KEY CONCEPTS

TIGASEOUSSTATEL. |

When the molecular forces of attraction between the

particles o
in a state known as gaseous state or a state of matter

in which molecules are far. away from each other
and free to move in available space Is called gaseous

state.
1.1 Properties of Gases

(a) They do not have definite shape and volume.
(b) They can occupy whole space open to then.

(¢) Gases have unlimited dispensability and high
compressibility.

(d) They have very low densities because of

negligible intermolecular forces.

(e) Gases exerts pressure on the wall of the
container with perfectly elastic collisions.

(f) They diffuse rapidly through each other to form ~.

homogeneous mixture against the electric,
magnetic and gravitational field.

1.2 Parameters of Gases

The characteristics of gases are described in terms of
four measurable parameters and it is also called as

measurable prbpcrtics of gases which are
(a) Mass (b) Volume
(c) Pressure and (d) Temperature

(a) Mass (m)- The mass of a gas is denoted by 'm'
which is related to the no of moles 'n’

| Therefore,
m(massm grams)
f moles —
n(no o )= M(Molarmass)

so, m =nXM

(b) Voiume V-

(i) Gases occupy whole space available to then.

The volume occupy.by a gas is simply the
volume of container in which it is filled.

(ii) The volume of a gas is denoted by 'V' and it is
measured in units of litre or cubic metre (m’) or

cm’ or dm’.
(iii) 1 litre = 1 dm’ = 1000 cm® = 1000 ml
(c) Pressure (P)- '
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£ o matter are minimum, the particles exist -

(1) It is force acting per unit area. A confined gas
exerts uniform pressure on the walls of its
container in all the direction.

(i1) It is denoted by 'P' and specified in pascal (P,).

(iii) Other units of pressure are atm, cm hg, mmHg,
N/m?, bar, torr.

(iv) 1 atm =76 cm Hg = 760 mm Hg
=1.013 x 10° N/m*=1.013 x 10°P,
= 1.013 bar = 760 torr.

F(Force)

. (v) P (Pressure_,) = A(Arca)

* Massx Acceleration
Area

(vi) Pressure exerted by a gas is due to kinetic
energy (K.E. = %2 mv®) of the gases molecules.

(vi))K.E. of the gas molecules increases, as the
temperature is increased so, pressure of a gas is

directly proportional to temperature. P oc T
(d) Temperature (T)-
(i) The temperature of a gas is denoted by "T" and it
| is measured in the unit of kelvin (K).

(ii) Other units of temperature are , °C, °F, °R.
(iii) K = °C + 273.15

_ (y°f-32)

5 9

The certain laws which relate the four parameters
are called gas laws. ‘

2.1 Boyle's Law

(a) It states that at constant temperature, the volume
of a given mass of a gas is inversely
proportional to the pressure.

(b) Mathematically -

- |
P o v (at constant temperature)

or PV =K or P,V,=P,V,
(¢) Graphical representations
()PvsV (i) P vs

P T . PT
(In atm.) (In atm.)

SV — VA"
(in litre)

GASEOUS STATE N



(1) log 1" va, log V (lv) 'V vs P

| | e L
o l" \ "L " (if) Vvs = or Sy

log V =+ =+

2.2 Charle's Inw '

(n) Thiy law states that ot constant pressure, the
volume of o given mass of a gas is directly
proportional to Its absolute temperature.

(Absolute temperature = °C +273.15)

(b) Mathematically - Ve 'I'  (pt constant pressure)
V = volume of gas

T = Absolute temperature

V = KT or

V ak

T
Hence, if the volume of a gas of mass is V, at
lemperature Ty changes to V, at T, pressure
remajning constant,

V
then TL & %/3- = constant
Y

or log V-=log T = constant

(¢) For cach degree change of temperature the
volume of sample of a gas changes by the

fraction of %73 15 of its volume at 0 °C

. V=V, [273.!5+t]

273.15
This . equation is called Charles-gay-lussac
equation,
where ' o

Vi = volume of gas at temperature t °C
Vo = volume of gas at 0 °C temperature

L =temperature in °C.

(d) Graphical representations -

() VsT

rr__,.

<— .

T

(iii) log V vs log T, logV

log T—*

v 1

(iV) -'F vs T V/T

T—>

2.3 Gay-Lussac's Law or Amonton's Law

(a) It states that at constant volume, the pressure of
a given mass of a gas is directly proportional to
its absolute temperature.

(b) Mathematiqally -PocT (at constant volume)

where P = pressure of gas

T = Absolute lemperature

P =KT
or — =
= K

Hence, if the pressure of a gas is P,

temperature T, changes to P, at T,
remaining constant.

at
volume

P P
then  —L=-2 - c nctant
L T




where Py = Pressurc of gas at t °C

p, = Pressure of gas at 0 °C

¢ = Temperature in °C.

