Mood rings are an interesting example of an equilibrium system. The colour of these rings
is said to indicate your mood. However, it actually reads your exteral body temperature,
which may or may not indicate your emotions. The thermotropic liquid crystals fill the
ring. As the temperature rises, the liquid crystal substance shifts, giving the ring a dark
blue appearance.
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EQUILIBRIA IN DIFFERENT
PROCESSES AND TYPES OF

EQUILIBRIA

- TOPIC1
EQUILIBRIUM IN PHYSICAL PROCESSES

Equiibnum caon be better understood & we
consider examples of phuysical processes of phaose
transformations wherein the physical phoses are in
equilibrium.
Eg. Solid = Liquid

Liquid = Gas

Solid = Gas

Solid-Liquid Equilibrium

An example of solid-liquid equilibrium would be
ice and water leept in on insuloted thermoe flosk

such that there is no exchange of heat between the
system and the swrroundings It is observed that the

mnoss of ice and water does not change with time
and the temperature remaoins constant. However. this
18 o0 case of dynamic equilibrum due to the constant
acbvity thot takess ploce ot the boundarny of ice and
VVaLer.

At equilibrium,

Rate of freezing of water = Rate of melting of ice.
H:IO{-] = H]Dm

(Temperature is at 273K and presswe ia 1.013 bar)

Molecules from the liquid water collide agaoinst ice
and odhere to it and some molecules of ice escape

into lguid phose.

Efﬂ Important

- For any pure substance al abmospheric pressure the
remperature at which the sobd and lguid phasss are at
equilibrium fe called tne normal mefting pemt or nonmaol
fireezing point of the substance Therefore in the case of

lce and water. the normal fieezing point of water and the
normal melting polnt of lce ks 273 K

Liquid-Vapour Equilibrium

At equilibrum the pressure exerted by the waoter
nnolecules at a given temperature in a closed container
remaing constant and & called the equilibrium vapour
pressure of water (or just vapour pressure of water)
vapour pressure of water increcses with temperatwre
if waoter undergoes evaporation in a closed container
at a given temperature. te_ it implbies that the pressure

ingide the container increases due to the addition of
water molecules in the goseous stote. However. the
rate of mcreose m pressure decreases with tme due to

the condensation of vapour into water. Subsequently.
the equilibrium is attained wherein.

Rate of evaporation = Rate of condensation

H,0n=H0O_,

:Eﬁ Important

- fFor any pwe Ugqud ot one atmospheric pressure
(LO13 bar) the temperature at which the liquid and vapouss
are at equilibrium I colled normol bolling point of the liquid
Bolling point of the liquid degends on the atmospheric
pressure it depends on the aftitude of the place at high
altitudes the boiding point decreoses.

Solid-Vapour Equilibrium

it we ploce solid iodine m o closed vessel after some
ume the vessel gets filled up with violet vapowr and
the intensity of colour inobreases with tme After a
certain time, the intensity of colour becomes constant

and at this stage, equilibrium is attained. Hence. solid
iodine sublimes to give iodine vapour and the iodine

vapour condenses to give sobd iodine.
L, cobid) = L, (vapour)
Camphor aond NH (1 also show this land of equilibrium.
Camphor (solid) = Camphor (vapour)
NH A (solid) = NH‘CI (vapour)

Equilibrium Involving Dissolution of
Solids or Gases in Liquids

Sollds in liquids

A soturated solution is one where no maore solute

can be dissolved at o given temperature. In such
o saturated soluion. o dynamic equilibrium exists

between the solute molecules n the solid state
and the solution For example for saturated sugar
solution the dynamic equilibrium can be written as.

Sugar (solid) «<» Sugar (solution)

Alsg the raote of dissolustion of sugar = mte of
crystollisotion of sugar.



Q Important

- [ncreased temperalure increcses bre solubding of sobds &
bqesds

Gases in liquids

Carbon diovade is soluble in water when higher
pressures are applied. In sodo cans or sodo bottles
the carbon dimdde fizzes out when opened. Inside
the closed bortle, there is an equilibrium maintained
between the molecules of carbon dimdde in the
goseous state ond the molecules dissolved in Lguid
under pressure. ie.

00, (gos) = O, (solution)
This phenomenon & governed by Henrny's Lowe

&'J:}’ Important

~ Henrys Low - The mass of o gas dissohed In o ghen
muoss of o solvent at any tempesature = proportional to the
pressure of the gas above the solvent

P=KC
Where C = the concentration of dissolved gas
K, = Hensy's Law constant
P [s the partial pressiwre of the ges

The value of Henry's low constant of a gas s dependent on
he folloswwing factors:

(1) The nanwe of the gas
(Z) The nature of the solient

(3) Temperature and pressure

The nature of the gos and solvent predict whether or

not the gas is soluble in the solvent. Nan-polar goses
are not [Ecely w dissolve in polar solvents ond polar

gaoses do not usually dissolve in non-polor solvents.
The increased temperature of o liquid decreaoses

the solubility of o gos and the increosed pressure
encreoses the some

General Characteristics of Equilibrio

Involving Phuysical Processes

(1) Equilibrium is possible only in o closed system at
o given temperature.

(2) Opposing processes oocur at the some rate.
(3) Equilibrium for physical processes is characterised
by constant value of one of &s parometers at

a given temperature. The magnitude of such
quontities ot any stage indicates the extent o

which the physical process hos proceeded befare
reaching equilibrium.

(4) Al meaosurable propertes of the system remain
constant

. TOPIC 2

EQUILIBRIUM IN CHEMICAL PROCESSES -
DYNAMIC EQUILIBRIUM

Chennical reactions can also ottoin equilbrium. These

reactons can occur both in forwaord and baoclowvard
directions. When the rotes of the forward aond reverse

reactions become equaol the concentrotions of the

reactants and the products remoin constant This is
the stage of chemicol equilibriun. This equilibriwmn

is dynomic in noture as it consists of a forward

reaction in which the reoctants give product(s) and
reveree reaction in which product(s) gives the original
FEqCtanis.

CorD

Concontration ——>

AorB

Time ——> Eqguilibsbunm

Artainment of chemicol equilibrium.

Haber's process: The dunomic nouwse of chemical
equilibrium can be demonstrated m the synthesis

of ammonia by Haober's process. Haber started
with lmown omounts of dinitrogen ond dihydrogen
maintoined at high temperature and pressure and at
regulor intesvals determined the aomount of ammonia

present. After o certain time. the compaosition of

the mbdure remoing the same even though some
of the reactants are still present Thia constancy in

composiion indicates that the reaction hos reached
equilbriumn

In order to undesstand the dynamic nature of the
reaction. synthesis of ammonia s carried out with
exactly the some storting conditions (of partial
pressure and temperature) but using D, (deuterium) in
place of H,. The reaction mixtures storting either with
H, or D, reach equilibrium with the same composition
except that D, and ND, are present instead of H, and.
NH, After equilibrium is attoined. these two mbaures
(H.. N,. NH, and D, N_ ND,) are mbced together and
l=ft for o while.

Later. winen this mbaure &5 anolysad. it is found that
the concentration of ammeonia is just the some as
before. Howewver. when this mbture i analysed
by o moss spectrometer, it is found that ammonio
and oll deuterium-containing forms of ammonia
(NH_ NH_ D, NHD, and ND,) and dihydrogen and its
deuterated forma (H,. HD and D) are present Thus.
one can conclude that scrambling of H and D atoms



m the molecules must result from o continuation of
the forward ond reverse reactions in the mottwre It
the reaction had simply stopped when they reached
equilibrium. then thenz would hove been no mbang of

iISotopes.
Nﬂ'&gdmg&n (reactant)

—

~—___ Dinirogen (reactany)

Armnnonio (product)

Molar conc antration

Time —>

Depiction of equélibrium for the reaction
N;“ + E!‘Hm| — 2NH,

The reacton for formaotion of ammonio in Haobers

process:
N+ 3H_;¢,=_.1 = 2NH_
Reaction of nitrogen with deuteriunt
Ny + BD:&__, = 2ND,

rﬁ Important

= Chemdoal reactions reach a state of dynamic equildrium
in which the rozez of fonvard and reverse reactions are

equal and there £ no net change in composition.

Let us consider the reaction. H_.m + L, =2 i we
stort with an equal initiol concentration of H, ond L,
the reoction proceeds m the forward direction and

the concentration of H, and L decreases while that
of Hl increases. until all of these beconme constant at

equilibrium.

W can also start with Hl alone ond malke the reaction
to proceed in the reverse divection: the concentration
of Hl will decrease and the concentration of H, and
L, will increase untl they oll become constant when
equilibrium is reached. [ total number of H and |
atoms are the same in a given volume. the some
equilibrium mbcture i obtained whether we start
from pure reoctants or pure products.

Thmg —>  Equiibrlum €— Timo

Chemical equilibrium In the reaction
can be amained from ekher dBrecton

Example 1.1: Case Based:

Mechanical equilibrium s achieved when all particles
are at rest and tatal potential energy of the system
is muinimuny Thermal eguilbrium is result from the
absence of temperature gradients in the system and
Chemical equilibrium is obtained when no further
reaction occurs between reacting substonces Le.
forward and reverse rates of reaction are equal When
steam reacts with solid ror. Fe, O, and hydrogen gas
are produced However, the reaction never goes to
completion

(A) Which of the following statements is true for

chemical equilibrium?

(o) Al processes stop at chemical equiliboiwnn.

(b) AUl particles are ot rest at chemical
equilibrium.

(¢) Chemical equilibrium is not affected by
temperature.

(d) Chemical equilibriunmn haoppens in a closed
contalner.
(B) If a system is at equilibrium, the rate of the
forward to the reverse reaction is:
(o) equal
(b) less
(c) high
(d) rates are unchanged
(C) Give a balanced equation for the me=action
between solid iron and steam.
(D) Does the addition of an inert gas change the
equilibrium of the above reaction?
(E) Assertion (A The reaction between solid iron
and steam is at a homogeneous
equilibrium.
Phose tronsformation is an
example of equilibium in
physical processes.
(@) Both (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(c) (A) is true but (R) is false.
(d) (A)is false but (R) is true.

Ang. (A) (d) Chemical equilbrium happens m a
closed container.

Explanation: The forward and reverse
reactions still continue at equilibrium at the
some rate. Chemical equilbrium is dynamic
n mature whnich meons that the paorticles
are constantly moving. Increasing the
temperature changee the positon of the
equilibrium.
(B) (o) Equal

Explonaotiom: At equilibrium, the rate of
forward and reverse reactions are equol

Reason (R):



(C)3Fe, = 4HJDL-.I - Fe0,,+ -"‘:I-Iz‘,;1|
(D) No. the oddmion of mert gas does mot
chonge the equilibium.

© (d) (A & folse but (R) & true

Explanation: The reacton between steam
and solid iron invalves phase transformation

which 8 an enomple of equilibrium in
physical processes Such wpes of equilibrio

are termed as heterogeneous equilibria.

"TOPIC3

LAW OF CHEMICAL EQUILIBRIUM AND
EQUILIBRIUM CONSTANT

A moaure of reactants and products in the equilibrium
state is called an equilibrium mbtwe The low of

chemical equilbnum is simply o maothemaotical
expression vwnich can be derived by the application of
the low of nmass action to o reversible reaction

Let us consider a general reversible reaction:
A+B=Cs+D

Where A and B are the reactants. C and D are the

products in the baolonced chemicol equation. On the
bosis of experimental studies of many revereible

reactions, the Norwegion chemists Cato Maxamilian
Guldberg ond Peter Waage proposed in 1864 that the

concentrations in an equilibrium mbcure are reloted
by the followng equilibrium egquaton

Kcn
€ 1A{IB

where K_ is the equilibrium constant and the

expression on the right side s colled the equilbrium
constant expression

The equilibrium equoton ig also lmown as the law of
maose action because. in the early doys of chemistw

concentration waos colled “active mnaoss”. In order
to appreaate their waorle better. let us consider the

reaction between gaseous H, and L, carried out in a
sealed vessel at 731K

Hoo

1 tmol

= 2ZHI,

Z2mol

= l:_@
1 maol
Six sets of experiments with varying mitial condioons

were performed. starting with only goseous H,

and |, in o sealed reaction vessel in the first four
egeriments (1. 2 3 and 4) and only HI in the other

two experiments (5 and 6). Bpernments 1. 2. 3 and
4 were performed tolang different concentrations of

H, andfor L. and with time it was obeserved thot the
mntensity of the purple colour remained constant and
equilibrium was attomed. Semilarly, for experiments S
and 6. the equilibrium was attained from the opposite
direction.

Dato obtomed from oll six eets of experiments ares

Ex:::;::t [ Initial concentration/mol L~ Equilibrium concentration /[ mol L=
[Hy) o] | (b1 [Hy) L [H ]

1 24x107 138x 10~ 0 114x10~ 0312107 252 x 10~

2 24x10° 168x10™ 0 092x10™ 020x 10~ 296x 10~

3 244 x10- 198x 10~ 0 077107 031x10~ @ 334x10°

- 246 x 107 176 x107 0 092x10~ 022x107 308x 107

5 0 0 304x10" | 0345x10° | 0345x10° | 235x 107

© 0 0 758x10° | 0B86x10™ 086 x 10~ 5B6x 10~

It is evident from experiments 1. 2 3 and 4 that

Number of moles of dihudrogen reacted = number of

moles of iodine reacted = L (number of moles of HI
/ formed).

Alsg expenments S and 6 indicate thot

Hol =Bl
Knowing the cbove focts. in order to establish o
relotonship between concentrations of the reoctants

and products eeveral combinations can be tried. Let
us consider the simple expression.

M)

[Follwl

it can be seen thot & we put the equilibrium
concentrations of the reactants and products. the
obove expression is far from constant. However., if we
consider the expression




[Ma]
[HmL[lmL

We find that this expsession gives constant value m all
the six caees as below:

Experiment HiglJ il

Number [f'!zwl_' “,y]., [E:y]-_ [Iaﬁl-l_
1 1840 46.4
2 1610 | 476
3 1400 467
P 1520 469
5 1970 484
6 790 484

It can be seen that in this expression the power
of the concentration for reactants and products
are actuolly the stoichiometric coefficients in the
equoton for the chemical reaction Thus. for the
reacton

Ho =L, = 2HI,

the equilibrium constant K_is written as.

- [Hl(sl]:,._
“ Mol %L

Generally. the subsoipt 'eq (used for equilibnum) is
omitted from the concentration terma. It is taken for
granted that the concentrations in the expression for
K_are equilibrium values. We. therefore. write.

_ [l
s Mo [l 50 ]

The subscript 'C indicates that K is expressed m
concentrations of mol [

At o given temperoture. the product of
concentratons of the reoction products raised
to the respective stoichiometric coefficient in the
bolonced chemical equotion divided by the product
of concentrations of the reoctants roised to their
individuol stoichiometric coefficients hos o constant
value. This is lcnown as the Equibbrium Law or Law
of Chemical Equilibrium.

ﬁ Important

w Fquilibrium conszant ks alwayz defined when equél®rium
tc achleyed At equiiibrium reaction does not 310p. R oocwo= En
the bacoward and forward déections at equol rates

The equilibrium constant for o general reaction
aA+bB = cC+dD

_[cTeT

© [AT[e]

where [AlL [BL [C]l. and [DL are the equilibrium
concentrations of the reactonts and products

Equilibrium constant for the reaction
d'aNH‘gquOW ‘—4N0§+6H30§
= Writlen os

_— [NOJ'[HOf
" INWJ[osf

Molar concentration of different species is indicated
by enclosing these in the square bradcet and.
ag mentioned above. it iz implied that these are
equilibium concentrations. Whilse writing an
expression for the equilbrium constont o symbol for
phoses (a. L g) are generolly ignored.

Characteristics of Equilibrium Constant

(1) Equilibnum constant for the reverse reaction &
the inverse of the equilibrium constant for the
regction in the forward direction.

Let us write equilibrium constant for the reaction

Hg-;-l__g w.—ZHlM

-

- Hi
= =X
° ML

The equilibrium constant for the reverse reaction.

JR— % =
2ng == H:.g ¥ '-.-39
at the some temperature s.

Thus K'o=7-

(2) [ we chonge the stoichiometric coefhcents n
a chemical equation by multiplying throughout
by o foctor(n) then we must maoke sure thaot
the expression for equilibrium constant alse
reflects that change ie. value of equilbrium
constant becomes (K)°. For example. if the
reaction is written os.

1 1,

The equilibnum constant for the cbove reacton s

given bu
[H]

Mﬁuﬁ

=

c



On mulbplying the equotion by n.
we geL

nH, )+ nl = 2nHly
Therefore. equilibrium constant for the reaction is

equol to K= It ehould be noted that because the
equilibrium constants K ond K°_ have different

numericol volues, it = important to specify the
form of the bolonced chemicol eguation when

quoting the value of equilibrium constant
(3) The equilibrium constont does not depend upon

iniol concentration and has o definite volue for
every chemical reoction at a given temperoture.

(4) B any chemicol reoction is completed in maore
than one step, then equilibrium constont for
overall reoction is equal to the product of the
equilibrium constant of all steps.

(5) The pure solids and liquids are not considerad

for calculation K becouse they have constont
concentration  one of the reactants or products
s gas

Example 1.2: Cased Based:

A chemical reaction is usually written tn o way that
suggesls it proceeds in one direction the direction
in which we read but aoll chemical reactions are

reversible. and both the forward and reverse
reactions occur to one degree or another depending

on conditions. In a chemical equilibrium. the forward
and reverse reactions occur at egual rates. and
the concentrations of products and reactants
remain constant. If we run o reaction i a closed
systermn so thaot the products cannot escape we

often find the reaction does not give a 100% yizld
of products. Instead. some reactants remain after

the concentrations stop changing At this pomnt
when there is no further change =1 concentrations
of reactants and products. we say the reaction is ot

equilibrium. A moaure of reactants and products os

found at equilibrium.

(A) Under a given set of experimentol conditions,
with on increose in the concentiuakion of the
reactants, the rate of a chemical reoction:

(o) Decreases

(b) Increases

(c) Remains unoltered

(d) HArst decreases and then increoses

(B) Which of the following stotement is correct?

(o) An irreversible reoction goes to almost
completion.

(b) A reversible reactiom always goes to
completion if carried out in a closed vessel

(c) At equilibrium, the rate of forward
reaction becomes equol to that of the
baclceward reaction

(d) In the beginning, the rote of baocloward
reaction is much greater than that of the
forward reaction

(C) Whaot will be the forward and bacloward
reactions rate of a dhemical reooction at

chemical equilibrium?

(D) Show how the reaoction rates and

concentrations chonge with respect to time in
the following reaction

NJO@ = 2NO,__
(E) Assertion (A): In dynamic equilibrium, forward
ond baclward reactions

continue to take place at equal
rates.

Reason (R): In dynomic equilibnum, colour

and density change with time.

(a) Both (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(c) (A)is true but (R) is false.
(d) (A)is false but (R) is true.

Ans. (A) (b) Increases

Explonation: Increasing the concentration
of one or more reactants will often increase
the rate of reacton This occurs because
a higher concentration of o reactont wall
lead to more collisions of that reactant in a
speafic ume penod

(B) (¢ At equilbrium, the rate of forward

reaction becomes equal to that of
boocoward reaction

Explonotion: Chemical equilbrium =
the state in which both reactonts and
products are present in concentrations

which hove no further tendency tw
chonge with time. A forward reacton i o
reaction in which products are produced
from reactonts ond it goes from left to
right in a reversible reaction. A bodavard
reaction i o reocton in which reoctants
are produced from products and it goes
from right to left in o reversible reaction
Chemical equilibrium iz achieved when
the rate of the forward reaction iz eguaol
to the rate of the baociowvard reaction

(O©) In a chemical equitibrium. the forward and
reveree reactions do not stop. rather they
continue to occur at the same rate. leading
to canstant concentrations of the reactants
and the products.

(D) The concentration of reactant starts
decreasing with wme ond that of the
product increases with time tll equilibrium
is reached and from equilibrium. there i no
change in caoncentration of reactant and
product
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(B) (c) (A) s true but (R) is false.
Explanation: Chemical equilibrium s the
state in which the forward reaction rate
ond the reverse reaction rate are equol so
ossertion ig true but there s no chonge in
density at equilibrium. 5o reason is folee

Exomple 1.3t The following concentrations
were obtained for the formation of NH, from N,
and H, at equilibrium at 500 KL [N,] = 1.5 x 102M,
[H] =3.0x10"M and [NH,] = 1.2 x 10~ M. Calculate
equilibrium constant [NCERT]

Angs. The equilibrium constant for the reaction

N:@ 3 3H§ = ZNHE
Can be wittten as.

_ (12x10)
(15x107)(20x10°)

= 35555
or =355 x 10°

Exaomple 1.4: At equilibrium, the concentrations
of N, = 3.0 x 10° M, O,= 42 x 10° M and
NO = 28 x 10° Min o sealed vessel at B0O0 K What
will be K_for the reaction?

N¥+0

= 2NO,_,

Equilibrium
ackhdeved
A
I
KNOJ
i
= ]
= !
= ' Equilibrium
KINOJ | achiewed
I
1 : 3
0 Time

Ans. For the reaction equilibrium constant. K_can be

written as.
_ [no
<" INJol]
_ (28x10M)’
(3.0x10°M)(42x10~M)
= 0622

Example 1.5: Write the expression for the
equilibrium constant, K_ for each of the following
reactions:

(A) 2NOCL, = 2NO_ + CL_,

(B) 2Cu(NO)_, =2Cu0_ +4NO_ +O_

(© CH,COOCH,__ +HO_ = CHCOOH__+
CHOH,

D) Fe>_ ¢ 30H,_, = Fe(OH),,
® 1,,+5F, =2F [NCERT]
Ans. The expressions for the equalibriom constants are

o _[Mowffa]
2% oo, T
[0, [ [NOs ] [Ono ]
- [c:u (Nol)m]:




Concentration in =solid stotes = taken as
eIty
Hence. [CuO] = 1[Cu(NO) =1

K =INOJ*[0)
[a4000H, eron ]
[owcooc i, J[moa]

_ [ooooH, [lcHona ]
= [oyoooch ]

©K =

Fe{oH),_

O T o]
“[rm o]
I i

[WdET ET

'TOPIC 4
HOMOGENEOUS EQUILIBRIA

In o homogeneous system. oll the reactants and
products are in the same phaose

For example. in the goseous reacuon
N, +3H == 2NH

Reactants and products are in the homogeneous
phase. Similorly for the reactions.
CJ-E:CDDCJHE + H]D. =

CH, COOH_, + CH,OH_
and. Fe?_ + SON-_, = Fe (SON)*
All the reactants and products are in o homogeneous

solution phose Now consider the equilibnum constant
for sonmne homogeneous reactions.

Equilibrium Constant in Gaseous

Systems

We hove expressed the equiibnum constant of the
reactions in terms of the molor concentrotion of the

reactonts and products. and wsed the symbol K_ for
it. For reactions involving gases, however, it is usually
more convenient to express the equilibrium constant

in terms of partol presswe.
The ideol gos equation @ written as

PV = nRT
P=Llpr
V

Here P is the pressure in Pa. n = the number of
moles of the gas. V & the volume in m” and T is the

i ] n . .
temperature in Kelwun Therefore. — = concentration
expressad in mol/m?. 4

if concentration C s ;m mol/L ormol [ dm®. and P n
bar thern

P=CRT
We can also write P = [gas] RT
Here. R = 0.0B31 bar Litre/mol K

At constant temperature. the pressure of the gas &=
proportional to its concentration. ie P o< [gas]

For reaction in equilibrium

H  +1
-1 B

We can write either

= ZHIE_l

P, =IH JRT
FTE:EIIEI?IQ]R;T
o

Therefore.

Mg

) |Hlligl llllﬂsl I= )

In this example K = K_ie. both equilibrium canstants
are equal However, this is not olways the case

For example. in reaction
N_. .+ HH:@‘——‘ QNH:E’

o)

A

_ ][R
[N JRr M, T (RT)

[ JIRT
[N [ o ]

=K (RT)>



Or K, =K (RN

Similorly. for o general reaction

gA+bB =cC+dD

cf[oT (rr)™

AEREIU
- %P:)EP' ) [AT[e] (rr)™

Tl oy
[AT[eT
Where An =

— (number of moles of goseous reoctants) in the
bolonced chemical equation It s mecessory that

J " =k &7

(number of molee of gaseous products)

while calculoting the value of f{ﬁ pressure should be
expressed in bar as the standard state for presswe s
1 bar.

