNaH2P04 8-
weak base and its chloride (X, for weak base=2x 107, S (3)935 E (b) 4.675 (©) 2. 675 . (d) 7.350
log 2= 0.3)is: ‘ OCOCH;

(a) 5 (b) 9 (c) 4.7 d) 9.3 A o -

214. The solubility product (K) of AgCl is 1.8x 1070, 225 Acetylsalicylic acid | COOH | called aspirin is a
Precipitation of AgCl will occur only when equal volumes of ‘ o
solutions of: - [IAS (Prelim.) 1997; PET (MP) 2007] o Kill th K PR bl H of . 09 :

107 MCT™ ,pam er, Wl p = two tablets each o £ mass,
@ 10 MAg and 0 (1" aremixed . containing aspirin are dissolved in 100 mL. solution. Its pH..
(b) 107 M Ag* and 10”7 M CI™-are mixed will ber .
(c) 107 M Ag* and 107° M CI™ are mixed Eag gg Egg 1-8
. ~10 -10 - . ¢ L. 2.
(d) 1077 M Ag* and 107" M CI” are mixed 226. If ionic product of water is K, = 107! at 4°C, then a'solution

215. Solid Ba(NO, ), is gradually dissolved i m a Ix107*M Na,CO, with pH = 7.5 at 4°C will: '
solution. At what concentration of Ba?" will a precipitate ' (a) turn blue litmus red (b) turn red litmus blue
begin to form 7 (K, for BaCO; = 51x107°)  (AIEEE 2009) (¢) turmturmeric paper brown (d) be neutral to, ligmus
(a) 41x107° M (b) 51x107° M 227, :HO'W do Wwe dlfferennate between FeH and Cr** in group 1117

. (c) 81x107% M ) 81x10" M (2) By taking excess OfNH OH ' 'V‘_‘ FEE2002)

216. How many gram of CaC,0, will dissolve in distilled water to (b) BB; in creismg NHY ion 4(: oncentration’

" make one litre of unsaturated sqution of it? (K for e
CaC,04 = 2.5% 107 ® mol? 1it™?) IPMT (v ) By dccreasmg OH™ ion concentration
(d) -Botli (b) and (c)
() 00064g (b) 0.1028 5 (c) 0.1280 (d) 0. 2036 ¢ 228. Which has the highest pH? _ [CBSE (PMT) 2003]

217. When CO, dissolves in water, the following equilibrium is -

established, (@) CH»‘;CQ OK (b) Na,CO; -
CO, + 2H,0 == H;0" + HCO;’ 120, (e).NH (1, (dy NaNOy - . - -
for which the equilibrium, constant is 3.8 x 107" and pH = - 6.0. 9. Waterisa: . . A (KCET 2002)

The ratio of [HCO; Jto [C z] yvould be:
(a) 3.8x 1073 (b) 3.8x 107 (¢) 6.0

(d) 13.4

(a) proto’phoﬁic solvent

(b) pro’;ophilicsolvent b
(c) amphiprotic solvent

(d) aprdtic,solvent .

e
o
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0.01x[OH |2 =102

e e et = o e e

230, 1 M NaCl and | M HCl are present m an aqueous solution. The [OH‘] 10'5 ;
solution is: : (AIEEE 2002) [H" ]__ 1070 M and pH = ~1og[107 1= 9]
{a) nota buffer solution Wﬁh pH< 7
240 The correct expressxon for the solublhty product of
(b) not a buffer solution with pH > 7 Ca (PO, ), is: [JEE (Orissa) 2005] -
(c) abuffer solution with pH <7 3V A i 4 4
(2) 1085 (b) 278 (b) 165 (d) 815
(d) a buffer solution with pH = 7 241. The solubility product of a salt, having th ral formula
231. Solution of 0.1 M NH,OH and 0.1 M NH,CI has pH 9.25. e D R ng iho PPER
Then pK , of NH,OH is: " [CBSE (PMT) 2002] 2»in water is 4 X e concentration o * jong in
' @ 9 s b A0 (®) 475 the aqueous solution of the salt is: (AIEEE 2005)
g . —8H ) - .
(©) 3.75 () 825 (@)2x10 _4M ®)1x10 ”f
232. Solubility of an MX, type electrolyte is 0.5 X 107 mol/litre, ©)L6x 107 M @ax100" M
then K, of electrolyte is: [CBSE (PMT) 2002] [Hint: Itis ternary electrolyte.
(@ 5x1077 (b) 25x 10710 ' : Ky =48>
o) 1x 1071 (@) 5% 107 4x1077 = 48°
233. The. concentration of KI and KCl in a certain solution §=10"M
containing both is 0.001 M each. If 20 mL of this solution is M*y=10" M)
“AT;}': o ')ﬂ?m]' ofa satuzated—seluaea—engPnrwater%at "242. The ionization constant of ammonium hydroxide is L77x 107
?}é ;Zgn_ 1070 K Agl=10716)" ‘ [PET (MP) 2004] ' -at 298 K. Hydrolysis constant of amongg:; chlar)l;; '1159 7009]
> sp )
(a) Agl will be preqpitated (a) 5.65% 10—12 (b) 5.65% 10—10
(b) AgClwill be precipitated (c) 6.50 % 1072 (d) 565x 1073
(c) There will be no precipitate - ’ X - ’
(d) Both AgCl and Agl will be precipitated o - [Hint: K, = K—”’ = 177x10% : T
234. Degree of dissociation of NH,OH in water is 1.8x 107, then b 7_ . X '
hydrolysis constant of NH,OH is: [CECE (Bihar) Pre. 2004] =565x107%
(a) 1.8x 1075 (b) 1.8x 107 243, The K, values of formic acid and acetic acid are respectively
i . 1.77% 107 and 1.75% 107, The ratio of the acid strength of
~ (0) 5.55%x10 (d) 5.55%10 0.1 M acid is: ; - [PMT (Kerala) 2005
235. What is the pH of 0.01 M glycine solution? For glycine (a) 10 - (b)3.178 (€03 @o1
K, =45x107% K, =17x107'° at 208 K: (ATIMS 2004) @100 - ' ~
(a) 3.02 (b) 6.94 (c) 7.06 (d) 10.02 244. Equal volumes of the following Ca®" 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 T  Of CaF; =1.7x 107"
solution is related to the ratio of the concentrations of the ' : .
conjugate acid HIn and base In” forms of the indicator by the 1. 1(}'2 MCa® + 10“5 MF~ 2107 M Ca?'* +10% MF-
expression: - . ICBSE (PMT)2004] 3107 M Ca®* 4 1072 MF~ 4,107 M Ca™ +107 MF~
(@) 10g [In” ]- pKIn pH (b) log (Hin] _ me pH Select the correct answer using the codes given below:
-[HIn] "] [PMT (Kerala) 2005]
[HIn]_ [In ]_% _ (a)m40nly (b)mlandZ (c)m3and4 (d)mZ 3and 4
, _ 245. Given, pH of a solution 4 is 3 and it is mixed with another
237. A weak acid HX has the dlssocianon constam 1x107 M. It : " solution B having pH 2. If both are mixed, then the resultant _
forms a salt NaX on reaction with alkali. The.degree of : AT :
. . . gt pH of the solution will be: - [RHU (Pre.) 2005}
hydrolysis of 0.1 A solution of NaX is: - {IIT {S) 2004] o : : : ) : .
. o or o 120, ‘ (@32 ™19 . ()34 (d)3.5
(a) 0.0001% (b) 0.01% - (c) 0,1 % (d) 0.15% 5 e i .
X ie s oo \ S 246. When 10 mL of 0.1 M acetic acid (pK, = 5)is titrated against
238. The molar solubility (in mol litre ') of a sparingly soluble salt 10 mL A .
- 10 mL of 0.1 M ammonia solution (pK, = 5), the equivalent
MX, i3 S. The correspondmg solublllty product K, is given L .
point will occur at pH: (AIIMS 2005)
by the relation; y (A/E4EEE 2004) (@5 ()6 ©7 @09 :
1 i ' .
(a) § = (Kg/128)" (b) §=(218Ky)" 247." On adding 0.1 M solution each of Ag*, Ba®* and Ca®" in an
(c) S = (256K )lf 5 @ S =(X, /-256}” S Na,80, solution, the species first preclpltated is: 7 ,
239. The K, of Mg(OH); is 1x 1072 0.01 M Mg(OH), will - (DCE 2005)
ﬁrmlpxtate at the limiting pH: {DPMT 2005) (Kp BaSO, =107", K CaS0, = 1075, K, Ag,SO, =107)
@3 ®)9 - (©)5 (@8 (@) A
. : Ty ~ £,50, (b) BaSO,
[Hint: [Mg* J[OH]*=107" (c) CaSO, ' (d) all of these



248.