(d) Graphical representation -

(i))Pvs T

(i) Pvs 1/T or Tvs 1/P

O —

P

(iii) log Pvslog T~ (iv) = V,T

log T—

2.4 Ideal gas equation _
- (a) It correlate all the four parameters of a gas.
" (b) Itis the combination of Boyle's and charle's law.
(c) PV = nRT

PV=1“-RT_
M

" The equatlon iS called as 1deal gas equatlon
Where n =noof moles of the gas
- m —mass ofthegas

- M =Mol. wt. of the gas
~ 'R = Molar gas constant.

(d) Forl mole ofthe gasn=1

- PV= RT

Where P,, V,, T, are the initial pressure, volume
and temperature and P,, V, T, are final.

The above equatic;n is called as ideal gas
equation.

(e) The unit of R is the unit of work or energy per
degree per mole as -

no PV _ Pressurex Volume
nT  molex Temperature N
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L

force

x volume ’

R=__Area _ orcexlength
- molexTemperature ~ molex Temperature
R - work(energy)

mole x Temperature

(H Numerical values of R in different units -
(i) R=0.0821 litre atm. deg.” mole™

(ii) R = 62.4 litres mm. deg.” mole™

(iii) R = 8.314 x 107 ergs deg.” mole™

(iv) R = 82.05 C.C.atm. deg.” mole”

(v) R=2 cals. deg.”' mole”

(vi) R=8.314 JK™" mole™

T e “‘E

Fs R B T i
T RTINS g R R
Dalton!s.ﬁLaw; of Partial | Pressuresi-:

(a) According to this law, when two or more than | |
. two chemically inert gases are kept in a closed
contaﬁner, thé total pressure exerted by the
gaseous mixture is equal to the sum of the

partial pressures of individual gases - 1.e.-

P =P, +P, + P3+...+P,

(B) Let n; & n; be the no. of moles df_‘ two inert -
‘gases A and B which is filled in a container of
volume  'V' at temperature T. So the total

pressure of container 'P' may be calculated as -
PV =(n; +n;) RT...... (1)

Partial pressurc of individual gas calculates at -
P,V = nl RT . (11)
PgV  =n,RT ... (iii)

~ On the addition of eq. (ii) & (iif) we get -

(PAo+Pg) V =(n; +n,) RT .... (iv)

On the comparison of eq. (i) & (iv)
P =P, +Ppg

Dividing by equation (ii) by (i), we get

n,
T = XA
P n;+n,

P, =xuxP

where x, = mole fraction of 'A'
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. t
Similarly dividing (iif) by (i), W€ €%

PB=XB>‘P

fraction x total pressure

Partial
3.1 Applications of Dalton's Law of

pressure
(a) mole fraction of a gasina mixture of gas

_ partial pressureof gas
Total pressureof the mixtureof gas

(b) % of a gas in a mixture

partial pressureof gas _ .
Total pressure

(c) Pressure of dry gas which is collected over the
water is-

Protal = Proist air = Pdwgu + Puater vapour
(Note : Piaier vapour iS called aqueous tension)

so P drygas — P Total — P Water vapour
(Note: Aqueous tension is directly - proportional to

absolute temperature)
3.2 Limitations of Dalton's law of partial pressure

(a) It is applicable only inert gases like N, and O,
Nz and Clg etc. f

(b) It is not applicable for chemically reactive gases

like H, and Cl,, CO and Cl; etc.

(a) Ac‘cording to this law under the same condition
of temperature and pressure, equal volumes of
all gas contains equal no. of molecules.

V o n (At constant temperature & pressure)

Where V =volume
n =no of molecules

(b) Molar Volume or gram molecular volume - 22.4 -

litres or 22400 ml of every gas at NTP is the
volume occupied by its one gram mole and it is
called molar volume or gram molecular volume..

(© The mole Concept - Mole is defined as the total
amount of substance that contains as many basic
units as there are atoms in 12 g of the isotopes

of carbon -12. Thus a mole will be defined as
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known © diffus -~ which a gas is allowed
gh a fine orifice from

LAW
(a) This law wa>
(b) According to
and pressure, the rate
‘agasls inversely proportic
of its density. Thus and dire

proposed by Thomas Graham.

this law, at constant tempcrature
of diffusion or effuston of

rtional to the square root
ctly proportional to

its pressure.

' P
Rate of diffusion (r) = —fc.l.—

It pressure 1s constant

le dy

where r; & rztare rates of diffusion of two gases
and d, & d, are densities.