1 Pascal (Pa) = 1 Nm~ and 1 bar = 10° Pa

mple 1.6: PCL, PCL, and Cl, are at equilibrium
at 500 K and hove a concentration of 1.59M PCL,
1.5SM Cl, and 1.41M PO

Calculate K_for the reaction,
PCL =PCL+CL, [NCERT]

Angs. The equilbrium constant K for the above
reaction can be written as

. [Pafal
[Pa,]

_ (1s9y
"~ (L41)

=179

Example 1.7: The value of K = 4.24 at B0O K for
the reaction

O, +HO,  + 00, +H,
Calculate equilibrium concentrations of CO, H_,

CO and H, at BOO K, if only CO and H,0 are present
initiolly ot o concentration of 0.10 M each

Ang. For the reaction
GO, +H,O0, =00, +H

Indtinl ol 01m 0

concentyolan

Let x mole of eoch of the products being
formed.

At equibbriunt

0i-9M @O1-xM x M xM
Where x s the amount of G0, and H, at
equilibnium.

Hence. equilibnum constant can be written as.

K:L_‘ﬁlé 424

" (01-x)

x*=424 (001 + ¥-02x)
x?=00424 + 424 x-0848x

324 x-0B4Bx +00424=0
a=3.24.b=-0848.c=00424

(for quadrotic equotion o + bx + c=(Q

-be=yb -4ac
2o

D.ENEiJ[D.EMEI)J —4x324x00424

x=

2x324
” ﬂME:I:JD.?iBlD*ﬁ-US%!SM
6.48
_0B4B+04118
G848
4 0.B84B8-04118 — 0067
6.48
_ 0848+ 04118 _0194
848

The value x, should be neglected because it
will give a concentration of the reactant which
i@ more than the initiol concentration

Hence. the equilibrium concentrations are.
[CO,]=[H,]| =x=0067 M
[0O] = [H,0] = 0.1 -0.067 = 0.033M

Example 1.8: For the equilibrium,
ZNOCIM-L——‘ 2NO,, + CL_, the value of the
equilibrium constant is 3.75=10"* ot 1069 K
Calculote the Kp for the reaction at this temperature.
Ans. We loow thot

K =K (RT)™=

For the above reaction
Angy=(2+1)-2=1
K =375x10" (8314 x 1069)
K, =333

@ Related Theory

~ When reactants and products are glven In the gas
phaze. equilibrium constant la defined In the terms of partial
pressure



'TOPICS |
HETEROGENEOUS EQUILIBRIA

Equilibnum in o system howng more thon one phaose

18 called heterogeneous equilbrium. The equilibrium
between water vapour and liquid water in o closed
container is an example of heterogeneous equilibrium.

H,(0)q = H,0,
In this example. there is o gos phase ond o lquid phase.

In the some wou equilibrium between o solid and &ts
soturoted solution is a heterogeneous equilibnunn

Ca(OH),, + H,0 == Ca™"_, + 20H
Heterogeneous equilibrio often involve pure solids or
Lguida We can simplify eguilibrium esxpressions for
the heterogeneous equilibria invalving a pure Liguid or
o pure solid. as the molor concentrotion of o pure solid

or liquid is constant (ie. independent of the amount
present). In other words. if o substance X s involved.

then P ] and D¢ are constant. whatever the annount
of X is taken. Contrary to this, X,] and PX_] will vary

as the amount of X in a given volume variss. Let us
take the thermaol dissociation of calcium carbonate
which i3 an interesting aond tmportant escample of

heterogeneous chemical equilibrium.
CaCD‘ = CAJO“ +OD¥
On the basis of the stoxdsomstric equation. we can wiite,

o= Cao{l] CD?[F]

Since [CaQO and [CaO,] are both constant
therefore modified equilbnum constant for the

thermol decomposition af calcum carbonote will be
K==(CU:§]
Kp: Pan
Thizs shows thot ot o particulor temperature. there
is o constont concentration or pressure of OO, in
equilibrium with CaO,, and CaCO, Experimentally.
it hos been found thot ot 1100 K the pressure of
Co, hemﬁﬂbﬁumv.imﬁnmu adeaDHEslﬂx 10°
Pa. Therefore. equilibrium constant ot 1100 K for the
above reaction is:
Kp:FmJ=2x103Pn,‘105F‘u=lm

Similorty. in the equilibrium between nickel carbon
monaade and nickel carbonul (used in the purification
of nidel).

Ni, + 400, = Ni(C0),
the equilbrium constant is written as

. [ni(co), ]

" [eo]

It must be remembered thot in heterogeneous

equilibrium pure solids or Lguids must be present
(however emall they may be) for the equilbrium to

exist. but their concentrotions or partiol pressures
do not appear in the expression of the equilbrium
constant In the reaction,

Ag O, + ZHNC}!H = ZAgND“ +HO
NO.
K, = et
[HNO,
Units of equilibrium constant Equilibrium consatant

is the rotio of the concentrations roised to the
stoichiometric coefficients

0

Therefore, the unit of the equilibrium constant
= [Mole L=}* or [atm}*=

if the number of goseous moles of reactonts and
products & the same. then Kp and K_bath are unitless.

Example 1.9: The value of K for the reaction,
00, + C, =200, is 3.0 ar 1000 K If initially
Pm:| = 048 bar and P__ = 0 bar and pure graophite is
present, calculate the equilibrium partial pressures
of CO and CO .

Aneg. For the reaction. let X be the amount of CO
reacted. then

3

CD:@":'CN -.——"‘ZCUEI

Inial pressuwrer 048 bar 0
At equlilibriunc (0.4B-x}bar 2x bar
==
K =—2
=
Fer,
> (048-x)

4x’ =3(048 - x)

4 = 144 - 3x
4 +3x-144 =0
a=4b=3.c=-144

e _bib’ —4ac

2a

_ -34(3)’ ~4x4x(-144)

2x4

L _ —3:0+2304

(As value of x cannot be negotive. Henca, we neglect
that value)

~32568
— —-—‘%——-: 033

The equilibrium partiol pressures are.
Ph=2x=2 x0.33 =068 bar

sz =048-x=048-033 =015 bar



(OBJ ECTIVE Type Qu estions)

[ T mark ]

Multiple Choice Questions

i. Equilibrium constant Kp for the following

reoction
MgCOm == Mgﬂm+ CI.')wr
(a) sz P::n:
P =P
m, * " o
®) K = P, x —p—=
e,
P_ =P
s =
Pm
F
. W
@K=5""p
o,

Ans. (o) K = Pm:
Explonation: All the terms of the sold phase
are removed in equilibrium constant equotion
Rap =P _

B
% Fiem,

2. We know that the relationship between K
and Kp is K =K_(RT)*= What would be the

value of An, for the reaction:

NH'Clm B NHm + HCl.

(@)1 (b) 0.5

(c) 1.5 (d) 2 [NCERT BExemplar]
Ans. (d) 2

Bxplanation: We lonow thot K = K {Rﬂ'ﬁ

For the reaction An, = (1+1)-0=2

3. At 500 K, the equilibrium constant K_for the
following reaction is 5.

1 1

EHHW ¥ ?Hu] =H,,
What would be the equilibrium constant K
for the reaction?

2HI, =H, + L

(o) 0.04 (b) 0.4
(€ 25 (d) 2.5
[NCERT Exemplar]
Ans. (g) 0.04

Explonotion: B the rsocton & reversed.
the value of the equilibriumm constant =
reciprocated and of the reaction is muloplied by
a factor (n) then the value of the equilbrum
constant becomes K'_= (K)°

K. =K)
= (§P =285
1
K. .=—=004
25

£.For the hypothetical reactions, the
equilibrium constant (K) values are given
A=B:K =2
BaC:K =4
C=D:K =8
The equilibrium constant (K) for the reaction
A=Dis
(o) 48 (b) 24
(c) 12 (d) 64
[Delhi Gov. QB 2022]
Ans. (d) 64

Explanation: To get the desired reaction. we
need to odd oll three equotions.

When reactions are added. equilibrium

constants are multiplied.
SO_K:KI:: fg:Kj:? x4 xB=064

5. In which of the following reaction K > K?
(@) N, +3H,, = 2NH,,
(b) H, +L(@) = 2HI
(c) PCl, +Cl(g) = PCL,,
(d) 280, =280, + O,
Ans. (d) 250, - = .?SO# = D:@

Explanation: K, = K_ (RT}!#-
Where Ang = (Number of moles of goseous

products) — (Number of moles of goseous
reactants) Thus.

(@) An=2-3:1)=2-4=-2
b) An=2-(11)=2-2=0
€ An=1-(11)=1-2=-1
d An=(2«1)-2=1

6. Partial pressure of O, in the given reaction is
2Ag0, == 4Ag,+0_

(@) K ®) K,
© K, (d) 2K
Ans. (a) K,

Explanation: Both solid phose substances
have partal pressure equal to unity.

_ [Fr-;‘si]‘ [F'u]m]: _
AT

7. What is the unit of equilibrium constant for
the given reaction?
BaCO,, = Ba0 + OO,
(b) moll=
(d) mol’L~

Pogd

(a) bar
(c) Litre



Ans. (b) mol L~

Explanotion: The pure csolids and Lguids
are not considered for the calculotion of
K_because they hove constant concentrotion
& one of the reactants or products = gaos then
the volue of equilibrium constant is determined
only through goseous mnolecule. Thus, in this
caee. the units of equilibrium constant are only
dependent on OO0, molecule.

E. f the equilibium constant of stepwise

reaction is
N,+ O, = 2NOQ, K,
2ZNO 4 OJ = 2N01 &

Then, the value of the equilibrium constant
for the reaction N, + 20, = 2NO is:

K
@K, + K (b),(—:
@K, -K, (d) K, x K,

Ans. (d) K x K,

Explanation: F any chemical reacton &
completed in mose than one stsp. then
equilbrium oconstont for overall reaction is
equol to the product of equilibrium constant of
oll steps.

Assertion-Reason (A-R)

In the following question non (9-11) a statement
of ossertion followed by o statement of reason
is given. Choose the carrect onswer out of the

following choice.

()
(®)

(©
(d)

Both (A) and (R) are true and (R) is the correct
explanation of (A).

Both (A) and (R) are true but (R) is not the
correct explanation of (A)L

(A) is true but (R) is false.
(A) is false but (R) Is true.

9. Assertion (A): Increasing the concentrotion

of H, will incrense the
magnitude of equilibrium
constant of the reaction.

H, +1, = 2HI

11. Assertion (A): Chemical

Reason (R):  Value of K_depends upon the
concentration of reactonts

and products taken

Ans. (d) (A) is false but (R) is rue

BExplanation: The value of equilibrium constant

does not depend upon the inital concentration
of reactont

@ Related Theory
= According to Le Chatelier= principle factors likes

concenlralion. pressure [emperatwre and nert
guges that affect equilibrium are changed and the
equilibrium will ehift i that direction where the
effects caused by these changes are nullified

10. Assertion (A): For any chemical reaction

at a particulor temperature,

the equilibium constant is

foced and is a choracteristic

property.

Equilibrium constant is

independent of temperature.
[NCERT Exemplar]

Reason (R):

Ans. (c) (A)is rue but (R) = faolse

Explanation: The equilibnum constant hos a

definite value for every chemical reaction at a
given temperatuse.

equilibrium
repregents a state of a
reversible reaction in which
properties of the system
(pressure, concentration, etc.)
become constant under the
given set of conditions.

Reason (R): The chemicol equilibrium
is o state of rest in which
opposite reactions stop.

Ans. (c) (A)is true but (R) s false

BExplanation: At equilibriun, allthe macroscaopic
properties such as pressure and concentration
become constant but at equilibnum. both
forward aond boclward reacton weork in
opposite dwection

@ASE BASED Questions (CBQSD

[ % &5 marks ]

Read the following possoges and answer the
questions that follow:

12. When we increase the pressure on a system in

which NO. O, and NO, are at equilibriurrc
ZNDE + {DH == END‘.@

The formation of additional amounts of ND:

decreoses the total number of molecules in

the system becouse each ume two molecules
of NO, form a total of three molecules of NO

and O, are consumed. This reduces the total
prassure exerted by the system but does not

completely relizve. the stress of the increosed
pressure. On the other hand. o decrease in the

pressure on the system favours decomposition
of NO, into NO and O, which tends to restore

the presswe



Now consider this reaction:
N,y + Oy = 2NOg
Because there is no change in the total
number of molecules in the system during the
reaction. a change in pressure does not favour
erther formation or decomposition of gaseous
nitrogen monoiade
(A) Which type of equilibrium is established
for the following: lce = Water?
(B) What is the effect of pressure on the
equilibrium constant?
(C) What will happen to the concentrations

of N, O, and NO at equilibrium & a
catalyst is added?

(A) It iz o heterogeneous equilibrivm becouse
all reactants and products are in the
different phose. When pressure is applied
to the equilibrium state. V_ > V,__ Thus.
an increose in pressure will show o forward
reaction

(B) Equilibnum constont is not changed i you
change the pressure of the system. The
only thing thot changes an equilibrium
oconstont s o change of temperature. The
positon of equiibrium maoy be changed i
you change the pressure.

(O When a catolyst is added & basically hos
no effect on the equilibnum of the reaction
A cotalyst only increaees the speed of
reaction or more =0 the forward and
reverse reaction rates are equol When this
hoppens. the system will reach equilibrium
faster.

let us consider a system at equiibrium
consisting of a number of phases-vapour.
solid and Liquid-of various components. We
sholl gssume that it is shut off from outside
action by a rngid non-conducting envelope This
means no loss of generalitu. os. if the system
i already on equilibrium. it will stll be so i
enclosed in such an envelope Tke following
results are obtained:

(1) Thermal Conditions: The temperature
must be unifornt othenaise. heat will flow
from high to low temperature.

(2) Mechanical Conditions: If only ordinary
hydrostatic pressure is considered it. must
be everywhere equal but i gravity is taken

into account of or membranes are present
this must be modrhied.

(3) Chemical Condritions: Tke variable which
determines chemical eguilibium iz not

so fomilior os temperature. pressure or
electrical potentiol and a few weords are
there for necessary in explanation of what
is best aolled the "chemicaol potential” of a
substance Consider a particular substance

present in two different phoses and for a
moment deal with these phoses separately.

Let o supply of the substance be available
m a reference state and an mfnitesimaol
amount of it pass from this state to one of
the phases Keep the volume and entropy
of the phase constant by subtracting heat
and changing the pressure

(A) What do you mean by phase equilibrium?
(a) No reaction

(b) Study of eqguilibrium which exsts
between or within different states of
matter naomely eslid, liquid and gas.

(c) ALl reactants must be in the same
phaose.
(d) Product concentration is more.

(B) Which property of the phoses must be
equal when phoses of a system are in
thermodynamic equilibrium with each
other?

(o) Chemical potential
(b) Volume

(c) Temperature

(d) Pressure

(C) When does equilibrium exist between the
phases of a substance?

(o) At0OK
(b) At 1073 K
(c) At the triple point
(d) At 273 K
(D) Can four phases exist in equilibrium?
(a) Yes (b) No

(c) Can't define (d) In certain case
(E) When solid and liquid phoses are in

equilibrium?

(a) Melting point

(c) Never

(b) Freezing point

(d) Both (a) and (b)

Ans. (A) (b)Swdy of equilbrium which eudsts
between or within different states of
matter namely solid, liguid and gos

Explonation: Phose equilibrum is the study
of the equilibrium which exdsts between ar
within different stotes of matter namely
solid. liguid and gas.
(B) (o) Chemical potentiol

Explanation: The chemical potential of the
component of o thermodynomic system
m a given phase is o thermodynamic state
function.

(O (c) At the triple point
Explanation: In thermodynamics, the triple

point of o substance is the temperature
and pressure at wnich the three phoses of



that substance coeast in thermoduynomic (E) (d) both (a)

equilibrium. Explanation: The melting point of a solid &=
©) (o) Yes the eame as the freezing point of the liquid.
Explanation: Four phoses of o substance At that temperature. the solid and bquid
composed of o s=ingle component can states of the substance are in equilbrium
coexast at thermol equilibnum For water. this equilibrium accurs at 0FC

(VERY SHORT ANSWER Type Questions (VSA))

[T mark ]
14. Write the unit of K_ and K for the reaction 1 1 1
— 1o —=—=— =
N.O., = 2NO_ K @ Gy 25 0.04.
3
-
Ans. K_= [NO__‘]: =(leL ) — e 17. Write the chemicaol equation for the follawing
[NJD‘ | (mnlL“‘) chemical constant
%= P%Eﬂ ~ bor [H,1IL]
i15. How does K daffected by endothermic Ans. Th ) S equaiondgaien Dy thed el awarg
reaction if temperature is increased? reactore
[Delhi Gov. QB 2022] H+l=2H,
Ans. Endothermic reactions are the reoctions which 18.K_ and K, are the equilibrium constants of
absorb heat — an inoreose in temperotwre :
will shift the equilibrium in the endothermic the two reactions, ..];j'ln,,r2 +1HI = NH
direction (left). This will favour the formation of 2 ‘@ ©) H9)
tontseand ad m K . - i
reoctonts ond a decrease m K_ and Nzgai = BHIM = ZNHSW respectively.
16. At 500 K, equilibrium comstant, K, for the Whot is the relation between the two
following reaction is 5. constants?
1 i 1 Ans. When the balonced chemical reaction hos
2 =% 3 Ly = Hiy - an equilibrium constant. K is multiplied by a

What would be the equilibrium constant K. certain value and the equilibrium constant for

for the reaction? the new equation will be (K)~
ZHIm s Hm-i- l@ In the given reaction. n = 2
Ans. On revereing and then multiplying the So, K =(K)
equotion (i) we get the deswred equotion. Thus
equilibnum constant for desired equation = = \{E
would be

(SHORT ANSWER Type-l Questions (SA-I))

[ 2 marks ]
19. In the chemical equilibrium the rate constant 5 10~
of a bocKward reaction is 5 ¢ 10~ and the P
equilibrium constant is 2, then what is the 32
rate constant of the forward reaction? —156x10"
Ams. Inchemicalegulibriumth ilibri T
ISR "UFZ-I - Eeqmd r!um:acc:-ms e 20. PCL, PCL, and C, are at equilibrium at 500 K
K= Rote constant Tor sorward reaction K, m o closed container ond their concentrations
Rote constant for badoward reaction K, are 0.8 x 10~ mol L2, 1.2 x 10~ mol L= and
1.2 X 10° mol L respectively. Find the value
0.G=Kx1 of K_ for the reaciton.

=Sx103 x 7S PCL, =PCL +C



e ‘. LL'Z:: 10411_2.10"1
e [08x107]

) [1.44::10"]
[08x107 |

= 18x10°

21. Find out the value of K of the following
equilibria from the value of K;
Ca00,,,=Ca0, +CO_
K =167 atm at 1073 K

F

Ans. K =K (RS

% =1

B 167 __
€= [(00821)(1073)" | =190

22. Bromine monochloride, BrCl, decomposes

into bromine ond chlorine and reoches the

equilibrium 2BrCL_ = Br__ + CL_, for which

K = 32 at 500K K initiolly pure BrCl is
present at a concentration of 3.30 = 10~ mol

litre=; what Is its molar concentration in the
mixture at equilibrium?

Ans. 2BrCly, = Br,, + Cl
0

Initiol 0.0033 0
concentration
] a a
Concentration (0.0033—q) 5 >
at equilibnium
PGS GRS
[ea]

a a
—z—

2 27 =3

[00033-a]
a

= 2x(00033-a) = 5.66

g =3x10"
[Br(] =33x10°-3x 10"
= 03x10°
= 33 10

A Cautlon

= The stoichlometric coefficlents of the reactants and

products ane always written as thelr power of the
concentration In the equilibrium equation

23. For the reversible reaction, N, + 3H:e;a
= ZNHm at 500°C, the value of Kp is

144 x 10~ aum™. And the K_value.
[Delhi Gov. QB 2022)

Ans. The relotionship between K and K_ is given by

the equation.

K =K RT)*w
An, = Number of moles of goseous products
— number of moles of goeseous reactants
=2-4==-2

K =K (RT)=
Gven K = 144 = 10° atm™, T = 500°C = 500

<+ 2?3 = ??3 K
144 = 102 = (0082 = 773)7
144 %10~

=00578

<~ (0082x773)7

CSHORT ANSWER Type-Il Questions (SA—IID

[ 3 marks ]

24. For the reoction: Nz- % 3]{@ —3 INHE

g_[H_H’T_

Equilibrium comnstant =
" [NIRT

Some reactions are writtem below in
Column | and their equilibrium constants

in terms of K are written in Column (L

Match the following reactions with the
corresponding equilibrium constant

Column I
Column | (Reaction) (Equilibrium
Canstant)
(A) 2N, + 6H,  — @ 2K
| ANH,

Columnll
Column | (Reaction) (Equilibrium
Constant)
(B) 2NH,_, - N, @ K
+ 3H
240

1 3
©FNgs3Hs @
—}NHH_

@) Ke
[NCERT BExemplar]
Ans. (A) (V) k2
Explonation: When the reocton &=

multipbed by o factor(n) then the value of
equilibrium constont becomes K = (K)~.



® @

c

Explanotion: When the reacton &
reverged. the value of equilibrium constant
is reciprocated.

O K"
Explonationr When the reacton =

multplied by o factor (%) then the wolue
of equilibrium constant becomes K€_= ((IQ)%

25. A gaos is in equilibrium with water at a

certain temperature and pressure. What will
hoppen if:

(A) Temperature is increased
(B) Pressure of gas is increased?

Ans. (A) Inoeosing the temperature always

decreases the solubiity of goses. The gos

molecules in o liquid are dissolved by the
process of dissolution. As we Know that
dissolution is an exothermic process. the
solubility should decrease wath an increase
in temperature to validate Le Chatebier's
principle.

(B) According to Le Chatelier's prindple when
we inoreose the pressuwre eguilibnum shifts
towards that side which hos less number
of moles. So n this ooss when pressure &=
increased eguiibrium will shift towards
that side which has fewer molea Solubility

of o gas in water will increase

426. (A) Exploin why pure liquids and solids con

be ignored while writing the value of
equilibrium constants.

(B) Eloborate with an example of
3Fe,, + 4H,0_=Fe,0, + 4H,

Ans. (A) Pure solids and ligwds are not mcluded

in the equilbrium constont expression
becouse molor concentration of o fine solid

or bguid iz independent of the amount
present. Since density of pure lLquid or

solid s fured and molar mass s also foed.
Therefore. molor concentrotion is constant

They do not affect the reactant amount
at equilibrium m the reacton so they are
disregarded and Kept at 1.

(B) Value of equilibnum constant for this

(R, ):

(o)

In this. both solid phose compound &
eliminated while writing equiibnum
constont equation. because  molar
concentration of o fine solid or Lquid
independent of the amount present ie
will rennoin constant

reactbonis Kp =

27. Match the following graphicol voriation with
their description.

Column | Column I

@ Vanotionin
product
concentration

With tme

A

Conocontration

Tinne

@) Reaction at
equiibrium

Product

concantration

Time I:E'.):

©

=--Formand | (i) Vanouon
e n reactont

=
& | Equilibritm concentration
1 » with time
Time (g)
[NCERT BExemplar]

Ans. (A) (m) Variotion n  reactant concentration

with time
Explonatiom: Reoctant concentrations
dewease with tme o0s reoctants are
converted to products

(B) () Vanaotion in product concentroton with
ume
Explonation: S&ce products are formed
with time so their concentrotion incregses
with time.

(O (v) Reaction at equilibrium
Explonation: At equilibrium ofter some
ume. the rate of the forward reaction &

equaol to the rate of the reverse reaction. No
further chonges occurin the concentrations

of reactants ond products. even though
the two reactions continue ot equal but
opposite rotes

ZH. Following data is given for the reaction:

CaCO,, — CaO,, + CO,
AM [CaO, ] = - 635.1 KJ mol*
AM [CO] = - 383.5 KJ mol™
A} [CaCO__] = - 12069 KJ mol=
Predict the effect of temperature on the
equilibrium constant of the above reaction.

