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INTRODUCTION At this stage, both the processes takes place but it
The term “equilibrium” in physical sense is defined as seems that the changes are not occurring, as the
the ’no change of state of the body™. The state of the composition of the system does not change. Such
body can be either the state of rest or the state of processes in which forward and backward changes are
uniform motion. Such static equilibrium can be further occurring at the same rate are referred as dynamic
categorized into stable and unstable equilibriums. equilibrium. This H,0(() # H,O(g) equilibrium

involving two phases of the same substance is called
You all must be acquainted with another well known physical equilibrium because the changes that occur
equilibrium, equilibrium between liquid water and its are physical changes.
vapour, H,0(() # H,0(g). When HZO(/) 1s taken
in a closed container, some water molecules go into the In this lesson, we will be more concerned with the state
vapour phase (vaporization process) and of equilibrium attained in chemical reactions. Most of
simultaneously, water molecules return to the liquid the chemical reactions are reversible in nature (i.e.,
phase (condensation process). Initially, the rate of occurs in both the directions). At the start of a reversible
vaporization is greater than the rate of condensation process containing only reactants, the reaction
but after some time the rate of evaporation and the rate proceeds toward the formation of products. As soon
of condensation becomes equal. Thus, the number of as some product molecules are formed, theoretically
water molecules leaving and the number of water the reverse process also begins to take place and
molecules returning to the liquid phase are equal. reactant molecules are formed from product molecules

Types of chemical reactions

y }

IRREVERSIBLE REACTION REVERSIBLE REACTION

The reaction which proceed Reactions which proceed in

in one direction only both the direction. These are

(a) Precipitation reactions e.g. possible only in closed vessel e.g.
NaCl (aq) + AgNO,(aq) - NaNO,(aq) + AgCIl (a) N,(g) + O,(g) = 2NO(g)

(b) Neutralization reactions e.g. (b) PCl,(g)==PCl.,(g) + Cl,(9)

HCI (aq) + NaOH(aq) —» NaCl(aq) + H,0
(c) Reactions inopen vessels with one
of the gaseous product
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TYPES OF CHEMICAL REACTIONS

Inversible reaction

Reversible reaction

The reaction which proceeds in one direction
(forward direction) only

The reaction which proceed in both the direction
under the same set of experimental conditions

2. | Reactants are almost completely converted into Reactants form products and products also form
products. Products do not react to form reactants reactants in backward direction. These are possible
again. in closed vessels.

3. | Do not attain equilibrium state. Attain the equilibrium state and never go to

completion.

4. | Such reactions are represented by single arrow (—) Represented by double arrow (=) or (=)
Examples — Examples —

(a)  Precipitation reactions e.g. (a) Homogeneous reactions-only one phase is
NaCl(s)+AgNOs(aq)—>NaNOs(aq) + AgCI{ present

(b)  Neutralization reactions e.g. (i) Gaseous phase
HCl(aq) + NaOH(aq) — NaCl(s) + H,O Ha(g) + Ix(g) = 2HI(g)
A
(c) 2KClO5(s) —> 2KCl(s) + 30,(g) Na(g) + Ox(g) = 2NO(g)
(d) Reactions in open vessels . . [Birkland eyde process (HNO3)]
Even a reversible reaction will become

irreversible if it is carried out in open vessel.
Ex.

CaCOs(s) sy CaO(s) + COx(g)
NH,HS(s) —> NHs(g) + H,S(g)

Open

N,(g) + 3H,(g) = 2NH;3(g) (Haber’s process)
Liquid phase
CH;COOH(/) + C,HsOH(()

= CH;COOC,Hs() + H,O(()

Heterogeneous reactions
phases are present

CaCOjs(s) = CaO(s) + COx(g)
NH,4HS(s) = NHj(g) + H.S(g)

(i1)

More than one

Closed

STATE OF CHEMICAL EQUILIBRIUM :

State of equilibrium means the balance of driving forces
i.e. the factors taking the reaction in forward direction
and the backword direction are balancing each other.

The equilibrium state represents a compromise between

In a reversible reaction like—

R1+R2 : P1+P2

Reactants Products

Initially only reactants are present. R, and R, combine
to form P and P,. As soon as P, and P, are formed, they
start the backward reaction. As concentrations of R,
and R, decrease rate of forward reaction decreases and
rate of backward reaction increases. Ultimately a stage
is reached when both the rates become equal. Such a

R, +R, > P, +P,)

Forward reaction (r,)
-~
rate

Backward reaction (r,)
(P| + P? > Rl * RZ)

Time
two opposing tendencies. Equilibrium r, = r,
L Tendency to minimise energy. ~Reactant
® Molecules try to maximise entropy. Concentration

Time
Equilibrium

/Reactan% [R,] and [R;]

Concentration

Product §[P,] and [P,]

state is known as *“ Chemical Equilibrium” or “state of Time
Equilibrium” Equilibrium
At equilibrium : Product _
(i) Rate of forward reaction (r,) = rate of backward
- G Concentration
reaction (r,) (dynamic nature)
(i) All measurable parameters become constant with et
respect to time. Time
Eauilibrium
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Types of equilibria on the basis of process

v

Physical
Equilibrium

Equilibrium in physical
process is called physical
equilibrium.

For example
phase changes like
H.O(l)==H.,0(g) :

Solvation like

H,0
NaCl(s)

excess

NaCl(aq)

'

Chemical
Equilibrium

Equilibrium in chemical
process is called chemical
equilibrium.

For example
H.(g) + Cl,(g) == 2HCI(9g)

Types of equilibria on basis of physical state

v

Homogeneous equilibrium
When all reactants and products
are in same phase

H,(g) + Cl(g) = 2HCl(g)

SO,(g) +NO,(g) — SO,(g) +NO(g)

v

Heterogeneous equilibrium

When more than one phase are

present

3Fe(s) +4H,0(g) = Fe,0,(s) +4H (g)

2Na,0,(s) + 2H,0(£) = 4NaOH + O,(g)

CHARACTERISTICS OF CHEMICAL EQUILIBRIUM :

@ The nature and the properties of the equilibrium state
are the same regardless of the direction from which it
is achieved. It can be achieved from both directions.

® Equilibrium is dynamic in nature.

It means that at microscopic level reaction has not
stopped. It appears that no change is occuring but
But both the opposing reactions are proceeding at
the same rate. So there is no net change.Thus
equilibrium is not static in nature.

@ A catalyst can alter the rate of approach of equilibrium °
but does not change the state of equilibrium. By using
catalyst, the equilibrium can be achieved in different
(more/less) time, but the relative concentrations of
reactants and products are same irrespective of the
presence or absence of a catalyst.

® Equilibrium can be observed by constancy of some
observable properties like colour, pressure,
concentration, density, temperature, refractive index
etc.which may be suitable in a given reaction.

® Atequilibrium, free energy change AG =0

® Equilibrium state can be affected by altering factors
like pressure, volume, concentration and temperature
etc.(Le chateliers Principle).

IIT-NEET-Chemistryu_

® System moves toward an equilibrium state
spontaneously even if it is disturbed. It will return
to original state.

Law of mass action : [By Guldberg and Waage]

Rate at which a substance reacts o« [Active Mass of

the substance]®

Active Mass = Molar concentration i.e. Moles/Litres

Wtof substance (gram)
~ Molar wt.x Vol.(Litre)

It is represented in square brackets i.e. [ ] e.g. [A],
[N,] etc.

For pure solids and pure liquids, although they have
their own active masses but their concentration
remain constant during a chemical change
(reaction). Therefore, these are taken to be unity
for the sake of convenience.
e.g.CaCO,(s) = CaO(s) +CO,(g)
K.=[CO,], K,= Pco,
The rate of a chemical reaction at a particular
temperature is proportional to the product of active
masses of reactants raised to the powers of their
stoichiometric coefficients.
Ex. aA +bB—— products
Rate of reaction o [A]* [B]°
Rate =k [A]*[B]",
where k is the rate constant of the reaction.
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Example-1 SOLVED EXAMPLE
Four vessel each of volume V = 10 Lilres contains
Example-2
A)16gCH B) 18gH O
(AlagCH, (BI15EH, The decomposition of N,O, to NO, was carried out in
(C_‘) 355¢g le ) (D)44g o, ) chloroform at 280°C. At equilibrium, 0.2 mol of N,O,
Find the active masses in all the containers. and 2 x 10 mole of NO, were present in 2L of solution.
16 The equilibrium constant for the reaction
= — = N\ 3
Sol. (A) = [CH,] 1610 0.1M N,0, = 2NO, is
(A)0.01 x10-3 (B)2.0 x10°
18 (©)2.0x10° (D)0.01x10°
(B) = [H,0]= 35779 =0-1M Ans.  (A)
Sol.  N,0,=2NO,
O = [CL]l= 57—~ =005M 0.2 -3
© = [CL]= 73770 Atequ. —- 27, o Liire
0.1 1 %1073
(D):>[C02]=44><10 =0.1M (1><10‘3)2
Eim————=1{)
EQUILIBRIUM CONSTANT (K): 0.1
i —K
For a general reactionaA + bB — cC+dD, Example-3

1 . — a b e s z T =
Forward reaction rater,=k/[A]" [B]", The equilibrium constant expression for the equilibrium

3 - ¢ d
Backward reaction rater, =k, [C][D]‘, 2NH(g)+20,(g) # N,O(g) + 3H,0(g) is

At equilibrium r=1;
3
k [A]', [BI", =k, [C], [D], B [N,0][H,07’ o LEIOL [N0]
The concentrations of reactants & products at 2 [NH3][O;] [NH3]2[02]2
c d
. Ky [Cleq[Dleq NH; 1[0, ]2 NH; ][O
equilibrium are related by E =K, = [A]a [B]b (C)Ke= % (D)Ke= w
eqlPleq [N,O][H,0] [N,O][H,0]
@ K is aconstantand is called the equilibrium constant ~ Ans. (B)

in terms of concentration.where all the concentrations ~ Sol. 2NH,(g) +20,(g) @ N,O(g) +3H,0(g)

are at equilibrium and are expressed in moles/litre.

3
¢.g.PCI, (g) == PCI, (2) + Cl () (N,0)x(H,0)

K= (NH;)? x(0,)?

_ [PClsleq [CIZ]eq
c [PCls]eq Example-4
In areaction A (g) + B (g) = C(g)+ D(g) , A, B, are
mixed in a vessel at temperature T. The initial
concentration of A was twice the initial concentration

=K

e.g.N,(g) +3H,(g) = 2NH,(g)

2
K = [NH3]5q of B. After the equilibrium is reached, concentration of
= B= [N5] [Hz]gq C was thrice the concentration of B Calculate K .
Sol. Let concentration of B initially is ‘a’ mole/litre
1 1 A+ B = C+ D = An=0
eg 5 H,(g) + 2 I,(g) == HI(g) att=0 2a a 0 0
att=t_ 2a-X aXx X X
' 3
[HI] ¢q Giventhat x=3(a—Xx) =>x=—a
=K = H.17211.,1"2 4
[ 2]eq [ 2]eq [C]cq [D]cq

Ke= Al [BI,
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3
X.X 4

K=-———"-"—"———"=K-=
= Ga-xa-x) = K (2a—3—a](a—3—a]
4 4
K = s 1.8
= K=35-L
] K, — Equilibrium constant in terms of partial

pressure. It is defined for the equilibrium reaction
which contains gaseous component. If component
other than gas is present its active mass must be one.

e.g.aA(g) + bB(g) — cC(g) + dD(g)

[P [P
PRI [P

where various pressures are the partial pressures of

various gases substancs.

Example-5
Calculate the expression for K _and K _ if initially a moles
of N, and b moles of H, is taken for the following
reaction.

N, (g) + 3H,(g) = 2NH;(g)

(An<0) (P, T, V given)
Sol. N, (g) + 3H, (g) =—2NH;(g)(An<0)(P,T,V given)
Att=0 a b 0
t=t (a—x) (b—3x) 94
b—-3x X
[Nz] = "Ny 2 [Hz] T [NH3] = V
2x 2
vV 4x2Vv?
K=

L

Total no. of moles at equilibrium=a + b —2x

Pu] = - g P Pyl = 2 P,
__(2x).P
[PNH3]_a+b—2x
(Z",P)z
[Py, T athb-ax
K= BT [ a2 ) @2eT
3 = a+b-2x) a+b-2x
S
(a+b—2x)’ - (a+b-2x)4x°
K—p4w P’(a—x)(b—3x)’
(a+b-2x)*

IIT-NEET-Chemistryu_
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Relation between K_ & K,

n
PV =nRT or, P= VRT

n
P=CRT where C = 5 = (moles per litre)

P.=[C]RT;P,=[D]RT;P, =[A]RT ;P,=[B]RT

[CPRTDIRT  [CF°D) =
" [AFRTPBP(RTP® _ [AFBP (RT)(Hd)—(a+b)
K, =K.RT)"

Where An = (c+d)—(a+b), calculation of An involves
only gase:)us components.

= An, = sum of the number of moles of gaseous
products — sum of the number of moles of gaseous
reactants. Ang can be positive, negative, zero or even
fraction.

CaCO; (s) = CaO (s) + CO,(g)

An, = 1 (because there is only one gas component in
the products and no gas component in the reaction)
= K =K_.(RT)

Unit of Equilibrium contants :

e Unitof Kp is (atm)*®

e Unitof K_ is(mole/Lit)*" = (conc.)**

Note

In fact, equilibrium constant does not carry any unit
because it is based upon the activities of reactants and
products and activities are unitless quantities. Under
ordinary circumstances, where activities are not known,
above types of equilibrium constant and their units are
employed.

SOLVED EXAMPLE

Example-6

Calculate k  and K _ if initially a moles of PCly is taken
PCl; (g) == PCl,(g) + Cl,(g)

PCli(g) == PCly(g) + Cly(®)
Att=0 a 0
At t= s (ax) X X

a—X X
[PCL]= v [PCL]= v
x )2
(%
M
\'

Total no. of moles =a —

(a—-x)P _x:P
a+x L Pesl=g

Cl o
9[ 2]_V

X+tx+x=at+x

[Peci, 1=

\ sSTU Dv CIRCLE
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X. P
[ ¢, 1= a+x

( xP ) ( xP ]
a+Xx a+x XZP

K = = = 2 2
» (a xPj p

a+Xx

Applications of Equilibrium constant :
[ Predicting the direction of the reaction

Reaction Quotient (Q)

At each point in a reaction, we can write a ratio of
concentration terms having the same form as the
equilibrium constant expression. This ratio is called the
reaction quotient denoted by symbol Q.

It helps in predicting the direction of a reaction.
[C)[D]*
[AT[B]’
reaction is called reaction quotient. The concentrations
[C],[D], [A], [B] are not necessarily at equilibrium.