2 x vapour density = Molecular mass

Coh M,
LY M,
where M; & M, are the molecular masses of

two gases.

(c) Rate of diffusion = MMU_EEQ_
Time taken for diffusion

3.1 Applications of graham's law of diffusion

(a) To the Detection of marsh g£as In mines

(b) Separation of ISotopes




(a) It was a commonly given for ideal gases.

(b) This theory was proposed by Bernoulli and next
to developed by Clausius, Maxwell, Kroning

and Boltzman.

6.1 Assumptions of Kinetic Theory of gases
(a) All the gases are made up of molecules moving

randomly in all the directions.

(b) The volume of the individual molecule is
negligible as compared to the total volume of
the gas.

'(¢) Pressure exerted by gas is due to collision of gas
molecules with the wall of the container so.
Pressure «c No of collisions per unit time per
unit area by the molecules on the wall of the
container | |

(d) All collisions between two molecules or
between a molecule and a wall are perfectly
elastic.

(e) All the molecules obey Newton's laws of

| motion. |

() Gas molecules neither attract nor repel each
other.

(8) Kinetic energy of gas molecules depend upon
the absolute temperature so.

Kinetic energy oc absolute temperature
(h) The force of gravity has no effect on the spccd
of gas molecules.

-

6.2 ‘Calculation of Kinetic energy

According to postulates of kinetic gas equation-

= 1/3 mnv*
where P = pressure of the gas
V = volume of the gas
n = no of molecules present in the
given amount of gas
v = Root mean square speed
for one mole of the gas -

PV =RT andn_ N
E]{-vaz =RT
or El mNv? =RT
3 2

I

(- P mNv* = K.E. per mole)
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K.E. =RT

3RT

K.E. = —2-—-=>KE per mole / Avg. K.E. per mole.

Bolt = R
zmann constant K A\]

=‘1.38 x 107'° ergs K™' molecules™

3JKT

K.E. = — = K.E: per molecule / Avg.

K.E. per molecule

6.3 Velocities related to gaseous state

(A) Root mean square velocity (RMS velocity) -
Square root of the mean of the squares of the speed
of all the molecules present in the given sample of

the gas is called root mean square speed.

ue 3BV _ f3RT _ R
M M d

(b) Average Speed -
It 1s the arithmetic mean of the various speeds of the
molecules -
Average speed (V )I= SRT
Average speed = .9213 x RMS speed
RMS speed = 1.085 x Average speed
Most Probable S]:;eed-

Speed possessed by-maximum number of molecules

of a gas at a given temperature.

2RT

. M

MPS =.816 x RMS ; RMS = 1.224 MPS
MPS: A.V.speed :RMS=1:1.128:1.224

Most pmbabie speed (o) =

. % z; 1 -.:] ; ' . -.- " _:- oy ...- ; bt x o % K __.:. 3 : ""r - .. e i -3 . . . ot
. ) S B i : 1 ‘ I . ; : I 1 . 1 5 f i . 1

L . . 1 ; 5 Tig A i " Bl . 2 4 ™ & dig

1 _ ‘
m g _ Real gas

1. Obeys gas law under | Obeys only at low P
all condition and high T

Does not obeys ideal
gas equation

2. Obeys ideal gas

3. Intermoleuclar Intermolecular
interaction between | interaction between
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gaseous molecules

gaseous molecules
not negligible.

are negligible.
4. Volume of a particle | Volume of a particle
is negligible as | is not be negligible
compared to total | as compared to total
volume of the gas. volume of the gas.

5. Exists only high | Exists only at low
temperature and low | temperature =~ and

pressure high pressure

7.1  Explanation of deviation

Kinetic theory of gases do not hold good at all
condition mostly these two assumptwns -

(a) The force of attraction between gascous

molecules are negligible

(b) The volume occupied by the gaseous molecules

is negligible compared to total volume of gas at
high pressure. Both the assumptions do not hold
good hence deviating from ideal gas.

k ® Fem ok e N i ME ' i
e ] e g By el N e P Ay T o o P o

(a)* Specific Heat - It is the amount of heat required
to raise the temperature of -one gm of the
substance through one degree centigrade. It is

usually expressed in "Caloncs

(b) Calorie - A calorie-is. deﬁned as the amount of -

heat required to raise the temperature of one gm

of water through 1°C (more accurately from

15.5 °C to 16.5 °C.).

The heat so supplied is used up in increasing the

internal energy of the molecule, i.e. in raising
" the temperature or in raising the average K.E. of

the molecules. °
(c) Specific Heat of a gas at constant volume (C,) -

The amount of heat required to raise the
temperature of one gm of the gas by 1 °C when
the volume is kept constant and pressure is
allowed to increase.