Ans. Enthaolpy of a reaction can be calculated using
the formula
AH = Sum of enthalpies of formation of the

product — sum of the enthalpies of formation
of the reactants.

Thus for the reacton.
Cﬂﬂf}m —3 (3;:10,‘1:l + CD:E'



Entholpy of reaction can be colculated os

AHP = AMPICO0,) + AHCa ] - AHICOCO,)
= 6351 iId mol®) + (- 3935 K mob)
- (- 12069 Id mol™)

=1783 I maol™

The reaction iz endathermic. Hence. an increase
in temperature will ehift the equilbrum in the
endothermic direction (left). This wall favour the
formnotion of reactants and a decreose in K’m.

(LONG ANSWER Type Questions (LAD

[ & & 5 marks ]

29. Explain the vanation in equilibriumn constant

with change in:
(A) Concentration (B) Pressure
(C) Temperature (D) Catalyst

Ans. (A) Equiibrium constants ore not changed if

you change the concentrotions of things
present in the equilibrium. The positon of
equilibrium is changed & you change the
concentration of eomething present in the
mixture.

(B) Equilibrium constants are not chaonged i
you chaonge the pressure of the esystem.
The posiion of equilibnum moy be
chonged if you change the pressure. Thot
means that if you increase the prassuse.
the position of equilbium will move n
such o way os to decreose the pressure
ogain - & thot is possible. it can do this by
fovouring the reaction which produces
the fewer moleculss. if there are the same

number of molecules on eoch side of
the equation. then a chonge of pressure

maKes no difference to the position of
equilibrium.

(O Equilibrium constonts are changed & uyou
chonge the temperatwre of the system
Increasing the temperoture decreases the
value of the equilibnum constont. Where

the forward reoction iz endothermic.
mncreasing the temperatuwre increoses the

value of the equilibrium constant The
position of equilibrium also changes & you
chonge the temperoture.

(D) Equilibrium constants are not changed
& you odd (or chonge) o catolyst The
position of eguilibrium is not changed if
you odd a cotolyst. A cotalyst speeds up
both the forward ond bodavard reactions
by exactly the same amount Dynomic
equilbrium iz established when the raotes
of the forward ond bodoward reactions
become equol If o catalyst speeds up both

reactions to the same extent. then they will
remain equal without any need for o shift

i the posiwon of equiibrnum

30. (A) What do you understand by reversible

and irreversible reaction? Give two
exomples of each.

(B) What do you understand by the term
reaction at equilibium? Is it a static
equilibrium?

(C) Show that the reaction at equilibriumn
can be chaoracterised by an equilibriunn
constant, defined as

e 1

K,

Where K, and K are the rate constants
for the forward and baclaward reaction?

Ans. (A) Reversible Reactions: In revercible

reactions. the reactants and products
are never fully consumed; they are each
constontly reacting and being produced. A
reversible reaction can take the following
summarised form:

kb

A+B—/=C+D

[inz2
This reversible reaction can be broken into
two reaclions.

Reacton 1- AsB—Cs+D

Reaction 2 C+D—"5A+B

These two reoctions are occurring
simultoneoguslu. which means that
the reoctants are reacting to yield the
products. as the products are reacting
to produce the reactants. Collisions of
the reocting molecules couse chemical
reactions in o closed system. After
producte are formed. the bands between
these products are broken when the
molecules collide with each other.
produang sufficient energy needed to
break the bonds between the product
and reactant molecules.

Examples: Reaction of hydrogen gos and
iodine vapour to form hydrogen iodide

Nitrogen reacts vuiith hydrogen to produce
ammonio.



Irreversible Reactions: A fundomental
concept of chemistry i thot dhemical
reactions occurred when reactants reacted
with each other to form products. These
unidirectional reoctions are mown as
ureversible reactions, reactions in which
the reactants comvert to products and
where the products cannot convert back to
the reactants.

Examples These reactions are essentially
ke bolang. The ingredients. acting os the
reactants. are mured and boked together
to form o cale. which acts as the product
This coke cannot be converted bacl to the
reactants (the eggs, flour. etc), just os the
producte in an irreversible reoction cannot
convert bock into the reactants.

An example of an irreversible reoction
is combustion. Combustion invotves
buming an orgonic compound—such as
a hydrocarbon—and oxygen to produce
carbon dioxade and water. Because water

and carbon dioiade are estable. they do
not react with each other to form the

reactants. Combustion reoctone take the
following formc

CH. + | x+Z]o, - x00, +ZH,0
i - 4 d -2

(B) When o chemical reaction takes ploce
in o container which prevents the entry
or escape of any of the esubstonces
involved in the reoction. the quonutes
of these components chonge oz some
are consumed ond others are formed
Eventuallw this chonge will come to an end.
after which the composition will rennoin
unchonged as long os the system rennoins
undisturbed. The system is then soid to be
in ots equilbrium state. or more simpluy, "ot
equilbrium’.

@ Related Theory

“= The equilibrium composition s independent of the

direction from which it ks approached (le. the [nitial
conditions).

= Reactions at dynamic eqebbrium are reverdble

(can proceed in either dErection] those ot static

equilibrium are brewerzble and can only proozed n
one direction.

(O Because an equilbniumn state = aochisved

when the forward reoction rate equals the
reverse reaction rate. under o given set of

condions there must be o relotonship
between the compositon of the system
at equibbrium and the knetice of a
reaction (represented by rote constants)
We caon show this relabonship using the
decomposition reaction of N,O, o NO,
Both the forward and reverse reactions for

this system consist of o single elementary
reaction. so the reaction rates are as follovs:

N,O, = 2NO,
forward rate = K, [ N,O,]
ond reveree rate = K [NO_J?

At equilibrium, the forward rate equals the
reverse rate (definition of equilibrium):

g0 . [NOJ ]:
K, [NO,]

The ratio of the rate constants gives us a
new constont. the equibbrium constant (K).

which s defined as follows:
Ko
II‘(I‘.'l

Hence there s a fundamentol relotionship
between chemical lunetics and chemical
equilbriunt under a given set of conditions.
the composition of the equilibrium mbdture
is determined by the magnitudes aof the
rate constants for the forward and the
reverse reactons.

K=

31. Write equilibrium constant for the following

reaction:
(A) NIO o = INJD:ﬁ

N 3
® KclO,, =Kel, +=0
(€) CaC,, + 50,,, = 2CaC0,,, + 2CO,
(D) Fe> _ + SCN-_ = Fe (SCN)™ __

(E) CuSO_. 5H,0,, = CuSO,,, + SH,0, ___,

Ans. (A) K M

<~ [N0.]
® K = [0,/

© ==l

[Fo. T

Fe(SQN)™
o *"f&e*-lfsm]]
©) = [PH,DT

A Caution

= Fpuiibrium egpressions for the heterogeneous

equilibria nvoliing a puve solid or a pure liquid
aon be eimplified by remouing theg concentrations
or particl pressure from the equation because
the molar concentration of a purs solid or bguid
remaine constant (e Independent of the amount
present)

¢



APPLICATIONS OF EQUILIBRIUM

'TOPIC1 |
APPLICATIONS OF EQUILIBRIUM CONSTANT

Before giving the applicatons of the equiibAium
constant let’s hove o look ot some of the important
features of the equilbrium constants

Important Features of the Equilibrium

Constant

(1) When concentrations of the reactants and

products hove attained o constant valus at
equiibnum cstote. then only expression for the

equilibrium constant is opplicable.

(2) The wvolee of the equilbnum constant &=
independent of the mitol and final concentrations
of the reactants and products.

(3) At a given temperature. the equilibnum
constont hos one unigque value for each reaction
represented by o bolanced equation. Equilibrium
constont is temperoture dependaont

(4) The equilibium constant for the reverse reaction
is equol to the inverse of the equilibrium constont
for the forward reacton

(S) The equilbrium constant for o reacton @
related to the eqguilbrium constont of the

equivalent reacbon. whose equotion @ obtained
by multiplying or dviding the equotion for the
oniginol reaction by a small integer.

Applications of the Equilibrium

Constant

(1) To predict the extent of the reaction on the basis
of its magnitude

(2) To predict the direction of the reaction

(3) To calculote the equilibrium concentrobons

Predicting the extent of the reaction

The extent of maognitude of o reaction is determined
by the numerncol value of s equilibrium constant

But the equiblbrium constant does not provide any
informotion about the rote at which the eqguilibrium

s reached The mognitude of K or K = directly
proportional to the concentrotons of products and
invergely proportionol w the concentrations of the
reoctants.

Some ovendews about the composmwon of equilibrium
mbctures are as follows

if K > 10°, product predominates over reactants and
the reaction proceeds nearly to completon

Example:
Hyg+ Clygy = ZHO 0t 300 K has K, = 4.0=10™

Hyp,y By, = ZHBr at 300K hask_ =54210"

If K < 107 the reactants predominaote over the
product and the reaction proceeds rarely.

The decompaosition of H O nto H, and O, at 500K has
a very small equilibrium constant K =4.1 = 10~

f K iz in ronge of 107 to 10°. considerable
concentration for both reactants ond products &
present

The gos phose decompositon of NJO, to NO, have
K =464 = 107 at 25°C which is neither too small
nor too lorge. Hence, equilibnum mbdures contain
appreciable concentrations of both N O, and NO_

K

Reaction puocmeds

lnoareily 107

Reaction proceeds
10° obutowt to completion

Eoth reactonia ond
producis are
prezent at
equilibriunn

Predicting the exzent of reaction bazed on I

Predicting the direction of the reaction

The equilibriumm constont helps in predictng the
direction in which a given reaction will proceed at any
stage. We howe o colculote the reaction quatient for
this purpose For a generol reaction:

agA+bB = cC+dD

o ICHIDF
< [AF[EP
(1) i Q_> K_the reaction will proosed in the reverse

direction

(2) K Q_<K_ the reacton will proceed in the forward
direction

(3) ¥ Q = K, the reacton mbawre is already at
equilbnum.




Eeaction piopeeds
tovverda reacucnie

Reaction praceeda
twards producis

Equilibrium

Example 2.1: The equilibrium constant, K_ for the
reaction: N, - + EIHM = 2NH, ot 500 Kis 0.061.

At o specific time, from the onalysis, we can
conclude that the composition of the reaction
mixture 3.0 mol L= of N, 20 mol L* H, and
0.5 mol L= of NH_. Find out whether the
reaction is at equilibrium or not I not, find in
which direction the reoction proceeds to reach
equilibrium.

[NCERT]
AnEs. Nu + BH:; — 2NH,
30 mol 122 0mol I 0S mol L=
o - NP __ (o5
° INJH,F @0)20)
=0.0104

Gaven thot K = 0.061
= Qci Kr_ the reaction @ not at equilibrium.

= Q. < K_the reaction proceads in the forward
direction to reach the equilibriun.

Example 2.2: Case Based:

Equilibrnium reactions and non-equilibrium reactions
are the two types of chemical reactions that can
occur m a system When the reactants are not
entirely dissocioted mto thewr ions. the reaction
becormes an equilibrium reaction. The full ionisation
of reactaonts is a non-eguilibrium reaction. The words
reaction quotient and egquilibnium constant are vsed
to describe the chemical processes that take place in
o system. The reoction guotient indicates how many
chemical spedes are present in a reaction mixture
The ratio between the concentrations of products and
reactants is known as the eguilibrium constant The
fundaomental distinction between response quotient
and equilibrium constant is that the former may be
computed at any time while the latter can only be
calculared at the pomt of eguilibrium.

Chemical Equilibnumn

®0 ®0-60-0C ®0-0-0

[]
“Erodes) i AMIC CHEMICAL EQUILIBRSUN
Corcontrabon E t Q

B
Roaction Rate E

Torme

Terne

(A) When H, is mixed with L, and equilibrium is
attained, then:
(@) Amount of HI formed s equal to the
amount of || dissodated
(b) The reaction stops completely
(c) Dissaclation of HI stop

(d) None of the above
(B) Which of the following factors fovours the
reverse reaction in the chemical equilibrium?
(@) Increasing the concentration of reactants
(b) Increasing the concentration of one or
more products
(c) Increasing the pressure
(d) Removal of at least one of the products at
regular interval
(C) For the reaction PCI, + O, = PCl, the value
of K_ = 25, then what is the value of K at a
temperature of 250°C7?

(D) The dissociation constant for acetic ocid and
HCN at 25°C a@re 15 x 10° and 4.5 x 10°
respectvely. What will be the equilibrium

constant for the equilibrium reaction
CH,COOH+CN =HCN+CH,COO" 7

(E) Assertion (A): The vaolue of equilibrium
constant K, gives us a relative
idea about the extent to which
a reaction proceeds.

The value of Kis independent of

the stoichiometry of reactants

and products at the point of

equilibrium.

(o) Both (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

() (A)is true but (R) is false.

(d) (A)is false but (R) is true.

Ans. (A) (b) The reaction stops completely

Explanation: When H,_ is miced with |, and
equibnum i ottamned. then the reaction
stops completely becouse at equilibrium

Reason (RE



the rate of the forward reaction is equal to
the rate of bacaward reacton

(B) (b) Increasing the concentration of one or

more producls
Explanotion: An inoreose i the
concentration of one of the products shifts
the equilibrium in the reverse direction ie. in
the fovour of the formation of the product

(C) According to the given reaction:
PQL+ O, =PA,
Kp = j‘(:: (RT}Mg
An@ =1-2=-1
Kp =25 » (0.0B2=x523)=
K, =058
(D) The equilbnum constont for indnadual
reactons:

CH,000H = CH,000-+H-
[CH,COO™|H*]
[CH,CO0H]

K=15x 103=
HON=2H + OV

Kj =45x 10> = M
[HON]
Now. CH,000H + ON- == HON + GH,000

. HONIG4,000] K,
[ONT][GH,000H] K,
1
45%107°
(B) (©) (A)is bue but (R) is false.
Explanation: The valus of eguiibrium
constant. K gives us o relotive idea obout
the extent to which o reoction proceeds
either in forward. badowvard or remaoing
equilibritnn
The value of K s dependent on the
stoichiometry of reactants and products at
the point of equibbrium. For example;  the
reoction s multuplied by 2. the equilibrium
constont is squared.

So. the assertion 8 true and the recson =
fales.

x15x10=> =333 x 10°

Calculating the equilibrium concentrations

if we lcnow the mmal concentrotion but dont lmow

the equilibrium concentratbons then the followmg
steps shaoll be followed:

Step i- Write the bolonced equoton for the given
reoction

Step 2: Make the table that lists for each substance

involved in the reaction:

(o) The initol concentration

(b) The change in the concentration on reaching the
equilibrium

(0 The equilibrium concentration

In the table define x as the concentrotion (mol/l) of
one af the chemicals that reacts when the reaction

reaches equilibrium. then use the stoichiometry of the

reaction to calculote the concentrations of the other
substances in terms of x

Step 3: Solve the volue of x ofter substituting
the eguilibrium concentration mnto an equilibrium
equation for the reaction

Step 4: Calculate the equilibrium concentrations from
the calculoted volue of x

Step 5: Chedc the results by substituting them mto
the equilbrium equation.

Example 2.5: 13.8 g of NO, was ploced ino 1 L
reaction vessel at 400 K and allowed to attain

equilibrium N0, & 2NO, . The total pressure
at equilibrium was found to be 8.15 bor. Calculate
K, Kp and partial pressure at equilibrium. [NCERT]
Ans. YWe lomow thot PV = nRT
Total volume (V) =1L
The moleculor moss of N,O,= 92 g
Number of moles 13.8/92g = 0.15 of the gas (n)
Gaos constant () = 0.083 bar L mol*K=
=400 K
From equatiort PV= nRT
Px 1L =0.15mol = 0.083 bar L mol2K==400 K

Temperature

P =498 bar
N,O,= 2NO,
Inttiol pressure : 4.98
N,O, = 2NO,
Inial pressure 498 0
Al 49B-x 2x
Hence P__. at equilibrium =P“§.ﬂ. +Fo,
=488 -x+ 2x
915 =(48B-x) = 2x
915=498 + x
x=915-498
x =417 bar

Partal pressure at equilibrium is:
Pyo = 4898 - 417 = O0Blbar

N,
PL‘D:= 2x = 2 x 417= 834 bar
P 3
i (_'“Da}_
" P
Oy
(839)
=——— — H5 H7
0B1 858
K = K(RT)2y
8587 = K(0.083x=400)*
Kc =25868=26



'TOPIC2

RELATION BETWEEN EQUILIBRIUM CONSTANT (K), REACTION
QUOTIENT (Q) AND GIBBS ENERGY (G)

The value of K_for the reaction does not depend on the
rate of reaction It ts related to the thermodynomics

of the reaction and change in Gibbs energu. AG.

If

(1) AG = negouve. then the reoction is sponionecua
and praceeds in the forward direction

(2) AG iz positive. then the reocton & mnon-
spontaneous and goes n the badavard deection

(3) AG & zero. then the reaction hos achieved
equilibrium. No free energy iz [=ft to drive the
reaction at this point

Free energy change (AG) is reloted to the standard
Gibbs free energy (AG®) as follows

AG =AG® +RTIn Q,
Or AG =AG + 2303RT log Q.
At equilibrium the AG=0and Q_=K_
AG® =RTInK_
or AG® =-2303RTlog K,

Talang antilog on both sides
K = eg2cym

[{'ﬂ Important

== The reaction spontaneity can be interpreted ax

(1) If K>1 then AG = -ve le. reaction [& spontaneow= and
proceeds in the forward dErection

(2) If K<1 then AG = :ve ie. reaction is NON-SPoNEaneous
and proceeds in the forward direction to such a emall

extent that only a minute guantity of product k= nmed
Hence the reaction lc spantaneocus n the bachward

direction

Example 2.4: The value of AG® for the
phosphorylation of glucose in glycolysis is
13.8 kJ/mol Find the value of K_at 298 K. [NCERT]

Ans. Giverct AG® = 138 lkd/mol = 138 = 10° J/mol

AG® = -HT In K_
_ —13Bx10° Jfmol
B314J)maol ~k— x 298¢
Hence. In K =-55B68
K = g5
K =381x10

Example 2.5: Case Based:

Equilibrium #s the process in which properties [ge
pressure. temperature and volume show no change
The eqguilibrium constant s wsed to characterise the

equilibrium condition. This equilibrium constant &
the ratio of the concentration of product to reactant

roised by the power of stoichiometric quotient. This
some rato at condmions other than equilibrium i
lnown as reaction quotient and their difference is
represented if the reaction proceeds in a forward or

bacoward direction. The relation is developed between
the reaction quotient Q_. equilibrium constant K, and

Gibbs energy Josioh Willard Gibbs invented Gibb's
energy in the 1870s He originally referred to this
energy as a system's “availoble energy” "Graphical
Methods in the Thermodynamics of Fluids" was the
paper he released in 1873 which explained how his
equation could anticipate the behaviour of systems
when they were coupled

Bin [Products] Producra] _ [Products]
[Reactants] [Reaceants] - [Recctontg]
Q> K Q=1 Q<
*Nuu miecten to b “‘i}lr:rrn::nl.'t::'v»:\r:'.«'.'tin::'--::.'r Batsuacien r.nrig,&

(A) The value of K for the reaction 2X=Y+Z
is 20x10°. At the qglven time the
composition of the reoction mixture is
[X]=[Y]=[Z]=3x10""M. In which direction
will the reaction proceed?

(o) Forward
(b) Bacloward
(c) Equilibrium is attained
(d) None of the above
(B) When is the reaction non-spontoneous?
(@) Gibbs free emergy is positive.
(b) Gibbs free energy is negative.
(c) Does not depend on Gibbs free energy.

(d) Gibbs free energy is zero.

(C) The extent of dissociation of PCL at a certain
temperature is 20% at one atm pressure.
Calculate the pressure at which the substance
is 50% dissociated at the same temperature.

(D) The Gibbs energy change for the reaction
AG® = 63.3 IdJ. Calculate the K_ of
Ag,00,, =
temperature.

(E) Assertion (A): Equilibrium constant for the

reverse reaction is the inverse
of the equilibrium constont
for the reaction in the forward
direction.

- -7
2Ag",, *+ CO,7_, at room

Reason (R Equilibriumm comstant depends
upon the woy in which the

reaction s writtemn.



(a) Both (A) and (R) are true and (R) is the correct
explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(c) (A) is true but (R) is false.
(d) (A)is false but (R) is true.

Ans. (A) (b) Baciward

Explanation: According to the given
reacon: 2X = Y + Z the vaolue of Q_ &
calculoted os

0 V21 _3x10°x3x10™
< IXP 3x10*x3x10™°

Therefore. Q_ > K_so. the reaction will go i
the baclkward drection

(B) (o) Gibbs free energy is positive

Explanation: The Gibbs free energy s non-
spontanecus when s valus s positve
A very emoll omount of product is formed
or we can soy that t fovours the backward

L §

reactbon
(C) The dissoaation reaction can be given as:
P, = PQ,+Qq
Patlowm 1072 02 02
Patxatm 1-05 05 05

« -(02/12)02/12)
> (08/12)

at 1 oum

(0S5xx[15)(0Sxx[15)
- (05xx/15)
o 15x004
12x0Bx05
(D) Srtandard Gibbs energy i denoted as
AG® =-2303RT log K_
633 = 10°) =-2303 = 8314 = 298 logk_

=0.125

log K_=-11.09
£= ID-IE.IJD
K==E x 10~V

(B) (o) Both (A) and (R) are ue and (R) s the
correct explanation of (A).
Bxplanationt H, +L, = 2HI
P
© HL)
For the revesse reaction
Hl=H, +L

i Ll

sy
© HE K

'TOPIC3
FACTORS AFFECTING EQUILIBRIA

A system ottains equilibrium under o specific set

of condmions and remnoing in the some state of
equilibrium as long as these condiions are maointained

constant. A chonge in these conditions disturbs the

equilibrium and couses o net recction to occur. This
reaction helps the system to attoin equiibrium again

olthough the new state of equilibrium is different fram

the earlier one Before discussing about these factors
we should first learn obout Le-Chatelier’s prinaple

that will help in quolitotive prediction about the effect
of a change in conditions on equilibrium

Le-Chatelier's Principle

In order to predict the effect of chongmg the
condrions of the system at equilibrium. Henry Louis
Le Chatelier. o French chemist. proposed o general
principle in 1BB4. The prinaple i8 commonly lhown
os Le Chatelier’s principle. The principle can be stated
as follows:

When a constraint (stress) is appbed on a system at
equilibrium, the system behaowves in such o way eo as
to undo the effect of the constraint

The principle can olso be stated as follow=

I o system ot equilibrium iz subjected tw a change
which displaoces it from the equilibium o net reaction
will occur in o direction that opposes the change

Le Chaotelier’s principle can be applied to any physical
or chemicol system at equilibrium To a chemical
system ot equilbrnum, the constroint can be applied
by changing the concentration of reactants or
products. by chonging the pressure of the system.
or by changing the temperature. Therefore. for
a chemical system at equilibrium. Le Chatelier’s
principle can also be stoted as given below

"When o cdhemical system ot equilibrium &=
subjected to o chonge in concentration, pressure. or
temperature; the equilibnum shifts in the dwrection
that undo the change”

Le Chatelier’s pnnaple is very helpful m the qualtatve
prediction of the effect of o chaonge in concentration.
pressure, or temperature Now we sholl discuss obout
the factors affecing chemical equilibriunn

Effect of concentration change

According o Le Chatelier's principle. o sustem at
equilibrium has o tendency to counteract any change
imposed on it Therefore. when the concentrotion

of o substance is chonged. the equilbrium shifts
in the direction in which the effect of the change of

concentrobion could be reduced. For example, if the

concentration of a particular reactont @ increased, the
system would [&e to reduce the amount of the added



substance This is possible only when the reactants
combine to form the products. Thus forward reaction
occwe and the equilibinum shifts wowards nght
In case the concentration of o product is increased.
the equilibrium shifts towards left in order to
decrease the amount of the odded substance. Thus
for o general reacton A+B — C+D, we hove

Concentvotion Concentration
increased fncrecsed
7% ¢\
A+:Bs=C+D A+B=C+D
Equilibriumn shfts < Equadbmuem ghafs
bnfornard disectlon . on badaward daction

Similorly. o decrease n concentration of any of the
reactants will cause the equilibrium to shift towards
left (baclavard reaction will eccur) while o decrease
in the concentration of any of the products will cause
the equilibnum to shift towards rnight (ie. forward
reaction will oocur).