The expression Q = at any time during

€

D Feeciciinsacsasissnassassnsanssniossgpgess

°

=

C:’ Equilibrium
S reached

S

@

Q

«

0 Time "

e Thereaction quotient is a variable quantity with time.
e [t helps in predicting the direction of a reaction.

° If Q > K_ reaction will proceed in backward direction
until equilibrium in reached.

° IfQ <K, reaction will proceed in forward direction until
equilibrium is established.

. If Q =K _ Reaction is at equilibrium.

eg. 2A(g) +B(g) = C(g) + D(g)
Q. = Reaction quotient in terms of concentration
_ [C]D]
Q™ [AT(B]
(€D,
¢ [AL,[Bl,

[Here all the conc. are at equilibrium]

SOLVED EXAMPLE

Example-7

1
For the reaction NOBr (g) — NO(g) + Py Br, (g)

K,=0.15 atmat 90°C. If NOBr, NO and Br, are mixed at
this temperature having partial pressures 0.5 atm, 0.4
atm and 0.2 atm respectively, will Br, be consumed or
formed?

[Py ] [P0l [02]2[0.4]
Sol. Q.= W— —[0.50] =0.36

[1T-NEET - Chemistry ,
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K,=0.15

QP = KP

Hence, reaction will shift in backward direction
Br, will be consumed

® Predicting the extent of the reaction

[Product],
K= [Reactant],

Negigels T > 25:

reaction 10® 1 10"
hardly Both reactant
proceeds and products

are significant
Case-1
If K is large (K > 10°) then product concentration is
very very larger than the reactant ([Product]
>>[Reactant]) Hence concentration of reactant can be
neglected with respect to the product. In this case, the
reaction is product favourable and equilibrium will be
more in forward direction than in backward direction.
Case-II
IfK is very small (K <107)
[Product] << [Reactant]
Hence concentration of Product can be neglected as
compared to the reactant.
In this case, the reaction is reactant favourable.

reaction proceeds
almost to completion

Example-8
The K, values for three reactions are 10~ , 20 and 300
then what will be the correct order of the percentage
composition of the products.

Sol. Since K order is 10 5< 20 < 300 so the percentage
composition of products will be greatest for
K =300.
® Caculating equilibrium concentrations
The concentration of various reactants and products
can be calculated using the equilibrium constant and
the initial concentrations.
Example-9
1 mole of N, and 3 moles of H, are placed in 1L vessel.
Find the concentration of NH at equilibrium, if
equilibrium pressure is 1 atm and the equilibrium
4
constant at 400K is 57
Sol. N,(g) + 3H,(g) == 2NH,(g) (An<0)
Imol 3 mol 0
(1-x) (B3-3x) )
=]atm, T=400K
S - S |
< INoJH, PP (3-3x)°(1-x) 27
x2
W =]1=>x=(1-x)? =>x*-3x+1=0

|5
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3+4/9-4 3+45
—> B =>Xx=
2 2
34224  3-224
X——2 orx = 2
5.24 0.76
x= —5—=262 or,x=—5—

= x=0.38 (since x cannot be greater than 1)
[NH;]=0.38x2=0.76

CHARACTERISTICS OF EQUILIBRIUM CONSTANT &
FACTORS AFFECTINGIT :
® Equilibrium constant does not depend upon

concentration of various reactants, presence of
catalyst, direction from which equilibrium is reached

® The equilibrium constant does not give any idea
about time taken to attain equilibrium.

® Equilibrium constant is dependent only on
the temperature.
It means KP and K_ will remain constant at constant

temperature no matter how much changes are made in
pressure, concentration, volume or catalyst.

. However if temperature is changed,
K, AH { 1 1 } .
log . = 5202p |T T | ;AH = Enthal
%2 kK, T 2303R |T, T, nthalpy o
reaction
IfT,>T, then K, >K, provided AH =+ve (endothermic
reaction)

K, <K, if AH=—ve (exothermic reaction)

In the above equation, the unit of R and AH/T should
be same.

[ ] Theoritically K depends on the stoichiometry
of the reaction.

° If two chemical reactions at equilibrium having
equilibrium constants K, and K, are added then the
resulting equation has equilibrium constant K =K . K,

Equation constant

A(g) =—=B([©K,

B(g) == C(9)K,

On adding A(g) == C(g)K=K, .K,

° If the reaction having eq. constant K is reversed then

1

resulting equation has eq. constant K.
1

A(g) +B(g) == C(g) +D(g)

Onreversing, C(g) + D(g) =—=A(g) +B(g) K= K

IIT-NEET-Chemistryu_
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. Ifa chemical reaction having equilibrium constant K is
multiplied by a factor n then the resulting equation has
equilibrium constant K = (K, )", n can be fraction

eg. D,(g) =——2A(g)K,

1
Multiplying by (EJ s
K=(K)"”= JK,

SOLVED EXAMPLE

2 D,(g) =—A(g)

Example-10
The value of K _ for the reaction, N (g) + 20,(g) =

2NO,(g) at a certain temperature is 400. calcualte the
value of equilibrium constant for.

(i) 2NO,(g) == N,(2) +20,(g):

(ii) 112 N,(2) + O,(g) == NO,(g)

Equilibrium constant (K ) for the reaction N, (g)+20,(g)
== 2NO,(g)is

« - NO.J*
J [N2][02]2 -
() For the reaction 2NO,(g) == N,(g)+20,(g),
N,JI0,1* 1

<~ INO 2 K,

Sol.

1
K' = =0.0025 mole litre!

400
(i) For the reaction 1/2 N (g) +O,(g) == NO,(g)
[NO,]
Ko™ IN,7210,) ~ VKe

= K" = 400 =20 litre""* mole™"?

[ Relation between equilibrium constant &
standard free energy change.
AG°=-2303 RT logK
Where AG® = standard free energy change
T = Absolute temperature,
R = universal gas constant.

Example-11

From the following data :

(i) Hy(g) + CO,(g) == H,0(g) + CO(g) K, ok =44
(ii) 2H,0(g) = 2H,(g) + O(2) K,ppox =5-31 x 107"
(iii) 2CO(g) + O,(g) == 2CO,(g) K, ypox =2-24 x 10*

State whether the reaction (iii) is exothermic or

endothermic?
Sol. Equation (iii) =—[2 x (1) + (i1)]
1 1
. - = _ =
"KZOOO(iii)_K12K2 (4.4)2 x5.31x10° =9.7x10

-+ TT K| = reaction is exothermic.
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Homogeneous liquid system : Formation of
ethyl acetate :

The reaction between alcohol and acid to form ester is
an example of homogeneous equilibrium in liquid
system.

CH,COOH(/)+C,H_OH(()= CH,COOC,H (0)+H,0(()

[CH,COOC,H,][H,0]
K= [CH,COOH][C,H,OH]

Example-12

In an experiment starting with 1 mole of ethyl alcohol, 1
mole of acetic acid and 1 mole of water at T'C, the
equilibrium mixture on analysis shows that 54.3% of
the acid is esterfied. Calculate the equilibrium constant
of this reaction.

Sol. CH,COOH ,+C,HOH # CH,COOCH, +H,O,
Initial 1 1 0 1
At eq. 1-x 1-x X 1+
1-0.543 1-0.543 0.543 1+0.543
1x54.3

(54.3% of 1 mole= 100 =0.543 mole)

Hence given x = 0.543 mole

Applying law of mass action :

_ [ester][water]  0.543x1.543 40

¢~ [acid][alcohol] ~ 0.457 x0.457

® EQUATION INVOLVING IONS :

Equilibrium involving ions always take place in aqueous
medium . In case of expression of K . concentration of
ion is taken.

Ex. Ag'(aq.) +Cl(aq.) —=—=AgClI(s)
__1

< [Ag’IICI]

Heterogenous Equilibrium :

For pure solid and pure liquid, active mass is
taken to be unity i.e. 1 as their concentration
remain constant throughout the reaction

K

. CaCO, (s) == CaO (s) + CO,(g)

K,=(Pco, )., K. = [CO,(@)],,

moles W, density CaCO
[CaCO )= volume M:gs: - Mt;coa :
\%
= constant
[CaO(s)]eq [CO,(9)leq
K= [CaCO,(s)leq

IIT-NEET-Chemistl'yu_
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KICaCOs(SNeq
[Ca0(s)eq [ “O:¥N
Kc=[CO,@),
o Hzo(() = Hzo(g)eq

K,=(Ph,0(9)). K =[H,0 (2],

|For pure solid and pure liquid active mass is taken as
unity i.e.=1]

DEGREE OF DISSOCIATION (a) :

It is the fraction of one mole dissociated into the
products.

(Defined for one mole of substance)

So, o =no. of moles dissociated / initial no. of moles
taken

= fraction of moles dissociated out of 1 mole.

% dissociation = o x 100
Suppose 5 moles of PCI, is taken and if 2 moles of PCI,

Note :

dissociated then o = g =0.4

Let 1 mole of gas A dissociates to give nmoles of A as
follows-

A (g) = nA(g)
t=0 a 0

t=t a-—-x nx

X
a= _—=>X=ao.
eq a

Total number of moles=a—aa+naa
=[l+(n-1Da]a

SOLVED EXAMPLE

Example-13
Calculate the degree of dissociation and K, for the
following reaction.
PCl(g) =—>PCl(g + Cl(g)
t=0 a 0 0
t=t a—x X X
Since for a mole, x moles are dissociated

X . .
Sol. . For 1 mole, ; moles = o are dissociated

L X=aa
PCl(g) =—=PClL(g + CL(g)
L Att=t _a-—aa ao ao
Total no. of moles at equilibrium=a+aa=a(l +a)
a(l—-a)P aa.P aa
P~ a(l+a) * " a(l+a)’ 2" a(1+a)

l_\ = 1° e
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P )*
1+a
" (5ep
1+a
a? .
K, = m (Remember)

EXTERNAL FACTORS AFFECTING EQUILIBRIUM

(LE CHATELIER'S PRINCIPLE):
If a change is applied to the system at equilibrium, then
equilibrium will be shifted in that direction in which it
can minimise the effect of change applied and the
equilibrium is established again under new conditions.

® Effect of concentration : If the concentration of a
component is increased, reaction shifts in a direction
which tends to decrease its concentration. e.g. In the
following example.
N, () +3H,(g) = 2NH,(g)

[reactant] T Forward shift

[Product] 1 Backward shift

. If concentration of reactant is increased at equilibrium
then reaction shifts in the forward direction .
. If concentration of product is increased then reaction

shifts in the backward direction

Note :
The addition of any solid component does
not affect the equilibrium.

L] Effect of pressure :
On increasing pressure, equilibrium will shift in the
direction in which pressure decreases i.e. no. of moles
in the reaction decreases and vice versa.

- P o« no. of moles

(1) ForAn,=0 — No. effects
g
(i) For An > 0, PCl(g) == PCl,(g) + ClL(g)

(Xpci,P)- (Xc1,P)
(Xpe..P) = @ = P[X=molefraction]
5

0=
Pl ;Q, | ;(Forward shift)
P71 :Qp7T : (Backward shift)

(iii) For An< 0, eg. N,(g) + 3H,(g) == 2NH,(g)

L) 1
P I(Xn, )Pl ) PT - 2F  P2

PT; Qpi« ; (Forward shift) ; P4 ; QPT ; (Backward shift)

lIT-NEET-Chemistryu_
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Effect of volume :

If volume is increased, pressure decreases hence
reaction will shift in the direction in which pressure
increases that is in the direction in which number of
moles of gases increases and vice versa.

If volume is increased then, for

Ang >0 reaction will shift in the forward direction
An <0 reaction will shift in the backward direction
An; =0 reaction will not shift.

eg. Hy(g) +1,(g) = 2HI(g) (No effect)
Explanation :

(1) An,> 0,eg. PCl(g) == PCly(g)+Cl,(g)

M N (Npcy, )
Vv \Y
(Npcyy )

Vv

Q.=

1
= Q. x« v for Ang>0

On incerasing V, Q. decreases.
Now, for Q. <K_. reaction will shift in forward direction.

Thus, if, Volume T Q. | (Forward shift)
Volume | Q. 1 (Backward shift)
(i) An,<0,eg. N,(g) +3H,(g) = 2NH,(g)

(PNH, ) ?
\Y
\Y \Y

=>Qc o Vfor Ang<0
V1 Q. T (Backward shift) ;V | Q. | (Forward
shift)

Effect of catalyst :

Due to catalyst, the state of equilibrium is not affected
i.e. no shift will occur as catalyst lowers the activation
energy of both the forward & reverse reaction by same
amount, thus altering the forward & reverse rate equally
and hence, the equilibrium will be attained faster i.e
time taken to reach the equilibrium is less.

Effect of inert gas addition :
(i) Atconstantvolume:

Inert gas addition has no effect at constant volume

(ii) At constant pressure :

If inert gas is added then to maintain the pressure
constant, volume is increased. Hence equilibrium will
shift in the direction in which larger no. of moles of gas
is formed

AE P e
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@) An, > 0, reaction will shift in the forward direction
(i1) Ang <0, reaction will shift in the backward direction
(ii1) Ang =0, no effect

Effect of temperature :

(i) Exothermic reaction : The reaction in which
heat is evolved

A(g) +B(g) =— C(g) + D(g) + Heat AH =—ve
eg. N,(g) +3H,(g) — 2NH;(g) + Heat

T1T = K'will decrease

K4 AH° 1 1 -
METy ~ IR\, Ty oAl DOt}

log E_; <0 =logK, -logK,>0

= logK, >logK,

= K, >K,

Reaction will shift in backward direction.
T| — Kwill increases.

Reaction will shift in forward direction.

(ii) Endothermic reaction : energy consumed.
A(g) + B(g) = C(g) + D(g) — Heat

. AH=+ve

TT = K1 = Forward ;T] = K] — Backward

SOLVED EXAMPLE

Example-14

Sol.

The volume of a closed reaction vessel in which the
equilibrium.
250,(g) +O,(g) = 2S0,(g) is halved, Now

(A) The rates of forward and backward reactions will
remains the same.

(B) The equilibrium will not shift.

(C) the equilibrium will shift to the right.

(D) The rate of forward reaction will become double
that of reverse reaction and the equilibrium will
shift to the right.

(D) In the reaction 2S0,(g) + O,(g) == 2S0,(g)

In this reaction three moles (or volumes) of reactants

are converted into two moles (or volumes) of products

i.e. there is a decreases in volume and so if the volume

of the reaction vessel is halved the equilibrium will be

shifted to the right i.e. more product will be formed and
the rate of forward reaction will incerases i.e. double
that of reverse reaction.

Special point :- Le-Chatelier's principle is applicable for both

chemical and physical equilibrium.

IIT-NEET-Chemistryu_
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PHYSICAL EQUILIBRIUM :
Physical reaction : Those reaction in which change in
only and only state of substance takes place without
any chemical change is called physical reaction.
(a) Ice-water system (melting of ice) :
Melting of ice is accompained by absorption of heat

(endothermic) and decrease in volume

Ice (s) — water ()
(H,0) (H,0)
lgram (1.09 mL) lgram (1.01 mL)

Hence both increase of temperature and pressure will
favour the melting of ice into water.