At 256 the dissociat of a-base BOH-istx 1672 () 83—

————————-The—coneentration—of -hydroxyl—ions—in—0.01—-M—aqueous—

259.

251.

252.

253.

254,

IONIC EQUILIBRIUM

When 0.1 mole of CH;NH, (ionization constant,
K,=5x 10™*) is mixed with 0.08 mole HCI and the volume is

made up to 1 litre, find the [H" ] of resulting solution:

(IT 2005)
(a) 8 x 10‘2 (by2x 107"
(c)1.23x 107 (d)8x 107!
[Hint: CH;NH,+ HClI —— CH;NH;Cl™
0.1mol (.08 mol Y
0.02 mol 0 0.08
[Salt]
OH=pK, + lo
p P&, + log— [Base]

=—log5x10™ + 1ogM =3.903
' 0.02

pH =10.0967
[H ]= antilog [-10.0967]= 8 x 107" ]

solution of the base would be:
(2)107° mol L7 (6) 10 mol L™}
(€)2x 10 mol L™ (d)107mol L™*

[Hint, [OH = ,/CK _,/001><10"2—10'7 molL ]

[CBSE-PMT (Pre) 2005] -

'__Whlch of the followmg solutions has pH equal 10107 -

[UGET (Manipal) 2006}
@ 1074 | MlKOH-.-.“;, B «(b) 10710 M KOH -
() 107 M HCI' . (@10 M HCE

A weak monobasic acid is half neuttalised by a strong base. If
the pH of the solution is 5 4'*'1ts‘pK is: [JEE (Orissa) 2006}
(a) 6.8 ) 2.7 L5ty 5.4- (d) 10.8
[Hini: [Acid]=[Salt]
[Salt}
[Acid]
54 =pK, + logy1
. pK, =541
ZnS is not precipitated by passing HZS in acidic medlum but
CuS precipitated. The reason foritis:  [JEE (Orissa) 2006]
(@) K, CuS << K, ZnS (b) K, CuS>> K, ZnS
() Kg CuS=Kg ZnS (d) none of these
Solublllty product of salt 4B is 1x 1078 M % in a solution, in
which the concentration of A* ions is 10~ M. The salt will
precipitate when the concentration of B~ ions is kept:
(KCET 2006)

(a) between 1078 M to 1077 M (b) between 10" M to 10 M
©)>10° M d<10% M
NaOH(aq) HCl(ag.) and NaCl(ag.) have concentration of
107 M each. Their pH will be respectively:

[PMT (Uttarakhand) 2006]
) 11,3,7
(d) 10,4, 7

pH=pK, + log——

(2) 10, 6,2
() 10,3,7

5. The weak acid, H4, has a K, of 1.00 x 1073, £ 0.1 mol ofthls

acid is dissolved in one lltre of water, the percentage of acid
dissociated at equilibrium is closest to: [CBSE (Med.) 2007]
(@) 1% (b) 99.9% '

(c) 0.1% (d) 99%

723

[Hint: ‘.

H4 — H + 4
t=0 C 0 0
leg. C-Ca Ca Co v
_[H 4] _ C?
! [HA] C - Co.
='Cizca2
I-a

[10-5
o= ’_Iiﬂ_ = & =1072
C 0.1

% ionisation = 0. X.100 =1]

256. At25°C, the value of pX, (K, being the dissociation constant
as a base) for NH; in aqueous solution is 4.7. What is the pH
of 0.1 M aqueous solution of NH,Cl with 0.01 M NH,
(approximately)? ' (SCRA 2007)

P

_NHCD
[NH,OH]

=47+ 1og[00011] 57

pH=14 - 5.7=8.3]

157, _The ionisation of strong electrolytes in acetic acid compared to .
that in water is; [CET (J&K) 2007]
(a) weak, low (b) strong, more
(c) medium, the same (d) no ionisation, 100%

258. By adding a little of acid or base, the change in pH of blood is
not significant, because blood: [PET (Raj.) 2006}
(a) has iron as a part of molecule '
(b) is a body fluid
(c) has serum protein which works as buffer
(d) is easily coagulated

259. 2.5 mL of 2/5 M weak monoacidic base (K, =1x 1072 at
25°C) is titrated with 2/15 M HCl in water at 25°C. The
concentration of H' ion at equivalence point is: -
(K, = 1x 10" at 25°C) (1T 2008)
(2)3.7x 107 M ®32x10"M
(©)32x107*M (d)2.7x10° M
[Hint: 1 BOH+ 1HCl— BCl+ H,0 -

- ﬂ[ljlﬁ: “pOH=DpK,, +logy, —

M (ase) =122 (acia)
3><25=3><V2
5 15 -
=7.5mL

Total volume = 7.5 + 2.5 =10 mL
Concentration of salt in the mixture :
MV, (Base) = M,V, (Salt)
% x2.5=M,x10
M,=0.1

1 ,
pH=5[pKw—pr-10gC]
1
=-[14-12-(-D]=
2[ (- D]

[H* ]= Antilog (- 1.5) = 0.032 M]
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260. Solubility product constants (K ) of salts of types () HNO; and CH;COONa
MX ,MX, M, ? at temperature T’ are 4 x 107 , 3 2 x 1071 (d) CH,COOH and CH3,COQNa
and 2.7 x 107 ™ respectively. Solubility (mol dm- *) of the 6. Four solutions of NH,Cl are taken with concentrations 1 M,
salts at temperature T are in the order: (IIT 20908) 0,1 M, 0.01 M and 0.001 M. Their degree of hydrolysis are
(a) MX > MX, > M, X (b) M3 X > MX, > MX “ hyy by, by and h,. What is the graduation of degree of
(€) MX 5 > My X > MX (d) MX > M, X > MX, hydrolysis?
[Hint: (@) > hy>hy > hy ®) by=hy=hy=h,
Solubility (5,) of MX = K, =4 x10°% =2x107*M (€) hy>hy>hy > by (d) None of these
) -ty G ® 7. Which has maximum solubility 48, AB,, AB; and AB,ifK,
Solubility (S;) of : » for all the salts are 1071°9
KoV (32x107M 3 s (a) AB (b} 4B, (c) AB, (d) 4B,
MX, = ( 4 ) L 4 =2x10M 8. Dissociation of an indicator can be considered as,
B o S HIn == H* + In~
S lity (S;)of . .
olubility (53) of v 1 ) ' Colours of HIn and In™ are different. Which statement is
- . L 15NT .
M- Ko 4 _[27x10 1574 0 correct? . ; -
57 27 B . (a) Solution assumes cqlours of HIn when pH = P _,
ST Sy e : {b)Sotution assumes colours of Tn~when pH= Py | |
'V"f"dﬁin aqueous sotution; the ionization constants for carbonic acid .1.(¢) Solution assumes colours of HIn~ when pH = P _
are : . A '
=42x107 and K, = 48x 0 (d) Solution assumes colours of In~ whén pH= P _,
Select the correct statement forasaturated() 034 M solution of 9. The % error in {H" ] made by neglecting the ionisation of
the carbonic acid : (AIEEE 2010) water in 107 M NaOH is:
.(a) Thg :--?ncgnaatlom of I and HCO; are approximately (@ 1% (b) 2% - (c) 3%~ (dy 4%
28 R
“eqial 10...50.mL N /10 NaOH solution is mixed with 50 mL ¥ /20 HCI
(b) The concentratlon of H' is double that of COz' solution. The resulting solution will:
(c) Concentration of COZ is 0.034 M ' (a) turn phenolphthalein solution pink
:+¢.(d) The concertrtion of CO%“ is greater than that of HCO; (b) turn blue litmus red

(c) turn methyl orange red
(d) [H' 1< [OH ]

11. Anacid indicator HIn has K, = 3 x 10'5 the acid form is red
and basic form is blue. Whlch is correct?

Set-2: The Questions given below may havé more
than one correct answers

1. For dissociation constant (K ) and 1omc product (K, ) of
water which is correct?

@ K >K () K, > x (a} pH = 5when indicator is 75% red
© K. = M ' @ None of these (b) pH = 4.05 when indicator is 75% red

3 -Whic;is an example of auto protolysis? ; “'(c) pH = 5when indicator is 75% blue ) -
(a) H.O+H O__..x H O+ + OH T T N (d) pH 4.05 when indicator is 75% blue
(b) Ni_% " N2H3 N3H4 +NH; ) 12 * Which of the following will function as buffer?
() H,S0, + H,80, == 1,80} + HSO; \ [IAS (Pre.) 1957]

© (d) All of the above (a) NaCl + NaOH (b) Borax + boric acid

3. If concentrations of two acids are same, their relatwe strengths (c) NaH,PO, + NaHPO,  (d) NH,Cl+ NH4OH
can be compared by: : . 13. Choose the correct statement(s):
(a) o /o, (b) K|/K, (a) pH of an acidic buffer increases if more salt is added.