Concentation Concentration
decreosed
5 o=
Az:B=C+D A+B+=C+D
. Eqpilibritm et Equilbrium chifs
" lin hadovard disection im fonward diroction

Hence. for the present speofic case of the chonge in

concentration. Le Chatelier’s prinaple can be restated
as follows.

When the concentroton of any of the reoctants
or products is changed. the system readjusts @self
by shifting the equilbrium n o dwection which
counteracts the change in concentration thot was
maode

Let us consider some specific examples to see the
effect of o change in concentration

(1) Formation of complex ferric thiocyanide ion:

The formation of this ion can be represented as
e, +SON,, = [FeSONI™,,
Qulon) Evestany f2eap rad)

In this reaction F=* ond FeSCN?** ions age
coloured and possess yellow and deep red
colours respectively whereas SCN- tons ase
colourless. When a ealt capable of giving Fe* ions
(eg. FeCl) or a salt capaoble of giving SON- ions
(eg. FeSCN™) is added. the colour of the reaction
mixture becomes deep red This ndicates that
the equilibrium has shifted towards rnght and the
forward reoction involveng the combinotion of
Fe®* ond SON- ions to give FeSCN?" ions occurred.
This is tn occardance with Le Chatelier’s prinaple
If o smoll omount of sodium fluoride = odded.
the colowr of the solution becomes lighter. This
ie because F jons are given by sodium fluoride
combined with Fe** ions aond decease ther
concentration. Removal of Fe® ions causes
the equilibnium to shift towards left te. deep
red-coloured FeSCN”* ions dissodate to gie
yellow-coloured F=*> ions. Thus. the colour
becomes lighter.

(2) Formation of lime in a lime kiln: In a lime laln.
the me (CaQ) is prepared by the decompaosition
of imestone (CoCO ) according to the following
equation

Ca(Q0O,,, = Co0,, +CO,

Limme cannot be formed effectively unul the
equiibnum shifts in the forward derection This
can be achieved by the continuous removal of
CD:g The design of Lme laln is such thaot the
carbon dioxade formed in the reaction escopes
continuously. According to Le Chateliers
prindple, removal of CO_ gos (1= decrease in the
cancentration of CO,) causes the equilibrium to
shift towards right to compensate for the loss of
00, escaped. Thus, a forward reaction occurs ond
the mestone continuously decomposes to give
lime.

(3) Formaotion of ammonia: The reaction invohang
the formation of ommania is as follows

N,o = 3H = 2NH,

At equilibium. the concentration of ammonio
becomes constant and mo more ammonia s
formed. Therefore to effect the formation of
more ammonia. the equilbnum must be maode
to shift in the forward direction. According to Le
Chatelier's principle. this can be achieved either
by increasing the concentrotion of N, (or H)) or
by decreasing the concentration of ammonio.
In Hober's process (the process wsed for the
manufacture of ammonia). the ommania formed
iIs conunuously removed from the reaclion site
by Uquefacton This compels the system to
formmn more and more ammonio in the quest of
attaining equibbrium

(4) Transport of oxygen by hoemoglobin to the
tissues: Tha red corpuscles present in our blood
contain hoemoglobin (Hb) It corries oxygen
thot we inhale to the tssues of the body
Hoemoglobin combines with oxygen in the lungs
to form oxyhaemoglobin (HbO.) according to the
equation

Hb,, + O = HbO,,
In the tissues the partial pressure of oxygen &
low. Therefore in tissues, in accordance with Le
Chatelier'’s prinaple. the above equilbnum ehifts
towaords left to increase the portial pressure of
oxygen. Thus. oxyhoemoglobin decomposee to
give up the oxygen to the tissues

(5) Removal of CO, from the tissues by the blood:
In addition to suppluing oxygen to tssuea blood
removes C0: from them The equilibrium involved
is

m?l]g-] + H.‘Dm ‘__‘H.:nu + HC}C};Mj

The partial pressure of OO, in tissues & high
Therefore. OO, dissolves in water present in the
blood In lungs partiol pressure of GO, is low.



Therefore. when the blood retums to the lungs
the obove equilibrium ehifts towards left and CO,
dissolved in blood gets released from it

Effect of pressure change

The effect of change in pressure ® significaont only
for those systems which involve goseous substances
and the equilibrium reaction involves o net ncrease
or decrease in the number of moles (te. An=0)

of the goseous substances. For this specific cose
Le Chatelier’s principle can be restated as follows.

When presswre iz increased (or deceased) on a
system containing gaseous substonces in equilibriunm
then the equilbrium shifts in that deection which

tends to decrease (or ncreose) the pressure and
hence to decrease (or increose) the number of molea

The pressure of a goseous system is proportional to
the total number of moles of substonces present in
it if o reoction involves the decrease in the number

of moles. the pressure of the system will decrease
Similorly. o reaction involving an increose m the

number of moles tends to increase the pressure of the
system. Let us consider the following general reacton

ah, + BB,y = G,y + dD,

Qc=|c“”| lel
Aumr[er

With an increase in pressure. the volume of the
system (products) decreosed and heno=. the value of
Q. decreases (Le. Q_ << K). Thus. in order to ochieve
the equilibrium ogoin. the reaction proceeds in the
forward direction

For example. let us consider the following reacton

Ny, + 3, = 2NH, -AH =22 4kcal

-

NH, |
[N o]

This reaction proceeds with o decrease in number of
moles in the forwond direcon. More ammonio can

be formed only when the pressure on the system
iz increosed. An increose in the pressure decreoses

the volume and hence an increases in the number
of moles present in the wnit volume According to Le
Chatelier’s principle. the equilibrium must shift in the
forward direction to oppose the increase in a number
of moles per unit volume Hence more nitrogen and
hydrogen combine to form more ammonia

Example 2.6: Does the number of moles of

reoction products increose, decremse or remain
the some when each of the following equilibrio is
subjected to o decrease in pressure by increasing

the volume?

Qc=

@ PA.,= +Cly
(B) (:um‘.:).{_I + CO,H e CﬂCO,{_}

(© Fe, +4H0  =Fe0,, +4H [NCERT]

Ans. According to Le Chatelier's pringple. on
decreosing pressure equilibnum shifts in that
direction where pressure increases (te. number
of moles in goseous state are more) Therefore
number of moles of products in

(A) increases

(B) dereases
(C) remains same. (H"f'snE = 0. there is no effect
of change of pressure).

Example 2.7: Case Based:

Sometimes we can change the position of equilibriurm
by changing the pressure of a system. However.
changes in pressure have a measurable effect only
in systems in which gases are involved. and then anly
when the chemical reaction produces a change m the
total number of gas molecules in the system. An easy
way to recognize such a system is to look for different
numbers of moles of gas on the reactant and product
sides of the equilibrium. While evoluating pressure
(os well as related factors lixe volume). it is important
to remember that equilbrium constants are defined
with regard to concentration (for K) or partial
pressure (for K) Some changes to total pressure. like
adding an mert gas that s nat part of the equilibriurn.
will change the total pressure but not the partial
pressures of the goses in the equilibium constant
expression. Thus. addiion of a gas not mvolved in
the equilibrium will not perturb the equilibrium. As
we increagse the pressure of o gaseous system at
equilibrium, erither by decreasing the volume of the
system or by adding more of one of the components
of the equilibrium mixture. we mtraduce a stress by
moreasing the partial pressures of ane or more of
the components. In accordance with Le Chatelier’s
principle. a shift in the equilibrivm thaot reduces the
total number of molecules per unit of volume will be
fovoured because this relieves the stress. The reverse
reaction would be favoured by a decrease m pressure.

(A) Which of the following reactions will not get
affected on increasing pressure?

(@) ZHm,-.; + C‘Dm = CHJDHM

(b) 4NH,_+50, <4NO_ +6HO

(€) CH,p+28,,, =G5, +2H,;S,

{d) Pd'-'-lvl -~ Pa'-'(l‘-‘l <3 CL-W.OJ

B) In which of the following reactions the

increose in pressure will favour the Increose in
products?



(@ 2NO,+0,  =2NO,

() I

(b) PC[-"ISI} = PC[IIFJ' i Cl!l‘l'

(© PO, +C,,,=PC,,

(@ 2cC0,,,=2C0,,+0,,

I 1) B

(C) A gas is in equilibrium with water at a certain
temperature and pressure. What will happen if
the pressure of the gos is increased?

(D) The dissociation of phosgene (COCL) is
represented as follows:

COCl;m ;‘Oﬂm +CL.-UJ

When a mixture of these three goses at
equilibrium is compressed at a constant
temperature, what hoppens to the partiol

pressure of COCL?
(E) Assertion (A): More ammonio eon be formed

only when the pressure on the
system is increased.

Reason (R): An increase in the pressure

decreases the wvolume and
hence on incremse in the
number of moles present in the
unit volume.

(o) Both (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(©) (A)is true but (R) is false.
(d) (A)is false but (R) is true.

Ane. (A) (¢ CH% +25:§ == CS__@ + ZH:‘Sg

Explanation: Sznce the number of moles
of goseous reoctants and products are the
some. the reaction will not be offected by
changing the pressurs.

®) @ PO+ =PA,,

Explanation: According to Le Chatelisr's
prinadple. the equibrum must shift m
forward direction to oppose the increase
n number of moles per unit volume. Hence
decreose in number of moles in the reaction
makes it fovourable ot high pressure.

(C) If the presswe of the gos is increased the
solubility of the gos in woter will also
Incregse

(D) The paruoal presswe of noreases
when the moaure of these three goses at
equilbrium is compressed ot o constant
temperature

(E) (o) Both (A) and (R) are true and (R) is the
correct explanation of (A)

Explanation: According to Le Chatelier's
prindple. the equilbrium must shift n

forward divection to oppose the increase in
number of moles per unit volume. Hence.

more nitrogen and huydrogen combine to
form more ammonio.

Effect of inert gas addition

Since inert gas does not tale part in the reaction. o

the equilbrivum remaine unaoffected  the volume =
kept constant. This is because at a constont volume.

the partiol pressurez or the molor concentrotion
of the substance involved in the reaction remain

unchanged.

If an inert gos is odded to on equilbrnum process at
constant pressure. the volume of the process will

mcrease. Hence, the equilibnum will shift in o direction
in which there is an increase in number of moles of

the goses.

Effect of temperature change

At equilibrium. both forward ond bodavard reactions
occur eimultoneously and in opposite directions. If

one of the reactions is exathermic. the other must be
endothermic, te i the forward reaction proceeds with

an evoluton of heat. the badoward reaction must

mvolve obsorption of heot. When the temperature s
mcreased. the heat is odded to the system. Therefare.
according to Le Chatelier's prindple. the equilibrium
must shift in the direction which involves absorption

of heat. Hence for the present case. Le Chateliers
principls can be stated os follows.

“When the temperature of a system at equilibrium
1= increosed. the equilibrium shifts in that direction n
winich heot s absorbed”

For an exothermic reaction: In an exothermic
reoction, the increase in temperature causes the
bodavard reaction to occur resulting in an increose
in the concentration of reactants. On the other hand.
if the temperature of the system is decreosed. heat

18 withdrown. This compels the equilibnum to shift
in the forward dizection to compensote the loss of

heat resulting in an increcse in the concentration of
products. Thus. in an exothermic reaction. a greater

yield of products can be obtoined by lowering the
temperawise.

MO, = NO_ :AH=-577 kimol™
Eoam)  (Colowisss)

When the temperotwre of this system is increased.
heaot iz supplbied w it from outside. According to Le
Chatelier’s principle, the equibbrium chould shift in
the direction which involves the aobsorption of the
odded heat. Obwiously. the baclowvard reaction is

endothermic. Therefore. the equilibrium shifts from
right to left te. brown colour intensifies due to the

formation of NO_ On the other hand. decrease in
temperature shifts the equilibrium towards right and

more N,O, s formed thereby decreasing the intensity
of brown colour. Hence formaton of NIO‘ is possible

only at low temperotures

For an endothermic reaction: An incease in
temperature in on endothermic reacton will help
more reactants to combine together and to change



in the products resulting in o higher yield of products
On the other haond. o decrease in temperature will

fovour the bodavard reaction to oocur resulting in an
increose i the concentration of reoctanta

[co H,D) L s F[mrrﬁ‘a&lpﬂ

The reaction is endothermic in the forward dection
and exothermic in the bockward direction. Accarding

to Le Chaotelier’s principle. an increose in temperatuze

will favaur the forward reoction to oocur. Therefore. at
room temperature. the colowr of equilibrium mbduwre

is blue due to [CoCl > whie when cooled the motse
turns pink due to [Co(H,0) ™"

Example 2.8: Case Based:

When hydrogen reacts with gaseous odine. heat =
evoled

|-|:{E[l + lngj = }ﬂmm-] =—-94k] (exothermic)

Becouse this reaction s exathermic. »= can nirke i
with heat as o product

Hyythg = 2Hl, + heat

Increasing the temperature of the reaction increases
the internal energy of the system. Thus. increasing

the temperature has the effect of increasing the

amount of one of the products of this reaction. The
reaction shifts to the left to relieve the stress and

there is an increase in the concentration of HJ and

I, and a reduction in the concentration of HL Lowering
the temperature of this system reduces the amount

of energy present favours the production of heaot and

foavours the formation of hydrogen iodide. When we
change the temperature of a system at equilibrium.

the equilbrium constant for the reaction changes
Lowering the temperature in the Hl system increcses

the equilbrium constant At the new equilibrium
the concentration of HI hos increosed and the

concentrations of H, and |, decreased Raising the

temperatuwre decreoses the walue of the equilibrium
constant. from 675 at 357°C to 50.0 at 400°C

(A) When | dissociotes to its atomic form the
following reaction occurs:

L, =2 ;AH=+150 kI

The reaction is favoured o
(o) Low temperature
(b) High temperature
(c) No chaonge in temperature
(d) High pressure
(B) The equilibrium constant of a revessible
reaction at o given temperature:
(o) Depends on the imitiol concentration of
reactants.

(b) Depends on the concentration of products
at equilibriwnn.

() Does not depend on the initial

concentration
(d) It is not a characteristic of the reaction.

(O) A gas is in equilibrium with water at a certain
temperature and pressure. What will happen if

the temperature of the gas is increased?

(D) In which direction equilibrium is expected
to shift on increasing temperature in the

following reaction?

2C0, ., =200,

w v

y+ Ozm,ﬂH +212 keal

(E) Assertion (A): For any chemicol reaction at
a porticulor temperature, the
equilibrium constont is fixed
and Is a characteristic property.

Equilibrium constant is
independent of temperature.

(@) Both (A) and (R) are true and (R) is the
carrect explanation of (A).

(b) Both (A) and R are true but (R) is not the
correct explanation of (A).

() (A)is true but (R) is false.
(d) (A)is false but (R) is true.
Ans. (A) (b) High temperature

Explonation: Endothermic
fovoured at high temperature.

Reason (R}

regcuon =

(B) (c) Does not depend on initial concentration

Bplonation: Equilbrium constant =
unaftected by changes in the conoentrations
of reoctant and product

(C)If the rtemperature & increased the
solubility of the goa in water will decrease.

(D) 200, =200 _+0, -AH=+212 keal

In the given reaction the equilibrium i=
expected to shift in forward direction on

INncreasing temperature.

(E) (c) (A) is rue but (R) is false.
Explonation: Equilbrium constant &
temperature dependent

Effect of Catalyst

A catolyst does not affect the state of equilibrium and
the volue of equilibrium constant remains the same
no matter whether the catalyst is used or not. This s
becouse o cotolyst catolyses both forward and

bodoward reactions to the eame extent. Therefore. the
volues of K, and K| (rate constants for forward and

bodowvard reactions) incregse to the some extent

Hence the volue of equilibrium constont [K=%]

rermoms the some Thus. the presence of a catalyst
does not change the equilibrium point it simply helps
to attain the equiibnum faster.



Let ua consider

- Hober's process of synthesis of ammonia

N, +3H,  =2NH, ~AH=-274 kcal

Although low temperature fovours the formaotion
of NH_. yet an optimum temperature i@ set, as the
rate of reaction ig very slow ot low temperature. A
temperature of S00°C is eslected and o pressure of
200 otm = applied. To enhance the rote of reacbon
o catolyst. finely divided iron containing molybdenum
(octs os o promoter) is used.

Manufocture of sulphuric oad by contact process
ESDm] + D:m = ZSD“H]:K: =17x10

Fast step of the process is very slow eo its speed
i5 increosed by using a catalust like plotinum or
divanadium pentaoxide V,0,.

A Caution

- e srudents ger canfused that catolyst s added as a
g

reactant to be part of the reaction but the catalyst increases
the rate of forward and bacovard reactions by the same
factor hence does not change the equilibrium congtant

COBJECTIVE Type Questiong

[ T mark ]

Multiple Choice Questions

i. For the reaction H + | — 2HI the

standard free energg:ifgﬂG" >0.
The equilibrium constant (K) would be.— .

(o) K=0 b)) K>1
(c) K=1 (d K<1
[NCERT Exemplor]
Ans. (dK<1
Bplanation: AG® and K are reloted ax
AG*=-RTInK

When AG® > 0 means AG® is positive.

This can be so if the value of K is negotive i=_
K < 1 according to the relation

2. Predict the Q_ value of the reaction when
0.080 M and 0.015 M of SO, and Cl, are

combined to form SOCL, of 0.200 M

if K = 0.078.
(c) 0.03 M (b) 0.0006 M
(c) 0.006 M (d) 0.08 M

Ans. (c) 0.006 M

S G A
Bplonation: Qc_—m

_ (0.080)(0.015)
~ (0200)
=0006

3. Which of the following options will be
correct for the stage of half completion of
the reaction A = B?

(o) AG®=0 (b) AG°>0
() AG° <0 (d) AG°=-RTIn 2
[INCERT Exemplor]

Ans. (g) AG°=0
Explanation: Formulo used is
AG® = —RTInkK
Since ot holf stage completion [A] = [B]
Thus,
K = [product]/[reactant] = [B)JJA] = 1
As for 50% completion both product and
reactant will hove equal conoentraton

In(K) = Ln(1) =0
AG® = -RT(0) = 0.

4. In the following reaction, Pa!u =PC + Cl:‘
the value of K, = 0.497 and 500 K

The three gases are mixed in a rigid container

so that the portiol pressure of each gos
is initally latm. Which of the following
statement is true regording this?

(0) More PCL, will be produced.
(b) More PCL, will be produced.

(c) Equilibrium is established when the
reaction is completed.

(d) None of the above.

Ans. (a) Mare PCl, will be produced

Explanation: Fust calculate the value of Qp for
the given reactiarc

P. . xP
o -4
A,
1 atmx1 atm
—— = 1
% 1 atm
So. here the value of Q> K_The reaction will go
m the backward direction. Thus. more P, will
be produced.

5. For the reaction 254(3.!E + 0. = 25{}:@ at

1 -~ R
300 Kvalue of AG® =-690.9R. The equilibrium
constant for the reaction at that temperature
is:

(@) 10 aom™ (b) 11 atm™
(c) 102 atmn (d) 10 atm
Ans. (a) 10 atrr
Explanation: AG® = -RT Ink
Or AG® =-2303KTlogkK
-6908R =-2303R = 300 logk

1 =logk
K =10

Sa ths volue of equilibrium constantis 10 atm.



6. The equilibrium constant of the reaction may
be written as:

(a) K = g3

(c) K=ge>4r
Ans. (g) K= g1

BExplanation: Smee. AG = AG® + RTIn Q,

(b) K=e=¥
(d) K=e=*

At equilibrium AG =0and Q.=K_
AG® =-RTInK,
Taldng ontilog both eides we get
K’c = g2

7. The equilibrium is established at 300 K for the
reaction: 5, + H, , = H,5 ; K, =0.08.
Iif 1 mole of both H, and § are heated to 300K
in 1L vessel, whaot will be the partial pressure

of H,5 at equilibrium?
(@) 1 atm (b) 1.7 atm
(c) 4.1 atm (d) 4.69 atm

Ans. (b) 1.7 atm
Explanation: S, + H, = H, S

1-x X
1R
AT
K
X
008 =
=3 1-x
= x =007
Now partiol pressure of H_S is calculoted ax
n
p =| 2L |rT

=007 = 0082 = 300
=172 atm

8. A sample of NOCl was decomposed to form
0.015 mol of CL, and 4.00 mol of NO. The
contents of the reactor were then aonalyzed
ond found to contain 2.01 mol of NOCL
Calculate the value of K.

() 0.5238 (b) 0.4358
(c) 0.0523 (d) 0.3122
Ans. () 05236

Explanation: ZNOCIM #2!‘\10{9}-#{1_‘{9]

@ Related Theory
= A reverzible nzaction is ane in which the reactants
generate products that In tum react with each other
o ghe the reactants back to thelr original state

In resersible procssses the concentratlons of the
reactants and products will no longer fluctuate.

Fonaard reacticm >

Reactants
< Baclword reaction

9. In the reaction; FE(OH)“I} = Fe** j + 30H-,

iftheconcentration of OH-lonsisdecreased by
1/4 times, then the equilibrium concentration

of Fe’* will increase buy:
(o) B times (b) 16 times
(c) 64 times (d) 4 times

Ans. (c) 649 times
K. =[x]:3x]] Q)

When concentration of OH-ions is decreased by
.

— Umes

|

-

Producrs

Explonaotion:

J
[¥]

.

k=[] 3_; @

3x
4

Equoting eqs (1) and (@) f('__=[1']

xx(ax):':x‘(%{]]

B4x =x

Assertion-Reason (A-R)

In the following question no. (10-14) a statement

of assertion followed by a statement of reason
is given. Choose the correct answer out of the
following chaoice.

(o) Both (A) and (R) are true and (R) is the correct
explanation of (A)-

(b) Both (A) and (R) are true but (R) is not the correct
explanation of (A).

(c) (A)is true but (R) is false.

(d) (A)is false but (R) is true.

10. Assertion (A): For any chemical reaction
at a porticulor temperature,
the equilibrium constant is
fixed and is a characteristic

property.

Reason (R): Equilibrium constaont is

independentoftemperature.
[NCERT Exemplar]

Ans. (c) (A)istrue but (R) is folse
Explanation: The equilibium constant &=
dependent on the temperature [t hos one
unique volue for the partculor reaction at the
given temperature. Hence. the aossertion is true
and the recson is false.



13. Assertion (A): The equilibrium constant for
the given reaction is

CaC0,, —— Ca0, + CO_ is

11. Assertion(A) : IFQ_<K reaction movesinthe
direction of the reactant

Reason(R): Reactlon quotient s defined in

the some waoy as equilibrium CaCO
constant at any stage of the K_= g
reaction. CuO][CO,

Reason (R): Equilibrium comstant  is
the rotio of the product of
molar concentration of the
substances  produced to
the product of the molar
eonoentnations of reactonts

Ans. (d) (A)is falze but (R) is rue.
Explanation: aX + bY 2 cU + dW
o -IUrWr
? IXFIYTP

Thereoction quotientis defined m thesame way

as the equilibrium constant. The given assertion
i3 wrong occording to the conditions. because
for the Qp < Kpr reaction proceeds in the drection

of the product and the reason s correct

with each concentration term
raised to the power equal to
the respective stoichiometric
constant

Ans. (d) (A)is false but (R) is rue.

Explonation:Theassertionis wrongbecause for

= Related Theory the given reaction CaCO, and CaO are given as

= (Condiuons:

(1) If Q_ > K_ the reaction udll proceed in the reverze
direction.

() If Q, < K_ the reaction wdll proceed bn the forward
direction

G) If Q, = K, the reaction miwse = olready at

solid because the molor concentration of solids
= taken as unity. Meanwhile. the given reason
defines the equilibrium constant correctly.

K. =[O

squillbriam A Cautlon

e Studente chould always remember that molar
12. Assertion (A): The Gibbs free energy for

reaction is minlmum ot
constant temperature ond

pressure for the reaction ot
equilibrium.