(b) Water-water vapour system (Vapourisation of water):
Vapourisation of water is an endothermic and

condensation of vapour into water is an exothermic

reaction : Water (/) = Vapour (g)
(H,0) (H,0)
. The equilibrium shifts towards right side when

the temperature is increased so rise in tempera-
ture will increase the vapour.

® The equilibrium shifts towards left side when the
pressure is increased (i.e. volume is decreased)
so increase in pressure will favour the rate of
condensation of vapour into water.

. Thus favourable conditions for conversion of
water into vapour are high tempeprature and low
pressure.

(c¢) Solubility of gases :

Gas (g) + Water () ——— Aqueous solution (/)

(Solute) (Solvent) (Solution)
. Effect of pressure — Solubility of gases which
dissolve in a solvents increases with a decrease

in volume, and with increasing pressure.

Example-15

On applying pressure to the equilibrium ice =——= water,
which phenomenon will happen :

(1) More ice will be formed

(2) More water will be formed

(3) Equilibrium will not be disturbed

(4) Water will evaporate

Ans. (2)

AEP oz
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Example-16
Which of the following conditions should be more

favourable for increasing the rate of forward reaction in

the equilibrium H,(g) == H(g)+ H(g) (AH="+ve)?

(1)2000° C temperature and 760 mm pressure.
(2) 3500° C temperature and 100 cm pressure.
(3) 3500° C temperature and 1 mm pressure.
(4) All are wrong.

Ans. (3)

Sol. InH, === H + H, heat has to be provided to dissociate

H, into H. Therefore, the reaction is endothermic
(AH will positive). So, temperature should be high. Since,
one mole of H, forms two atoms of H, so volume is
increasing (An is positive) so pressure should be low for

increasing the rate of forward reaction.
Example-17

|
Assertion:— SO, (g)+ 503 (g)=——=8S0,(g)+ heat

Forward reaction is favoured at low temperature and low
pressure.

Reason :— Reaction is exothermic.

1.Assertion is correct & Reason is incorrect

2.Both assertion and reason are correct

3.Assertion is incorrect & reason is correct

4. Both assertion and reason are correct.

Ans. (1)

THERMODYNAMICS OF EQUILIBRIUM :
For a general reaction,mA+nB ——= pC+qD, AG
is given by-
AG=AG"+2.303 RT log,,Q
where AG = Gibb's Free energy change
AG" = Standard Gibb's Free energy change
Q = reaction quotient
Since, at equlibrium, Q =K
Here K is thermodynamic equilibrium constant replacing
K, or Kp
(ac)’ (ap)? 2 5
= —(aA " (ag )" ; Here ay denotes the activity of X.

In fact, A’ is the ratio of the activity of substance at
equilibrium and its activity in standard condition. That
is why it is unitless and K is also unitless.

IIT-NEET-Chemistl'yu_
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(i) Themodynamic equilibrium constant is unitless
since activity is unitless.

(i) For pure solids & pure liquids, activity is unity.

(ii1) For gases (ideal behaviour), the activity is its partial
pressure (in atm).

(iv) For components in solution, activity is molar

concentration.
Atequilibrium, AG=0
= AG’=-2.303 RT log, K
Now since, AG"=AH" - TAS"

where AH" = Standard enthalpy change of the reaction
AS° = Standard entropy change
= —2.303 RT log,,K=AH"-TAS"
AH® 1 AS°
© 2303 'RT  2.303R

= log, K=

1
If plot of In k vs — is plotted then it is a straight line

T

AH° " AS°
, and intercept =

with slope = —

Note :

T 'or 1/T —>

T 'or1/T —» 0

Endothermic reaction Exothermic reaction

20RO TIEEERET 5 ahER

If at temperature T, equilibrium constant is K, and at
Tz~ itis K, then ;

Slope =

g L S .

080 = 2303R T 2303R U (1)
1 K, = —_ AHO l + ASO ..
Ogl() 9 2.303R T2 2303R ........... (ll)

[Assuming AH® and AS’ remains constant in this
temperature range.|

Subtract eq. (i1) from (i) we get Vant Hoff

il 1

T, T
AH should be substituted with sign.
Unit of AH/T and gas constant R should be same.
For endothermic (AH > 0) reaction value of the
equilibrium constant increases with the rise in
temperature
For exothermic (AH < 0) reaction, value of the

equilibrium constant decreases with increase in
temperature

equation- log K, 2303R

Sinee 2001,
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Condition for Spontaneity : AG < 0 for (i) An<Othen D, <D,

spontaneous process or reaction. R . . .

Since, AG=AH—TAS eaction Quotient (Q) :

= AH-TAS<0 = T > AH/AS Consider a general homogeneous reversible reaction :

e AG > 0 for non-spontaneous process or reaction.

_
e AG=0 forequilibrium. A+B+=——C+D

SOME IMPORTANT POINTS . . [c][D] L

. A . .. Reaction Quotient (Q) = , (Applied in any
Calculation of Degree of dissociation from vapour [A][B]
density:

condition)
Ex. PCl5 (9) PCll(g)+C12(g)
C||D
D+ —-D, D-d s ][ ] . .
= — Equilibrium constant K = , (Applied only in
=5, * | [A][B]- (Apied only
Where :D_or D= Principle or theoretical vapour density equilibrium state)
D,or d= Observed or practical vapour density (i) When Q = K then reaction is in equilibrium state.

a = Degree of dissociation .. ..
g (i1) When Q < K then rate of forward reaction increases.

Molecular weight (ii1) When Q > K then rate of backward reaction increases.

Vapour density =

2
Example-18
Reversible reaction PCI; (g) == PCl,(g)+Cl,(g) The vapour density of undecomposed N,O, is 46. When
Total moles  Volume at NTP Vapour heated, vapour density decreases to 24.5 due to its
density dissociation to NO,. The precentage dissociation of N,O,
Let initial moles 1 0 0 at the final temperature is -
1
1 V,=224 D, ® 3 (D87 (2)60
T (3)40 470
Moles at equilibrium (1-o) o o
Ans. (1)
1
I+a V =224(1+o DT
0 () °© V, Example-19
If a is the degree of dissociation IfPCl, is 80% dissociated at 250° C then its vapour density

atroom temperature will be
D, V, _22.4(1+a)

D, V, 22.4 (1)56.5 (2)104.25
(3)101.2 (4)52.7
D, D D,-D
—=1+a oa=—-1 o=—-"-="
" or D, or D, Ans. (2)
So for a general reversible reaction n A ——n,B+n,C Sol. D;= Molecul;r weight - 2028-5 ~104.25
_n, (D;-D, ' . _
" An D, Vapour density at room temperature (D, ) is 104.25, which
is fixed.
When &
(1) An>0then D, >D, Example-20
(11) An=0then D =D, Assertion: For a reaction concentration quotient Q is

IIT-NEET - Chemistry , AE P e
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equal to K when the reaction is in equilibrium.

Reason: If a catalyst is added to the reaction at

equilibrium, the value of Q remains no longer equal to

K.
Ans. (C)

SOLVED EXAMPLE

Example-21
For the reaction Hp + 1) —— 2HI

The value of equilibrium constant is 9.0. The degree of
dissociation of HI will be —

(A)2 (B)2/5 (©)52 (D) 172
Ans. (B)
Sol. Equilibrium constant of the reaction

Hy+1p ——2HIis9.0

So the equilibrium constant for the dissociation of HI
i.e. 2HI ——= Hp+ Ipwill be 1/9.

2HI ﬁ H»y + Iy

1 0 0

1 X A

X 2 2

Ke=32>72 0= (-x

1 x2 l_ X

9 ~ 2x2(1-x)?’ 3 2(1-x)
or2-2x=3x 5x=2 x=2/5

Example-22

For the reaction Np + 3Hy ——= 2NH, ,N, & H, were
taken in the molar ratio of 1 : 3 . Up to the point of
equilibrium 50% each reactant has been reacted. If total
pressure at equilibrium is P. The partial pressure of
ammonia would be —

(A)P/3 (B)P/6 (C)P/4 (D)P/8

Ans. (A)

Sol. N, + 3H ;\ 2NH3
Initially 1 3 0
Atequilibrium  1-0.5 3-1.5 2x0.5

1
Total moles =(1-0.5)+(3-1.5)+1=3; Pyy, = EP
Example-23

In a reaction vessel of 2 litre capacity 3 moles of N,
reacts with 2 moles of Oy to produce 1 mole of NO.

What is the molar concentration of N7 at equilibrium ?

(A)1.25 (B)1.50 (©)0.75 (D)2.0

lIT-NEET-Chemistryu_

Ans. (A)
Sol. Ny + O # 2NO
3 2 0
3x 2-x X
= 2x=1;x=0.5

3-0.5
[No]= ‘2— =1.25

Example-24
van’t Hoff’s equation giving the effect of temperature
on chemical equilibrium may be represented as -

d InK - AH®
A 4 K= R
(B)—l K= AH°T~
R
d AH°T?
(©) aT InK = R
d 2
(D) == an il
AH()
Ans. (A)
Sol. This is differential form of van’t Hoff’s equation
Example-25

For reaction; A, * B, = AB, we start with 2

moles of A and B each At equnllbnum 0.8 moles of AB
is formed. Then how much of A changes to AB.

(A)20% (B)40%
(C)60% (D)4%
Ans. (B)
Sol. A(g) + B(g' — AB(g'
2 2 0
2-x 2-x X
. x=0.8

Thus % of A changed into

0.8
AB= 7 x 100=40%

Example-26
Which of the following graphs are correct for the given
reaction;
H:(v>+ CO’( )~ H O Co(gb

Assume initlally only H, and CO, are present -

Conc.

(A)
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incorrect relation is :

(A)[A]-[B]=0 (B)3[B]+[C]=3a
; (©)3[A]+[C]=3a  (D)[A] + [B]=3[C]
© Ans. (D)
—— Time — Sol. At equilibrium :
[A]=[B]
Ans. (A)
Sol. Concentration of reactants decrease with time whereas A+ l Cl =
concentration of products increase with time. [A] 3 [C] ==
Example—27‘ : . . Example-31
Which oxide of nitrogen is the most stable - The equilibrium constant for the decomposition of
(A)2NO, , —==N, +20, ;K =6.7x 10" mol litre"! 1
(B) 2NO( = N,( . O,( s K=2. 2x10% mol litre™! water H,O(g) — H,(g) + EOZ(g) is given by : (a0 =
(©) 2N O, ,=—2N,, +50,, ; K=1.2x 10 mol degree of dissociation of H,0 (g) ; p = Total equilibrium
litre™® pressure )
(D)2N,0,,==2N,,+0,;K=3. 5%10* mol litre™! a2p'2
Ans. A AK="_"—""-"a2
ns ( ) . . ( ) (1+(X.)(2—(1)112
Sol. Greater is the value of K, more will be the tendency to
show forward reaction. - a3l2p1/2
BIR= a2+ o)
Example-28
For the reaction equilibrium, a3p1/2
C)K=
> © 2
2NOBr, —=2NO,, +Br, i P, =7 atequilibrium
‘9 o3p3/2
D)K=""-"a2
2 ) (1-a)(2+a)"?
and P is total pressure, the ratio —E;P— is equal to - Ans. B)
1
(A)1/9 (B) 1781 (©) 1727 (D)173 Sol:  H,0(g)—>H,(g)+ 2 0,(g)
Ans. (B) | 0 0
l-a o o2
Saeuple Total moles at equilibrium= 1—-ot + o+ o/2=1+ /2
An example of a reversible reaction is : Let the total pressure at equilibrium be = p
(A) Pb(NO,),(aq) + 2Nal(aq) == Pbl(s) + 5 1-a P
32 2 0, Prorr. =
2NaNO (aq) Proo™ 14 /2
(B) AgNO,(aq) + HCl(aq) == AgCl(s) + HNO,(aq) e — 2
2 1+al/2
(C) 2Na(s) + H,0({) == 2NaOH (aq) + H,(g)
al2
(D) KNO,(aq) +NaCl(aq) == KCl(aq) + NaNO,(aq) Po= 131 q/2
Ans. (D)
SV i : . 1/2
Sol. Precipitation reactions, acid base reactions and (po2 ) (sz )
reactions in which gases are liberated and are taking 30 K, (PH,0)
place in open container will be irreversible reactions.
Example-32
Example-30

For the reaction, A+ B — 3C, if 'a' mol/litre of each

'A' & 'B' are taken initially then at equilibrium the

IIT-NEET-Chemistryu_

The reaction quotient Q for :
N,(g) +3H,(g) == 2NH,(g)
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[NH,J?

]3 The reaction will proceed

isgivenby Q= m_

in backward direction, when:
(A)Q=K, (B)Q<K,
(©Q>K, (D)Q=0
Ans. ©
Sol. When Q > K, reaction will favour backward direction

and when Q <K, it will favour forward direction.

Example-33
For the chemical equilibrium, CaCO4(s) =
CO,(g)
AH{ can be determined from which one of the following
plots ?

CaO(s) +

(A) B) &

log, Pco, —»

log, Pco, —

o

!
©&

)

(D)

log, Poo{ —

logT —* logT —*

Ans.
Sol.

(A)
CaCO,(s) === CaO(s) + CO,(g)

Kp — PCO2

AH 0

logK, 2303RT

=logA—

A, 1
2.303 RT
Graph (a) represents (i) and its slope will be used to

log Pco, =logA—

determine the heat of the reaction.

Equilibrium, Reaction Quotient and Equilibrium
constant (Kp &K)

Example-34
A chemical reaction X ==Y is said to be in equilibrium
when -
(A) 50% of the conversion has taken place
(B) only 10% conversion of X to Y has taken place
(C) the rate of transformation of X to Y is equal to the
rate of transformation of Y to X in the system
(D) there is change in the concentration of either x or

y

Sol. © r=r,

IIT-NEET-Chemistryu_
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Example-35
For which of the following Kp is less than K .?
—
(A)N204 S 2NO,
(B)N, +3H, = 2NH,

(O Hy+1, = 2HI

(D) CO+H,0 = CO, +H,
Ans. B)
Sol.  N,+3H,=2NH,

K, =K (RT)*

An =P mole " “mole

An=(2-4)=-2

K, =K, (RT)?