H'/ d K : Qgﬁ‘ “pﬁHﬂof a basic buffer decreases if more salt is added.

@[H'}/[H'], d) vy /K,

4. Three bases XOH, YOH and ZOH have pK , values 2, 3 an& 4 (¢) In a saturated solution, ionic product is equal to its
respectively; the strongest conjugate acid is: ' : solubility product.

. (d) The term solubility product is only for spanngly soluble

(a) XOH; - YOH; ‘ salts.
(c) ZOH, (d) all are same : 14. ' In the following reacnqn,

5. Aqueous solution of HNO,,KOH, CH,COOH and [Cu(H,0)5(OH)]" + [AKH,0) 1> — [Cu(H,0),1*"
CH,COONa of identical concentrations are provided. The ) ® ©

pair(s) of solutions which form abuffer upon mixing is (are): + [Al(H,0)s(OH) >
. (IIT 2010) e D)

(), HNO, and CH,COOH (2) (A) is an acid and (B) is a base

(t’}) KOH and CH,COONa (b) (A4)is a base and (B) is an acid



15,

16.

IONIC EQUILIBRIUM

(c) (C) is the conjugate acid of »(;1) :Andf (ﬁ) is thé‘“ cdf‘iji’i"éat‘é

base of (B)
(d) (O) is the conjugate base of (4) and (D) is the conjugate
acid of (B) ‘ o
Which among the following will not react with NaOH or
which is not acid salt?
(a) NaH,PO, (b) Na,HPO,{(c) Na,HPO, (d) NaHCO,
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. :BIIU (Vied.) 26471
Codes: s i
(a) 1,2 and 3 are correct (b) 1 and 2 are correct
(c) 2 and 4 are correct (d) 1.and 3 are correct
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
solution?

(1) [H,07T=1.0x 107 mol L
(2) [OH ]=1.0x 107 mol L
3) [K*]=005mol L' -
4) [Br ]1=0.10mol L!
17. Which of the following solutions will be acidic?
(1) 0.1M FeSO, (2) 0.1M (NH,),S0,
() 0.1M CH,COONa ~ "(4) 0.1M NH,0H

725

18. In a buffer solution consisting NaH, PO, and Na,HPO,:

COBEL Viaias; 190.9)

(1) NaH,PO, is acid and Na,HPO, is salt

(2) The pH of solution can be calculated using the relation :

[HPO;"]

pH = pK; +loge——="-
: [H,PO,]

(3).The Na,HPQ, is acid and NaH,PO, is salt
(4) The pH can not be calculated o
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A,gsertwn-ﬂeason TYPE QUESTIONS

The questions ngen below consist of two statements each printed as
‘Assertion’ (A) and ‘Reason’ (R). While answering these questions
you are required to-choose any one of the following four responses:

(a) If both (A) and (R) are correct and (R) is the correct
explanation for (A).

(b) If both (A)-and (R) are correct but (R) is not the correct
explanation for (A).

(c) If (A) is correct, but (R) is incorrect.

(d) If both (A) and (R) are incorrect.

. (A)A very dilute acidic solution of Cd** and Ni** gives

yellow precipitate of CdS on passing hydrogen sulphide.
(R) Solubility product of CdS is more than that of NiS.
(A) In the titration of Na,CO, with HCI using methyl orange

11.

12.

13.

14.

15.

16.

(A) Sb,S; is not soluble in yellow ammonium sulphide.

(R) The common ion effect due to S*~ jons reduces the
solubility of Sb,S;. (ATIMS 2006)

(A)H,SO, acts as a base in presence of HCIO,,.

(R) Perchloric acid is stronger acid than H,SO,,.

(A) pH of a neutral solution is always 7.

(R) pH of a solution does not depend upon temperature.

(A)pH of 10® M HCl is not equal to 8.

(R) HCI does not dissociate properly in very dilute solution. -

(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 mversely proportional to the volume of the solution.
(A) If HCI gas is passed through saturated NaCl solution, solid

indicator, the volume of the acid required at the

3.

10.

equivalence point is twice that of the acid required using
phenolphthalein as indicator. :

(R) Two moles of HCl are required for the complete
neutralisation of one mole of Na,CO,. (IIT 1991)

(A) The pH of an aqueous solution of acetic acid remains o

.uichanged on the addition of sodium acetate. .
(R) The ionisation of acetlc acid is suppressed by the add1t10n
- of sodium acetate.
(A) In acidic medium, Zn?* is not precipitated by 52 ‘iofis.
(R) Common ion effect reduces the concentratlon of $?” ions
" to the minimum level.
(A) In the acid-base titration 1nvolv1ng a strong base and a
weak acid, methyl orange can be used as-an indicator.
(R) Methy] orange changes its colour in pH range 3to 5..

. (A) A mixture of sodium acetate and sodium proplonate forms

a buffer solution. .
(R) A buffer solution reacts with small quantities of hydrogen
or hydroxyl ions and keeps the pH almost same.

(A) When small amount of an acid 6r 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. -

(A) At 25°C, the pH of 1078 MHCli is 8

.(R) pH of acidic solution is always below 7 at 25°C." -

(A) The addition of silver jons to a mixture of aqueous sodium

‘chloride and ‘sodium bromide solution, will first
precipitate AgBr rather than AgCl. '
" (R) The value of K of AgCl <K, of AgBr. . (AIIMS 2004)

(A)Sb (III) is not prec1p1tated as sulphlde when in its alkallne

~ solution H, S is passed

(R) Concentration of S%” jons ‘in- alkaline medlum is
_inadequate for precipitation. (ATIMS 2004)

17.

18.

19,

20.
21,

22,

23.

25.

26.

NaCl starts separating out.

“—(R) HCl decreases the solubility product of NaClL.

(A) pH of a buffer changes with temperature.
(R) Ionic product of water (X, ) changes with temperature.
AL+1I" — L
In above reaction, I, is Lewis base.
(R) Electron pair acceptor.is Lewis base.

(A) Phenolphthalein is used as indicator during the tltratlon of
oxalic acid agamst sodium hydrox1de

(R) The pH range of” phenolphthalem is from 8 to 9.6.