Reason (R): The Gibbs free energy of both
the reoctonts and products

increase ond are equol at
equilibriumn.

Ans. (c) (A)is true but (R) is false.

Explanation: The Gibbs free energy is given as:
AG=AG® + RHnQ

At equilibrium. AG® =0 thus the value of AG =
mininum at this condion

The Gibbs free energy of both the reactants and
the products becomes equal at the equilibrium

They maoy increase or decreose also at certain
conditons

concentration of solids and liquids are not considered
for writing the K_or Q_of any reaction. Only gases are
considered for the came.

14. Assertion (A): In the dissociation of P

at constant pressure an

temperature, oddiion of
helium atequilibriumincreases
the dissaciation of PCL.

Reoson (R): Helium reacts with CL and
hence shifts the equilibrium in
forward direction.

[NCERT Exemplar]

Ans. (c) (A)is true but (R) is fals=

Explanation: Helium = an inert gos and hence
does not react with CL_ However, to keep the
pressure constont on additon of heliunm, volume
of the system will increase which will fovour
forward reaction

(CASE BASED Questions (CBQs))

[& &5 marks ]

= the value of &s reacton quotient at chemical
eqguiibrium. o state reached by a dynamic

Read the following paossaoges and amnswer the
questions that follow:

15.Many chemical syscems as well as

physiological processes like oxygen transport
by haemoglobn in blood and aad-base
balognce in the human bodu requioe an
understanding of eguiibrium constants The
equilibrium constont of any chemical reaction

chemical systemn after a period of time has

passed in which its composition shows no
observable tendency to change. Equilibrium

constants include stability constants, formabion
constants binding constants, associaglion

constants and dissociation constanis



Allowing a single reaction to reach equilibriurn
and then meosuring the concentrabions
of each chemical involved in that reaction
yields the numencal value of an equilibrium
canstant The rabo between the product and
reactant concentrations s computed. Because
concentrations are recarded at equilibrium
the eguilbrium constant remains constant
regardless of initiol concentrotions for a
specific reaction

(A) For the equilibrium, PCI, —» PCL, + CL,
K_= a’/(1-a)V. What effect does a change
in volume howe om the equilibrium

constant for o particular reaction if the
temperature remains constant?

(B) In the following equation, what chonge in
temperature is seen to drive the reaction
in the forward direction?

.lzm = Z.I’E; AH at (29BK) = +250kJ

(O) Equilibrium concentration of H, and |, are
heated to equilibrium in a 2 litre flask. At
equilbrium, the forward ond bacloward
rate constants are found to be egual
(1) What is the equilibrium concentration
of H ond L7

(i) What percentage of the imitiol
concentration of H, hos reacted ot
equilibrium?

Ans. (A) For the given equilibrivmn reocton. the

K ia the choracteristic constant for the
given reaction at a particulor temperature.
The equilibrium constant depends on the
temperature only It does nmot depend on
the concentration or volume So.  the
temperature remaoins constant and the
volume changes. then there wil be no

change in the value of K_
B) ,::ss# 2.\'@: AHP(298 K) = +250 IJ

It is an endothermec reaction beoouse
the proosss requees heat energy from
the suroundmg and the volus of AH® &
positve For the reocton ™o ooow, the
energy consumed in the reaction acts as an
mclination or octivation energu. As a result of

thia there is o nss in tempertee ond hence.
the reaction shifts in the forward dErecton

H +L = 2H

O @) lniiol 1 1 0
Ateq I-r 1-x 2x

1-x 1-x 2x

2

2 2
K
K=—L=1osK, =K,
K
(-]
HI
1 HIF

= 1=
1—x

=:~1:=1=[]33
3

Hence the equilbrum conosntration
for bothH, and |, is 1-x

= 1-033=087
(@ I mol concentrotion of H, reacted =x
Therefore,
x = 100=033 = 100
=33%

16. The reaction quatient is a number in chemical

thermodynamics that offers a measurement
of the relative amounts of products and
reactonts present m a reaction mixture at o
given moment in time for a reaction with well-
defined overall stoichiometry The reaction
quotient is constant across ume and equal to
the equilibnum constant when the system is at
equilibrivm.

(1) If the volve of reaction quobtient (Q_)
is greater than thaot of the equilibrium
constant (K_). the reaction tends to form
more reactants.

(2) If (Q.) = lower than (K). the reaction tends
to form more products in order to keep the
equilibrium.

() If(Q.) and (K ) are equal then the reaction
mocture s at equilibriurm

As the reaction progresses. the actvives aof the
species. and therefore the reaction quotient
vary i a way that lowers the system's free
energy. The Gibbs free energy of reaction
governs the deection of change by the relation
AG = AG® + RTInQ.

(A) The equilibrium constant K for the
reaction Py = 2P, is 1.4 at 400°C.
Suppose 3 moles of P, and 2 moles 1 of
P, are mixed in a 2 L container at 400°C.
What s the reaction quotient Q_7

2 1
(o) ; (b) E

©1 (d) 2
(B) The ratio of equilibrium constant for the
reaction and the reaction quatient is

(given as %) 1.33. This meons that



(a) The reaction mixture will equilibrate
to form more reactant species.

(b) The reaction mixture will equilibrate
to form more product species.

(c) The equilibrium ratio of reoctant and
product concentration will be 1.33.

(d) The equilibrium rotio of reactant ond
product concentration will be 0.33.

(O Which of the following statement is
incorrect?

(o) The reaction quotient is wuseful in
predicting the volume of reaction by
comparing the values of K_and Q.

(b) The value of the equilibrium constant
is independent of the initiol ond
finol concentration of reactants and

products.
(c) Equilibrium constant is temperature
dependent.

(d) If the value of K > Q_the reaction
goes in the forward direction ie, in

the direction of products.

(D) Large value of K and Kﬁ' favours the
praduct.caa
(a) rarely
(b) strongly
(c) comparable
(d) does not fovour the products

Ans. (A) (o) 2/3

ol
Explonation: Q =[PIF _Xef R

il &

(B) (a) The reaction mocture will equilibrate to
forrm more reactant species.

Explonation:
E= 133
Q
= K<Q

This mmeans the reaction will move in the
bodavord direction to achieve equilibrium

Hence. more reactants will form

(O (o) The reaction quotient = wseful
predicting the wolume of reaction by
comparing the values of K and Q.

Explanation: The reaction quotient is useful
mn predicting the directon of reoction. not
the volume by comparing the values of K
and Q_

(D) (b) strangly

Explanation: Large value of K_and
fovours the product strongly . The values

are lorger than about 10°.

i17.Lle Chateler's prindple is also laown as the
equilibrium low; used to predict the effect of
change on a system at chemical equilibriurm.
This principle states that equilibnum adjusts
the forward and backward reactions in such
o way as to accept the change affecting

the equilibnum condition. When factars lke
concentration, pressure, temperature and inert

gas that affect equilbrium are changed. the
equilibrium will shift in that doection where

the effects that caused by these changes
are nulliied This principle is also used to

manipulate reversible reactions in order to

obrain surtable outcomes. Reactions proceed
m baoth directions (reactants go to products
and products go to reactants). We can tell
a reaction is at equilibrium i the reaction
quotient (Q) is equal to the equilibrium constant
(K). We next address what happens when a
system at equilibrium is disturbed so that Q s

no longer equal to K If a system at equilibrium
= subjected to a perturbance or stress (such

as a change in concentration) the position of
equilibrium changes Since this stress affects
the concentrations of the reactants and the
products the value of Q will no longer equal
the value of K To re-establish equilbrium, the
systemn will either shift toward the products (if
Q <K) or the reactants (f Q > K) untl Q returmns
to the some value as K

This process iz described by Le Chatelier'’s
prinaple: When a chemical system at
eguilibrim is disturbed. it returns IO
equilibrium by counteracting the disturbance.
As described in the previous paragraph. the

disturbance causes a change in Q; the reaction
will shift to re-establish Q = I

(A)In a wessel N, H, and NH, are at
equilibrium. Some helium gas is
introduced into the vessel so that
the total pressure increases while

temperature ond volume remain
constant. According to Le Chatelier’s

principle, the dissociotion of NH,:
(o) Increases
(b) Decreases
(c) Remains unchanged
(d) Equilibrium is disturbed
(B) The following reaction Is at equilibrium,
=
=[Fe(scn)]
gy
Docpred

Fe™_ + SCN

"I'ﬁ:: Cahua‘ﬁ:

In the above reaction, colour intensity of
red colour can be increased by:

(o) Addition of KSCN
(b) Addition of oxalic acid which reacts

with Fe’* ions.

(c) Addition of Hg?* ions which react
with SCN™ lons.

(d) Red colour intensity cannot be
changed.



(O) The reaction

mm] +0=u] #ZSDHH;KC =17=10°" -
will be favoured bu:
(o) high temperature and low pressure

(b) low temperature and high pressure

(c) high temperature and high pressure
(d) low temperature and low pressure

Ans. (A) (c) Remains unchanged

Explonation: Bodoawvard reaction is mnot
fovoured ot high pressuse

B) (o) Addroon of KSCN

Explonation: Addiion of KSON increoses

the colour intensity of the solution as @t
shifts the equilibrium to right Addimon

of reagents like oxolic ood or Hg’* ions

which remove Fe* or SCN- ions shift the

equilbrium to the left and colour intensity
decreoses

(O (b) low temperature and high pressuye

) Explonation: Sence the reacton
(b) It accelerates the reaction. i5 exothermic it i fovoured at low

(c) Its smoll quontity is enough to bring temperature. There is o decrease in the
the considerate amount of reaction. number of moles hence reaction is fovouwred

(d) Itis unchanged at the end of reaction GRAKIN e - .
(E) The equilibrium constant for the reaction ©) (@) It alters the equilibrium position & a

SHE 20 - reversible reaction
@ Cxm T ap 5 4 = 107 at Explonation: A cotolyst is o substonce
2000 K In presence of a catalyst, the

which speeds up the process of reaction
equilibrium is attained three times faster. but remains unchanged chemically at the
The equilibrium constant in the presence

end of reaction
of the catalyst at 2000 K is: Catalyst does not alter the equilibrium

(D) Which statement is incorrect about
catalyst?
(a) It alters the equilibrium position in a
reversible reaction.

(a) 40 x 10 positan for reversible reaction
(®) 4 x 10~ ©® (b) 4« 10~
Explonation: A catalyst mcreases the rate
(c) 4x107 of forward and bocioward reactions by the
(d) Difficult to compute without more some foctor hence does not change the
data. equilbrium constant
(VERY SHORT ANSWER Type Questions (VSA))

[T masik ]

18. Whot do you think will happen if the Ans. As for reaction given in (m). K_ value is neither
equilibrium constont is greater thon the very high nor very low thus. in this reaction
reaction quatient? appredable amount of products and reactants

Ang. Ifthe equiibrnium constant (K) is greater than the both will be present
reaction quotient (Q) Le. Q > K then the reaction
quotient will tend to increase and the reaction Z21. How can you predict the relation between the
will proceed in the forward deection. ol the value of K and Q7
reaction reoches the equiibrium. (A) If net reaction proceeds in the forward

19. Write the caorrect reaction quotient expression direction.

for the reaction: (B) If net reaction proceeds in the backward
ZHJO ko Dw — 4”'0@.- direction.

Amns. The reaction quotient expression for the given Ans. (A)K >0
reactionis Q_= FNG]‘ B) K. < Q.

) [N:G]J [0,] 22. What effect will be seen on K, and K_ for the
20. Predict which of the following reoction reaction, H, + I, = 2HI if the reaction has no

will have an appreciable concentration of
change in the volume?

reactants and products:
Ans. For the reacton, H:"": = ZHI if there is no

@ CL_=2Cl_K =5x10=
() CL_ +2NO _+=2NOC K =3.7 = 10° change in the volume. then K = K_ At constant
volume. the equilbrium is not disturbed for any

(i) CL_ + 2NO__ + 2NO,C_K =118
[NCERT] Feaction




234, In which cose does the reaction go farthest Ans. The roto of product and reactant concentration
te completion: K=1, K =10'9, [ = 10, and i maximum when K = 10 and thua. reoction
why? goes farthest to completion when K = 10%°.

(SHORT ANSWER Type-I Questions (SA-I) )

[ 2 marks ]

24. Calculate the AG® for the conversion of 26. Calculate the total mumber of moles of
oxygen to ozone, ie. 10 —0 ak reactant and product at equilibrium, 'EF a is
S(9) fraction of Hl is dissociated at equilibrium

gl
#28K ‘fKP ey Shn onnuwession in 9, = 10-5 in the reaction 2HI = H, + |, and the initial
moles of Hl is 2 moles.

Ans. As we know, AG® = -RTIni = - 2303 RT logk
Therefore. AG® = -2303 = 8314 x 298 log

3 x 10> Ans. 2HI — H, + L
AGE = 162747 Jmol= infbiol moles 2 0 0
AG® = 162 kkdmol2 Moles at eq. 2(1—a) a a

25.The value of K for the reaction 30_ Artotal number of moles = 2(1-@) +a+a=2

—— 2'.'3!lﬂ is 1.50 = 10 at 25°C. I the 27. Aweak ocld HA is found to be 3% dissoclated

equilibrium concentration of O, in agir at in 0.01M solution. Calculate the value of Ka-

25°C is 1 = 107, what is the concentration 3
of 07 Ans. m=——=0013
A 100
Ans. The equilibrium constant expression for the

given reaction can be given ax HA + H,0 = H0" + A

Initiol conc. Q1 0 0

K _ID:[ Concat 01(1-003) 01:003 012003

ol o ss

W a-
6 A |
150 =10== - [HA]
(1x107)

[DJJ =(1=109"=150 = 10°=15 = 10~= _ (leﬂ.ﬂﬂ)x{ﬂ.lxﬂ_ﬂf‘l)
Hence, the equilibrium concentration of ozone & 0.1(1-003)
[DJ =(15 x10*9¥ = 1225 = 10" =928 = 10

(SHORT ANSWER Type-Il Questions (SA-11))

[ 3 marks ]
28. A mixture of 1.5 mol N, 2 mol H and 10 Reaction quotient Q_ is
mol NH, is introduced into a 20 L reaction
vessel at 500 K. At this temperature, the 0= [NHgP

equilibrium constant, K for the reaction
N #3H,, = 2NH,, is 1.7 = 10° Is the

N, ] H, P

2
reaction micture at equilibrium? if not, what [10]

is the direction of the net reaction? ~ 20
Ans. The given concentration of various spedes is []j{] 2_]3
150 2
=3331

10 g
INH, =5 molL And K =1700



Therefore. the value of K_is not equal to Q_ the
reacton moduFe 8 not in equebbrum.
Q_> K_ So. the reaction proceeds in the reverse

d=ection

29. A mixture of 1.57 mol of N, 1.92 mol of H,
and B8.13 mol of NH, is introduced intoa 20 L
reaction vessel at 500 K. At this temperature,

the equilibrium constant, K_for the reaction

N, +3H, =2NH,  is 1.7 = 10° Is the

reaction mixture at equilibrium? if not, whaot
is the direction of the net reaction?

Ans. The reoctionis:
N:m + 3!-&3ﬂ #ZNHm
[N T

Q=
[0+ ]
a
[%mnlt‘]
= :=BBK1EF
157 Y192 . .
[ T moll 20 moll ]

As Q_ # K_ the reaction mbdure is mot
equilibrium.

As Q_ > K. the net reaction wil be in the
baclward direction

30. For the reaction at equilibrium,
CaCO,,, = Ca0,, + OO0, , K = 164 otm at
1000 Kand 50 g of CaCO, in a 10 litres closed
vessel is heated to 1000 K What percentoge
of Ca00, remains unreacted at equilibrium?
Ans. For the reactiorc Gﬂm:ﬂ = CaOH + C}O:g
K =[0C0_and K = P:n,= 164 atm
Moss S0

Nesnber of moles of CoO0, = = —
valume 100

From ideal gas equotior: PV = nRT
164 =10 =n =0.082 = 1000

n=02
Number of moles of CO., n=02
Number of moles of unreacted CoCO,=05 - 02
=03
Percentage of unreacted CaCD,:%%xlDD

=60%

H9i.How is P related to l'(p for the reaction
AB{'__,, = Am + Em when AB Is 33% dissociated

at o total pressure of P7

Ans. 33% dissociation means 033 moles dissoaated
AB = Aﬂ + BH

g'\_
imitol molea: 1 0 0
Eg moles: 1033 033 033
= B:87
Total moles ot equilibrium =133
( h
P = 067 p
1133 |
/ \
033
i e |
A hua.ﬂ
(033)
Py =|—|P
kuBJ

033 . 033 p
¢ _PyxP, _\133

133
o B 067,
1493
~ 033x033xP

P 0.67x133
KD=D.122F'

K
= P

0122

P=8K,

32. The value of K_for the reaction

ZH.fm .,——‘HJ'-E-IWEE 1=10"
At a given time, the composition of the
reaction mixture is [HI] = 2 = 102 mol,
H]=1=x10"moland [L] =1 = 10 mol In
which direction will the reaction praceed?
[NCERT Btemplar]

Ans. Given thaot K==1m10"’

Q. expresses the relotive ratio of products to
reactonts at a given metant

L U
[H]
_(1x10°)(1x107)

; 2x10= x2x10°S

1
=—=0325
a

Here Q_> K_ reaction will proceed in the reverse
direction.



(LONG ANSWER Type Questions (LA))

[ &S marks ]

33.0ne of the reactions that toke place in R = Gas constant

producing steel from iron ore is the reduction
of iron (II) oxide by carbon monoxde to give
iron metal and CO_.
FeDm-oCO'#Fem-aCDml(p:OJOat
1050 KL
What is the equilibrium portial pressures
of CO and OO, at 1050 K if the initial
partial pressures aore P, = 20 atm ond

Py = 0-8 atm

Ans. For the reoctiorc

FeO, + O = Fe,, + MO,
Since Q, > K, the reacton wil go n the
backward drection

Therefore. we ocan soy that the pressure of CO
will increose while the pressure of G0, wall

decrease.

Now. let the mcrease in pressure of (D =
decreose in pressure of G’JT Then. we an

VUTILE.

=)
g -
2 P
0BD-P
= 03 := S0+ P
= 06+030FP=08B0-F
_020 _,44c
130

Therefore. the equilibrium presswe of CO_ P,
=0B0-0.15=065 atm

The equilibium portol presswe of CO.
Pa=20+%+015=215omn

24. Write the relation between AG and Q, aond

define the meaning of each term and answer
the following questions:

(A) Whu o reaction proceeds forward when
Q < K and no net reaction ocourse when Q

=K
(B) Exploin the effect of an incremse in
pressure in terms of the reaction quotient

Q. For the reaction,
QO +3H,,=CH, +HO,
[NCERT Bxemplar]

Ans. The relation between AG and Q i

AG=AG°+RTInQ

AG = change in free energy as the
reaction proceeds

AG® = Standard free energy
Q = Reacbion quotient

T = Absolute temperature m K
(A) Since. AGP=-RTInK
AG=-RTInK +RTInQ_
AG =RTIn (Q_-K)
if Q < K AG will be negatve and the
reaction proceeds in the forward direction
if Q = K AG = 0 reaction i in equilibrium
and there is no net reacton
®) OO, +3H, = CH  + H,0,

 [ouJnol
o]

On moeasing the pressure. volume
deweosea If we doubled the pressure

the volume will be holved but the molor
concentration will be doubled. Then.

o - AGtPlHo]_1iaiiol 1,
oco){z[H]} ¢ [COJH,I 4
Therefore. Q_ is less than K_ So. Q_ will tend

to increase to re-establish equilibrium and
the reaction will go in the forward drection

35, State and exploin Le-Chaotelier’s principle.

Explain the effect of chonge in concentration,
pressure and temperature on the following
reactions.

(A) N:ur: ™ mrﬁtﬂl — ZNHJIIIB"HH= —Si4kd

® N, +0,,,=2NO_,AH=—180.7kI

Ans. Le Chatelier's prinagple s of o very general

nature and can be applbed to any physical or
chemical system at equilibnum. To a chemical

system at equiibrium. the constroint can be
opplied by changing the concentration of
reactonts or products. by changing the pressure
of the system. or by chaonging the temperature
Therefore. for a chemicol system ot equilibrium.
Le Chatelier's princple can be stoted as when
a constraint (stress) is applied on o system at

equilibnum, the system behaves in such o way
50 as to counteract the constraint

(A) N:(FJ % 3HNE] — ZNH!GEI

At equilibium. the concentraton of
ammonia becomes constont and no
more ommonia 5 formed. Therefore to
effect the formation of more ommonia.
the equilbrium must be made to shift



in the forward directon According to Le
Chotelier's pnnaple, this can be ochieved
either by increasing the concentration of I
(or H) or by decreasing the concentration
of aommonia

An incregse in the pressure decreoses
the volume and hence an increases in
the number of moles present in the
unit volume. According to Le Chateliers
principle, the equilibrium must shift n
forward direction to oppose the mcrease
in number of moles per unit volume Hence
more nitrogen and hydrogen combine to
form more ammonio.

When the temperature on this system
18 increased. heot ie supplied to it from
outside. Accaording w Le Chatelier’s
principle. the equilibrium should shift in the
direction which involves the obsorption of
the odded heat Obviouslu the bocloward
reacton i endothermic. Therefare. the
equilibrium chifts from right to left ie
ammonia forward decomposes to give bacic
N, and H_ On the other hand. a decrease in

temperatwe shifts the equilibrium towards
right and more ammonia is formed. Hence.

a higher uield of ammonia s possible only
at low temperotures.

®) N, +0,, =2NO_,.AH=-1807 kI

2gl T
According to Le Chaotelier's prinaple. if
we increose the concentration of NO. the
rate of forward reaction will increase.
ie. more NO, will be formed When the

concentration of any of the reactants or
products s changed. the system readjusts

nself by shitng the equilbrium in a
dwection which counteracts the change in
concentration that was made.

There & no effect of increasing or
decreasing the pressure on a system which
inwolves no change in number of moles.
This recction is endothermic in the forward
dwection and exothermic in the baclavard
dwection. Accordng to Le Chateliers

principle. an incregse m temperature will
fovour the forward reaction to occur.

Therefore. at high temperatwre. a higher
yield of nitric ;made will be obtaoined.

R 4



ACIDS, BASES, SALTS AND
IONIC EQUILIBRIA

'TOPIC1
IONIC EQUILIBRIUM IN SOLUTIONS

The eolutions which ollow the possoge of current
through them are lknown os electrolytc solutions.
Such solutions consist of ions due to which they are
able to conduct the electric current. The properties
of an electrolytic solution are deaded by the notwre
of ions present in it In an electrolytic solution
there exists on equilibrium between the ions and
the wundissogoted moleculez of the substance
forming the solution This eguilbrium = termed as
ionic equilibrium. In the forthcoming discussion. we
shall studu some importont topics related to ionic
equilibna. We must hove come across the equibbrium
reaction given below which involves ions

ey + Sav, =[re(sav)f,
fpetiom)  foolousloss)  (docp o)

For example. Common salt (NeCl) is an electrolute
which in the ogueous soluton gives Nag® and CF
ions. Hence. &t conducts electricity. Sugar s sucrose
(C,;HH,.) which iz o non—electrolyte and does not
give ions in the solution Hence it does not conduct
electrniay

Some important aspects of ionic equilibria have been
discussed briefly below:

Electrolytes and Non-electrolytes

Water eoluble substances can broadly be clossified
into following two categories

Electrolytes

The substonoas which dissoaole into tone in ogueous
solutione are called electrolytes These ore mostly
ionic compounds and possess oppositely chorged ions
held wogether by electrostotic forces of omraction
When dissolved in water. the electrostatic forces
responsible for holding ions rtogether get weolkened
under the influence of high dislectric constont of
water and ions get separated. This procsss &= called
dissociation or ionisotion. For exomple sodium
chloride is an electrolyte and dissodaotes into ions.

Polar covalent compounds may also dissociate into
ions in the some way and act as electrolytes. Due to
the presence of oppositely chorged ions the solution
of an electrolyte conducts an electric current

Electrolytes can further be clossified mto followang
tuvD categories.