K, <K,

Example-36
For homogeneous gas reaction 4NH3+507 =4NO +
6H5O. The equilibrium constant K, has the unit of -
(B) (concentration)'1
(D) (concentration) 10

(A) (concentration)1
(0) (concentration)9

Ans. (A)
Sol. 4NH,(g) + 50 ,(g) \ﬁ 4NO(g) +6H,0(g)
at equ. X X X X
x)*x(0)°
A s, < 2
© 0 %)’
K =(x)
Example-37
The decomposition of N,O, to NO, was carried out
in chloroform at 280°0C. At equilibrium, 0.2 mol of
N,O, and 2 x 10-3 mole of NO, were present in 2L of
solution. The equilibrium constant for the reaction
N O4 — 2NO, is
(A)0.01 x 1073 (B)2.0xx 1073
(©)2.0x10° (D).01 x 103
Ans. (A)
Sol. N0, @. 2NO,
0.2 -3
Atequ. —- L S
0.1 1x103
1x107?)?
P e
¢ 0.1
Example-38

The equilibrium constant expression for the equilibrium

2NH;(g) +20,(g) = N,0(g) + 3H,0(g) is

mml
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Ans.

Sol.

[H,0]°[N,0]
[NH3]*[0,]?

[N,0][H,07]

(A)Ke="INm; [0,] e~

[NH;3]*[0,]?
[N,O][H,0]

[NH3][O,]

OK= ~ [N0][H,0]

®B)
2NH,(g) +20,(g) = N,0(g) + 3H,0(g)

~ (N,0)x(H,0)*
K™ (NH3)? x(0,)’

Example-39

Ans.

Sol.

Assuming that the system is at equilibrium, which of
the following reactions goes most nearly to 100%
completion -
(A) C(s) + HyO(g) = CO(g) + Hy(g)
K.=6.5x10"23
(B) CO(g) + 3H, (2) == CH,(g) + H,0(g)
K=0.176
(C)2C(s) + Ox(g) = 2CO(g)
K.=1x1016
(D) Hy (2)+ Ir(2) = 2Hl(g)
K. =545
©
Fast rate for completion.

K must be greater value.

Product concentration

o Reactant concentration

More product concentration, more value of Kc, so,
reaction goes to fast completion.

Example-40

Ans.

Sol.

An equilibrium system for the reaction between
hydrogen and iodine to give hydrogen iodide at 765K
in a 5 litre volume contains 0.4 mole of hydrogen, 0.4
mole of iodine and 2.4 moles of hydrogen iodide. The
cquilibrium constant for the reaction is

5t IZ — 2HL is -
(A) 36.0
(C)0.067
(A)

B)15.0
(D)0.028

.
B+l e 2HI
04 04 24

e 755 S

IIT-NEET-Chemistryu_
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K - 24x2.4
c 0.4x0.4
K - 5.76
< 0.16
K. =36
Example-41

The equilibrium constant of the reaction

1
SO,(g) + 7 0,(g) = SO,(g) is 4 x 107 atm'?. The

equilibrium  constant of the reaction

2S0,(g) =2S0,(g) + O,(g) would be :

(A) 250 atm (B)4 % 10% atm
(C)0.25 x 10*atm (D) 6.25 x 10*atm
Ans. (D)
,
Sol k —[ l ]
ot »~ [ 4x1073
Example-42
N,+O, #ZNO,KI
| N 1 0
7N H 5 |Y2e=NO,K,
2NO =N, +0,,K,
1 1
NO= |75 N, + 2 0,.K,
Correct relation between K, K, and K is :
(A)K, x K, =1 ®) JK, xK, =1
©) yK; xK, =1 (D) All of these
Ans. (D)
1 1
Sol. K=2= \/E,Kf K, K"K,
K.=1, JK; K,=1 JK; =1
Example-43

The value of K, for the reaction.
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2H,0(g) + 2Cl(g) = 4HCl () + O,(2)

-1k E
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Ans. ©)
is 0.03 atm at 427°C, when the partial pressure are
expressed in atmosphere, then the value of K . for the Sol. N, + 3H, - 2NH,
same reaction is - 6
(A)5.23x 10 (B)7.34x 10 Initial 50 0
(©)3.2x103 (D)5.43x10° 1 3 0
Ans. (A) mole mole mole
Sol. Ang=4+1-(2+2)=1 atequ. t=?1-x 3-3x 2x
I =L =1  x=1n
0.03=K_(0.082 % 700)' 17
K.=523x10* Final 1/2 3/2 1
—— weight=14¢g 3g
For the reaction H,(g) + I(g) = 2HI(g) Degree of dissociation, Vapour Density & Effective Molar Mass
K_=66.9 at350°C and K_= 50.0 at 448°C. The Le-Chatelier Principle
reaction has -
(A)AH=+ve (B)AH=-ve Exumple ] ,
(C) AH =zero (D) AH = Not found the signs For the gas phase reaction ] .
Ans. (B) CoHy +Hy = CyHg, AH=-32.7kcal carried outina
Sol. K decreases as increase in temp. hence exothermic vessel, the equilibrium concentration of CyHy can be
AH<0 increased by -
(A) increasing the temperature
Example-45 (B) Increasing concentration of Hy
For the equilibrium 2NOBr(g) = 2NO(g) + Bry(g). (C) Decreasing temperature
(D) Increasing pressure
calculate the ratio ——, where P is the total pressure Ans. (A)
Sol. C-H,+H,=CH, AH=-32.7KCal
and PB,2 = ; at a certain temperature - An = pmule — Rmolc =1-2=-1
1 1 1 1 AH = — ve Exothermic reaction $x oc L )
@y ®Fz ©x O3 T
Ans. (B) Temperature increases Reaction goes toward
RN reactant.
Sol. 2NOB(g) < 2NO(g) +Bry(g) Thus, concentration of C,H, increases.
3P 2P P
Atequ. P - 9 9 9 Example-48
In a vessel containing SO3, SO and O at equilibrium,
P = % + 2713 s g —p some helium gas is introduced so that the total pressure
increases while temperature and volume remains
p P constant. According to Le-chatelier principle, the
[?) (3] dissociation of SO3 -
_ _Kp T (A) increase (B) decrease
= (j P8I (C) remain unaltered (D) changes unpredictable
9 Ans. (O
Sol. 280, =250,+0,
Example-46 AH = + ve endothermic reaction

28g of N, and 6g of H, were mixed. At equilibrium 17g
NH; was produced. The weight of N, and H, at
equilibrium are respectively -

(A)1l1g,0g (B)1g,3g

(C) 14g, 3¢ (D)11g,3g

IIT-NEET-Chemistryu_

Inert gas doesn’t show reaction with the reacting
mixture it show effect only due to it’s volume.

At constant volume doesn’t effect of inert gas. Thus
dissociation of SO, unchanged.

V =constant=An=0

No effect of inert gas.
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Example-49
In the system AB (s) = A(g) + B(g) doubling the
quantity of AB (s) would -
(A) increase the amount of A to double its value

If more NH,HS is added to the equilibrium

(A) Partial pressure of NH, increases

(B) Partial pressure of H,S increases

(C) Total pressure in the container increases

(D) No effect on partial pressure of NH, and H,S.

(B) increase the amount B to double its value Ans. D)
(C) increase the amount of both A & B to double their Sol. NH,HS (s) RN NH,(g) + H,S(g)
values \ ’ -
(D) cause no change in the amounts of A and B Kp=NH,(g) xH,S(g)
Ats D) Partially pressure of NH, and H,O doesn’t affected
\ by NH,HS(s) because NH,HS(s) is solid for solid
sl AB(s) T= A(g) * B(e) active mass unity.
Active mass for Solid = 1 unity
K =(x).(x). Example-53
Amount of AB.(s) doesn’t appear in K, Kp According to Le-Chatelier’s principle, adding heat to
So, no change in amount of A and B a solid to liquid in equilibrium will causes the -
(A) Temperature to increase
Example-50 (B) Temperature to decrease
Given a system in equilibrium, an increase in (C) Amount thql%ld to.mcrease
: ; (D) Amount of solid to increase
concentration of the product is always produced by a - ©)
rise in temperature when the reaction is - i Soiid - kouid
(A) Gas phase (B) Spontaneous sl O. ! I
(C) Endothermic (D) First order e
% C (More volume) less volume
. © Amount of liquid increases. Thus reaction goes
Sol. A ‘ﬁ 2B T Product concentration increases. toward less volume.
An=2-1=1.

So, endothermic reaction.
Endothermic reaction TT P4 — For forward
reaction Tx oc TT

Example-51
Nitrogen gas was injected into an equilibrium mixture
0f2805(g) = 250,(g) + O,(g)? The pressure is
increased from 1.0 atm to 10 atm. Which of the
following statements is correct -
(A) The concentration of the reacting gases are
unchanged.
(B) [SO ]increases
© [SO?] increases
(D) [O ] increases
Ans. (A)

Sol.  2S0,(g) =2S0,()+0,(2)

Nitrogen gas doesn’t react with reacting mixture. Thus
concentration of the reacting gases are unchanged.

Thermodynamics of Equilibrium

Example-54

Ans.

Sol.

For the reaction,

A(g) +B(g) = C(g) + D(g) at 298K, the values of
AHP and AS® are —29.8 kcal and —0.1 kcal K-
respectively. The values of AG® and equilibrium
constant Kc are -

(B) 0, 2 respectively

(D) 0, 0 respectively

(A) 1, 2 respectively
(C) 0, 1 respectively
©

AG°=AH°-T AS°
AS°=-0.1x103Cal
AG°=-29.8 x 10°—~[-0.1 x 10° x 298]
AG°=AG+2.303RT log K

c

AH°=-29.8 x 103 Cal

AG =zero At equilibrium
AG°=-2.303nRT log, K
K =1

—AG®
Example-52 log, K= 3 303xRT
Consider the heterogeneous equilibrium in a closed 0
container -
2.303x8.314x298

NH HS (s) ==NH (g)+HS(g)

llT-NEET-Chemistl'yu_

logloKC=O K. = 1
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Example-55

Ans.
Sol.

For the reaction,

2NOCl(g) == 2NO(g) + Cly(g).

the values of AH® and AS® at 298K are 77.2 kJ
mol~! and 122 JK-! mol-! respectively. The standard
equilibrium constant at the same temperature is -

(A)0.695x 1078 (B)6.95 %108
(C) 69.5x10°8 (D) 695 x 10-8
(B)

AG°=AH° - TAS®
=77.2x10°-298 x 122
=77.2x10°-36356

=40844

atequ. AG°=-2.303 RT log, K,
40844 =-2.303 x 2477.58 log, K_
=-5634.4737 log, K_

40844
T 5634.4737  CBwte

Antilog =—7.2489468 = log K _

0.76 x 10¥=K_

K =6.95x10*

Trick

for (—ve) Antilog before decimal digit

one power increases

IIT-NEET-Chemistryu_
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=724
After decimal digit substract from (1)
1-0.24

_0.76x10°*
log

=6.9x10*
Example-56

1
Variation of log, K with T is shown by the following

graph in which straight line is at 45°, hence AH® is :

1/T

(A)+4.606 cal (B)—4.606 cal
(C)2cal (D) -2 cal
Ans. (B)

Sol. AH®=-2.303 R=-4.606 cal.
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INTRODUCTION
lonic Equilibrium :

molecule as below -

All the substances can be classified into

I

Non electrolytic substances

Electrolytic substances

® Does not dissociate into ions on

dissolving in solvent like water.

® Solution will conduct electricity.
® Solution will not conduct electricity eg. all acids, bases, all salts

eg. C,H,, diethyl ether

Electrolytic substances

[rmnr-=J5EIRE
UILIBRIUM

IONIC EQUILIBRIUM

Weak electrolytes are partially ionised in aqueous solution and an equilibrium is situated between the ionised and
unionised electrolyte. This type of equilibrium is known as ionic equilibrium.

Let us consider an acid HA which when dissolved in water, an equilibrium will setup between ionised and unionised acid

HA+HZO: H"+A

o Will dissociate on dissolving in water into ions.

Hg,Cl, dissolve but dissociate negligible.

Strong electrolyte
® o = unity (100% ionisation)

Eg. Strong acids (generally HCIO,, HI, HBr, HCI, H,SO,, HNO,),
strong bases (generally (NaOH, KOH, RbOH, CsOH and Ba(OH),)
all type of soluble salts (SASB, SAWB, WASB, or WAWB).

Degree of dissociation

. When an electrolyte is dissolved in a solvent (H,0), it

spontaneously dissociates into ions.
o It may dissociate partially (o0 << < 1) or sometimes
completely (o = 1)
Eg.NaCl+aq == Na' (aq) + Cl (aq)
CH,COOH +aq 5= CH,COO (aq)+H" (aq)
° The degree of dissociation of an electrolyte (o) is the

fraction of one mole of the electrolyte that has

dissociated under the given conditions.

No. of moles dissociated

%= No. of moles taken initially

The value of o depends

(a) Nature of electrolyte :

Strong electrolyte dissociate completely where as weak
electrolytes dissociate partially.

(b) Nature of solvent :

A solvent having high value of dielectric constant will
favour dissociation.

IIT-NEET-Chemistryu_

Weak electrolyte

@ 0.<<<10% or o < 0.1 (generally valid if K, < 10?)
electrolytes not 100% dissociated
Eg. weak acids (CH,COOH, HCN),

weak bases(NH,, Zn(OH),)
All sparingly soluble salts AgCI, BaSO, etc.

(c¢) Dilution :

For weak electrolytes degree of dissociation will
increases by dilution (Ostwald’s dilution law)

(d) Temperature :

On increasing temperature generally degree of
dissociation increases.

(e) Presence of other solute :

When a substance is present it may effect the solubility
of the another solute. Generally presence of common
ion supresses degree of dissociation of weak
electrolyte.

Arrhenius theory of Electrolytic Dissociation or

lonization

(a) When an electrolyte dissociates into water, it gives
two types of charged particles called ions.

(b) Ions which carry (+) ve charge and move towards
cathode are called as ‘Cations’ while ions carrying
() ve charge and moving towards anode called as
‘anion’.

(c) Every electrolytic solution is always neutral in
nature.
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(d) Quantity or part of electrolyte which is ionized or

. H,BO; is not Arrhenius acid.
dec?m[.)os:d or dissociate called as “Degree of . H* ion in water is extremely hydrated (in form of H,0",
Ionisation”. 5, gt e e
(e) Electrolyte which gives H" ions after dissociation sOy + H;04°) and high charge densiy.
L ]

in the aqueous solution is called as acid while that
which gives OH" after dissociation in the aqueous
solution is called as base.

OSTWALD’S DILUTION LAW :
This law deals with the application of the law of mass
action to the equilibrium between the ions and
unionized molecules in aqueous solutions of weak
binary electrolytes such as acetic acid, propionic acid,

HCN, NH,OH, etc.

Consider a dilute solution of a weak binary electrolyte
AB containing ¢ moles in 1 litre. At any given
temperature, there will be equilibrium between the
unionized molecules of AB and the ions A" and B". Let
‘o’ be the degree of dissociation of AB at equilibrium.