(A)If Ko is less than K, ip> the precipitate is formed.
R) Solublhty product (K ) is the hlghest limit of 1omc
" product of electrolyte SOll.lthnS
(A) H,PO; is a dibasic acid. :
(R) There - are two hydrogen atoms d1rectly attached to
phosphorus. (AIIMS 2007)
(A) NaCl is precipitated when HCI gas is passed in a saturated
solution of NaCl.
(R) HCl is a strong acid. (ATIMS 2007)
(A) On mixing 500 mL of 107 A Ca?* ion and 500 mL of —-
107 MF™ ion, the pre01p1tate of CaF2 will be obtained.
K, (CaFy)= 10718,
R) _If K, is greater than ionic product precipitate will be
obtamed ‘ (AIIMS 2007) -
(A) The aqueous solution of CH;COONa is alkaline in nature
(R) Acetate ion undergoes an ionic hydrolysis.
(EAMCET 2008)
(A)An aqueous solution of ammonium acetate can act as a
buffer.
(R) Acetic acid is a weak acid and NH,OH is a weak base.
' (EAMCET 2010)
(A)[AI(H,0),I** is a stronger acid than [Mg(H,0) ]**.
(R) Size of [Al(H,0)s** smaller than [Mg(H,0);J** 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. (¢ 7. (@ 8 (¢ -
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. (c) 39. (d) 40. (c)
41. (b) 42. (b) 43. (a) 44, (d)’ 45. (a)- 46. () 47. (d) 48. (d)
49. (b) 50. (c) 51. @) - 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(d) 74 (@) 75. (6) 76. (6) 77. () 78.(b) ~79.10) ~80. (a)
81. (c) 82. (2 83. (b) 84. (d) 85. (d) 86. (d) 87. (c) 88. ()
89. (b) . 90. (b) 91. (d) 92. (a) 93. (ay .. 9%4. () . ., 95.(d 96. (a)
97. (a) 1 98. (b) 99. c) - 100. (a) 101. (a) 102. (a) 103. (d) 104. (d)
105. (a) 106. (b) 107. (c) 108. (b) ©109. (b) 110. (a) 111. (d) 112. (c)
113. (c) 114, (b) 5. (o) “116. (cy 17. () - 118. (b) _119..(b) 120, (b))
121. (c). 122. (b) 123. (d) 124, (d) 125. (b) 126. (c) 127. (a) 128. (2)
129. (b) - 130. (a) 131. (a) 132. (a) 133. (c) 134. (c) 135. (a) 136. (c)
137. (d) 138. (b) 139. (@)~ 140. (d) 141. (d) 142. (c) . 143. (a) - 144. (b)
145. (c) - 146. (c) - - 147. (d) 148. (0 149. (b) 150, (d) 151. (d) 152. (a)
153. (a) 154. )  .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) 191. (c) 192. (a)
193. (b) 194. (d) 195, (c) 196. (c) 197. (c) ~ 198. (b) 199.. (c) 200. (2)
201. (d) 202. (d) 203. (a) 204. (b) 205. (c) 206. (c) 207. (d) 208. (c) -
209. (b) 210. (¢)  21L.(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. (¢) 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. () 3 (a,¢d) 4. (c) 5. (c,d) 6. (c) 7. (d) 8. (a,b)
9. (a) 10. (a,d) 1L (b,c) 12 (b, d) 13. (a,b,¢) 14. (b, c) 15. (a,b,c)  16. (a) -
17. (b) 18. (a) R
1. (c) 2. by 3. (d) 4. (a) 5. (d) 6. (b) 7. (©) 8. (d)
9. (c) T 10, (¢) 11. (d) 12. (a) 13. (d) 14. (c) 15. (d) 16. (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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BRAIN STORMING PRDBLEMS

BJECTIVA 'QUEST:

The following questlons contain single correct optlon'
1. The pH value of 107* M aqueous solution of NaCl is:

(a7 - (13 11 (d) 14
[Hint: NaCl is the salt of strong acid HC! and strong base NaOH. Tts
aqueous solution will be neutral with pH equal to seven.]

.. The acidic buffer solution can be prepared by mixing solutlons

6.

Glycine NH,CH,COCH behaves:

{(a) as a Bronsted acid

(b) as a Bronsted base ,

{c) both as an acid and a base

(d) neither as an acid nor as a base

Solubility of Hg,Cl, in a solvent is § moles/litre. Its solubility

of: product will bc

(a) sodium acetate and acetic acid (a) 1682 (b) 852 (c)165* (d) 453
{b) ammonium chloride and ammonium hydroxide ‘ [Hint: Hg,Cl, — Heg?' + 2CI7]

(c) sulphuric acid and sodium sulphate : ;

o 8. Arrange the following acids in increasing ordﬁr of their acid
rrrrrrrrrr V—-——nw-(d)-sgdlm}»eb-leﬂ{ie—a{}u Sedin u_y\.uv 1ac i Strength .
3 Hydsolysis constants Oﬁﬁﬁsﬁaﬂd%%aﬂmf LHCO,  ILH,S0, ILH,PO,
’ third acid HC is 1072, The order of acidic strengths of three - @IM<I<IOI<T<MEI<M <1 <T<I
acids will be: ' : ' 9, Select the anion which is the strongest bronsted base:
(a)HA > HB > HC (b) HB > H4 > HC (a)CGlo; (b)) CIoY (c) ClO; (d) C10~

(¢)HC >H4 > HB () HA=HB=HC [Hint: . HCIO,>HCIO, > HCIO, >HCIO ...
TN PR _14 - Vo o Rt !
[Hint: X, (Hd4)= % = 11{(})_8 =107% : {Decreasing acidic character)
h , Clo; < ClO; < ClO; < ClO~
K 107 g . ‘
K, (HB) = E‘ﬁ = e =10"% {(Increasing basic strength)
. : {Conjugate base of strong acid is weak base)]
K,(HC)=10" : ~ 10 M(OH), hasa K, of 4 x 10 and its solubility is 107 M. The
Greater the value of dissociation constant K ,, more is the amdlc - value of x is: ‘
strength.] ) ()4 ()1 ()3 gd) 2
4, Three spanngly soluble salts that have same solubility - 11. What s the maximum possible concentration of Ni** ions in a

products are given below:

L A4,X 1AX 14X,

Their solubilities in a saturated solution will be such that:
E@H>H>TMI>I>HI>HI > H>I> 10

solution containing 0.15 A HCl and 0.10 M H,S? [Given that,
K, (NiS)=2x 107 and[$* Ty s = 4 X 107'];
- (@a065M (b)045SM. (©)010M (dOISM
PR 12. The pH of 107'° M H,S0, will be almost:
[Hint: S= K, for AX; S ___.{_._S’i} for A,X; (a)4 3 (b? 7 ©6 @o
4 13. Solubility of calcium phosphate (molecular mass, M) in water
PRIz 4 is W g per 100 mL at 25°C. Its solubility product at 25°C will
§={=F| fordX
3] e
Sy >8>Sl

be approxirnately
‘W : 5
(a)10° \ 1 (b) 107 LW] (©)10° (WW @10 fz]
M M)
5. Consider the three solutions of 1 M concentration.
1. Sodiums acerate (CH;COONa)

M
2. Acetic acid + Sodium acetate - _ 5
(CH,COOH + CH,COONa) K of Cay(PO,), = 1085
3. Acetic acid (CH,COOH) ‘ o8 { 107
The pH of these solutions wili tie i+ the following sequence: B M J
(@3<2<1 (M)2<l<3 (©i-2<3 h3<l<? S
=107 (%} (approximately) ]

10w .
[Hint: § = —— mol litre
M

[Hint: CH,COOH (Acetic acid) < (CH,COCi: - JH i )0Na)

pH<7 . Buffer N .
' CHyCUOr 2 ] 14. When some amount of sodium acetate is further added to a
pH>" mixture of acetic acid and sodium acetate, then pH of the
Salt of weuk acid

with strong base solution:



15,

17.

18.

19.