(1) Strong electrolytes: The electrolytes which are
completely (or olmost completely) ioniced in

solutions are colled strong electrolytes. These are
true ionic compounds and ionise to an extent of

almast 100% in solution. For example. NaCl. KCL
KBr. NH,O. HO. HNO,_ H,SO_ etc. When 1 mole of

KCl is dissolved in one bitre of water, the resulting
geolution containa 1.0 mnole of K ions and 10

mole of CI- ions and proctcally no unionised KCL
The ions remain solvated in solution. Smce the

soluton of o strong electrolyte possesses only
o very few urnionised moleculss at equilibrium.

the equotiona for ionisation reactions for strong
electrolytes are written wath o single arrow
directed to the right as shouwn bslow
[(C'.i,e:a -5 K+
(2) Weak electrolytes: The electroluytes which

do not dissodate (ionise) much in soluton are
called weal electrolytes. These are mostly polar

covolent compounds and are wealdy ionised in
solution. For exaomple. CH,000H. NH,OH. HCN
etc The solution of a weok electrolute contains
both the ions os well g the undissoaated

molecules and on equilibrium egsts between
them. For example.

NHaau + Gﬁ #NH;M -a-OI-I'M

Due to the presence of an equilibrium between
the undissociated molecules ond ions. the

equations for the dissoccioton of wealk
electrolytes are written with double headed
arrows

lonisation of Weak Electrolytes

The weak electrolytes are portiolly ionised in solution
The solution of a weok electrolyte contoine both the
undissogated molecules as well as the iona and o
dynamic equilibrium edsts between them

Let us consider the dissociation of acetic acid which
= o weok electrolute In on ogqueous solution it
dissodates (ionises) as follows:

OH,000H,_, +H,0,, =H,0",_, + G000

Accordmg to the low of equilibrium. we hove

H,0" o000
“=Tro] a.coon




Where K © the eguilibrium constont. Water octs as
o eolvent and it's concentration can be regarded as

constont. Therefore. we hove

¢ =[] LB IooT]
i G e ey

Here K_ s o new eqguilibrium constant and is referred
to as ionisoton constant or dissoooton constant
of the ocid under study The suffix a in K_ refers to
acid. We can use o suffix b in case of a base ie_ K

Let us consider o general case. Suppose AB = a weak
electrolyte (oad. base or o neutral compound) which

when dissolved in woter dissooiates portially to give
A* and B ions. Let ¢ be the initiol concentration of

the electrolyte AB in solution and let a be its degree

of dissoootion. As we have seen earlier. degree of
dissocgotion s the fraction of tatal number of moles
which undergoes dissodotion and is given by

Number of moles undesgoing dissadation (lonisation)
o=
Torvol numnber of moles

Since the dissoootion of an electrolyte involves the
process of ionisation. the degree of dissocaaton may

also be referred to as degree of ionisotion

ﬁ Important

= The process of separation of fons that are already prezent
in Lhe zolld compound &= called dizcsocotion wlhereas the
process of splting of a neutral molecule into charged lons
= called lonicabon Howsuer borh tenme are widely used
without any difference.

'TOPIC2
ACIDS, BASES AND SALTS

The criterion for o substance to act as an odd or a
bose hos been o matter of much discussion among
the chemists. According to Bouyle (1680). adds were
substances thot tasted sour. chonged the colour
of the btmuz The criterion for a substance to act
as on acid or a base has been a matter of much
discussion among the from blus to red and reacted
with certain metals to give off hydrogen gos Roulle
(1774) regarded boses as the substances that tosted
bitter, possessed detergent ond soopy properties and
turned red btmus bluee. Lavoisier (1787) believed that
the acidic propertes of o substance were due to the
presence of oxygen in them However, Daw (1811)
contradicted the wews of Lovoisier and showed
that the substances like HCL H,S etc. were olso
ocids Liebig (193B) defined oads as the compounds
which contoined one or more reploceable hydrogen
atoms. Thus. there hod been a lot of discussion over
the defnition of ocod aond bose In the forthcoming
discussion, we shaoll study some tmportant concepts
of ocid ond bose and will see how odd-base
equilibrium iz estoblished.

Arrhenius Concept

S Arrheniug in 1BB4. defined adds and bases in terms
of tans given by them. According to Arrhenius. an oad
i5 o substance which dissociotes o give H® ions in
aogueous solution while a base & the substance which
dissocates to give OH-ifons in aqueous solution

According to this concept. substances like HOL HNO,
H, SO, CH,000H. etc. are aadic becouse they aan
furnish H* ions in solution.

CH,CO0H _, =>H:_ +CH 000,

Similorly. substonces bke NH OH. NaOH. KOH etc are
baees because they can dissociate to give OH- tons in
soluston

Na DHM = Nu[‘m] + Ol-l"hl

Aocording to this concept. the acid-base neutralisaton
process = actually the combination of H* ions (given
by aad) and OH- ions (given by base) to form water
moleculea For example.

H:_+OH_ ==HO_

Arrhenius theony beautifully exploined the common
aad-bose reactions. However, there were several
Lmitotions of this concept also. For example. this
theory did not cover several substances which acted
as acids or bases but were unable to furnish H® or OH-
ions in solution

Bronsted-Lowry Concept (Protonic
Concept)

In 1923. IN. Bronsted ond TM. Lowry proposed
o more general concept of aads aond boses. They
defined ocids and boses in terms of H" ions or protons
(an H* ion is actually a proton). According to Bronsted
and Lowru. aads are proton donoss while basea are
proton acceplofs

[t s to be noted that on H® ion s simply o proton. The
neutral hydrogen atomn contoins only one proton
and one electron. H" ion @& formed when a neutral
hydrogen atom loses its electron. Therefare. what =
left in the form of H*ion is a proton. Due to the high
charge densitu it should not hove on independent



exastence. It is believed that in an agueous soluton
it combinee with o water molecule and forms o
hydrated ion called hydronium ion (H,0°) This ion hos
an independent exastence in the aqueous eolution
O HOT

Bronsted and Lowrys concept s o wider concept
and is not restricted only to neutral molecules Even
the ions can be regorded as aads and bases in this
concept A more detoiled treatment of this conoept &=
as follows.

Acids: According w this concept the molecules
cotions or anions which hove o tendency to donote

H+ tons (or protons) to any other substonce are cads

Thus acds can be clossited into following three

categories

(1) Moleculor oads: HCL HNO, CH,000H. HOO_
etc.

(2) Catienic acids [Fe(H,0),)*. [AlH,0) >~
[Fe,0), " [AIMH,0), 1" NH; . exc.

(3) Anionic acids NH}.HCO] . HS" HSO_ HPO_ ec

All these speces hove a tendency to donate H- ions
and oct os oads

Bases: According to Bronsted and Lownt bases are
those molecules. cations or anions which hove o
tendency to accept protons or H® ione from other
substances.

Thus. boses are of following three wpes
(1) Moleculor boses: NH, RNH_ CGH,N. etc
(2) Cationic bases [AlH,0), OH]*". [Fe(H,0), OH)™]

etc.
(3) Anionic bases Q~.NO;.HSO, PO . etc

Conjugate pairs of acld and base

According to this concept an add-base reaction can
be expressed as

Add= Base + H

Therefore. an aad ond o base are related to each
other. Every ocid chonges into o base after releasing
one proton ond every bose on occepting o proton
chonges into an odd. Adds and boses thus ewst
in poirs and these pairs are colled conjugote pars
A conjugate paoir moy be termed as the chemical
speaes that differs from the other only to the extent
of transferred proton Thus. the canjugate oad differs
from ite conjugaote bose by one proton and vice vereo

For example. let us swsdy the followmng reaction
HCIH + HO Q@ #H.,D'H - CI'H

In this reaction. HOL donates o proton and changes
into Ct-ion. Thus HClis an aad and Ct is its conjugate

base H,0 molecule accepts the proton given by HQ
and changes into H O* ion Therefore, H,O molecule

acts os a base and H,0" is its conjugate acid. Since
H,O* hos o tendency to give a proton and - has a
tendency to accept it the exchange of proton = a
revessible process. The above reaction can be written

as-
[uddﬂpﬁumn—l
+ —
Ha,, +HO, = HO, + a,
‘ loses protom T

Strengths of Acids and Bases

The strength of an odd is determined by its tendency
to lose protona The higher the tendency of an aad to
lose the proton. the greater is its strength. Adds like
HCL HNO_. H,SO_ etc paossess very high tendency to

loee protons. Therefore. they are strong aads. On the
other hand. acids ke CH,000H. HCN etc possess o

Lttde tendency to lose pratons and are regorded as
weak aads. The strength of a bose is determined by

its tendency to goin pratons. The bases lilke CH,COO0",
CH-~. OH~. NH, etc are strong baoses because they

possess very high tendency to goin protons whereas
the bases like G, NO, SO >, etc. are weak boses

because they howe little tendency to accept protons

The conjugate base of o strong add is always o weal
bose and the conjugate base of o weak aad is always
o strong bose. For example.

HGH + HJO{!] ‘—_hl-LlD!;ﬂ + ﬂ;ﬂ

Swrang add Woeak bezo
G{,0CO0H _,+H,0, = H“CJ;“:I +0H,000 _,
Weak o Sorong bese
Important

— Waeer-soluble organic compounds such as
phenolphthalsin and bramothymol blue are weax acids and
hawve a different colour In thelr odd (Hin) and conjugate base
(Ir) forms so these are widely used as indicators In add-
base twotions

Exomple 3.1: The species H,0, HCO,, HSO, and
NH, con oct both aos Bronsted acids and bases. For
each case glve the corresponding conjugate add
and conjugate base. [NCERT]

Amng. A conjugate bose is obtoined by adding a proton
to species ond o conjugate base is abtained by

removing a proton from the given species. Thus.
the corresponding conjugote add and bose for

the given spedes are as follows

Species Conjugate acid Conjugate base
H,0 H,0- OH
HCO,- H,CO, co>




Species Conjugote acid Conjugaote base
HSO; H,SO, SO

NH, NH; NH; |

Lewis Concept (Electronic Concept)

GN. Lewis (1923) proposed o more general and
more fundomental concept of odd and bose in terms

of electrona This is perhops the most widely used
concept due to its simplicity and wider applications.

According to Lewis. a bose s a substance which

can furnish an electron poir to form o coordinocte
bond while acid is substance which has o tendency

o accept on electron par from o bose to form o
coordinate bond.

Henoce. o Lewis bose possesses o lone pair of
electrons and octs as an electron poir donar. The
Lewis add possesses either an incomplste octet or
can expond its octet and thereby acts as an electron
pair acceptor speaes ke OH~, O, ON™, H,0, NH,, ROH.
RNH_, etc poses lone par of electrons and behoves as
Lewis bases.

Substances l&e SO, BCL, AIQL, BF, and ZnClL, are
exomples of Lewis oads The centrol atom in the

species possesses an incomplete octet and con toke a
lone pair of electrona

A typicol example of a Lewis acid-bose reaction & as
follows.

BF, + NH,—> BF,€— NH,
Lonto and Lo Basd Corypdox
(locmpmpadr  (Bloobon poer
QoonpLad) diannyd)

In this reaction; in the agd BF . the central boron atom
possesses an incomplete octet and can take o lone
pair of electrona whereas the nitrogen atom of base

NH_ possesses a lone pair of electrons. Therefore. the
two combine together to form a complex

Important
w H.O ke regarded az Lewss base becouse It aocts as an

electran donor due to the preeence of two lone pas= of
electrans an the axygen atom

Merits: Lewis concept is o very vwide conospt and haos
the following merits over other concepts

(1) Add-bose reactions not involving protons are
covered by this concept

(2) According to this concept aad-base behaviour
neither involves any particulor spedes nor

depends upon the presence or cbsence of o
solvent

(3) Basic properties of metal oxides and acidic
properties of mon-metal oddes can eosily be
exploined on the basis of this concept

(¢) This concept includes mmony gos phoses and
high temperowre non-sobhent reoctions as
neutrolisotion processes

Limitations:
(1) This concept has no uniform scale of acid-base

swrength. The strength of ocid and bose in this

concept & variable and depends on the reaction
selected.

(Z) The concept is 8o broad that the tenms aad and

bose used in general chemistry lose their onginol
meaning and creote unnecessary complications.

Exomple 3.2: Which of the following are Lewis
acids?
H,0, BF, H", NH," [NCERT]

Ang. Lewis oods hove a tendency to accept electrona
Electron defigent or positively charged species

are considered og lewis aad. BF, H* and NH;
octs as Lewis acds.

Example 3.3: Classify the following species into
Lewis acide and Lewis bases and show how these
act as such:

(A) OH- ®) F
O H (D) BCL [NCERT]

Anes. (A) Hudroxyl ion acts as o Lewis bose because
hos o tendency two donaote a lone pair of
electrons (OH-L

(B) Fluoride ion acts as a Lewis base because it
has a tendency to donaote anyone of its four
lone pairs of electrons.

(O A proton behoves as a Lewwis acid because
it can accept a lone pair of electrons from
baoses ke hudroyyl ions and fluaride ions

(D) BA, behoves os Lewis acid because it can
occept o lone pair of electrons from species
l5ke ammonia or amine molecules.

(OBJ ECTIVE Type Questio ns)

[1mark ]

1. A 0.2 molor solution of formic acid is 3.2%

ionised, its lonisation contant Is:
(@) 2.1 x 10 (b) 1.25 x 10™°
(c) 1.25 x 10° (d) 9.6 x 10

Ans. (g) 21 = 10+
Explanation: HOOOH + H,0 — H,0+ + HOOO-
Initial conc C 0 0

Concentration C - Ca Ca Ca
at equilbrium



Gy o
“=t-a -0
C=02M
a=132%=0032
K = (0.032) <02

(1-0032)
K =21=10"

y Ka of 0.01M acetic acid im 0.1M HCI is

18 x 10*. Calculate the percentage of
ionisotion of acetic acid.

(o) 1.8% (b) 1B%

(c) 0.1B% (d) 0.018%
Ans. (d) 0.018%

Explanation:

CH,000H = CH 000 ™+ H”

QD1 {Lwx) QD1x a1
{000 v
- CH,0O00H
_ (0.01x)(0.1) 18 x 107
001{1—x)

Only the H-* ion from HCO oad is signtficant and
(1-x)=1Th=

0lx=1B=10%(1 -2
x=18x 10"
Percentage ionmouon = 0.01B%

9. FAind the initiol concentration of CH,CO0H
miolecule whoese ionisotion constant is

17 = 10° and concentration of H* ion is
34 x 10

(@) 34 x 107 (b) 6.8 = 10—

(c) 34 x 10 (d) 68 x 10—

Ans. (b) 68 = 107
Explanation: CH OOOH = CH 000 + H
34=10—F 34 =10
CH]mO' H
CH,COO0H

At equilbrium x

K_

r7ans - B4 x107°)(3.4x107%)

x

x=68=10"

4. What is the dissociotion constant of an acid
HA whose degree of ionisation Is 0.00001 at
0.1 M concentration?

(@) 107
(©) 10~

(b) 10°
(d) 10

Ans. (c) 107"
Explaonation: The degree of ionisation of HA =
0.00001 at0.1 M
Dissociotion canstant K_ = Ca? = 01 = (10
=10 aot01 M

5. Which of the following is least likely to
behave as Lewis acid?

(@) NH, (b) HO
(c) OH (d) BF, [Dikshal]
Ans. (d) BF,

Explanation : As BF, can accept electrons
hence it acts os on Lewis aad.

G. Identify Bronsted Lowry Acids in the

reaction:
[AI(H,0) P + HOO; = [AI(H,0),(OH)P* + H,CD,
(X) (Y) P) Q@
(@) X, Y (b) Y, P
() PQ d) X, Q
[Delhi Gov. QB 2022]
Ans. (d) X Q

Bplonation: Accordng to Bronsted proton
donors are cads while proton occeptors ae
basea Hence. X i= o Bronsted aad which on
donating o proton coveted o o conjugate base
P. Q s also an oad as it is the comjugate aad of
base Y.

Assertion-Reasaon (A-R)

In the following question no. (7-9) a statement of

assertion followed by o statement of reason s glven.

Choose the correct answer out of the following

cholce.

(o) Both (A) and (R) are true and (R) is the carrect
explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(c) (A)is true but (R) is false.

(d) (A)is false but (R) is true.

7. Assertion (A): Weak acids hove very strong
conjugote boses while strang
acids hove wealc conjugote
boses.

Conjugate acid — base pairs
differ only by one proton

Ans. (b) Both (A) and (R) are true but (R) is nat the
carrect explanation of (A)

Bpplanation: Suong aads such as perchloric
add and hydrochloric aad give conjugarte base

Reaoson (R):

tona AO, . O which are much wealker bases
than H 0. On the ather hand. o weak add lke
aostic ocid is only porticlly dissogated in an
aqueous medium and thus the solution mainly
containg undissodated acetic ood which
proves that OH 00O~ is o stronger bose thon
H,O.



Explanation: The ionisation constonts of weaok
diprotic add are in order of Kq‘ :'Kn, . due to

more stability of conjugote bose and removal
of H* from anion = difficult gs compared to
neutral otom

@ Related Theory

= Some substanoss exubit dual Behawiour b2 they
behave as add and base both. Such substances are
called amphoteric or amphiprolic substances

H. Assertion (A): The ionisation constants of
weale diprotic acld are in the

order of K% ::-E(% ;

9. Assertion (A): The ionisation of hydrogen
sulphide in water is low in the
presence of hydrochloric acid.

Reason (R): Huydrogen sulphide is a wealk

Reason(R): Removal of H* from anion acid.

Ans. (b) Both (A) and (R) are true but (R) is not the
correct explanation of (Al

is difflicult os compared to

neutral atoms. [Delhi Govt]
: Explanation: lonisation of H.S gets suppressed
Ans. (a) Both(A)and (R) are rue and (R) is the correct m water due to common ﬁ ions produced

explanation of (A) by HCL

@ASE BASED Questions (CBQs))

[6 &5 marks ]

Read the following passoges and answer the
questions that follow:

(A) Comment on the statement: Al
Arrhenius acids are Bronsted aclds but

10. Ar o5d buse seschon s o cherfeenl 1eacsesn all Arrhenlus bases may not be Bronsted

that occurs between an acid and a base
Several concepts exast that provide altermative
definitions for the reaction mechanisms
involved and their application in sohang
related problems Despite several differences
in definitions, their importance as different
methods of analysis becomes apparent when
they are applied to acid-base reactions for
goseous or liquid speaes or when acid or base
character may be somewhat less apparent

The Arrhenius definition of acid-base reactions
which was devised by Svante Arrhenius is o
development of the hydrogen theory of aads
It wos wsed to provide @ modern definition of
aads and bases, and followed from Arrhenius's
worce with Frniedrich Wilhelm Ostwald i
establishing the presence of ions in an ogqueous
solution in 1884. This led to Arrhenius receiing
the Nobel Prize in Chemistry in 1903. As
defined by Arrhenius

e An Arrhenius aod is o substance that
dissodates m water to form hydrogen
ions(H"). In other words an acid increases
the concentration of H- ions m an aqueous
solution. This protonation of water yields
the hydronium ion (H,O), ;m modemn
times, H* is used as a shorthand for (H,07)
because it is now known that a bare praton
(H*) does not east ags a free species in
oqueous solution

e An Arrhenius bose s a substance that
dissodates in water to form hydroxade(OH")
ions In other words a base increases the

concentrotion of (OHY) ions in an aqueous
solution.

bases.
(B) Why heat of neutralisation for o strang
ocld ond swrong base Is always constant?
(C) Give two Llimitations of Arrhenius's
theory?

Ans. (A) The statement is tue. In the Arrhenius

concept aos well as in the Bronsted concept
on odd s regorded os o substance which

can give an H-* ion or proton. Therefore,

all Arrhenius adds are Bronsted acids. On
the other hond. the definitions of base are

different in the two concepts. In Arrheniug’s
concept. o bose is regarded as o substonce

which gives OH™ i1ons in solution whereos a
Bronsted bose s a praton acceptor. Hence

Arrhenius boses may not be Bronsted
bases. For exomple. NoaOH can give OH-

ions but cannot accept o proton. Hence.
NoOH is an Asrhenius baose but not o

Bronsted bose

(B) Heat of neutrobsation is always constant
for o strong acid and etrong base becouse
they are completely ionised in dilute
solution

(O Limitations of Arrhenius’s theory are

(1) It only opplies to substances that
produce hydrogen ions (HY) or
hydroxade ions (OH)L

(2) Arrhenius did not explain in his theary
the behoviour of acids and bases in o
non-oqueous solution

11. A very strong base would give a very weak

conjugate acid A weax aad HA & only partially



dissooaoted in an aqueocus medium and thus,
the solution mainly contains undissoaated HA
molecules Bxample- HO = a strong aad. f HOis
astrong aad. it must be agood protendonor. HO
can only be a good proton donor, however, if the

CI ion is a poor praton acceptor. Thus, the Clion
must be g weak base. Strong acid-like perchloric

acid, hydrochlonc ocd will release conjugate
bose ions (10 - Cr these are weaker bases than
water. S:'mﬂm'rg. o very strong base would gne a
very weak conjugated aad. On the other hand.
a weak acid say HA is only partially dissocated
in an agueous medium and the solution mainly
contains undissocated HA molecules. The value
of K_ for an aad can be used to deade whether

it is o strong oad or o weak acid. in an absolute
sense. It can also be used to compare the relative

strengths of o pair of aads.

(A) Commonion effect can be used in which of
the following cases:

(o) Cloth maoldng
(b) Alcohol purification
() Quantitative anolysis
(d) Qualitative onalysis
(B) The K, is equilibrium dependent upon:
(o) temperature
(b) pressure
(c) volume
(d) concentration of acid or base
(C) Choose the correct option for a weak aad.-
(a) HF (b) CH,COONa
(c) Na,CO, (d) H,S
(D) Which of the following is the strongest
conjugate bose?

(@) F (b) Ct

(e) I (d) Br
(E) Among following the one poir that does
not act as conjugate acid-bose paoir is:

(a) H,0, H,0 (b) HOO; ,H,C0,
(c) HSO;H SO,  (d) NH:NH-
[Dethi Gov. QB 2022)

Ans. (A) (d) Qualtative analysis
Explanation: Common ion effect is used in
the punfication of comman solt. qualitatve
analysis In the qualtatve anaolysis,
Ammonium hydroxade 15 odded in the
presence of ammmonium chloride to ovoid the
precipitation of V group radicals.

(B) (o) temperature
Explanation: The value K, = an equilibrium
constont. therefore it = temperature-
dependent.

O (@ HF
Explanatiore In HFE. hydroxonium ion &
attached to the fluonde ion it s not free to

functon osan acid. thus lmiting the strength
of HF in wates.

D) @ F
Explanation: The stronger the add. the
weaker will be its canjugote boee

Order of aadic nature: HI > HBr >HCOL > HF
Conjugate bose strength arder:
F>C>Br>r
© (@) NH,~. NH;
Explanation: NH; and NH, are conjugate
add-base poir. not NH;, NH;

(VERY SHORT ANSWER Type Questions (VSA))

[ T mark ]

12.What is the name of the compound formed

by the reaction between the Lewis acid and
Lewis bose. [Diksha]

Ans. A coordinate compound betwesen Lewiz odd
and Lewis base ia formed which s called Lewis
acid-base odduct

13. Why is ammaonia termed as a base though it
does not contain OH- ions?

Ans. The bosic noture of ammonia s due w &s

tendency to donate electron poirs. Therefore. it
is 0 Lewis bose

ACautinn

- Sometimes students get confused benween Lewis
aod and Lewis base Lawnis adlds hove o tendency to
accept electrons and lewls boses howe a tendency to
donate electrans

i14. Concentration of HCOO art 27°C is
10~ M in pure HCOOH Uquld. Aind out the
self-lonization constant at 27°C.

Ans. 2HCOOH —-»HCOOH;+HO00~

Ar equilibrium the concentrotion of HOOOH;
and HOOO- are the some. Sa,

[HOOOH] |=[HCOO]= 107'M
K =HOOOH; |[HCOO |=10"" %107 =10
15. Write down the conjugate ocld and conjugote
base of H,0, HSO_; and NH,. |Diksha]
Ans. H,0°JOH- H,S0 JSO_". NH;/NH;
16. SO; is Bronsted base or acid and why?