AB—=—/— A'+ B-
Initial conc. c 0 0
Conc. at. equilb. c(1—q) co co
Then according to the law of mass action, the equilibrium
constant K_ will be given by

2
a‘c
l—-a

caxco
c(l-a)

[A*][B]
Ka™ Bl

Mono acidic base

® Gives single OH
per molecule

e.g CsOH, RbOH

The structure of solid HCIO, is studied by X-ray, It is
found to be consisting of H;O" and ClO,
HCIO, +H,0 === H,0" +ClO, (better representation)
Arrhenius base : Any substance which releases OH
(hydroxyl) ion in water (OH ion donor)
Types of base
|

Di acidic base
® Gives two OH
per molecule
e.g Ba(OH),, Ca(OH),

!

Tri acidic base

® Gives three OH
per molecule
e.g Fe(OH),

NH,OH

OH  ion also in hydrated form of H302_, HO, , H503_
First group elements (except Li.) form strong bases.
Bronsted - Lowery concept : (Conjugate acid - base
concept) (Protonic concept)
Acid : Substances which donate H" are Bronsted
Lowery acids (H" donor)
Base : Substances which accept H" are Bronsted Lowery
bases (H" acceptor)
Conjugate acid - base pairs
In a typical acid base reaction

HX+B == X +HB"

This expression “K_ = X » s called Ostwald’s HX + B — ,HB* * X

* o acid base Conjugate Conjugate
dilution law. K_ is called the dissociation = e
(or ionization) constant of the weak electrolyte. -
a has a very small value for a weak electrolyte and is Corg:igr;ate

therefore negligible in comparison with unity.

. Forward reaction — Here HX, being a proton donor, is
l-axl K, = an acid B, being a proton acceptor,
K is a base.
= = o <[y o Backward reaction — Here HB™, being a proton donor,
. c . . is an acid X, being a proton
This law is valid only for weak electrolytes that too in acceptor, is a base
dilute solutions. It is not applicable for strong Acid Base Co;ljugate ) Conjugate
electrolytes. Acid Base
ACIDS BASES AND SALTS: e HCI + HO = H.O' + cr
2 < 3
. Arrhenius concept : e HSO, + NH, = NH," + SO,
Arrhenius Acid : Substance which gives H" ion on [Fe(H,0) ** HO =— H.O' + [Fe(H,0). (OH)*
26 2 N 3 25

dissolving in water (H" donor)

eg. HNO,, HCIO, HCI, HI, HBr, H,SO,. H,PO, ctc. . g::nj ugate. aciq - base pair differ Py only one protor.l
Types of acids ong acid will have weak conjugate base and vise
| versa
v . Reaction will always proceed from strong acid to weak
Mono basic acid Di basic acld Tibascned acid or from strong base to weak base.
° S;\;?: oslgwcgdia H' e sger:o:ew&:; " ge“:ems;::gﬁ: g Acid Conjugate base Base Conjugate acid
e.g HA e.g HA e.g HA HCl Cl B NH, NH,"
HNO,, HCIO,, HCI H,S0, H.,PO, H,PO, H,SO, HSO, H,O H3O*
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HSO, SO,2 RNH,
H,O OH
Amphoteric (amphiprotic) : substances which can act
as acid as well as base are known as amphoteric
HCl+H,0 = H,0"+CI"
base
NH,+H,0 == NH,"+OH"
acid

RNH,*

SOLVED EXAMPLE

Example-57

Sol.

In which of the following reactions does NH, act as an

acid?
(A)NH;(aq) +H" (aq) —— NH,"

1
(B)NH, (1) + Na (s) —> NaNH, (aq) + EHz (2)

(C)NH, (g) + HCI(g) ——> NH,CI(s)

(D) None of these

(B)

In the following reaction, NH, changes to NaNH, which
contains NH, ion. This means that NH, has donated a

proton to Na and hence acts as an acid.

Properties of Water :
Amphoteric (amphiprotic) Acid/base nature:
Water acts as an acid as well as base according to
Arhenius and Bronsted-Lowry theory but according
to Lewis concept it can be generally taken as base.
In pure water [H*] = [OH"] so it is Neutral.
Molar concentration / Molarity of water :

1000gm / litre

18gm / mole
=55.55 mole /litre =55.55 M (density = 1 gm/cc)
Ionic product of water :
concept
H,0 == H"+ OH" so, ionic product of water,
K, =[H"|[OH]=10""* at 25° (exp.)
dissociation of water, is endothermic, so on increasing
temperature K increases
: — The value of K, increases with the increase in
temperature i.e. the ionisation of water increases with
increase in temperature and finally the concentration
of H" and OH ion increases.

Molarity = No. of moles/litre =

According to Arrhenius

(a) Values of K, at various temperature :—
Temperature (°C) Value of K,
(1)20-350r25° 1 x10" (Roomtemp.)
(2)90 1x 101

K, increases with increase in temperature.

llT-NEET-Chemistl'yu_
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Now pH = —log|H*] = 7 and pOH = log|OH | =7
for water at 25° (experimental)

pH =7=pOH = neutral
pH<7 orpOH >7 = acidic at25°C
pH>7o0rpOH<7 = Basic

Ionic product of water is always a constant whatever
has been dissolved in water since its an equilibrium
constant so will be dependent only on temperature.
Degree of dissociation of water :

H,0 = H"+OH

no. of molesdissociated

= %7 otal no.of molesinitially taken
-7
=10 18x100r 1.8x107%
55.55

ACIDITY AND pH SCALE:

Acidic strength means the tendency of an acid to give
H,O" or H" ions in water.

So greater the tendency to give H" , more will be the
acidic strength of the substance.

Basic strength means the tendency of a base to give
OH ions in water.

So greater the tendency to give OH ™ ions, more will be
basic strength of the substance.

The concentration of H" ions is written in a simplified
form introduced by Sorenson known as pH scale.

pH is defined as negative logarithm of activity of H"

ions.
- pH=—log 2, (where a . is the activity of H" ions)

Activity of H" ions is the concentration of free H" ions
or H;O" ions in a dilute solution.

The pH scale was marked from 0 to 14 with central
point at 7 at 25°C taking water as solvent.

If the temperature and the solvent are changed, the pH

range of the scale will also change. For Example

0-14 at25°C
Neutral point, pH =7
0-13 at80°C (K, =10713)

Neutral point, pH = 6.5

pH can also be negative or > 14

pH CALCULATIONS OF DIFFERENT TYPES OF SOLUTIONS

(a) Strong acid Solution :
(i) If concentration is greater than 10° M
In this case H" ions coming from water can be neglected,

so [H"] = normality of strong acid solution.
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(ii) If concentration is less than 10°° M
In this case H" ions coming from water cannot be
neglected,

So [H'] = normality of strong acid + H" ions coming

from water in presence of this strong acid

SOLVED EXAMPLE

Example-58
Calculate pH of 10 %M HCI solution.

= H + OH™
108 +x X

K_=[H'][OH ]

104 =x(xx107%)

=x2+xx108-1014=0

-10%+/107 +4 x 107"

2

-8 =3 1
-107° +10 1’4+100 _(\/m—l)lo_x

2 - 2

Sol.  H,0

X=

=0.95x 107

[H]=105x10%=1.05x107"M

pH=7-log 1.05 = 6.98

for 10 M HCl pH =~

for 10> M HCI pH = 7

(b) Strong base Solution :

Calculate the [OH ] which will be equal to normality of
the strong base solution and then use

Ky =[H]*x[OH]=10", to calculate [H"].

Example-59

Calculate pH of 107 M of NaOH solution.
[OH ] fromNaOH=10"M

[OH ] from water=x < 10"7M

(due to common ion effect)

Sol.

H,0 = OH + H'
- x+107) x
K, =[H'][OH]=10"4=x(x+107)
x2+107x—1014=0

= % x107=0.618 x 107 M=[H"]
pH=7.21 (/5 =2.236)

(c) pH of mixture of two strong acids :
If'V, volume of a strong acid solution of normality N, is

IIT-NEET-Chemistryu_
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mixed with V, volume of another strong acid solution
of normality N,, then
equi. of H" ions from I-solution=N,V,
N,V,
If final normality is N and final volume is V, then
NV=N,V,+ N,V,
N,V;+N,V,
Vi+V,
(d) pH of mixture of two strong bases :
similar to above calculation

equi. of H" ions from II-solution =

[H']=N=

OB N= N,V,+N,V, — 107"
PO == H1=Ton ]
(e) pH of mixture of a strong acid and a strong base :
. Acid Base neutralisation reaction will take place.
. The solution will be acidic or basic depending on which

component has been taken in excess.

. If'V, volume of a strong acid solution of normality N, is

mixed with V, volume of a strong base solution of
normality N, , then

Number of eq. H" ions from I-solution=N,V,
Number of eq. OH™ ions from II-solution=N, V,

! !

IFN,V, >NV, If N,V, > N,V,
[H']=N=M [oH‘]=N=W
V;+V, 1+ Vs
solution will solution will
be acidic in nature be basic in nature
0%
Hl=
H] [OH7]

SOLVED EXAMPLE
Example-60

1
Calculate pH of mixture of (400ml, 200 M Ba(OH),) +

1
(400ml, % M HCI) + ( 200ml of Water)

(400x : )—(400x 1 xz)
[H]= 50 200 = 4x103M,

Sol.
1000
so pH=3-2log2=24
(f) pH of a weak acid(monoprotic) Solution :
. Weak acid does not dissociated 100% therefore we have

to calculate the percentage dissociation using K,
dissociation constant of the acid.
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We have to use Ostwald’s Dilution law (as we have
been derived earlier)

HA ==H"+OH"
t=0 C 0 0
t=t, C(l-a) Ca Ca

_[H][OH] _ca?

a [HA] 1-a

Ifa<<l =>(1-a) ~ 1 = K ~Cd?

a

fK
= a= ?a (isvalidifa <0.1 or 10%)
H*]1=C —C,,ﬁ =K, xC
[H]=Ca = c ~VKax

1
= SopH= 5(pK“ ~logC)

on increasing dilution
=>Cl =al and [H |4 = pH T

Example-61

Sol.

Calculate pH of

(a) 10" M CH,COOH (b) 10*M CH,COOH
(¢) 10°°M CH,COOH

Take K, =2 x1075.

(a) CH,COOH == CH,COO~ + H"

C 0 0
C(l-a) Ca Ca
B Co?
S )

2x10_

K
c “\ 100 V2x10™ (@<<0.D)

1
So, [H*]=10"1x+42x102 =>pH=3— 5 log2=2.85

K, 2x107
(b) o = ,/? =3 —V2x102  @>0D)

So we have to do the exact calculations

_ Co? 107 x0?
R l1-a
[H]= 102 x 0.1314=1.314 x10* = pH =4 - log
(1.314) = 3.8 Ans.
(¢) If approximation is used then,

o =13.14%

2x107°

o= TN =J20 > 1,

so we have to do the exact calculation,

IIT-NEET-Chem'lstryu_
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2x105=106 -

= o ~0.950r95%
[H]=0.95%x10°=9.5x 10"
= pH=7-10g(9.5)=6.022 Ans.
(g) pH of a mixture of weak acid(monoprotic) and a
strong acid Solution :
Weak acid and Strong acid both will contribute H" ion.
For the first approximation we can neglect the H" ions
coming from the weak acid solution and calculate the
pH of the solution from the concentration of the strong
acid only.
To calculate exact pH, we have to take the effect of
presence of strong acid on the dissociation equilibrium
of the weak acid.

If [SA]=C,and [WA]=C,, then [H']fromSA=C,
the weak acid will dissociate as follows.

HA = H* + A-

C, 0 0

C(l-a) Coa+C, C,a

_ (Ga+C)Cha

" C,(-a) (a<<<l)

(The weak acids dissociation will be further suppressed

because of presence of strong acid, common ion effect)

K,=(Ca+C)a

Total H' ion concentration = C, + C,a

If the total [H'] from the acid is greater than 1076 M,

then contribution from the water can be neglected at

25°C temp., if not then we have to take [H'] from the

water also.

(h) pH of a mixture of two weak acid (both monoprotic)
solutions :

Both acids will dissociate partially.

Let the acid are HA| & HA,, and their concentrations in

the mixture are C, & C, respectively, then

HA, = H' + A
t=0 C, 0 0
Ateq. C/(l-a,) C,a,+C,a, C,a,
HA, = H* + A,
t=0 C, 0 0
Ateq. Cy(l1-a,) C,o,+C 0, C,o,
C,a(Cia, +Cy0,) (Cya, +Ca)Cha,
al Ci(l-0y) a2 Cy(1-a,)

Since o, o, both are small in comparision to unit
1 %2 p y
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K, = (Cio, +Co)a: K, = (¢,a, +¢, ay)a,

[H]=C,a, +C,a,

CII(al CZKaZ
N \/CIKaI +CKy, " \/ClKal +CK,,

= [H']={CK, +C,K,,

If the dissociation constant of one of the acid is very

much greater than that of the second acid then
contribution from the second acid can be neglected.
So, [H']=C,a,+C,a, = C,0;

| SOLVED EXAMPLE |

Example-62

Sol.

Calculate pH of solution obtained by mixing equal
volume of 0.02 M HOCI & 0.2 M CH,COOH
solutions. given that K, (HOCIl) = 2 x 10°*
K,, (CH;COOH) = 2 x 1075 also calculate [OH] ,
[OCI'], [CH4COO0O ] at equilibrium.

Volume of final solution become double.

So concetration become half

C,=0.01M, C,=0.1M

[H]=K,C, +K,,C,

= \2x10*#x0.01+2x107 x0.1

= 2x106+2x10¢ =2x10°M

pH=3-log2=2.7

HOCl — H + ocl
Ci(l-a)) C,o0,+Cya, Co
CH,COOH — H' + CH,COO™
Cy(1-a,) Cio G, C,a,
o= 2“01 =0.1 o= 2’(10_2 =0.01

2x10 2x10
[0CI']=C,a, [CH,CO01=C,a,
=0.01x 10" =0.1x1072
=1x10>M =1x103M

~14

[OH]= [I:I‘I] = %0_3 =5x10"12M

All these steps can be followed for the calculation of
pOH for weak base and their mixtures (we just have to
replace K, withK,.).

(k) pH of a mixture of a weak acid/ weak base with

IIT-NEET-Chemistryu_
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weak/strong base/acid respectively.
For this type of mixtures there can be two cases in

general,

(1) if the acids and bases are mixed in equal amounts
(equivalents)

(ii) if'the acids and bases are mixed in different amounts
(equivalents)

First case will lead to phenomenon of SALT

HYDROLYSIS and second case will lead to formation

of BUFFER SOLUTIONS.

Salts :

(a) Species formed by the reaction of neutralization of
acid and base is called as salt.

(b) salt formation is the exothermic process and released
energy by this reaction is called as the heat of
neutralization for 1 eq. monoacidic base and 1 eq.
monobasic acid.

(c) The value of heat of neutralization is equal to 13.6
kcal.

(d) Salts are generally crystalline solid.

(e) Salts are classified into following four types.