IONIC EQUILIBRIUM 729
(a) increases Molarity of OH™ = %% 1000 = 0.01 41
(b) decreases 0
(c) remains same . pOH =2 . pH=14-2=12]
(d) none of these can be predicted from given information 21. In the following reaction:
. [Salt] HCOj; + H0 == €O} + H;0"
: pH=pK, + 1 32 3 3
(Hint: p p v [Acid] which two substances are Bronsted bases?
When the concentration of salt is increased, the value of pH will (a) CO}” and H,0" (b) HCO; and H,0"
increase.] v A "~ {c}HCOj and CO35” () COy” and H,O
When strong base (NaOH) is added to the weak acid (acetic . 22. Which are strong acids?
acid, CH;COOH), then dissociation of acetic acid inoteases; 1. HCIO, 1L H,8e0, IT1. H,AsO,
this effect is known as: (a)Tonly (b) I only
(a) common ion effect (b) reverse ion effect {c) I and T1I only {(d) 1 and 111 only
(c) saltation effect {d) solubility effect R - »
[Hint: CH,COOH + NaOH — CH,COONa + H,0 3. HCOOH === HCOO" + H"; K, =17x10
The ionization of formic acid is represented above. Calculate
Ionization of acetic acid will increase with the progress of its [H" Jof a solution initially contalmng 0.1 M HCOOH and 0.05
- ———neutratization-TFhis-effect is-cattedreversetomreffect:] "
________ —16—Iireur—body, carbwdmx1de—(€9+combmes—w1th water ?:)Iécsicﬁl)i v (b) 3 A% 104 M
H, O) to form carbonic acid. © 4'1 107 M @1 '8 <102 M
) H,0 + CO, — H,CO
2 2 PAANE! . . .
Carbonic acid undergoes dlssociatlon as, 24. IC(arbo;g:X elzcél_d ailicgb_ f?i lgl?mt'l\;hiiidsofs:io:t?ﬁ
PR — 1= =
H,C0, ==H" +HCO; produce a pH closest to 97
During the physmal and mental stress, the rate of respiration A R e _—
(a) 0:1' M H;C0;
increases, which results in the decrease in concentration of o
CO, in the blood. What will be the effect on pH of human Ebgg-; i{{ g:é(é%s
blood during the stress? <y, 3
(a) Decreases {b) Remains same (d 0-1. M N3H¢O3 and (_)-1 M N32(23_03
(c) Increases (d) Cannot be predicted 25, What is the conjugate acid of HPOj ?+ i
The correct order of basic strength is:. (ALLMS 2007) (@) H;PO, () H,PO; (c)H;0 (d) POy
(a) H,O0<OH" <CH,OH<CH,;0 - 26. What is the K, of a weak base that produces one OH™ per
(b) CH;0H < H,0 < CH,0" <OH" molecule if 3é (.05 M solution is 2.5% ionized? \
3 ~ -6 -5 ~
(¢) H,0 < CH,0H < OH" < CH,0" E§.7;8 x{iﬂ c(b;) L6x 107" (€)32x107 (d1.2x10
: =Co
(d) OH™ <H,0 <CH,0 <CH,OH mee Be
Which of the following orders is expected to be correct? —0.05 % [ET —3.1x10]
(a) pK, (CICH,COOH) > pK , (CH,COOH) ) 100/
: ~ >PK,(CH,CH,COOH) 27. The amount of sodium hydrogen carbonate, NaHCO;, in an
(b) pK,(CICH,COOH) < pX, (CH,COOR) antacid tablet is to be determined by dissolving the tablet in
< pK,(CH;CH,COOH) water and titrating the resulting solution with hydrochloric
{c) pK (CICH,COOH) > pK ,(CH,COOH) acid. Which indicator is the most appropriate for this titration?
< pK ,(CH,CH,COOH) Acid K,
(d) pK,(CICH,COOH) < pK ,(CH,;COOH) H,CO, 25% 107
> pK ,(CH,CH,COOH) HCO: 54 10°
N 4 X
The concentration of Hj Oions in pure water is 107° mol dmn™ ’
The corresponding concentration of OH ions will be: (a) Methyl orange, pK y,, = 3-77
(2) 10" mol dm™ (b) 10°® mol dm™ (O? ?;:iﬁﬁ‘l’i;m?ff I 9:37-0
(¢) 10 mol dm™> (@107 mol dm™ & Al el B = 2%
Hint: In water, [H ]=[OH"]=10"° mol dm™] (d) Alizarin yellow, pKy, = 12. . .
[Hint: ’ E 28. If equal volumes of BaCl, and NaF solutions are mixed,

20.

What will be the pH of a solution formed by mixing 40 cm® of
0.1 M HCl with 10 cm? of 0.45 M NaOH?

(a) 10 ) 8 {©)5 dy12
[Hint>: Number of moles of HCl = My _ = 0—1X—49 =0.004
1000 1000
Number of moles of NaOH = MY _ = 0—45—)(1—0 = 0.0045
1000 1000

Remaining moles of NaOH after neutralization = 0.0005

which of these combinations will not give a precipitate?
Substance K
BaF, 1.7x 1077

(a) 0.004 M BaCl, and 0.02 M NaF
{(b) 0.010 M BaCl, and 0.015 M NaF

-{c) 0.015 M Ba(l, and 0.010 M NaF

{(d) 0.020 M BaCl, and 0.002 M NaF
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[Hint: In the mixture of 0.02 M BaCl, and 0.002 M NaF, the

jonic product is less than the solubility product, hence there will
be no precipitation of BaF,.]

39,

(a) NaC,H,0,
() CuSO,

(b) NH,NO; -
{d) AlCl,
A sample of hard water contains 0.005 mole of calcium

29. HCN is a weak acid (K, = 6.2 10“10) NH,OH is a weak chloride per litre. What is the minimum concentration of ,
base (K, = 1.8x 107 ). A 1 M solution of NH,CN would be: sodium sulphate which must be added for removing the Ca?*
(a) strongly acidic (b) weakly acidic ions from this water sample? K, of CaSO, = 2.4 x 107,
- () neutral (d) weakly basic (2)4.8% 107 (b)48x 107
[Hint: Since, K;, > K, hence the medium will be weakly basic.] (c)2.4x1072 ‘ (d)24x1073
30. How many moles of HCOONa must be added to 1 L of 0.1 M 40. Match the List-I and List-II: S
HCOQH to prepare a buffer solufidon with a pH of 3.47 List-I “ListII -
Given: K, for HCOOH =2 x 10 . - . _
a A} The limits of pH values of buffer (i) 5x 1072
@001 (5005 - (90l (@02 (A) The limits ofp B
31. Silver ions are added to the solution with: , s ..
_ _ . B) Concentration of [H;07 ] in (11} . Equal
Br]=[C17)=[C03 ]z[ASOE‘"]:O'IM ® OOOIMBa(OH)[ o :
Which compound will precipitate at the lowest [Ag™]? e Thebuffer—eapaef%y—ef—&sehﬁ'uu iyt
- e Al
(@) AgBr(Kg=5x 107%) is.maximum-when.concentration -
(b) AgCL (K, = 1.8x 10710) of salt to that of acid is
® o = (D) Tonic product of water is (iv) pK, £1
(c) Ag2C0; (Kyp = 8'1:210 ) Codes: A B c D
(d) Ag3As0,4 (K, =107°) (@ v i i i
[Hint: In case of AgBr, the ionic product-will exeeed the () v i iii i —
solubility product before AgCl, Ag,CO; and Ag,AsO,. Thus, ©) i iv i iii |
AgBr will start precipitation before other salts.} () iv i i i
32. The equilibrium constant for this reaction is approximately 107> A% Match th ‘L:' L and List L -
HPO} (ag) + HCO3 (ag.) == H,PO;(ag) + COF (ag.) T List.II -
. Which is the strongest conjugate base in this reaction? (A) Degree of ionization of weak (i) ~Cdmri‘l0n: ion
(a) HPOZ (aq.) (b) HCO; (ag.) electrolytes increases T effect
(c) HyPOj (aq.) (d) CO¥ (aq.) (B) pHof waler decreases 01.1; (n) 'pH:, 4
[Hint: Conjugate base of weak acid is strong base.] (C) The solution has hydronium ion (iif) Heating
.33, Which mixture forms a buffer when dissolved in 1 L of water? fgf&iﬁgatmﬂ of 0.0001 '
0.2 mol NaOH + 0.2 mol HB ’
% 02 o NGl 4 0.3 oL HCL (D) The addition of NaOH to (iv) On dilution
(¢) 0.4 mol HNO, + 0.2 mol NaOH gzggggl‘s"l““‘m precipitates
(d) 0.5 mol NH; + 0.5 mol HCI Codes: A z B c b
34. The equilibrium constant for this reaction is 3.6 x 107", o o -
OCI™(ag.) + H,0() == HOCl(ag.) + OH™(ag) @ - oo
What is K, for HOCI? ®) i v i :
@28x10° (6)3.6x107 ©6x10° (d)2.8x107° © v i i .
35. What is the concentration of H' in a solution that is prepared @ v u ue 1
by mixing 50 mL of 0.5 M HCl and 200 mL of 0.25 M HCI? 42.

36,

37.

Lid
6

(8)030M (b)035M (c)040M (d)04SM
K, for hydrofluoric acid is 6.9 x 107*. What is the equilibrium
constant X for the following reaction?