Ans. 50:'i5 an anion which can eosily accept a
proton thus it is Bronsted base It connot be o
Bronsted add as it does not hove o proton to
donate



(SHORT ANSWER Type-l Questions (SA-1))

[ 2 marks ]

17.At 298 K, 0.01 M solution of ammaonium and 4.8 x 10 respectively. Calculate the

hydroxide is 4.2% ionised. Calculate the
lonisotbon constant of the base.

Ans. In the present cose

C=U-01Mu=£=ﬂm2
100

Ammonium hydrolxade ionises o

NHOH_, ¥ NH;_, + OH
Inial conc 0010 0
Concentration 001 001x 0.01x
at equili (1-0042) 0042 0.042

Henoe. according to the low of equilibrium

NHC | OH" | (0.01::0.042)x(0.01x0.042)

K =
® NH,OH 0.01(1-0.042)
_ 0.01(0042)’
1-0042
=1B4 »x 10°

18. The ionisation constant of HF, HOOOH and

HCN at 298 K are 6.8 = 1074 18 x 10

ionisation constants of the corresponding
conjugote base.

K
Ans. [(==E!-

e
Fork K =———
K" BB x10™°
For HCDD‘J%=LB=5,S:£ID‘“
18x10™
13~
For WKH=_~=2.UEMIU'°
48x10™7

19. The ionisation of hydrochloric in woater is

glven below:

HO _,+HO,+=HO  +C

Label two conjugate acld-base pairs in this
lonisation [INCERT Exemplar]

Ans. Add - HO (proton donar) : Conjugate base (C1)

Base—H O (proton acceptor) : Conjugate acid
H,0°)

@HORT ANSWER Type-Il Questions (SA-IID

[ 3 marks ]

20. Calculate the degree of ionisation and

concentration of [H O] ofa 0.15 M CH COOH
solution. The dissociation constant c‘} acetic

acld s 1.8 = 104

Ans. The iognisotion of ocetc oad in water can be

represented as
GH,CO0H _,+H 0, =HO_,+0C4,000 _,
Let a be the degree of ionisation of the given

oad. For every mole of acetic ood. a moles of

it will dissociote to give a moles of H,0* and
a moles of CH,000". Therefore. for the given
concentration ie. we have

OH,000H + H,0= H,0" + CH,000"

Iniiol conc. Q.15 0 0
Conc ot 0.15(1 -q) 01Sa 01Sa
equiibium

According to the law of equilibrium
¢ (MO Jor000 ]
© e

Or 107 0.152x015z 015z’
I EH = =
0151-a) 1-a

Sece. aestic acid 8 o very weak electrolyte.
(1 — @) can be token approxamately equal to 1L
Therefore. we hove

18« 105 =0.15a’

yI
18x10-%

Or B
0.15

The concentrotion of at equilibrium

[H,07 =015 = @=0Q15 = 1.09 = 102

=163 = 10 mol L®

21.The dissocioton constant of HCN is

7.24 x 10°% Calculate its degree of
dissociotion in 0.01 M solution.

Ans. Suppose the degree of dissogaotion of HON is @

HCN + HO = H,O* + O\
Infmal moles 001 0 0
Molesot 001(1 -a) 00la 00la



Equilbrum

Therefore. at equilibrium

[HCN] =001 (1 -a) =001 mol L=
(05 a is small)

[H,0°] =001 a mol L™

[OH =001 amol L=

Acoarding to the low of equilibriunm.
 [nofor]

o e

(ﬂﬂlu)({lﬂlu)
Or 724x10~° =
001

= 041 o

1

-20 Y3
& ‘I=[?24xlﬂ ]

001
=269 = 10
[H,0*] = a = 001

=169:10_‘ZU.D].
=269 x 10° mol L

22.FAnd out the ionisotion constant of 0.1 M
golution of acetic acid which is 1.34% ionised
at 288 IC

(Degree of dissociotion = 0.0134)
Ans. a=00134.C=0.1M
CHOOOH = CHCOO +H
Initial conc C 0 0
Ar equilbrium C-Ca Ca Ca
a’C
(1-a)C
a’C
(1-a)

K=

(00134) x01
1-00134
=182 = 10

(LONG ANSWER Type Questions (LA))

[4& &5 marks ]

23.(A) What is protanic concept of acids and
boses?

(B) How is this concept useful in determining

the relative strength of aclds and bases?

Ans. (A) Bronsted ond Lowrys concept of oods
and boses is called protonic concept of
acids and bosss. Bronsted and Lowry
defined aads aond boses in terms of H°
ions or pratons. According to Bronsted and
Lowru. oads are hydrogen ions or proton
(H') donos=s while boses are hydrogen ion
or protan (H*) occeptors. According to this
theoru the molecules cations or anions
which hove o tendency to donate H- ions
are acids. Thus acids can be daossified into
following three categories. For exomple
CH COOH. [Al(H 0),I**. NH_- ezc. Accarding
to this concept beses are those molecules
cations or anions which hove o tendency

to accept pratons or H® ions. For example.
NH,. [Fe(H,0), OHJ*". POZetc

(B) According to this theoru oads which
possess o very high tendency to lose
protons has greater strength. Therefors
they are strong aocids. For example HCL
HNO, HSO_ etc On the other hand
acids which possess Little tendenqy to
lose protons ond are regarded as weonk
acids For example. CH,COOH. HCN etc
The boses which possess a very high

tendency to goin protons are srong

boses. For example. GH,000", O\, OH~,
NH,. etc While the bases which possess

little tendency to accept protons are weok
boses. For example. Ct-, NO,~, SO >, etc

The conjugate of a strong oad is always
a vweok bose and the conjugate of o weok

aad is olways a strong base Far exomple.

HQ._, +HO, =HO_,+ Qa_

CH,000H,_,+H,0,, =H,0;_ + G,000,_,
Wiedk add Swang base

Z4.The ionisotion comstant of proponoic acid

is 1.32 x 10%. Calculate the degree of
ionisation if its solution is 0.05 M. What will

be its degree of ionisation if the solution is
0.01 M in HCl solution?

Ans. (A) Let the degree of ionisation of prapanoic

ood be @
Then. repsresenting propionic aadd as HA_
we have:

HA + HO <« HO" + A
(05-0.0a)=05 0.05a 0.05ax

@ HO" A‘]

= (05w)(05a) = (0.05a)’
0.05




|r—-

K
. = . x
@=one =163 % 10

Then [H,0%] = 005a = 0.05 = 163 = 10~
=B 15= 10~ M

(B) In the presence of 0.1M of HCL let o’ be the
degree of ionisaton

Then [H,0°] =001
[A'] =005

¢ - [GLOHLCO0TH]
= OH,0H,000H

T )
00S—-a
_ 132x107°(005-a)
001

Ca

=6.60 = 105
Degree of ionisation
_ 660x10™
0.05

=1 32=103



SOLUBILITY EQUILIBRIA

' TOPIC1 |
IONISATION OF ACIDS AND BASES

The lonisation Constant of Water and
its lonic Product

Water hos o distinctve property thaot it can act as aad
as well as base. In the acidic noture. the HA wall take
the proton while in its basic noture, it gives the proton
Therefore, in the pure stote of water, in a similar tme
molecules of H O it gives the proton and oppeass as

add on the other hand it takes proton it appears as
basic

Example.

H0p, + HOp = HO" , + OH
Aad Base Conjugated Conjugoted
aad base

Therefore. the dissociotion constant
K=[H,0°] [OH]/[H,0]
K[H,0] = K, = [H,0°] [OH]
K, = ionic product of waoter

The concentraton of H* or H,O" ions at 298 K is
10 x 10°M which hos been found experimentally.
During the water molecule dissoaation. it supplies
the same amount of H* and OH- tons. therebore
the hydroxyl sons concentrotion i [OH] = [H-
=10x107M

At 298 K the value of K_
K, =[H,07] [OH] = (1.0x 107 = 1L0x 10°5\F°

&ﬁ Important

- As K, & an equilibrium constant Cheefore it &
temperature dependent

To differentiate the acidic, neutral and basic
aqueous solutions through concentration of
OH-and H O

Acidic  [H,0°] > [OH]

Neutrat [H,0°] = [OH]

H,0] < [OH]

The pH Scale

The concentrotion of hudrogen ions @ calculoted
through pH ecale pH ie defined as the logarithm of

Bao=ic

reagprocaol of the concentration of hydrogen ions or

negatve logarithm of the concentration of hydrogen
[ana.

In dilite solutions (< 0.01M). activity of hydrogen ton
IH*] ie equal in the maognitude to molor concentration
representad by [H'L

g, = [H] moll=
pH =-og o, =-log {[H"] moll=}
o = octive hydrogen atom
Thus on aadic soluton of HQO (10°M) will hove a

pH = Z For the basic solution of NaOH howving
[OH] = 10~* M and [H,0°] = 107 will have pH = 10.
At 25°C, pure water has o concentration of hydrogen
ions_ [H*] = 107 °M_ hence for the pure water

pH = - Lﬂg (10"‘1} — 3 |
Acidsc schition contoine concentration of huydrogen

ion [H*] > 107. while the basic solution contains
concentration of hydrogen ions. [H*] < 10-.

Differentiation of acid, base, and neutral
solution according to the pH scale
(1) Acidic solution hos pH<7
(2) Basic solubon has pH>7
(3) Neutral soluton haos pH=7
Now, at 298 K

K_=[H,0][OH] =10~
-log K_=-log [H,0°] [OH1} =-log 10~

pK_=pH + pOH=14

pK_ changes with temperowre The variaton n pH
with temperatwres are minimal vwe often ignore

pK_= a very impaortant quantity for aqueous solution
and controls the relotve concentration of hudrogen
and huydroxyl ions as their product is o constant

.fﬁ Important

= K ofwarer =[H,07] [OH]
= 1.00 x 10** moF dnrr®

e of water= 14




Table : The pH of some common substances

Solution pH

| Satuwrated solution of NaOH - 15
' 0.1 M NaOH solution i3
Lime water 105
| Milk of Mognesia 10
' Egg white. seowater 78
' Hunnon blood | 74
- Milk 68
' Humnan Salbiva 6.4
' Black Coffee 5.0
~ Tomato juice -472
; Soft drinks and vinegar ) -30
| Lemon juice -27
1 Gastric juace -12
| 1 M HCl solution -0
[ Concentrated HCL - 10

Example 4.1: Case Bosed:

We all get teeth at some part of our bfe because
of our food lifestyle. When we haove sugary food
the tooth begins to decoy due to the presence of
bacteria in the mouth, and this bacterium leads to the
formation of aad. and the enamel which is the outer
covering of the tooth starts to be degraded. The tooth
begins to degrade when the pH level is lower than 5.5.
Even though the saliva is slightly alkaline which helps
to neutralize the acid present in the mouth. Howvever,
if its large amount of aads s present then saliva will
not be helpful The greater amount of acid can be
removed by alkaline toothpaste. Therefore deaning
the tooth daily helps to reduce decay

(A) Which of the following substances leads to the
formation of plaque?

(a) Acid (b) Bacterio

(c) Fungi (d) Both (o) and (b)
(B) What is the pH level of the antacids solution?

(@) <9.5 (b) >7.0

(c) >14 (d >95

(C) Why in the old doy's people used brushes with
neem sticks?

(D) Define pH.

(E) Assertion (A): When the pH is lower than the

tooth begins to degrade.

When the bee stings, it left

acid in thot oreoa which couses

irritation and pain

(a) Both (A) and (R) are true and (R) is the
correct exploanation of (A).

Reason (R):

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(c) (A)is true but (R) is false.
(d) (A)is false but (R) is true.

Ans. (A) (d) Both (a) and (b)

Explanation: The aad and bactena cause
the formotion of plaque as it decreases the

level of pH which leads to aad in the mouth
whichisfavourable for the growth of plaque.

®) b)>70

Explonation: Acidic food and drinks resultin
the degradation of the tooth. Hence the pH

volue of acid is lesser thaon 7.

(C) The presence aof alkaline juice in the neem
stick prevents the tooth from decaying

D) It = the negouve logarthm of the
concentration of hydrogen ions.

(E) (b) Bath (A) and (R) are true but (R) iz not the
carrect explanation of (A)

Explanation: The lesser pH (55) in the
mouth malees the perfect emironment far

the growth of bacteno which maokes the
tooth degrade. As the bee sting releases
methonoic oad fformic ood which cause
pain and oritations.
Exomple 4.2: Calculate the pH of 2 g TIOH
dissolved in water to give two litres of the solution.

[NCERT]
Ans. Molor conc of TIOH
2g 1

= >

(204 +16+1)gmol™ 2L
=425x10 M

[OH]=[TIOH] =452 x 107
2L
Hl= 19  _221x10M
452x107

pH = -og (221 x 109) = 12 - (03424)
= 1166

@ Related Theory
= pH does not have any S unit

lonisation Constants of Weak Acids

I-D(.=‘+ H:Dn;‘ FL,D'M"F )('M
Infaol conc C o o
C(1—-) Ca Ca
Cd o
&= CII—E}:l—EE
e
o [rIx]
[F]

K = dissociotion or ionisation canstant.
The K does not hove dimension quantty

In the case of pH scale:

pK_ =~ log (K)



n‘:’/\l’ Important

~ When the wolue of K is greater the srength of the
acld aleo Increases. which means the strength of the add

depends upon K,

Table: The ionisotion constant of some aelected
weok adds (at 288 K)

Acid lonisation Constant, K_
| Hydrofluoric Aad (HF) 35x10-*
Nitrous Add (HNO.) 45 x 10~
' Formic Aad (HOOOH) 1Bx10=

Niacin (CH,NO,) 15x10°
Acetic Acid (CH,CO0H) 174x10°
Benzoic Aad (C,H,O000H) 65 x10%
l(-ngguot;hlumus Aad 30 % 102
Hydrocyanic Aad (HCN) 49 x10=°
Phenol (C,H,OH) 133 10°%

Example 4.3: The ionisotion constant of HF is

3.2 x 10 Calculate the degree of dissociation of HF

in its 0.02M solution. Calculate the concentration
of oll species present (H,0', F and HF) in the
solution and its pH. [NCERT]

Ang. Proton transfer reaction
HF + I-EO —] HID‘-;- F
K’n =32 x 10
HO+H,O0 & HO*+OHK_=10x 10~
K_>> K_ there the prinapal reaction will be

HF + HO = HO + F
Initial 0.02 0 0
At eq 0.02 -0.02a 002a 002a

In the principol reaction reploce the equilibrium
reaction with an equilibrivm constant
_ (0.02ay’
= (0.02-002a)

== e =32 x 10"

(1-a)
Tuwo values of the root are formed.
al=18x10"-16x103a
=<+ 0.12 E[ﬂd -_— 0-12

However. we cannol accept the negabive ool
therefore.

a = 0.12. this is the degree of ionisobon

Now. we will find the equilibrium concentration
of: H,0". F and HE

[HO]=[F] =Ca=002x012
=24x10° M
[HF]=C(1-a) =002 (1-0.12)
=178 x 10>M
pH =—log [H*] = -log (24 x 10~) = 262

lonisation of Weak Bases
Equation of ionisotion of weaok bases are
MC}HH == M'g+ DH-H
K =[M-][OH] [[MOH]
K = bose ionisation constant
K =(Ca)’ [ C(1-a) =Ca® [ (1-a)
In the case of pH ecale

pk, =-log (K)

Table: The value of the ionisation constant of weak
bases at 298 K

Base K,
Dmmethylamine, (CH,),NH 54x10°
Triethylomine. (CH),N 645 x 10°
Ammonio. NH, or NH, OH 177 x10°

| iuiniie, (X plasit prscect) 110x10™
Pyridine. C,H,N 177 x 10°
Aniline. CH_NH_ | 427x10%
Urea, CHNH_ | 13x10%

Example £.4: The pH of 0.05M codeine solution
s 9.95. Calculate the ionisation constant and pK.

[NCERT]
Ans. Cod+ H]O-:——" CodH- + QH-
pH=885
pOH=14-995 =405
—og [OH]=4.05
-log [OH] =4.05
[OH]=8813x 10\
Eg =
[CodHJ[OHT] [OHT _(B91=107F
[Cad] [Cad] 5210~
=1 5882 102

pK_=-log (1588 x 10-) = 8-0.1887
. e

Relotion between K_and K

For the net reaction. we get an equilibrnum con-

stant by adding two or mare than two reactions
which will be similor to the equilbrium constant

praduct for the independent reaction
(T A
in the pair of conjugote add-base K x K = K_
inB_, +H,0, = BH'_, +O0H
B IBH"][OH]
(8]

As the concentration of water remains constant
it hos been omitted from the denominator and
incorporated within the dissociation constant
Then multiply and divided the above expression

by [H*]. then




K =[BH"§OH[H"] / |B][H"]
= |OHH]HIBH"] / [BiH"]
=K_JK,
KxK K
ff we take the negouve logorithm of both sides

of the equation then volues of the conjugate
ocid and boze are related to each other by the

equatorg

pK_ + pK =pK_=14(at 298K

u‘;” Important

- A z2rong ocid will contain a weat conjugate base and a
strong bace will contaoin weak conjugate ocd

Di and Polybasic Acids and Di and

Polyacidic Bases

Certain ocid which hos more than one ionisable proton
per molecule & lonown as di and poly basic ocads

For example. oxolic add. sulphuric acid. phosphoric
acid.

The ionisotion for o dibasic acd can bes

HoX e He + HE
HX = He, 4 00,

Their equilibrium constant

_ [H ]
= Thx
o _ e

== ]

K‘“‘: and Kulctre lnown as 1= and 222 ionisnlion constant
K > K fordibasicoads.
=1 =3

Diprotic acids: Aads that contamn tvo ionisoble
hydrogen ions. For example H,SO__

Triprotic acids: Adds thaot contoin three ionisoble
hydrogen ions. For example. H:P'DH All polyprotic
aads except sulphuric acid are weak.

&J/\} Important

“= The higher order fonsction constants (K, .’(4 are
emolier than the lower order of lonization constant (i ) of a
polypratic aad.

Table: The ionisaotion constants of some common polyprotic Acids (298 K)

Acid Formuo K| K K,

Oxalic acid HCO., 54 x10° 54 x10= -

Ascorbic acid HCHO.., 79 %10+ 16x10°= -

Sulfuric oad HSO, Very large 10x 10= -

Hydrosulfuric cad HS,_, 11x107 13x10= -

Phosphoric aad @,E’Q%_ | 71 x10° 63 x 10"‘_ 42 x 10‘”_
Assenic odd |t g |5x10° | B8x10° | 40x10¥®
' Carbonic acid H,00,_ 44x10° | 47x10® | -

Factors Affecting Acids Strength
(1) The decreosing order of H - A bond
Sinp bnorooaos

-

HF<<HCOl<<HBr<<HI

Aod sresgth Incroozes

The H-A bond will be swonger oad when the
energy needed to spilt the bond is less. As we

go down to the group the size of the A mcreases
Thus. decrease in the strength of H-A bond
Therefore. the strength of the aad s greoter.

(2) When the electronegativity of A iz higher. then
the aoad strength will be more in a perod.

Eloctronegativiy of Aincracsas N
CH, <NH, <H O <HF

Add givength Increasne ?

Common lon Effect in the lonisation of
Acids and Bases

A weaok electrolyte and o strong electrolyte are put
in the aqueous solution: these electrolytes will have
o common ion in the wealk electrolyte than the
weak electrolyte dissoootion decline or subdue. This
suppression of weal electrolytes & lnown ae the
common ion effect

In order to evaluate the pH of the solution resulting
on addoon of 0.05M acetate ion to 0.05M acetic aad
solution. lets consider the acetic aad dissocation
equilibriumn

HAC_, = H, + Ac
Imitial 0.05 0
concentration (M)
Let x be the extent of ionisotion of acetic aad.
Changein
concentration (M) 0.05—x x

Therefore.

0.05+x



[H+][AcT]  {(0.05 + x) (x)}
[HAG (0.05)
As K_is emoll for weok aad. x <<0.05
Hence. (0.0S + x) = (0.05—x) = 0.05
Thus
18 % 10° = (x)(0.05 + x) / (0.05 - x)
= x (0.05) / (0.05)
x=[H]=18Bx 10° M
pH=-log (1.Bx 10%) =474

Example 4.5: Calculaote the pH of o 0.10M
ammonio solution. Calculate the pH after 500
mL of this solution is treated with 25.0 mL of
0.10M HCL The dissociaotion constant of ammaonio,
K =177x10".
Ans.NH_ + H O <> NH* + OH"
o INH_JlOHT]
INH,]
Before neutralisation. [NH;=[0OH] =x
[NH,] =010 -x~- 010
x?[0.10 =177 = 10°

K =

=177 = 103

Thus. x=133 = 107 = [OHT]
_ K, 187
Therefore. [H*] = ECF[_(IBBXID""’]
= /5Y & T

PH = —lD-ng x 10—-!:] =1112
On oadditon of 25 mL of 01M HQO solution
(ke. 25 mmol of HO) w 50 mlL of 0.IM ammonia
solution (2e. 5 mmol of NH,), 25 mmaol of ammaonia
molecules ore neutralised The resulting 75 mlL

solution containge the remaoining unneutralised
2.5 mmol of NH, molecules and 25 mmol of NH_.

NH, + HOl - NH + O
25 25 0 0
At equilbrium O 0 25 25

The resulting 75 mL of soluton contains 25 mmol of
NH4+ ions (te. 0.033 M) and 25 mmol (ee. 0.033 M)
of uneutralised NH, molecules. This NH, exista in the
following equilbriunt

NHOH = NH; + OH-
0033M -y Uy 7]
where, y =[OH] =[NH]

The final 75 mL solution ofter neutralisotion abready
containsg 25 m mol NH* ions (ce. 0.033M) thus total
concentrabion of NH ions is given os:

[NH]=0033 s+ y
As y & emall [NH ,OH] - 0033 M and [NH]- 0.033M

We lonowvu K, = INH"' o]
NH ,OH
y(0.033)
T I M
(0033) 177 = 102
Thus, y=177 = 102 = [OH]

[H]=10/177 = 10°=0S6 = 107
Hence. pH =924

Hudrolysis of Salts and the pH of their
Solution

Hydrolysis is the method in which the reverse reacton
of neutrolisation occuss.

Salr hydrolysis : solt + water = Add + Base

Huydrolysis of salt of strong acld and weak base

NH,Cl and NHNO,. are some exomples of salt of
strong add and weak base

NH,NO, + H,0 = NH,OH + HNO,
NH; + NO; + H,O = NH,OH + H'NO;
NH, +H,0 = NH,OH + H’
After this. the solution will be aadicpH < 7.

As there is only the cation of the salt that partapates
in hydrolysis, therefore it is called cationic hydrolysia

Huydrolysis of salts of a strong base and weak
acid

CH,000Na and Na,00, are an example of a strang
base and weak aads

CH,C00Na + H,0 = CH,000H + NaOH
CH,000 + Na"+ H,0 = CH,000H + Na"+0H"
CH,000+ HO = CH,000H + OH-
After this, the solution willbe basicpH > 7

Asonly anioniceoltisinvolved in the hydrolysis process.
there it @ called anionic hydrolysis.

Hydrolysis of a weak acid and weak base

CH COONH_ and (NH)), CO, are an example of weak
oad and base

(}i]CDDNH‘. (NH)), CD,
CH,000NH, + H,O = CH, COOH + NH,OH
D-IICDOF +NH; + H]CI = C]-I]CDOH + NH‘OH

The solution pH depends upon the addic and basic
strengths.