Simple Salts :

These salts formed by the neutralisation process, which

are of three types.

(a) Normal Salt : These salts are formed by the
neutralization reaction of simple acid and simple
base, like - NaCl, NH,Cl, CH,COONa, KNO, etc.

(b) Acid Salt : It is formed by the incomplete
neutralization reaction of acid with the base is called
the acidic salt and gives proton in aqueous solution.
Like - NaHCO,, NaHSO,, Na,HPO,.

eg. H,SO, +NaOH —— NaHSO,

(c) Basicsalt: Salt which is formed by the incomplete
neutralization reaction of base with acid called the
basic salt and gives OH" ion in aqueous solution.
Like- Zn(OH)Cl, Mg(OH)Cl, Fe(OH),Cl etc.

eg. Ca(OH), + HCl— Ca(OH)Cl

Imol Basic salt
eg. Mg(OH),+ HNO,—— Mg(OH)NO,
I mol Basic salt

eg. Al(OH) +HCl—>AI(OH),Cl - AI(OH)CI,

Imol Basic salt
A I: I:
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Mixed Salts :

Salt which are formed by the neutralisation reaction of
more than two different acids and bases are called mixed
salt. Or Salts which furnish more than one cation or
more than one anion when dissolved in water are also
as mixed salt. Like Rochelle salt,

Ca /OCl Na\

el an K/SO4 etc.

HO — ?H - COOH NaOH

eg. +
HO — CH - COOH KOH
(Two bases)
OH —-CH -COONa
— |

OH-CH- COOK

eg. Ca(OH), +HOCI/HCl— CaO(l,
Two acids

Double salts :

Salts which are formed by the addition of two or more

simple salts are called as double salt.

eg. K,SO,.AL(SO,),.24H,0 — Potash alum

eg. FeSO,.(NH,),SO,.6H,0 — Mohr’s salt etc.

Complex salts : —

(a) Salt which are formed by the donation of electron
pair by the ligand molecule with the metal ion are
called as complex salts. Or salts which are formed
by the combination of simple salts or molecular
compounds.

(b) Complex salts are stable in solid state.

(c) On dissolving the water, complex salts. Give

minimum one complex ion -
eg. K [Fe(CN),], [Cu(NH,),] SO,
or all coordination compound
K, [Fe(CN),]—> 4K* + [Fe(CN) J*

SALT HYDROLYSIS (REVERSE OF NEUTRALISATION)

Salt + Water == acid +base

When acids and bases are mixed in equal
amounts(equivalents), then we will be having salt
solutions only in the water and we have to calculate
pH of salt solutions.

When a salt is added to water, the solid salt first
dissolves and breaks into ions completely(unless
otherwise specified). The ions of the salt may or may
not react with water, the cations when react with water
will produce H,O" ions and the anions on reaction with

IIT-NEET-Chemistryu_
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water will produce OH™ ions. Depending on the extent
of hydrolysis and on the amounts of H,0" and OH
ions the solution can be acidic, basic or neutral. If salt
is BA, then

BA(s) —— BA(aq) —— B'(aq) + A (aq)

A (aq) + H,0(l) == HA(aq) + OH (aq)

(anionic hydrolysis)
B* (aq) + 2H,0(l) == BOH (aq) + H,0" (aq)
(cationic hydrolysis)

ANIONIC HYDROLYSIS
Anions can function as a base on reaction with water
and hydrolyse as follows :
A (aq) + H,0 (I) == HA (aq) + OH  (aq)
The extent of hydrolysis of a given anion depends on
its basic strength
(a) Complete hydrolysis
The anions, which are stronger base than OH ™ and the
conjugate acids of the anions are weaker acid than H,O,
they will show complete hydrolysis in aqueous medium.
For Example H +H,0 —— H,+OH";

NH,”+H,0 —— NH; + %Hz
(b) Hydrolysis to a limited extent

The anions, which are weaker base than OH™ and the
conjugate acids are stronger acid than H,O but weaker
acid than H,O" will hydrolyse to a limited extent in

aqueous medium
For Example CN +H,0 == HCN+OH"
Other Examples are CH,COO,NO-, , $*" etc.
(¢) No hydrolysis
The anions that are weaker base than OH™ and the
conjugate acids are stronger than both H,0 and H,0"
do not hydrolyse at all.
CI" +H,0 —x— HCI+OH"
Other Examples include SO, ,NO;", ClO," etc.
CATIONIC HYDROLYSIS
Cations can function as acid on reaction with water
and hydrolyze as follows.
B*(aq) +2H,0(l) == BOH(aq) H,0"(aq)
The extent of hydrolysis of a given cation depends on
its acidic strength.
(a) Complete hydrolysis
The cations, which are stronger acid than H;O" and
their conjugate bases are very much weaker than H,O
will show complete hydrolysis. Example is PH" , ion.
PH",+H,0 —— H,0"+PH,

I-\ = 1P e
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(b) Hydrolysis to a limited extent
The cations, which weaker acid than H;O" ion and their
conjugate bases are stonger than H,O but weaker than
OH, show hydrolysis to a limited extent. For Example
NH', +2H,0 == NH,OH + H,0"
Other ions showing hydrolysis to limited extent are
C,H,NH,", CH;NH," etc.
(¢) No hydrolysis
The cations, which are weaker acid than H3O+ and their
conjugate bases are stronger than both H,O and OH~
do not hydrolyze at all. Example is alkali and alkaline
earth metal ions.
Na" +2H,0 —¢— NaOH + H,0"
Hydrolysis of strong acid and strong base [SA — SB]
types of salt —
Ex. NaCl, BaCl,, Na,SO,,KCIO,, BaSO,, NaNO,, KBr,
KCletc.
NaCl+H,0 =—— NaOH +HCIl
Na*+Cl'+H,0 =—— Na'+OH +H"'+CI"
H,01 H"+OH" (Itis not salt hydrolysis)
(1) Hydrolysis of salt of [SA — SB] is not possible.
(i1) Aqueous solution of these type of salt is neutral in
nature. (pH=pOH=7)
(i11) pH of the solution is 7.
(iv) No effect on litmus paper.
Hydrolysis of strong acid and weak base [SA - WB|
types of salt —
Ex. CaSO,,NH,CI, (NH,),SO,, Ca(NO,),, ZnCl,, CuCl,,
CaCl2 ,AgCl, Agl, AgNO3 etc
NH,Cl1+H,0 =—— NH,OH+HCI
WB SA
NH,+Cl'+H,0 =—— NH,OH+H"+Cl
NH,"+H,0 —— NH,OH+H"
(1) In this type of salt hydrolysis, cation reacts with

H,O therefore called as cationic hydrolysis.

(i) Solution is acidic in nature as [H] is increased.
(1) pH of the solution is less than 7.

(iv) Solution turns blue litmus paper red.

K, = Hydrolysis constant

K, = lonic product of water

K, = Ionisation constant of acid

K, = Ionisation constant of base

h = Degree of hydrolysis

C = Concentration of salt (concentration of ions)

(a) RelationbetweenK ,K and K
B+ HO —— BOH + H*

IIT-NEET-Chemistryu_
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NH,"+H,0 =—— NH,OH+H"
Hydrolysis constant [K ]

K, =% ....... 1)

For weak Base = NH,OH =—— NH,"+OH

‘ :[NHJJ[OH’]
*~“TnH,0H] 0 ®)

For water H,O1H"+OH

K,=[H]OH] 3)
Now mutiplying Eq. (1) and (2) =Eq. (3)

[NH,OH][H"] [NH;][OH]

[NH;] ¢ [Nmom] ~IHIOH]
ie. K xK. =K,
K,
K, = x| - )

(b) Degree of hydrolysis— Represented by h
NH,”+HO= NHOH + H*

Initial concentration of salt C 0 0

C-Ch Ch Ch

[NH,OH][H'] chxch  Ch® _ Ch?

~ C-Ch C(1-h) (1-h)

" NH

Since h<<<<1then (1-h)=I

........ ®)

s K K
L N = (6)
Ky
K, ==%
h Kh

he |Kw
KxC e 0]

(c) pH of the solution : pH=—log[H']

K, K, xC
[H]=Ch=C g ¢ = M= -

taking — log on both sides

Ky xC K., xC %
— — = pH=-1 -
K, = pH=-log K,

—log [H']=-log

l-\ = P ==
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1 Initial concentration of salt C 0 0
pH=—7 [logK,, +logC—logK, ] C~Ch Ch Ch
1 1 1 CH,COOH | OH" 2h2
pH=—= logK, —= logC —= (-logK)) K, :I: : ]I: :I _ ChxCh __Ch
2 2 2 [CH,CcO0" | c-ch C(1-h)
1 1 1
= —pK, —=logC ——pK, .
pH ) PRy > g 5 PEy, Ch?
K, =
: 1 (1-h)
pH=T7~— EpKh - ElogC -------- ) Since h<<<<1 then (1-h)~1
........ 5)
C. Hydrolysis of weak acid and strong base [ WA — SB|

types of salt — h? = Ko or h= K, (6)
e C c
CH, COONa, HCOONa, KCN, NaCN, K,CO,, BaCO,,

K,PO,etc. h = Ky .
CH,COONa+H,0 == CH,COOH +NaOH Kxep D
CH,COO +Na'+H,0 =——— CH,COOH +Na"+OH" (¢) pH of the solution
CH,COO +H,0 s—— CH,COOH +OH- [OH]=Ch

(1) In this type of salt hydrolysis, anion reacts with water

therefore called as anionic hydrolysis. [OH]=C x { Kw or [OH ]= Ky xC
(i1) Solution is basic in nature as [OH ] increases. K,xC K,

(i11) pH of the solution is greater than 7. -+ K, =[OH ] [H']

(iv) Solution turns red litmus paper blue.
(a) Relation between K, , K and K

CH,COO +H,0 CH,COOH +OH- e [OH ]— f

_ [CH,COOH] OH |

h I:CH_.‘COO‘] ........ (D) KoK,
[H ]=—— . )
For weak acid
CH,COOH CH,COO +H" taking — log on both sides
- + Ky x K
_[cH,coo (17 ] - I .
a [CH3COOH:| ........ C
For water Ky xK, A
H,01 H'+OH pH==log|— &
K =H][OH] = 3)

Now multiply eq. (1) X eq.(2)=eq. (3 1
ply eq. (1) X eq.(2)=eq. (3) pH=—5 [log K +logK —logC ]

[CH,COOH][OH | [CH,c00 |[H"]

- —[H|[OH- 1
[cH,co0 ] ™ [cH,coon] ~HIOH] pH——— logk,, — logk, 3o 5 logC
Kh 2 Ka= KW l 1
H=— pK + — K+—I C
_— pH= 2 pKy*+ 5 p og
h = | e 4) ;
pH=7+ 2 pK, + 5 logC ... ©)

(b) Degree of hydrolysis (h):
CH,COO +H,0+= CH,COOH +OH"
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D. Hydrolysis of weak acid and weak base (WA - WB)

type of salt : K, = Kw )
K K ........
Ex. CH,COONH,, AgCN, NH,CN, CaCO,, [NH,],CO,, Fa”
ZnHPO etc.

CH,COONH, +HO === CH,COOH +NH,OH ) Degrecofhydrolysis ()~

CH,COO +NH, +H,0 = CH,COOH+NH,OH
CH,COO +NH, +H,0 == CH,COOH +NH,0H

Initial concentration of salt C C 0 0
e Solution is almost neutral but it may be acidic or basic C-ChCc-Ch Ch Ch
depending upon the nature of acid and base and pH of
the solution is near to 7. _[CH}COOH][NH4OH] _ Ch xCh

(a) Relation between K, K, K and K|

CH,COO +NH,"+H,0 == CH,COOH+NH,0H

K= [CH,cOoO0™ |[NH;| ~ (C-Ch)(C-Ch)

C'h*

[CH,COOH |[NH,OH | {1 ~hjec(l~h)
b= = + 1 e (1)
[CH‘COO ][NH*] Since h<<<<] then (1 -h)~1
For weak base K=K .. (6)
NH,OH 1 NH," +OH
' - K K
NH; || OH h?=—W h= [—W
K, = [ [N;{:H:OH] ] ........ @ or K, xK, or K, xK, | = (7)
4

H of the soluti
For weak acid (¢) pH of the solution

from equation (3)
CH,COOH 1 CH,COO +H'

_[cH,co0 |[H"]

CH,COO ||H" K =
K, =[ . ][ ] ........ (3) * [CH,COOH |
[CH,COOH | :
For water [H‘] K, x[CH,COOH] Kk xCh K xh
HO1 H'+OH = [CHKCOO'] — T _ |‘_h
K,=[H]OHEK] = e )
Multipy Eq. (1) * Eq. (2) * Eq. (3) = Eq. (4) Since h<<<<1 then (1-h)=1

[H]=K, xh [Now put the value of h from eq. (5)]
[CH,COOH][NH,OH] [NH; |[OH" |

[CH,cO00™ |[NH;] ™ [NH,OH] ko Ky
- K, xK,
[cH,co0 |[H]
* " TcH,cooH] - [H1IOH] [H']= % ....... ®)

I(h x Kb = Ku = KW
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Ky xK, (=
Kb

taking—log on both sides—log [H'] =— log (
1
pH=—E [log(K, x K)—logK, ]
1
pH=—5 [logK, +logK —logK,]
H= 1 log K L4 logK X 1
pH=-7 [logK,]-> [logK ] -7 [-logK,]

1 1 1
pH=+> pKy+5 PK,—5 PK,

1 1
H=7+—pK, ——pK,| .. ©9)
P 2P a 2p b

Note : Degree of hydrolysis of weak acid and weak base
[WA — WB] type salt does not depend on the
concentration of salt.

For WA - WB types of salt :

KK,
K,>K, K=K,

1. Hydrolysis Cationic-anionic

Anionic-cationic Neutral hydrolysis

2. Nature Acidic
Basic Neutral
3. pH pH<7
pH>7 pH=7
Summary :
K K
K — W P e B
Type of salts " h C
[H] pH
SA SB - -
-7
K K,
K, =—X h = W
WA SB b K K, xC
Bu %8s gatpi +iisge
C g g
K K,
K =—Y h = W
SAWB h K, K, xC
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Ky xC
Kb 2 p]g. logC
K, K,
K =—W% h= [—¥ _
WA " 7K, xK, K xK,
Be¥Be ol g L g
K, 2 P P
BUFFER SOLUTIONS

Buffer Solutions are those, which resist a change in pH

upon addition of small amount of acid or base. this

does not mean that the pH will not change, and all it
means is that the pH change would be less than the

change that would have occurred had it not been a

buffer.

(1) In certain applications of chemistry and
biochemistry we require solutions of constant pH.
Such solution are called buffer solution.

(i1) 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 1ons) is called
buffer solution.

(iii) Buffer solutions are also called solutions of reverse
acidity or alkalinity.