F{ag.) + H;O(l)+— HF(aq.) + OH (aq.)
(2)6.9x 107" (b)1.4x 107 (c) 2.6 x 107 (d) 83 % 107°
A solution of 2 M formic acid (HCOOH) is 0 95% ionized.
What is the K, of formic acid?

(a)1.9% 107 (b)1.8x10‘4 ©9x10°  (&45x107°

. 0.95
int: K =Ca* —2)(
[® [100) ]

If 0.1 mol of salt is added to 1 L water, which of these salts is
expected to produce the most acidic solution?

Which of the following is not correct about the percentage
ionization of BOH ?

K
IOOxJ b
K,,+K ®) C

100 ' K, % 100

@ 1+10(PKs - POH) D , + OH
[Hint: BOH —= B* + OH-
t C 0 0
feg. C~Co Ca CoL.
_[B"J[OH"] _ C2a2
7 BOH] cC(-
=Col® (o <<< 1)
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X, (K.
a=\}£'~’~ % ionization = 100x\15é (1)
: C C

B*] 1. 1

2.

Which among the following statements is/are correct?
(a) pH = ~ log;y (H;0")
(b) pH decreases with increase of temperature

" [B"1+[BOH] , [BOH] L [OH] (c) pH cannot be zero, negative or more than 14
; [B*] K] {d) If a solution is diluted ten times, its pH increases by 1
K, y 3. Which among the following statements is/are correct?
X, + O | ~(2) () pH of 107® M HCl is equal to 8
S 100K, (b) Conjugate base of H,PO, is HPO,™
Percentage ionization = K, + OH" {c) pH of 0.1 M NaCl (aqueous solution) = % pK,,
= 1 1 (d) Ionization of water increases with decrease in temperature
s [OH_] 14107 pOH 4. Let us consider the ionization of HCl in the aqueous solution
K, 10775 of CH;COOH.
1 CH,COOH + HCl = CH,COOH; + CI™
= 1+ 10K = PO Select the correct statement(s) among the following:
100 (a) CT" is the conjugate base of HCl

oo Percentage ionization =

1+ 10®Xs ~pOH) =

43. When NaCl is added gradually to the saturated solution of
"AgCl then which of the following plot is correct 7

-;'f-[cr]a o S ——[CF] —
© RGN

The following qmstmns may have more than one correct
options:

. Which of the following statements is/are correct about the
ionic product of water?

- (a) K (equilibrium constant of water) < K ., (1onic product of
water)

(b) pX >pK,,
(c) At300K, X, of water becomes 10712

(d) Tonic product of water at 25°C is 107"

.()Kbl b
) )

(b} CH,COOCH is the conjugate base of CH,COOH]

(c) CHy;COOHj is the conjugate base of CH,COOH

(d) CI” is the conjugate base of CH;COOH

Which among the followmg species act both as an acid as well

-asabase? —
(a) SO3~ (b) Hso;
(c) PO;” © (d)NH,

Which among the following salts will gi've basic solution on

hydrolysis? [PET (MP) 2008}
(2) NaH, PO, (b) NH,CI
(c) NaCl (d) K,CO,

Which among the following represent the conjugate acid/base
pairs?

(a) H;0'/H,0

(b) H,80,/805

(c) HCO;/CO5 .

(d) All are conjugate amdfbase pairs

If you have saturated solution of CaF , then:

@[Ca*]= Ky B)[Ce] =2[F]
(©)2[Ca®"] = [F] @)[Ca* 1=K y4]"

The relative strength of two weak bases at same concentration
may be given as:

[OH ],
by , [OH" ],

o | VK,
© ('x";- (d) ‘E

BT £ A AR SN e S
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e Single correct option 3
L. (a) 2. (2) ‘ 30 4. (d)

9. (d) 10. (d) LI 12 (b)
17. (¢} 18. (b o190 20. (d)
25. (b) 26. (c) @ 28.(d)
33. () 34. (a) - 35 (a) Y36, (b)
41, (c) 42. (o) B < () B
e One or more than one correct options
1. (a,b,c, d) 2. (a,b,d) 3..(b, ¢) 4. (a,b)
9. (b, c,d) ‘

5 (@) 6. (c) 7. (d) 8. (a)
13. (b) 14. (a) 15. (b) 16. (c)
21. (d) 22. (a) 23. (b) 24. (c)
29. (d) 30. 0) - 3L (a) 32. (d)
37. (b) 38. (b) 39. (b) 40. (d)

5. (b,d) 6. (a, d) 7. (a,c) 8. (c,d)

 Integer Answer TYPE QUESTIONS.

S ‘ XY ZW

This section contains 13 questions. The answer to [® ® © ©
each of the questions is a single digit integer, ranging % % % g
from 0 to 9. If the correct answers to question |5 @ @ ®
numbers X, Y, Z and W (say) are 6, 0, 9 and 2 @ @ @ @
respectively, then the correct darkening of bubbles g % % Q
will 1ook like the given figure: OO0 %
RO

080

1. What will be the pH of 0.1 A/ CH,COONH,?

Dissociation constants of CH%COOH and NH,OH are
K, =18x107 and K, = 18x 107 respectively.

2. Ionic product of water is 1x 107'2. pH of water will be :

3. Calculate the pH at which an acid indicator Hln with
concentration 0.1 M changes its colour.

(K, for HIn = 1x 107)

4. Sum of basicity of H,PO,, H3PO3 . H3PO2 is equal to:

5. Agiven weak acid (0.01 M )has pK, = 6 The pH of this
solution is :

6. Solubility product of an electrolyte is 69125 7. How many ions
will be obtained by the ionization of one molecule of
electrolyte?

7. The solubility product of Mg(OH), is 5% 107 at 25°C. pH of

saturated solution of Mg(OH), will be :

pH of 107 M HCl is 6.9586. The value of x will be :

9. If the equilibriwm constant of the reaction of weak acid HA

with strong base is 10°, then the pH of 0.1 M Nad solution will
be :

oo

10.

11.

12.

13.

Consider the titration of 50 mL of 0.1 M HBr with 0.1 MKOH.
Calculate pH after 49 mL of the base has been addeé to the 50
mL of HBr. E -
The dissociation constant of a subst1tuted benzoic ac1d at 25°C
is 1x 107, The pH of a 0.01 M solution of its sodium salt is:

(TiT 2009}
[Hint : pH of salt aﬁer hydrolysis may be calculated as,

pH _—[pK +pK, +1logC]

= -;-[14 + (~logl0™)+ log0.01]

=%[14+4-2]= 8 ]
The total number of diprotic acids among the following is:
H,POy, H,80,, H;P0;, H,CO;, H,8,0,, H,BO,, H;PO,,
H,Cr0,. H,50; , : (IT 20483
[Hint : H,50,, H,PO,, H,CO,, H,8,0,,H,CrO,, H,80, are
diprotic acid.]
Amongst the following, the total number of compounds whose
aqueous solution furns red litmus paper blue is:
KCN, K480, (NH, ), C,0,4, NaCl, Zn(NOy),, FeCl,,
K,COy4, NHNO;, LICN (LT 2610
[Hint : Salts of weak acid and strong base will give basic solution
on hydrolysis and will turn red litmus to blue KCN, K,CO, and
LiCN are such type of salts.]

L 2. (6) 3. (5) 4. (6)
9. (9) 10. (3) 11. (8) 12. (6)

5.4 6.7 7. (8) 8. (8)
13. 3)
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REWENSION TYPE QUESTIONS @ 4

Higher the amount of acid or base used to produce a definite change
of pH in a buffer solution, higher will be its buffer capacity. Buffer
capacity of solution is maximum under the following conditions:

[Salt 1=[Acid ] (in acid buffer)
[Salt 1=[Base ] (in base buffer)
PH of a buffer solution lies in the range given below:
‘ =pK, #1

In other words, any buffer solution can be used as buffer up to two
PH units only, depending upon the value of pK , or pK . A buffer is
said to be efficient when pH = pK , or pOH = pK,,.