$ Important

~ Degree of hydrolysis n such caszs & independent of the
cancentration of solution and pH of such solutians fs given by

pH=7 + 1/2(pK, - pK)

Example 4.6: The pK of acetic acid and pK_
ammonium hudroxide are 4.76 and 4.75. Calculate

the pH of the ammonium acetate solution. [NCERT]

Ans. pH =?-i-%[pf(=-pf(bl

T %[4,?54?5]

=7+ %mm] = 7+ 0.005 = 7.005



' TOPIC2
BUFFER SOLUTION

The addion of o mininol volume of acd or alkali or
dilution in the soluton will withstand the change in
pH is lknown as o buffer solution

Example.
CH ,COOH + GH,000Na. H 0O, + HQ

Acidic Buffer

It has cadic pH and s prepared by mbang weak cad
and its salt with o strong boee. It hos a pH below 7. An
oqueous solution of an equolto concentration of acetc
oad ond sodium acetate pH of 474

Preparation of acldic buffer
HA - weak acid
[CA — Salt
I(OH - Swongbaose
HA+HO=H"+ A
Aad dissodotion constant = K_ = [H'JAT/HA
Talona. negative log of RHS and LHS:
-log K =-Iog [H-] - log|AT] + log [A/A]
pX_ = pH — pH of oad buffer = pK_ + log ([salt]joad))

Conjugate baae]
[Acid]
Bxample. CH CO0H and GH ,COONa

Basic [/ Alkaline Buffer

It has acidic pH ond is prepared by mbang of a weak

baose aond ita galt with strang add. It hos o pH above 7.
The oqueous solution of an equal to concentroton of

amnmonium chloride hos o pH of 9.25.

pH =pK_+ lﬂg[

Preparation of basic buffer

pOH of basic buffer = pK_ + log (=alt}/[base])
pH of basic buffer = pK_ + log ([=olt]/|base])

~ _ [Conjugute r:u:id]
FHi=pholog [Elusej

Bxample. NH (1 and NH OH

Salt Buffer

It hoa neutral pH and s prepored by mbang when o salt
eolution itself acts as o buffer. It hos a pH equolto 7.

Example. CH,000NH, = NH; + CH,000-

"TOPIC3
SOLUBILITY EQUILIBRIA OF SPARINGLY SOLUBLE SALTS

Depending upon the solubiity the solt is caregorised
into three wpes

Category | Soluble Solubility >01M |
Slighdy  0.1M < Solubility
Categoryll - golble  <01M B
Spaningly
Category Il Soluble Solubility < 0.01 M

The solubility product constant

It is used for sporingly soluble Between the substance

of iona and unionised solids. there is the involvement
of equilibrium.

let us consider on equotiomn
ouilunsiod ouluies

Eam-‘ b lirs e niieny -‘ﬂnl."*m‘:-_-
¢ BESO)
BaSO,
K =0
= =

K_ = eolubility product constant or simply solubility
product.

A solid salt of the general formulo hﬁ;‘){: with molor
eolubility n equilibrium with its saturated solution

MX g = VP + U
where. x x MP" =y x X%
Ko = [Me ] D= (S)(uSp
=x'ySi-9
LSl =K_/x* v
S = (K_/x= )+~

Exomple 4.7: Calculate the solubility of

pure water, assuming that neither kind of ion
react with water. The eolubility product of A X, K_

=1.1x10™
Ans. A, — 2A%+ 3X*

Ko =[A"PPCP=11x10"
i S = solubility of AX,,

then [A] =25 X =3S
Therefore.  K_ =(25)" (35)' = 108S°

b |
Thus g LIx10 4 o o

S=10x 102 mol /L



(O BJECTIVE Type Questions)

[ T mari ]

Multiple Choice Questions

i. The concentration of the sulphuric acd
solution is 0.01M, then calculate its pH.

(@) 4 (b) 3
(© 1 d 2
Ans. (d) 2
Bplonotion: pH =-log [H]
=—log |10 =2
@ Related Theory
- Negathe logarithm of the caoncentration of hydrogen

lan [s lonown as pH

A Cautlon

= [r does not hove any S1 unit

2. Which of the following is the weak acd—==ak
base hydrolysis constant?

(@ K_IK, ®) K_[K_
(© K /KK d) 1/KK
Ans. () K /KK

Explanation: JK_H(:Kh = the degree of

1 1 1
huydrolysis and EK' +EK°_§K° = the pH of
the solution
@ Related Theory

~= Anexample s CH ,O00NH,

3. 40 ml of 0.1 M NH_OH is mixed with 20 mL
of 0.1 M HCL What is the pH of the mbaure?

(pK, of ammonia solution = 4.74)

(0) 474 (b) 2.26
() 9.26 d 5
Ans. (c) 9.26

Explanation: 40 mlL of 01 M ammnoniao solution
=40 = 0.1 = 4 milli-equivalent of NH, 20 ml of
01 MHQA = 20 = 0.1 = 2 milli-eguivalent HCL

NHOH+HCL-NH A +HO
nitiol milk-eq - 2 0
milb-eq. after £-2 0 2
reacton =2
- pOH =pi_+ lﬂg-{-ﬂ—?%:ﬂﬁiﬂng-g—

=474+logl=474
PH =14-474=9726

4. K, for CH,COOH is 18 x 10® and K, for
NH,OH is 1.8 x 10°. The pH of ammonium

acetate is:
(a) 7.005 (b) 4.75
(c) 7.0 (d) Between 8 and 7
[NCERT Exemplar]
Ans. (c) 70

Explanation: Ammonium acetate is the saolt of
o weok ocid ond wealk bases

PH=7+ 2 (K, - pK)

pH=7 s 1 (log(1B x 10%) - log(1.B x 109
2 - 70

5. The pH of neutral water 25°C is 7.0. As the
temperature increoses, the ionisation of

water increases, however, the concentration
of H* ions ond OH- ions are equal What will
the pH of pure water at 60°C7

(o) Equolto 7.0 (b) Greater than 7.0

(c) Leas than 7.0 (d) Equal to Zero
[NCERT Exemplar]

Ans. (c) Less than 7.0

Explanatiorn: At 25°C [H*] =[OH] = 107 and K_

= HJIOH] = 107

On heating. K moease. [H*][OH3>10-* or [H7]

> 10°M or pl—Tc: 7.

G. The pH of a 0.005M aquecus solution of
sulphuric acid is:

(a) 0.005 () 2
() 1 (d) 0.01
Ans. (b) 2

Explanation: Concentrotion of protons in
sulphuricaad s
[H*] =0.00S = 2 =0.01
pH = - log ((H] = - log (0.01) = 2
pH =2
7. When equaol volumes of 0.1M NaOH and
0.01M HCl are mixed, the pOH of resulting

solution is:

(@) 7.0 (b) 1.04

(c) 1.34 (d) 2.0
Ans. (c) 134

Explanation: pOH = - log [OHT]

When equal volumes of 01 M NoOH and
001 M HCQO are mobied. as NaOH is more

concentrated then



on-=01-001 _ 450

-,
pOH = - log [OH
=134

8. What is the molor solubility product for
V,(PO)),in terms of K_?

(@) S = (K_/ 84375)\"
®) S =K
© S=(K_/ 15"
) S = (K_/ 108)»
Ans. () S=(K /B4375%
Etpiunut;;n: V,(PO),— 3V~ + 5 PO}
If S is the solubility of \** and PO’ ions then

K_ = [3V*P [5POF
K_=[3SP[5S]*= 3 x 55 x &
K_=B4375x S*

s =(K_/84375)

Assertion-Reason (A-R)

In the following question no. (9-11) a statement
of assertion followed by o statement of reason
is glven. Choose the correct answer out of the
following choice.:

(o) Both (A) and (R) are wrue and (R) is the correct
explonation of (AL

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(c) (A) is true but (R) is false.
(d) (A) is false but (R) is true.

9. Assertion (A): A solution containing a
mixture of acetic acid ond
sodium @cstate mointaing o
constant value of pH on the
addition of smaoll amounts of
acld or alkoli.

Reason (R): A solution containing a
mixture of acetic ocld and

sodium acetate oacts as a
buffer solution around pH of

4.75.
Ans. (b) Both (A) and (R) are true but (R) is not the
correct explanation of (A)

Explanation: The additon of a minimal volume
of aad or alkal or dilution in the solution will
withstand the change in pH.

10. Assertion (A): Neutral solutions
hove pH equal ta 7.

always

Reason (R): pH of o solution does not

depend on temperature.

Ans. (d) (A) = false but (R) is true.

Explanation: At 298 K the pH of neutral
solution is 7. as the temperature mcrease. there
will be on increase in the dissooaotion, thus
mcreoses [H*]. Thus, pH of the solution depends
upon temperature.

11. Assertion (A): Agueous solution of
ammonium carbonote is
basic.

Reason (R): Acldic/basic mature of a salt
solution of o salt of o weaok
acld ond weok bose depends
on Ka ond Kb value of the

acid and the bose forming it.
[NCERT Btemplar]

Ans. (@) Both (A) and (R) are rue and (R) is the
correct explanation of (A)

Explanation: Both sssertion and reacson
ore true ond reoson is correct explonation
of asserton because K ond K, volues are
responsible for oadic and basic characters of
the substances.

@ASE BASED Questions (CBQsD

[& &5 marks ]

Read the following passoges and answer the
guestions that follows

12. The commaon ion effect helps to finish the
particular ion precipitated as sparningly soluble
water, with a wery low value of solubiity
product for gravimetric estimation. Thus, we
can precipitate silver ion os silver chloride
ferric ion as s hydroxde and barium ion as
its sulphote for quantitative estimationn The
solubility of a solute n a particular solvent
is the maxdmum concentration that may
be achieved under given conditions when
the dissolution process s at equilbrium
When a solute’s concentration is equal to is
solubility. the solubon s said to be saturated

with that solute. If the solute’s concentrabion
= less than its solubility. the solution is said
to be unsaturated. A solution that contains
a relothvely low concentration of solute &

called dilute. and one with a relabvely high
concentration is called concentrated.

(A) Differentiote the solutions depending
upon the solubility of the salt.

(B) Exploin the effect of common ions on the
solubility of ions salts.

(C) What Is buffer capadaty?

(D) The molar solubility of PbBr, is
2.17 x 10 M at a certain temperature.

Calculate K-:- for PbBr_.



Ans. (A) As a general rule for o solt to be oble to

dissolve in o particular solvent its solvation
enthalpy must be greater than its lottce
enthalpy so thot the lotter moy be
overcome by the former. Each salr haos its
characteristics of solubility which depends
upon the temperature.

Depending upon the solubilty of the salt
differentate into three:

| Category | Soluble Solubility |
>01M

Category i Sbghty 0.1M
Soluble < Solubiliy

<001 M
Category = Sparingly  Solubility
1] Soluble <001 M

B) (1) One of the iwonic concentrations
increase then it will combine with the
opposite charge ions and certain salt
will undergo precipitation ull it reaches
a point where. K_=0_

(2) H one of the ionic concentrations &
decreasing. then higher will be the

solt dissolve which increases both ions
concentration wll it recches a point
where K_ = Q_ this is used for even the
gaolt like sodum chlornde.

(O The number of millions of aads or boses
to be added to o biwre of buffer soluton to
change the pH by ore unit is the buffer
copoaty of the buffer.

Buffer copoaty = no. of moles of cad or
bose per litre/Change in pH

(D) For PbBr, the expression of solubility
productis

K, =Pb] [BrP = (§)(25)* = 48°

Substitute S = 217 x 10" in the above
expression

Then. K’= = 457
=4(217x109*=41x 10*

13. The ideo of pH concemns the Togarithm of the

equilibrium” process of water autcionisation
Therefare, the notion s practically Gmited to
ggueous solutions

The ‘pH of an ogueous solution” s determined
using the pH scale. which in water varies
typically from O to 14 A pH of 7 is neutral
A pH of less than 7 is acidic. whie that of 7 or
above is considered basic

A solt is an ionic compound that s formed

when an acid and a base neutralize each other.
While it may seem that solt solutions are
always neutral they can freguently be either
aadic or basic

Salt hydrolysis is a reaction in which one of

the ions from o salt reacts with water. forming
either an aadic or basic solutzon

Salt formed front Salt Solution
Strong acid + Stong base Neutral
Strong acid + Weak base Aadic
Weak acd + Strong base Basic

(A) The pK_ of weak acid HA is 4.80 and pK
of a weol bose BOH is 4.78. The pH of an

oqueous solutions of corresponding salt
BA will be:

(a) 7.01 (b) 4.79
() 9.22 (d) 100
[Delhi Gov. QB 2022)

(B) What will be the value of pH of 0.01 mol
dm~ CH,CO0H (K, = 1.74 x 1097

(o) 3.4 (b) 3.6
(c) 38 (d) 3.0
[NCERT Exemplar]

(C) A solution of an acid hos a pH = 5.20.
Find out the comcentration of OH- ioms.

(pK'= 14}
(o) 6.58 = 10 (b) 1.58 = 10°
(c) 88 = 10° (d) 5.5 x 10°

(D) Which of the following solt gives the
highest pH in water?
(a) KCL (b) NaCl
(c) Na,CO, (d) CuSO, [Diksha]

(E) Lemon juice (10 ml) is diluted with an
equal omount of water (10 ml). What
impaoct on the pH of the solution is maest
likely to be seen?

(o) pH of diluted lemon juice would be
more thon pure lemon juice.

(b) pH of diluted lemon juice would be
less thon pure lemon juics

(c) pH of diluted lemon juice would be
equal to thon pure leanon juice.

(d) No effect on pH.

Ans. (A) (o) 7.01

Explanation: For o salt of a weak aad and
weaok base:

1
pH= 2 [pk_+pK, - pK]
_ %(141-,430-4?5]:71::1

®) (a) 34
Explanation: Giver: C = 001 mol/dm?® and
K =174« 105
So. we have pH = —log [H*] and

[H°] = \f{ xC= 174 = 104 = 0.01
=42 10"

pH = -log (4.2x109) =—{log 42 + log 10]
=34



(O (b) 158 < 10°
Explonation: pH + pOH = pK_ = 14 (given)
pOH=pK -pH=14-52=88
[OH] = 10+ = 1028 = 1 58 « 10

(D) (c) Na,CO,
Explonation: Salt of weak oad + strong
base: pH >7 eg Na,CO,
Salt of strong aad + weak base:pH <7 eg.
CuSO,
Salt of strong add + stong base - pH = 7.
eg KCland NaCl

Hence out of the given optons. Na,CO, will
hove the highest pH.

(B) (@) pH of diluted lemon juice would be
more than pure lemon juice.

Explanation: Therefore. the pH of the
solution (diluted lemaon juice) would
be more than thaot of pure lemon juice
Lemon juice helps lower the pH levels by
roising the number of hydronium ions
and decreasing hydroxide ions. As the
hydronium ions in the water are what
determine the pH level it iz proboble that
the higher the hydronium content. the
higher the pH level

(VERY SHORT ANSWER Type Questions (VSA))

[ 1 mark ]

14. Answer the following: Ans. At 25°C. concentration of OH ions &= 107

(A) Conjugate acid or wegk base is always
stronger. Whaot will be the decreasing
order of baosic strength of the following
conjugate bases?

OH-, RO, CH,000-, O+
[NCERT Exemplar]

(B) Define the buffer.

Ans. (A) RO"> OH > CH,000" > CI. this iz basic

strength order.

(B) The addition of a minimal volume of aad
or alol or dilution in the solution will
wathstand the change in pH is lcnown os a
buffer solution

NaOH as present in woter.

But the concentration in this case. is given as
of [OH] = (10~ + 10~% M = 1.001 x 10~

Now
pOH =log [OH] = -log (1001 x 107)
=7 —log (L001) = 7 - 000043 = 699
pH =14-pOH=14-8989=701

17. The solubility of silver sulphaote in the water

at 100°C is approximately 1.4 g per 100 mL.
What is the solubility product of this salt at
100-C7?

15. Explain the following: Ans. The molecular weight of Ag,SO,s312g/molis

(A) In terms of ionisotion constant write 14g
the expression of difference of relative Solubiliny =ik 14 gfL
strength of two weaok aclds -

(B) What is hudrolysis? Molarity = 31142 M = 0.04487M

strengthof acid, E

Ans. (Y strengthof add, q K_

The expression for the solubiliny product =

K, =[AgPISO] = (25) (§) = 48°
Substtute S = 0.04487 M in the above
EXpression

(B) Hudrolusis ia the method m which reveEs
reaction of neutralisotion oocura

16. What will be the pH of a 10M NaOH
solution? K_=4S"=4(0.04487)' =36 x 10~

(SHORT ANSWER Type-I Questions (SA-1))

[ 2 marks ]

1E. Based on the equation pH = - log[H"], the pH
of 10 mol dm™ a solution HCl should be &

However, it is observed to be less thaon 7.0.
Explain the reoson [NCERT Exemplor]

Ans. According to the facts, ittells us thot the solution

is very dilute and production of hydronium tons
by reacting HCL with H,O. Therefore, greater

the (H*) concentration l2ads to a decline in the



pH Hence we cannot disregard the H,0" ions
concentration in the soluton

Thua the overoll pH will be [H O] = 10°
+ 107 M = 7. So. it will be the ocadic soluton

19. Arrange the following in increasing order of

pH.
KNO,_, CH,C00Na,__, NH,Cl
CH,COONH__

Ans. KNO, (salt of strong aad-strongbose). solution
is neutral pH = 7.
CH,O000Na (salt of weok aad-swong baose).
solution is basic, pH > 7.
NH (1 (solt of strong acid-weok baose). solution
is acidic. pH < 7.
CH,COONH, (both weak but NH OH is slightly
stronger than CH,OOOH. pH is close to 7 but
slightdy >7.
NH, A < CH,OO0ONH, < KNO, < CH,000Na

20. FAind the molar solubility of PbCL, n 0.20M
Pb(NO,), solution (K_ for PbCL, = 1.6 x 107).

ANs. [Pb*] = [Pb(NO,).] = 020M
The expression for the solubility product &
K =IPb>liCP
Substitute values in the expression for the
solubility product.
K_=Pb*] x [aF
16 x 10 =020 x [*F
P =8x 104
ICH =8 x 10M
The molor solubidity of PbCL, m 020M
Pb (NO,), is
_ L%J= 5‘9’;'34“ = 46x 10°M

21. A solution of 0.1M NH, (K, = 18 x 107).
Calculate the pH value.

Ans. NH,OH= NH; + OH-
£ = NCOH]

[NH_]
[NH] =[OH]
- [oHT
s INH;]

[OH] = JKE l[NH,I:JI.E =10~ =0.1
=m= 134 x 103

K. 10x10™*
] o ———
N = 15 " 13ax10°

=746 x 10+
pH =-log [NH]
=—log (746 x 1039

=—(-12-log 746)
=12-0B8=1112

A Caution

= K does not have any dimension

_N_

" 1000
supposed to be fully ionised. Then calculate
the pH.

22 the sodium hydroxide solutiom is

. [NoOH] = [OH] = 10N = 107\

Given[H.O"JOH |=K_ = 10°
R

= N_= ) 1) sy
MO l= o 105

pH=-ingH,0"]=-logl0™ =11

(SHORT ANSWER Type-Il Questions (SA-I))

[ 3 marks ]

23. Answaer the following:

(A) Write the pH volue for the following
substances.

(1) Block coffee (i) Milk
(i) Humaon blood  (iv) Humaon eoliva
(v) Egg white (vi) Lime water
(B) Write the wses of buffer solution and

what will hoppen in the aobsence of
buffer in enzyme action?

Ans. (A) (1) 5.0- the coffeine iz slightly alkoline in
nature.

() 6.B- due the presence of loctc oad

(w) 7.B- duetothe presence of bicarbonate
unic

(v) 6.4— bocteno present in the mouth
breakk down the carbohydrates and
lead to formation of lactic aad. butyric

aad. aspartic aad.
(v) 7.8-itis naturally alkabine
() 10.5- lime water i o snturoted solution
of o base colled calcdum hydrexide in
water.
B) (1)In the pH regulotion is the use of
bacarbonate and carbonic aad buffer

system in order to reqgulate the pH of
blood.

(2) It also maintoine an opumum pH for
enzyme activity in mainly organismsa.



The obeence of these buffers leads to
the slowing of the enzyme oction loss

n enzyme properties or even denatured
of the enzymes This denaturotion
process can even permanently
deactivate the cotolytic action of the

ENnZymes.

24. bxplain the following queston:

(A) The factors affecting the acidic strength.
(B) The relation between K_and K

Ans. (A) (1) The decreosing order of H-A bond

®)

Lis0 inoyoooos

-
F

HF<c<cHO<<HBr<<Hi

L4 ewength Incinooas :

The H-A bond will be stronger aad

when the energy needed to epilt the
bond is less. A= we go down to the

group the size of the more Thus.

decrease in the strength of H-A bond.
Therefore, the strength of the oad is

greater.

(2)

The electronegotvity A is higher. then
the oad strength will be more in a
perod

Elearonegamay &F Alnoraooos

OH, <NH, <H O <HF

Add swength Inorecses

S
-

For the net reaction we get an equilibrium

oconstont by odding two or more than
two reactions which will be similor to

the equilibrnum constant product for the
independent reaction.

K_=K xK x
In the pair of conjugate acd-base

K xK =K_
In B = HID“# BH__ + OH
K, = [BH"] [OH1/[B]

As the concentration of water remains

constant it hos been omitted from the
denominator and incorporated within the

dissociation constant Then multiply and
divided the above expression by [H*]. then

K =[BH"] [OH] [H] [ [B] [H']
= {[OH] [HTt {{[BH-] / [B] [H]}

=K /K

= Kn ¢ Kb = Kw
I we toke negotve logorithm of bath
sides of the equation. then pK values of
the conjugate aad and base are related to
each other by the equation;

pK_ + pK, = pK_ = 14 (ot 298K)

45. The values of Ksp of two sparingly soluble
salts Ni(OH), and AgCN are 2.0 x 10** ond

Amns.

26.

6.0 x 10"V respectivelu. Which salt is more
soluble. Explain.
AgCN = Ag" + ON-
K_=[Ag]lCN] =6 = 107 0
Let [Ag:] = S then [ON] =S
~homeq@®SxS=6x 10V
Then S=v6x10V=78=10°
Ni(OH), = Ni*? + 20H- —(n)
K_=[N"][OHF =2 = 10
Let [Ni**] = S. then [OH-] = 28§
From equation (uk
(S) = (28)*=2x» 10
4S5 =210
8Y=2=10%/4=05=10"
or S =058 x 10"

Snce eolubibity of N{OH), is more than AgQON.

so. Ni(OH), s more soluble than AgON

Find the pH of 0.05 M NH,Cl (ammonium
chloride), wusing the wvalue K (NH)
=18x102 mol L=
=t 47T Ky(NH,)
_ 100c 10 mael”
18210 mal ™

=S558 x 10°°° mol L=

We can now evaluate the hydronium-ion
concentration with the usuol approxamaotion:

M0 = k€

= Y5562 10" mol " x0.05mol L™

=527 x 108 mol L=

HencepH =-log (527 x 109 =528

(LONG ANSWER Type Questions (LA))

[ % &5 marks ]

27. Asparingly soluble saolt gets precipitated only
when the product of the concentration of its

ions in the solution (Q_) becomes greater
thon its solubility product. if the solubility



of BaSO, in water is B x 10~ mol dm~,

calculate its solubllity in 0.01
mol dm= of H,SO_ [NCERT Exemplar]
Ans. BoSO, = Bo»™ + SO
1 0 0
Atr =0 1-S ) S
At equilibrium 1-S S (5+001)
K_ for BaSO, in water = [Ba™] [SO,*]
=S xS5=87
K_=(@ =109
=64 x 10®
In presence of H,SO,
K_=@®) (S+001)

K_ being constant
S (S+001)=64 = 10*

S°+0015=64 = 10°
S°+001S — 64x10%=0

_ —0011(0.01) +(4x64x10*)
- 2
001410 +(256x10%)

2
_-107+(1012x107) _(-1+1012)x10~
- 2 - 2
=6x10~mol dm™

S

ZE. Calculate the pH of o solution formed by
mbdng equol valumes of two solutions A and

B of a strong acdd having pH =6 and pH = 4

respectively. [NCERT Exemplar]
Ans. pH of eolution A= 6

Therefore. concentration of [H*] = 10® moll=

pH of solution B = 4

Therefare. concentrotion of [H*] = 10~ moll=

On mbang 1L each solution then totol volume
=1L+ W =2L

Total amount of H* n 2L soluton formed by
mbang solution A and B = 10 + 10~ mol

This amount is present in 2L solution
107*(1+0.01) _]_E}lxlﬁ" -
2 2

-]
- LOLAOT -

Total [HY] = ol L=

=005 = 10~ mol L=
=5= 10%meol L

pH =-log [H']=-log (5 = 107)
=-{log S + (-5 log 10)]
=1ogS5+5
=5-1log5
=5-06990
=43010=43
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