(iv) Following are the characteristics of buffer solutions

(a) It must have appro.constant pH.

(b) Its pH should not be changed on long standing

(c) Its pH should not be changed on dilution.

(d) It pH should not be changed to any great extent on
addition of small quantity of acid or base.

(v) Buffer solutions can be classified as follows.

(A) Simple buffer (B) Mixed buffer
Simple buffer

(1) Itis a solution of one compound i.e. salts of WA +
WB (Refer salt hydrolysis.)

(i1) Buffer action of such solution can be explained as
follows,

In the salt solution of CH,COONH, following equilibria

will be there,

= 2
l-\ !'r_m!v

ACCENTS EDUCATIONAL PRDMGTERS




STUDY CIRCLE

ACCENTS EDUCATIONAL PROMOTERS

]E [rr-nrkElkE
UILIBRIUM

(a) CH,COO (aq.)+NH,"(aq.)+ HO —
(Salt hydrolysis)

CH,COOH(aq.)+ NH,OH(aq.)
(b) NH,OH — NH," + OH" (weak base)
(c) CH,COOH = CH,COO + H"(weak acid)
(d) HO+H,0 = H,0" + OH' (feebly ionised)
on addition of small amount of acid the [H"] in solution
will increase and
CH,COO" +H" — CH,COOH
(from acid) (very less ionised)
equilibria will shift in forward direction. Similarly on
addition of small amount of base, the [OH ] in solution
will increase
NH," + OH- = NH,OH
(from base) (very less ionised)
equilibria will shift in forward direction Hence one can
conclude that there will be no change (almost) in the
pH of the solution.

(111) Simple buffer solutions have very little significance

since pH =7 +% pK, — % pK, so solution of desired

pH can not be prepared.

Mixed buffer

Mixed buffers are solutions of more than one

compounds.They can be further classified as

(a) Acidic buffer

(b) Basic buffer

Acidic buffer

(1) These are the mixture of a weak acid and its salt
with strong base.

e.g.

(a) CH,COOH +CH,COONa

(b) Boric acid (H,BO,) + Borax (Na,B,0,)

o COOH
(¢) Phthalic acid COOH +
_ COONa
Sodium phthalate COONa

(i1) Buffer action of acidic buffer can be explained with
following equilibria,

(@) CH,COOH — H'+ CH,COO"

lIT-NEET-Chemistryu_

(Feebly ionised.)
(b) CH,COONa —— Na’ + CH,COO
(completely ionised.)
(¢c) HO = H* + OH
When a strong acid is added in the solution [H]
increases, which will combine with CH,COO- to form

feebly ionised CH,COOH, which is also suppressed by
common ion effect,

CH,COO +H"(fromacid) — CH,COOH (Weak Acid)
Again when strong base is added in the solution it will
attack on unionised acid CH,COOH to form feebly
ionised H/O  molecules

CH,COOH +OH" (frombase) =— CH,COO +H,O

(ii1) One can remember the buffer action of acidic buffer
with the help of following figure -

CH;COO
Base oy .‘iﬁ H' acid
added added

CH;COOH

(iv) pH of such acidic buffer can be calculated as follows.
(a) CH,COOH — CH,COO +H"(Ka)
(b) CH,COONa _H:0 , CH,COO (aq.)+Na'(aq.)

CH,COOH is feebly ionised and its ionisation is also
suppressed by presence of common ion (CH,COO).
So one can fairly assume [CH,COO ]=[salt] and
[CH,COOH]=[Acid] taken initially in buffer solution.

[H*][CH,COO ]

so Ka=" cH,coon]
Ka[CH,COOH]
or [H']1=""cH,co0 ]

log[H"]=logK +log[CH,COOH]-og[CH,COO]
~log[H"] =
—logK, —log[CH,COOH] +log [CH,COO]

[CH,COO ]
PH=pK, +log 1cH. cooH]

[Conjugate base]
PH=pK, +log ™ 541

AEP =z
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Note :

[Salt]
[Acid]

or | PH=pK, +log

Above equation called Henderson’s equation.
If we increase the concentration of given salt in acidic
buffer, pH will also increases.
If we increase the concentration of acid in acidic buffer,
pH will decreases.
If conc. and volume are given for salt and acid then the
pH is given by the following formula-
[NV, ]
PH=pK, +log [N,v;]
Where N,V, = normality & volume of salt
N,V =normality & volume of acid

Mixture of weak acid and strong base solution can also
act as an acidic buffer, if value of N,V, of weak acid is
greater than the value of N,V, of strong base.

Basic Buffer

(1) These are the mixture of a weak base and its salt
with strong acid.

e.g.

(a) NH,OH + NH,CI

(b) Glycine (NH,CH,COOH) +Glycine hydrochloride
(CI' "NH,CH,COOH)

(i1) Buffer action of basic buffer can be explained with
the help of following equilibria

(a) NHOH —=NH,” + OH (K))

() NH,Cl—— NH_ " +CI

(c) HO = H* + OH (Kw)

When a strong base is added in the solution [OH]

increases, which will combine with NH," to form feebly

ionised NH,OH, which is also suppressed by common
ion effect.

NH, +OH (From base) — NH,OH (Weak base)
Again when strong acid is added inthe solution it will

attack on unionised base NH,OH to form feebly ionised
H,O molecules.

NH,OH + H" (Fromacid) - NH,"+ H,0

(iii) One can remember the buffer action of basic buffer
with the help of following figure -

OH™ H
Base Acid
added added

(iv) p" of such basic buffer can be calculated from

IIT-NEET-Chemistryu_
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Henderson - Hasselbalch equation as follows.
(a) NH,OH=—NH," + OH" (K,)
(b) NH,Cl—— NH," (aq.) +CI (aq.)
NH,OH is feebly ionised and its ionisation is also
surpressed by presence of common ion (NH,"). So one
can fairly assume [NH,"] = [Salt] and [NH,OH] =
[Base] taken initially in buffer solution.

~ [OH J[NH;]

50 &%~ [NH,OH]
K,[NH,OH] K, [Base]
or [OH]1=""INH;] = [sal]
[Salt]

or pOH= pK, + Ionghis is known as the

Henderson’s equation of a buffer.

or pH=14—- pOH

Buffer Capacity

(i) The property of a buffer solution to resist alteration
in its pH value is known as buffer capacity.

(i) Buffer capacity is number moles of acid or base
added in one litre of solution as to change the pH

by unity, i.e.

Number of molesacidor baseadded to 1lit.sol.

Changein pH

Maximum buffer capacity :

It can be proved that the maximum buffer is achieved

when the salt and acid or base concentration is equal.

SOLVED EXAMPLE

Example-63

The pH of a blood stream is maintained by a proper
balance of H,CO, and NaHCO,. What volume of 5 M
NaHCO, Solution should be mixed with 10ml of a
sample of Solution which is 2.5 M in H,CO; (assume
no NaHCO,), in order to maitain a pH = 7.4.(pK_ for

H,CO, =6.7,l0g2=0.3)

Sol H=pK_ +1 o
o PHTPRTI08 Lase
T salt salt
Sl % base base
= 5x25x10x103=5xV
= required volume =25 ml
Example-64

Calculate the buffer capacity of 11t of

AE P sz
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(i) 0.1M CH;COOH and 0.1M CH;COONa
(i)) 0.2M CH4;COOH and 0.2M CH;COONa
pK, CH;COOH =4.74
which will be a better buffer

Ox 2303 (a+x)(b-x)

Sol. dpH = =k
2.303 ab
E——T— x<<a,\
a+b
i) Buff 't—w—OIISIS
(1) Buffer capacity = 01+01 =,
\ Buff . 02x0.2x2.303 0.2303
(11) Buffer capacity = “o02+02 O
Second buffer Solution can be said better buffer
INDICATOR
INTRODUCTION
o Definition :- Those compound or substance which
indicate the nature of solution by changes their self
colour.
o Types of indicators :

(a) Acidic indicator (HIn)

Ex. Phenolphthalein (HPh)

HPh — H' + Ph
colourless pink
(b) Basic indicator (InOH)

Ex. Methyl orange (MeOH)

MeOH +— Me' + OH
yellow orange red

2. OSTWALD THEORY OF INDICATORS

(1) According to this theory, all the indicators are weak

organic acid or base.

(i1) Every indicator has light colour in its unionised
form and dark colour in ionised form.
(ii1) Every indicator works in opposite medium (it means
if itis acidic then it will work in basic medium and vice
versa) it means colour change in opposite medium due
to their unionised form is change in ionised form.
Ex. Acidic indicator [HPh]
Case 1. HPh =— H' +Ph

In acidic medium [H"] [HPh] > [Ph]

IIT-NEET-Chemistryu_
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Case2. HPh =—— H* +Ph
In basic medium [OH ] [Ph]>[HPh]
Pink colour
(a) pH of acidic indicator -

HiIn = H"+ In
(A ][]

K= THm]

] K,[HIn |

Taking — log on both sides
pH=pK, —log [HIn] + log [In’]

[In”]
[Hin]

pH=pK, +log

S pl 3 g [Io.ms?d form]
[Unionised form]

(b) pOH of basic indicator -
InOH = In'+OH

. [l |[oH" ]
" [InOH]

[Ionised form]

OH = pK, + lo
ol P g[Unionised form]

(¢) pH range of acidic indicator :

[HIn] : [In]

1 : 10

10 : 1
pH = pK, = 1

(d) pOH range of basic indicator :

[InOH] : [In"]

1 : 10

10 : 1
[POH = pK, + 1|

(e) Neutral condition for indicators (No working
condition)

For acidic indicator For basic indicators
[HIn] : [In] [InOH] : [In"]
1 s q 1 > 1

pH = pK, pOH = pK,
AER =
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S.No. Name of indicator Colour in acidic Colour in basic Working pH range
medium medium of indicators

1. Methyl orange (MeOH) Orange red Yellow 3.1t04.5

2. Methyl red Red Yellow 4.2106.2

3. Phenol red Yellow Red 6.2t08.2

4. Phenolphthalein (HPh) Colourless Pink 8.2t010.2

3. ACID-BASE TITRATION

S.No. Type of titration pH range of titration Suitable indicators

I SA/SB. 3-11 All indicators (MeOH, HPh etc. )

2, SA/WB 3-7 Methyl orange (MeOH) and methyl red
3. WA/SB 7-11 Phenolphthalein (HPh)

4. WA/WB 6.5-75 Phenol red

SOLUBILITY AND SOLUBILITY

further dissolution of even a small amount of salt is not

PRODUCT (Ksp) possible).
. SOLUBILITY Ex. (i) Let solubilityofAgCl AgCl=Ag" + CI
(a) Definition is Smol L' a 0 0

(1). At constant temperature the maximum number of After saturation a—S S S

moles of solute which can be dissolved in a solvent to Aeconfingin LA,

obtain 1 litre of solution (i.e. saturated solution) is called

solubility. Solubility product at saturation in terms of
S(M) = Number of moles of solute , X concentration of ions Ksp =[Ag'][CI]
" Volume of solution (L) B M, xV, mol L' Solubility product in terms of solubility K_=(S) (S)
(i1). The maximum weight of solute which can be K =82
dissolved in a given amount of solvent is known as .
solubility. Ex. (ii) Ksp for CaCl, CaCl, = Ca™+2Cl
(b) Important points :- Initially a 0 0

Solubility does not depend on amount of substances
and volume of solution where as depends on the

Let solubility of CaCl, a—S S 28
is Smol L
Solubility product in terms of concentration of ions

Ksp=[Ca™][CIJ?

following —

(1). Temperature
(ii). Presence of common ion
(ii1). Nature of solvent

(Molecular wt. of AgCl = 143.5)

In terms of solubility K,=(S) (2S)?

K_=48°
(Molecular wt. of BaSO,=233) -
Solubility can be expressed in terms of molarity. Ex. (iii) Ksp for AICI, AICl, = Al”+3Cl
@ SOLUBILITY PRODUCT(KSP) 2 Initially a 0 0

(a) At constant temperature equilibrium state, the
product of concentrations of ions in a saturated solution
of substance is called solubility product of that
substance. (Saturated solution is that solution in which

IIT-NEET-Chemistryu_

Let solubility of AICI, a—S S 3S

isSmol L'
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Solubility product in terms of concentration of ions K, =[A"][B]

K_=[AI"][CI] K =52 or s=,K,
In terms of solubility ~ K_=(S)(3S)’ o =

K_=278" (ii) K, of AB,orA,B (Mono-di or di-mono valency)

type salt—
(b) General form AxBy = xA"™ +yB™* Ex.CaCl,, CaBr,, K S, (NH,),SO,, K SO,, K,CO, etc.
a 0 0 AB,(s) == A?+2B
a—S xS yS 1 0 0
K =[A"] [B*] 1 s 2s
= [xs]* X [ys]’ = x*.s*. y’.s¥ =[A?][BT

KS—SX(ZS) =g x4s? =4¢}

— XY QGHY)
|Ksp =x"y’ S |

K %
Ex. (i)AL(SO,), s=[ -
K —2’><3‘>< (S =4x27x S°=1088S° 4
(u)Na KPO, . A
K = 2h x 11 x 11(SP11=48* (iii) Ksp of AB,orA B (Mono—tn or tri-mono valency)
(iii) NaKRbPO ’ typesalt—
K =1'x I'x 1'x ]I x(S)*1+1+1=g Ex. FeCl,, AICL,, K,PO, etc.
" AB(s) == A"+ 3B
Example-65 1 0 0
If solubility product of the base M(OH), is 2.7 x 107", 1 s 3s
the concentration of OH ™' will be P e r
(1)3x 103 (2)3% 10+ K,=[A”][B] =sx@sy =27s
3)103 4) 10 Y
Ans. (1) K, '
¥ Loy
Example-66
Compound AB gets 80% ionised. What should be the (iv) K, of A,B,or A B, (Di-tri or tri-di valency) type
solubility of AB, calculate if its solubility product is il
6.4x 10772
Ex. AL(SO,),,Ba,(PO,), etc.
Sol. AB — A" B b ; K yaad 5
AB.,(s) —— 2A% 4 3B*
s 0.8s 0.8s g 3 0 0
~alB] 1 2s 3s
6ix 10° =0.85%0.8s
 6.4x10° K, =[A?T[B?] =2sx2sx3sx3sx3s = 1085’
0.64s’=6.4x 10°0r 8" =——— =10"* :
0.64 y
- K .
.. s=10" g=| —2
108
Example-67
Assertion : For a sparingly soluble salt, K_'is the Common ion effect on solubility :
maximum dissolved value of solute in a solution. Important point :- Solubility of substances always
Reason : K _ corresponds to the ionic product of decreases in the presence of common ion.
2 ?/1\6) salt in a saturated solution. Ex. (i) Find out the solubility of AgCl in the presence
ns.
APPLICATION OF SOLUBILITY of C NaCl solution ?
PRODUCT (K ) AgCl == Ag + Cl
° To find out the solubility (S) : S S S
(i) Kspof AB (Mono-mono, di-di, tri-tri valency) type (Let solubility of AgCl is S mol L)
salt — K, =[Ag][CI]
Ex. NaCl, BaSO,, CH,COONa, CaCO,, NaCN, KCN, K = S?
NH,CN, NH,Clete. In NaCl solution
AB = A +B
| © o o NaCl —— Na'+ CI
5 - C C C [CI]=C
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Let solubility of AgCl in the presence of NaCl solution

isS'mol L.
AgCl =—— Ag" + Cl
S' S' S+C

According to L.M.A.