Answer the following questions: '

When a weak acid or a weak base is rzof.complé!e!y neutralized by
strong base or strong acid respectively, then formation of buffer
takes place. The pH of buffer solution can be calculated using the

Sfollowing relation:

(61 opr = pic, + 1og 1524

H = pK, + lo
P P & ldcid | Acid ] [Base]

- Answer the following questions using the following data:

PK, = 4.7447, pK, =4.7447, pK , = 14

1. When 50 mL of 0.1 M NH,OH is added to 50 mL of 0.05 A
HCl solution, the pH is:

(a) 1.6021 (b) 12.3979 . (c)4.7447 - (d)9.2553
1. Any buffer can be used as a buffer up to: 2. 0.001 M NH,CI aqueous solution has pH:
{2y 10 pHunits(h) S pH tmits (€ 2 pH uniits (dy TpH unit (a) 6.127 (b)7.126 (c) 2.167 (d) 1.267

— 2.~ Which—among —the following soliitions —will~ e the most

efficient buffer?

(a) 0.1 M CH,COONa + 0.01 M CH,COOH
(b) 0.1 MNH,Cl + 0.1 M NH,OH

(c) 6.001 M HCOOH + 0.002 M HCOONa

(dyAlloftheabove . . .. . oo vt o
3. The buffer capacity is equal to:
An pH '
8) b) —— ¢yt 1pK d} none of these
()ApH ()An (©) £ 1pK, (},

4. A buffer of acetic acid (pK, = 4.8) with sodium acetate will
be, when CH,COOH and CH,;COONa are presemt in
equivalent amounts has pH limits equal to:

()0t0d48 (b)3.8t058 (c)43t53 (d)4.8

5, Buffer capacity is maximum when: ,

(a) one mole of NH,Cl is added to two moles of NH40H
(b) one mole of NH ,Cl1 is added to one mole of NH ,OH
(c) one mole of NH,Cl is added to one mole of NaOH
(d) one mole of NaCl is added to one mole of NaOH

6. Abuffer solutionis prepared by mixing equal concentration of
acid (1omsat10n constant K Yand a salt. The pH of buffer is:

: [JEE (Orissa} 2008]
@pK, +7 (b)14-pK, (pK,  (DpK, +1

e 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:

pH = 1 [pKw~'+ pK, + log C}
(for sali of weak acid and strong base ) »
pH =~ [K - Ky~ log €1~ o
(for salt of weak base and strong acid.)
== [pKw + Pk, — pKy]

(for salt of weak acid and weak base.)
where, ‘C’ represents the concentration of salt.

3. 50 mL 0.1 MNaOH is added to 50 'mL of 0.1 M CH,COOH
solution, the pH will be:
(a) 4.7447 (b)9.2553  (¢)8.7218 (d) 1.6021
4. 1 mole CH,COOH and 1 mole CH,COONa are dissolved in
water to form 1 litre aqueous solunon The pH of the resulting

solution will be: I et

(a) 9.2553 (b) 4.7447 {©) 14 (d) 7

5. When 50 mL of 0.1 & NaOH is added to 50 mL of 0.05
CH,;COOH solution. The pH of the solution is:
(a) 1.6021 (b) 12.3979  (c) 4.7447 (d) 8.7218

e Passage 3

An acid-base titration consists of the controlled addition of a
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 enormously. A titration curve, graph of pH as a_.

Sunction 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 equzvat‘ence point. The exact
shape of a titration curve depends on the K , and K, acid and base.
Answer the following questions:
1. The following figure represents titration curve of HCl agamst
NaOH. The pH at equivalence point will be:

. T o e Equivalence
e ) point.
pH '
Volume of NaOH adagd et
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(a)7 )6 ©8 3 - solution so called is acid rain. Sulphur dioxide dissolves in water to
Examine the titration curve below: o Sform diprotic acid in aqueous solution.

50,(g) + HyO(l) == HSO; + H"; K, =107"M
HSO; == 807 +H*; K, =107 M
and for equilibrium, ’
SO, (ag.}+ H,O(l)== 505 (aq.)+ 2H (aq.);
K,=K, xK, =107 at 300K at 27°C

Answer the following questions:
1. Which of the following reagents will give white precipitate
with the aqueous solution of sulphurous acid?
{a) NaCl {(b)yKCl (c) BaCl, (d) HCI
2. The pH of 0.01 M aqueous solution of sodium sulphite will be:

(285 )9 (c)4.5 {d)9.5
Velume-of acid-added—»-——— 3~ The-dominant-equilibrivrirran aqueoussotutiorof sodium -
Answer the questions 2, 3 and 4 on the above curve, . hydrogen sulphite-is:
2. Which of the titrations could it represent? 2H505(ag) = SOy(ag)+ SO (ag) t H?O(l)
. (2) HCl by KOH (b) RbOH by HBr The equilibrium constant for the above reaction is:
(c) HCl by NaOH (d) NH, by HNO, ‘ (2) 10°° ®10° (@107 (@107
3. The suitable indicator for this titration will be: 4. Which among the following statements is correct?
(2) bromothymol blue - (b) methyl orange = - (a) CO, gas develops more acidity in rain-water-than SO, . .
- (c) methyl red - (dyall of these N (®) H2503_is less a‘fi‘_ﬁc than H,S0,
4. The pH at equivalence point is: : (c) HNO; is less acidic than HNO,
(2) 11 ()7 (©)3 @z {d) SO, (g }is reduced in the atmosphere during thunderstorm
5. Which of the following curves indicates the titration of a weak L
diprotic acid by NaOH of equivalent strength? e Passage 5

The product of the concentrations of the ions of an electrolyte
v raised to power of their coefficients in the balanced chemical
pKz equation in the solution at any concentration. Its value is not
" constant and varies with change in concentration. lIonic product of
the saturated solution is called solubility product K '
i) When K, =K, the solution is just saturated and no
precipitation takes place.

- PKy ; o (i) When K, <K, the solution is unsaturated and
A : o ' preczpztatzon wzll not take place.
‘Volume of NaOH added Volume of NaOH added (ii) When K, >K, the solution is supersaturated and

preczpztatton takes place.
Answer the following questions:
1. The solublhty product, K, of sparingly soluble salt MY at
 25°Cis 2.5x 107, The solublhty of the salt in mol L ™" at this
temperature is:
@1x10™  (®5%x10%  (¢)1.25% 107 (d) 5% 10'5
2. Which of the following is most soluble?

@ BC)

pKz pK2

R B " oKy B (2) BiyS; (K =1x107°)  (b) MnS (K, = 7x 107'%)
~ (€)CuS (Ko, =8x1077)  (d) Ag,S (K = 6x107)
Volume of NaOH added Volume of NaOH added 3. The concentration of Ag™ ions in a given saturated solution of
- (© . {d) AgCl at' 25°C is 1.06 x 107> g ion per litre. The solubility
, , product of AgCl is:
& Passage 4 ‘ (8)0353x 10710 (b) 0.530x 107'°
) ~10 -10
Acid rain takes place due to combination of acidic oxides with (¢)1.12x10 (d)2.12x10
water. In atmosphere, sulphur dioxide and nitrogen monoxide are 4. When equal volumes of the following solutions are mixed,
oxidised to sulphur trioxide and nitrogen dioxide respectively, which precipitation of AgCl (K, =1.8x 1071%) will occur only

react with water to give sulphuric and nitric acid. The resultant with:
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@10* MAg" +107* M Cl™
®10° M Ag* +10° M C1™
@10 MAg +10 M CL™
(D107 Ag*+107° M C1L™ A
5. When HCl gas is passed through saturated NaCl solution, the
ionic product of NaCl is-exceeded because of:
(a) increase in Cl” ion concentration
(b) increase in Na™ ion concentration -
{c) decrease in the NaCl concentration

(d) decrease in Cl” ion concentration

6. If the solubility of LizNa,(AlK), is x mol Lt then its
solubility product is equal to: .

Answer the following questions:
" 1. ~The basicity of phosphoric acid is: :
(a)1 (b)2 ©3 (@4
2. The state of hybridization of phosphorous in phosphoric acid
is: ,
@) sp ®p’ @’ () sp’d
3. The removal of PO}™ in qualitative analysis of basic radicals is
made by using a buffer solution of:
{a) HCOj and CO3™ (b) CH;COO™ and CH,COOH
(c) NH} and NH,OH (d) none of these
What is the molarity of phosphoric acid used in soft drinks?
@5.1x10° ®)1.5x107 (©)3.1x 107 (d)2.1x107