(d) Specific Heat of a gas at constant Pressure (C) -

The amount of heat required to raise the

temperature of one gm of the gas by 1 °C when
the pressure is kept constant and volume is

allowed to increase.

= -_—*. = r— P , " o 4 3
; - ' { ¥ N | . ‘ -t—"'"" | X -L‘ ' U - *' ﬂ F #
v & E B | s &' v - - i~ .
. o [ 1 - . ! -=i-ﬂ.‘ 1|!

1 A "".1- 2 “. .-- :-...._ —"._r.-._, 4 R - - h f “ -
e 2 i MR DI G ST RN

xM

d Cp=FCr
Cy=Cy ™ M an |
VC and Cp are molar specific heat or zeat
| t
Whm'ﬂzt;t,' vper mole at constant volume and a
capacl
constant pressurc
' Heats -
(e) Ratio for Molar o g
(i) For monoatomiC gases Cy
=30 _ 166
3.

(C
.Molar heat capacity at constant volume (Cy)

3RT

-KE.= 5

5': i°C :)KE =3/2 R

; = i ><2=3.
K.E. 5

Therefore = Cy = 3 calories.

f

N &CP=Increase in KE (E-R) + work done

_3 R+R= ER (Since R =2)
2 2
5 _ :
| Cr = > Xx2=15 calgnes:
- (ii) For diatomic gases Cp _ 2*X
o T Gy 3+x

In case of diatomic gases X In many cases

1s 2.
Cy S
- (iii) For triatomic gases—2- = 23
S Cy 3+3
§
= =133
6




igible under all conditions.
the gaseous molecules

. ible as compared (o total volume of gas.

ection - The observed volume is

olume & correction term 'nb’
m observed volume in

(¢) Volume Corr
greater than ideal v
has to be subtracted fro

is no. of moles of real gas & 'b' is

Where 'n
constant which depends on nature of real gas.

e L
e .-.,‘.L.I-..I. - L e ’ : ;
.\.-_'ﬁlr-;j_!..._.-_:_::__‘ A S R PNt

R ] = L ‘: 1-. : E, e

The temperature at which a real gas behaves
like an ideal gas over an appreciable pressure

ure (T) - The temperature
d whatever

" (a) Critical temperat

above which gas connect belliqluiﬁe .
: 41 rangec.
ssure is applied is called critical temperature.  Tang

8a

pre

T, = -
€ 27bR
(b) Critical pressure (P¢) - The minimum preé'sure

required to liquefy a gas at its critical

. A

temperature is called critical pressure. - _ , ,

. A | It is the temperature at which any real gas Is

P.= 2 >  expanded adiabatically and no effect of cooling
27b or heating is observed.

(c) Critical volume (V) - The volume occupied -
by one mole of a gas at the critical temperature
and critical pressure is called critical volume. L

(a) On inqreasing the pressurc gas can be easily
liquified ~because - intermolecular- attraction

between gaseous molecule increases.

(b) On decreasing the temperature K.E. of gaseous | ,
molecules decrease That's why gas can be easily !

liquified.
(c) Temperature of gas must be lower than critical
temperature (T,). o |
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The substances formed at final stage of reaction are

F -
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the direction, reactions are of two
types. '
Reaction

Irreversible Reversible

4.1 Irreversible reactions : |
The chemical reactions in which the products
formed do not combine to give back the reactants
“are known as irreversible reaction. .

A. Properties of irreversible reactions -
(@) Reactions in which reactant react to form
product only. | '

(b) Reactions proceed in one single direction.
(¢c) Always proceed to completion.
(d) Always carried out in open vessel.
(e) In these type of reactions, If product areéaseous
In state, then they can escape from reacting site.
If they are solid in state they will precipitate. =
B. Some examples of irreversible reactions are
as follows — |
(a) All thermal decomposition in open vessel.
(b) All the neutralisation reaction of strong acid and
strong base. |
(¢) All precipitation reactions.
(d) All gaseous reactions in open vessel.
4.2 Reversible reactions : |
The reactions in which the products can react with

one another to give back the reactants again under
suitable conditions called as reversible reaction.
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d in both directions.
et completed.

| Some exam ple

follows — | |
(a) All {hermal dissoC!

. A S + CO;
CaCOs = Ca0

- PCls =—
(b) All types of salt 1Y

strong base salt. -
NHLCI +H;0 ——> NH,OH + HCI

Salt of weék base
. |

strong acid o |
" (¢) All gaseous reactions in closed vessel.