K,=[AgT[CH]

K,=S' (8'+C) = S'2*8'C
(Neglecting the higher power terms of S')

K =S'C

P
o Ko
C

Ex. (ii) Find out the solubility of CaCl, solution in the
presence of C NaCl solution ?

CaCl, —— Ca” + 2Cr

S S 28

[Let solubility of CaCl, is S mol L™']

K= [Ca®?][CI]?

=4S3

For NaCl solution

NaCl —— Na* + CI

C C G [CI=C °
Let solubility of CaCl, in the presence of NaCl solution
isS'mol L.

CaCl, /—— Ca”? + 2CI
S' S' 28'+C

According to L.M.A.
K, =[Ca”]'[CI]?

[1T-)EE
WILTBRIU M

K, =S (28'+C) =S'(482+4SC+C)
K, =4S"+4S82C+S8'C’
(Neglecting the higher power terms of S')

S'= K’,”
C?
Ex. (iii) Find out the solubility of NaCl in the presence
of C CaCl, solution ?
CaCl, —— Ca®? + 2Cl
o C 2c
Let solubility of NaCl in the presence of CaCl, solution
isS'mol L.
NaCl —— Na* + (I
S s! S'+2C
According to L.M.A.
K,=NaT[CIT
K,=8'(§'+2C) =82+28'C
(Neglecting the higher power terms of S')

K
g%
3¢

Group precipitation :

(1)K_>[ ][ ]= Unsaturated L
e No precipitation
(11) K.\p= [ 1[ ] = Saturated

(iii) K_\p< [ 1[ 1= Supersaturated = precipitation

IIT-NEET-Chemistryu_

Group Radicals Condition for precipitation Forms of precipitation
(Group reagent)
Zero NH; ,K* ,Na’ 1-2 drops of CH,COOH -
First Ag' ,Hg", (ng2 ) ,Pb*? By mixing of dilute HCl Chloride AgCl,Hg,Cl,, PbCl,
Second Pb** Hg" ,Cu2,Cd" H_S gas passed in the presence Sulphide PbS,HgS, CuS,CdS,
Sn*2,Sn™, As™, Sb" Bi*? ofacidic medium SnS, SnS,,As .S, Sb,S_, Bi,S,
Third AlB, Fe, Cr NH,OH mixed in Hydroxide
the presence of NH,Cl Al(OH),,Fe(OH),,Cr(OH),
Fourth Mn*2,Co*%,Ni*? H,S gas passed in Sulphide
Zn* presence of basic medium MnS,CoS, NiS, ZnS
Fifth Ba'?, Sr*?, Ca*? (NH,),CO, mixed in the Corbanate
presence of NH,Cland NH OH BaCO,,SrCO,, CaCO,
Sixth Mg By mixing of Na,HPO, Hydrogen phosphate (MgHPO,)
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(b).

(d).
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Important points : ®
Hg"' (us) — Unstable in aqueous solution.
dimer form (Hg,”?) = Hg,CL,]
Hg,Cl, —— Hg,”?+2Cl
S S 28
K, ~=[Hg?[CIT

=(5)(28y

Hg"? (ic) — HgCl, — stable in aqueous solution
HgCl, —— Hg"” +2Cl
S S 28

For precipitation of II group, H,S gas is passed in acidic
medium to decrease S? concentration by common ion
effect. So that ionic product of cations of group Il and S
ions exceed the solubility product of their corresponding
metal sulphides. Therefore only the cations of group II
gets precipitated. But the sulphides of the cation of the
other groupes (II1, IV & V) are not precipitated under these
conditions because their solubility products are quite
high.

When H.,S gas is directly passed through solution then
IV™ group is also precipitated with 11" group.
HS —— 2H'+S§?

Ksp, < Ksp,, <[radicals of II"* and IV group] [S™]

[Stable in e

]E [1T-1EE
UILIBRIUM

In'V group, order of K and precipitation is —

BaCO, <SrCO, <CaCO,
Precipitation of soap and salt (NaCl)
(i) Precipitation of NaCl (common salt) :
For the precipitation of NaCl, HCI gas passed in
saturated solution of NaCl to increase the
concentration of Cl” ion by common ion, so ionic
product of concentration of Na" and CI" ion is more
than Ksp of NaCl and NaCl easily precipitated.
Saturated solution of NaCl =[Na'] [C]]
By passing of HCI gas HCl —— H'+Cl
due to common ion K <[Na'] [cr1t
(ii) Precipitation of soap :
For precipitation of soap, NaCl mixed in saturated
solution of soap to increase the concentration of Na*
ion by common ion. So ionic product of concentration
of Na* and strearate ions is more than Ksp of soap and
soap is easily precipitated.
Ex. C,H,,COONa (Sodium stearate)

Saturated solutlon ofC ,,H;;COONar K [C17 ,sCOO[Na’]
By mixing of NaCl solution NaCl —— Na'+Cl
due to common ion K, <[C,H,,COO 1[Na‘] T

Example-68

Solubility products of M(OH), and M(OH), are 10*
and 10 respectively. Which will be precipitated first
on adding NH,OH, if M*? and M** both the ions are in
solution ?

(1)M*>

2)M*

(3) Both M2 and M ™ together

(4) Precipitation will not take place.

When H_S gas pass in acidic medium [H'] then only II™ Ans. (2)
group radicals are precipitated.
HS —— 2H'+S? Example-69

Ksp, < [radicals of I and IV group] [S?] <Ksp,,

For precipitation of group III, NH,OH is added in the  Sol.

presence of NH,Cl to decrease the concentration of OH-
by common ion effect so ionic product of cations of group
IIT and hydroxides ions exceed the solubility product of
their corresponding metal hydroxides and only group III
cations will precipitated. On the other hand cations of
group IV, V and VI, which require large concentration of
OH" due to their high solubility product, will not be
precipitated.

In1V group, H,S gas is passed in basic medium to increase
S-2 ion concentration by odd ion effect, so that the ionic
product of cations of group IV and S~ ions exceed the
solubility product of their corresponding metal sulphide

Solubility of CaCl, is 4 x 10°¥, then find out its K_ and
its new solubility in the presence of 102 M Ca(OH)

CaCl, —— Ca" + 2Cl

1 s 2s (Initial solubility = s)
K= 4s3=4(4 x10%)3 =256 <10 ... (1)
Ca(OH), == Ca” + 20H

C 0 0

0 C 2C
CaCl, —— Ca"+ 2CI

1 s'+C 2s'
= [Ca™] [CI']*
=[s'+C] [28']?=4s" +4s"C (s"” = negligible)

B, 4%¢ 0000 gl (i1)

256 %107

(New solubility =s')

From equation (i) and (ii) s'>= < I

and hence gets precipitated. 4C 4x107
‘ ) =64x10%
HS [ - S H O:|Odd ion effect s'=8x10"mol L"!
NH,OH = NH, + | OH p>>
So [s3T SR
2 o5 ample-
By~ [Bacicalsofgroupv] [5°] Assertion : In acidic medium, Zn*' is not precipitated
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by S ions. 5.6
Reason: Common ion effect reduced the SO (@) Mole of KOH = 7y =0.1
concentration of S ions to the minimum value. [OH]=2M
Ans. (A) pOH=-0.3 = pH=143
(b) [OH]=1M
pOH=0 = pH=14
SOLVED EXAMPLE
Example-76
Example-71 Calculate the pH of a solution which contains 100 mL
If equal concentrations are mixed (of products & of 0.1 MHCland 9.9 mL of 1.0M NaOH.
A . ; 2 Sol. HCI+ NaOH-— NaCI+H,0
reactants) then which of the reaction will proceed to 2
: : : Meq. before 100x0.1 9.9x 1 0 0
the right and which will proceed to the left. g _ 5
reaction =10 =99
(A) HS0, (ag) +NH, (ag) == NH,"(ag) +HSO, (aq) il aler © 9 =

2 — 2 0 |
(BYHCO, (aq)+50;"(aq) =" HS0; (aq) +CO;"(ae) . [H'] left from HCI = ~9.099 x 10+ M

; 109.9
Sol. (A) Right; (B) Left i - IOg H+ =— 10g9 099 x 10
pH =3.04
Example-72 The value of K, is much larger than K, and K. Also
(a) Write conjugate acids of dissociation of 1T and I11 steps occurs in prcsencc of H

furnished in I step and thus, dissociation of II and III

SO,*,RNH,,NH,",C,HOC,H,,F steps is further suppressed due to common ion effect.

(b) Write conjugate base of

For Il step: H,PO, ——=H' ‘) HPO?
HNO,,OH ", H,CO,,HCIO,.
© W 'th . ht - et % ¢ 0.024 0.024 0
c) Write conjugate acids and conjugate base o B
amphoteric species. (0.024—7) (0024-+y) y
HS",NH,, C,H,OH, H,0 The .dissoc.iation of H, PO, occurs in presence of [H']
Sol.  (a) HSO, ,RNH,",NH, ,(C,H,),OH", HF ;‘:"“?hed in
(b) NO,,0* ,HCO, , CIO, e ) N
() Conjugate acids : H,S ,NH,", C,H,OH,", H,0" T e ]
Conjugate base : > ,NH, , C,H.O, OH P [HPO4]
(0.024 +y)y
Example-73 e 6.2x10%= m
Which of the following is the strongest base- L. . N "
(A)CH, (B)C,H.COO soyissmall o 0.024 —y =0.024 and neglecting y*.
(C)CH.O (D)OH 62 10 2024y
2 : = — LT
Ans. (A) . ' ¥ 0.024
Sol.  Acidicstrength, C,H, < C,H,OH < H,0 < C,H,COOH. y=62%10%M
Example-74 or [HPO; ]=K,=6.2%10*M (Insignificant)
Calculate the pH of solution obtained by mixing 10 mL For I1I step:
of 0.1 M HCI and 40 mL of 0.2 M H,SO,. 5 ' ”
Sol. Milli equivalent of H' from HCI = 10 x 0 1=1 HPO; N H + PO;
Milli equivalent of H' from H,SO,=40x0.2x2 =16 (6.2x10%-x) (0.024 +x) X

. Total Meq.of H+ in solutlon = ] +16=17 4
[H'][PO; ]  (0.024+x).x
- [HH= 5 ﬂ ~34%10" [ [H']= gt ] ST meol] T (62x10F-x)

in mL

Again neglecting x* and assuming,

'-P“:‘l"g[”']:“°g°-34 62x10*—x=62x 10*

pH =0.47
) 3.6 105 = 0.024x
Example-75 " -6 ~6.2x1078
Calculate pH of a KOH solution having : 13 8
(a) 5.6 g of KOH mixed in 50 water g OKI0™ 540210
(b) if it is further diluted to make 100 ml. 0.024
Ans. (a) 143 (b) 14 =9.3 x 10" M (Insignificant)
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NOTE: Forweak polyprotic acid having no other elec-
trolyte, the anion concentration produced in II step of
dissociation is always equal to K, if concentration is
reasonable. i

Example-76
A solution contains 0.1 M H_S and 0.3 M HCI. Calculate
the conc. of S and HS™ ions in solution. Given K,
andK , for H,Sare 107 and 1.3 x 10" respectively.
Sol. HS —= H +HS; K, =10"

IIT-NEET-Chemistryu_
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(0.2V)/(50+ V)
=log(10-0.2v)/(50+ V)

S 474=—-log1.8x10°
S V=25mL

Example-78

Calculate the ratio of pH of a solution containing 1
mole of CH,COONa + 1 mole of HCI per litre and of
other solution containing 1 mole CH,COONa + 1 mole
ofacetic acid per litre.

HS S H +8*: K.=13x10" Sol. Case I: pH when 1 mole CH,COONa and 1 mole HCI
i i are present.
HCI — H' + (I CH,COONa + HCI -
Due to common ion effect the dissociation of H,S is ' CHCOOH + NaCl
suppressed and the [H'] in solution is due to HCI. Before reaction 1 1
[H'J[HS ] ; ;
. el After reaction 0 0
* o [HS] 1 1
[0.3][HS ] . [CH,COOH]=1M
= 107= W [+ [H]fromHCI=0.3] =
. . [H]=C.a=C (?J = J(K, O =K,
. - o O -8
- [HS] 03 3.3x10°M . C=1
H*][S* 1
FurtherK , = LAl [H]é_] ] » pH,=-7 logK,
[0.3][S> ] CaseIl: pH when 1 mole CH,COONa and 1 mole of
= 13x108=2t" 4 CH,COOH; a buffer Solution.
3.3x107" ’ [Salt]
- e " pH,=-logK, +log -+
. = 1210 0333’3“0 =143%10°M PP ™08 T8 [Acid]
’ [Salt] =1 M
Example-77 pH, = —logK,
20 mL 0f0.2 M NaOH are added to 50 mL of 0.2 M acetic [Acid] =1M
acid (Ka=1.8 x 107%). pH |
(1) What is pH of solution ? —L __
(2) Calculate volume of 0.2 M NaOH required to make pH, 2
the pH of solution 4.74.
Sol. (1) NaOH +CH,COOH — CH,COONa + H,0  Example-79
Millimole added 20x0.2 50x0.2 Calculate the amount of NH, and NH,CI required to
=4 =10 0 0 prepare a buffer Solution of pH 9. when total concen-
Millimole 0 6 4 4 tration of buffering reagents is 0.6 mol litre'. pK, for
after reaction NH,=4.7,10g2=0.30
o it o OIS [Salt]
s [Minlaaaty] = Total volume Sal. pOH==logk, g [Base]
6 4
; - e a
= [CH,COOH] = 20 [CH,COONa] = 70 5=4.7+log b
H=—log 1.8 % 10%+log 00 =457 :
. =_ X -3 —_— — =
i P og l. og6/70 o b 2
(2) Let VmL of 0.2 M NaOH is required to make pH 4.74 then s a=2b
NaOH + CH,COOH— CH,COONa+H,O  Given a+b=0.6
Millimoleadded 0.2xV  50x0.2 0 0 2b+b=0.6
=02V =10 = 3b=0.6
Millimole 0 (10-0.2V) 02V 02V or b=0.2mole and a=0.4mole
aflerseaction Thus, [Salt]=04M and  [Base]=02M
- TAcid] = ]0_— Salt]= &
~ el = v Bat= S
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