3 3 . g 8 5. Which among the following relations is correct?
| (a) 12x (b) 18 (©x (d),29,16x @K, <K, <K, WK, >K,, >K,,
@ Passage 6 (@K, =K, =K, (K, >K, >K,

The-dissociation nf' trnn:’r electrolvte fweak-a

6. First ionization of phosphoric acid is:

A
vs'ynv TR uvsu} h} CALTEIITL &"

terms of Ostwald dtlutton law. Stronger is the acid, weaker is its

- H;PO, == H,P0; +H'

conjugate base. The dissociation constants of an acid (K, ) and its pK,, =221 '
conjugate base (K , ) are related by the given relation: ’tl)‘he dissociation constant of conjugate base of H3P04 will
: e:
Ky =Ko x Ky (@) 645x 107 (®)1.62x 10772
At25°C, K, (lonic product of water) = 107, (©)348x 1071 () 4.62% 1072 ——
Phosphoric acid is a weak acid. It is used in Sertilizer, feod » : {Hg;’ﬁ: pKax =221
detergent and toothpaste Stmcture of phosphorzc acid is: )
0 K, =antilog (-2.21)
1 ' =6.165x107
HO———T"—OH (PK, =212, pK,, = :{.21, PK,, =1232) K, (oféénjﬁgate base) = K,
, o
Oﬂ . K 10"14
Agqueous solution of phosphoric acid with a density of 1g mL™} - 6.165 x 1073
. containing 0.05% by weight of pkosphorzc acid is used to tmpart tart —1.62x1072]
taste to many soft drinks. o
Phosphate ion is an interfering radzcal in qualztatwe anaiyszs It
should be removed for analysis beyand third group of quahtatzve‘
: analysss
I’assé‘ge | A 1. (©) 2. (b) 3. (a) 4. (b) 5. (b) 6. (c)
" Passage 2. L@ T 2..(a) 3. (©) 4. (b) 5. (b)
Passage3. . 1 (3) 2. (b) 3.(d) 4.() 5. (a)
_ Passaged. . L () 2, (d) 3. (0) 4. (b)
 Passage 5. L@ 2. (b) 3. (o) 4. (a) 5. (a) 6. (d)
- Passage 6. 1.9 2. {© 3. (b) 4. (a) ' 5. (b) . 6. (b)
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@ SELF ASSESSMENT @

ASSIGNMENT NO. 10

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.

10.

(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=1
(d) its solubility is unaffected by pH of the medium

Which of the following salt solutions will be basic?

S @NaCl  ()NaCN  (¢)K,CO,  (d) NH,NO,

- When 50 mL of 0.1 M NaOH is mixed with 50 mL of 0.05 M 11. Which of the following salts will not undergo hydrolysis?
CH3COOH SQIuthn, pH beCOmeS: . (a) NaCl (b) Kl (C) NH4C1 . (d) CH3COONa
() 1.602 (b) 12.39 12. Which of the following mixtures will be buffer?

(©) 474 (@872 (a) CH,COOH + CH,COONH,

. If the degree of dissociation of water at 90°C is 1.28 x 107

then the 1onisation constant of water at 90°C 1s:

(b} HCl+ NaCl

(c)-Borax + boricacid

(@7.52x107* M (0)9.07x107° M

(€)1.28x 107 M (d)1.38% 107 M

. How much water from 5 litre of 10~ A4 HCl should be
evaporated to change its pH by 2 units?

(@) 1.5lirte  (b) 0.5 litre  (c) 2.54 litre  (d) 4.95 litre

. Which among the following cannot exist in an aqueous solution?
(a) NH; (b) NO;3

(c) NOy (dNH,

. The pH of an HCI solution is 2. Sufficient water is added to
make the pH of new sclutions. The hydrogen ion
corcentration is reduced:
(a) ten fold (b) seven fold
(c) thousand fold (d) hundred fold
. Consider the following statements:
[ HNO, (strong acid) behaves as a base in HF.
II. H,SO, dissociates to a small extent in glacial acetic acid.
1. CH,COOH (a weak acid) behaves as strong acid in

NH; (7). Select the correct alternate for these statements:
(@ LI, and I (b)Iand 111
(c) T andIII (d)Tand 11
. The solubility of 4,X 5 is x mol dm™>. Its solubility product is:
(a) 36x° (b) 64 x 10* x”

(©126x (d)1.25x 10" x7

SECTION-Il

Multiple Answers Type Objective Questions
8. During the titration of mixture of NaOH, Na,CO; and an inert

substance against hydrochloric acid:

(a) phenolphthalem is used to detect the end point when NaOH
is corapletely neutralized and half of Na,COj 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

. Solubilify product of the hydroxide M (OH), is 4 X 10712,

Select the correct statement(s) among the following:

(d) CH3COOH + CH3COONa
" SECTION-IIl

Assertlon-Reason Type Questions

13.

14.

15.

17.
* diluted, then its degree of hydrolysis does not change.

This section contains 5 questions. Each question contains

Statement-1 (Assertion) and Statement-2 (Reason). Each

question has following 4 choices (a), (b), (c) and (d), out of

which only one is correct.

(a) Statement-1 is true; statement-2 is true; statement-2 is a
correct explanation for statement-1.

(b) Statement-1 is true; statement-2 is true; statement-2 is not
a correct explanation for statement-1.

"(c) Statement-1 is true; statement-2 is false.

(d) Statement-1 is false; statement-2 is true.
Statement-1: Mixture of CH,COOH and CH;COONH, is not
a buffer solution.

’ Because
Statement-2: Acid buffer contains the mixture of weak ac1d
and its salt with strong base. ]
Statement-1: Addition of NH,OH to an aqueous solution of
BaCl, in the presence of excess NH,Cl, precipitates Ba(OH),.

Because

Statement-2: Ba(OH), is soluble in water.

Statement-1: pH of blood does not change inspite of taking
acidic foods.

Because

- Statement-2: Blood behaves as buffer solution.
- 16:

Statement-1: Borax forms alkaline aqueous solution.
Because

Statement-2: Borax is the salt of a weak acid (HgBO3 Jand a

strong base (NaOH).

Statement-1: When the aqueous solution of CH3COONH4 18

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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18, Match the Column-1 with Column-IT: ~

| 7ar

. SECTION‘IV Column-I Column-1I
Matrix-Matching Type Questions B N (Salt solution in ) (Nature of
This section contains 3 questions. Each quesnon contains ' water) hydrolysis)
statement given in two columns which have to be matched. - (a) NaCl (p) Cationic hydrolysis
Statements (a, b, ¢ and d) in Column-I have to be matched with (b} CH;COONa (q) Anionic hydrolysis
statements (p, q, r and s) in Column-II. The answers to these (c) NH, (r) Both cationic and anionic hydrolysis
questions have to be appropriately bubbled as illustrated in the (d) NH,Cl (s) Does ot undergo hydrolysis
following examples: ,

If the correct matches are (a-p,s); (b q,1); (c—p,q) and (d-s);
then correct bubbled 4 % 4 matrix should be as given:

q

T

‘19, -Match the Column-I with Column-II:

clelle- ik
Sees

1POE®

Column-I - Column-11
(a) H,PO, (p) Dibasic ]
8 (b) H;PO, (q) Monobasic
' {c) H;PO, {r) Tribasic
° ) (d) H;BO, (s) Aprotic
20. Match the Column-I with Column-II:
@ Column-I __ Column-II
N . (Saly  (Degreeofhydrolysi)
w (a) NH,C1 {p) No hydrolysis
° o (b) NaCl @h= %z
: c
() CH;COONa (Hh= K,
| VoK,

(d) CH;COONH, () k=K,

1. (b) 2. () 3. (3 4 @ 5. (¢) 6. (a) 7. (d) 8. (a,b)
9. (a,b,c) 10. (b,c) 11. (a,b) 12. (¢, d) 13. (@) 14, (d) 15, (a) -16. (3)
17. (a) 18, (a-s) (b-q) (c-1) (d-p) 19. (a-q) (b-1) (¢-p) (d-q, s) 20. (a-q, 1) (b-p) (c-q) (dfs)