N, + O,)=—— 2NO
Hz + 12 : 2HI
280; =—— 280, +0,
' N,+3H,==— 2NH;
(d) All the reactions of organic hydrolysis.
~ CH;—C-'0C;H;+H-OH
— CHj—ﬁ - OH+ C,H;— OH
O

ation N closed vessel.

dmlyéis except 'strong acid

Reversible reactions are also of two type-

| Reaction
HmE“"TJ
reaction rcvers.lble
reaction

4.2.1 Homogenoug reversible reactions -

If . ° ® |
In the reversible reactions physical state of all

, 1t 1s known as




CH, — ﬁ-— O — CzHs (€) + HO(¢) =—=—

CH; - ﬁ‘ O-H (¢) + C;Hs — OH (4)
e,
Graphite (s) == Diamond (s)
Skh (5) === Sy (s)
4.2.2 Heterogenous reversible reaction :

If in the reversible reaction, physical state of

reactant and product are different, it is known as
heterogeneous reversible reaction.
CaCOs(s) <=—— CaO(s) + CO,(g)

FeO(g) + CO(g) === Fe(s)+ COy(g)
Fe(s) + 2H,0 (¢)

<—— Fe (OH),(s) + H»(g)
FeCly(s) +3H,0 (¢) === Fe(OH),(s) + 3HCI (¢)

HO (¢) =— H,0 (g)

" - " l i iy oy _--.,.,.; :__.., P __a_-...p. e S T S Ry i R S M - <
. o ?‘_:'.‘;#..-'f‘-":‘: B e ey ._.-1":.1:5.':,- 't':.,__:: '3;!.{;..;:"’ L R R T h R s
| + e ¥ b.._ﬂl. A S P o, . T ) "r""'".‘ R, o A 1 A -
}.f e ™ e ey e o b s M S 1L
o | 2 - R e Y et gl
‘5 § rﬁ ! ﬁ f '-E. o & B2 v Chih e
< &1 l-‘u HIE VLU ABEE S . o SR
o _=._,_,.;, g e SN el v ot ? . Lo g
R R . B ""I bo R n,f'i*'-'«* R LA T e R, .2:, ‘*’:, -,-5-'-'?::.5" e !

(a) State of rever31ble reaction at Wthh rate of
- forward reaction becomes equal to the rate of
backward reaction is called

chemical
equilibrium.

(b) State where rate of formation of product is equal

to the rate of formation of reactant is known as
chemical equilibrium.

(c¢) State of reversible reaction ' in which the ,

concentration of reactant and concentration of
- product remain unchanged but not necessarily
equal,is called chemical equilibrium. .
(d) State where exchange of energy becomes zero is
- also called as chemical equilibrium.
5.1 Characteristics of chemical equilibrium :

(a) It is a dynamic equilibrium i.e. at this stage of
reaction takes place in -both the directions of
same speed although appears to be stopped.

(b) On the stage of equilibrium the reaction
proceeds both the side.

(¢) At the state of equilibrium, both reactants and
products are‘present and their concentration do
not change with respect to time. '

(d) The state of equilibrium is not effected by the

presence of catalyst : It only helps to attain the
equilibrium state in less or more time.

(¢) Change in  pressure, temperature  or
concentration favours one of the reactions and
thus shifts the equilibrium point in one

| direction.

() Change in free energy is equal to zero at the

state of equilibrium (AG = 0).

5.2 Graphical representation of chemical equilibrium —

[R]o :

/

E \— Equilibrium

E ! state

S
[Plo

Time—>

[R]o -
1 I
S :
B | [R] = [P]
8 ' Equilibrium
S | state
) !
[Plo —
Time—>
[R]o
?:-. B
S [P]
E Equilibrium
g state
S
O
[Plo

(a) ThlS law was glvcn by Guldberg and Waage.

(b) According to this law the rate of dissociation of
reactant and the rate of formation of product is
directly proportional to active mass of itself at
constant temperature.

A+B— C+D

= < [A]
+ <@
& <[
e
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IS difﬁCtly

While, the rate of a chemical reaction < of

proportional to the product of active masse
reactants. |
r oc [A][B]
r =K[A][B]
6.1 Active Mass or activity or effecltive concentration
or molar concentration —

(8) It is the molecular concentration of a substance
I.e. the no. of gram moles per litre.

(b) It is represented by enclosing its formula in
square brackets ( [ ])bf a substance.

Active mass = Molar concentration =

No.of moles _ No.of grams of substance

volume(inlitres) Mol. wt.x volume(in litre)

Note: The active mass of solids s one.
¢g. What is the active mass of 4 gm H, in 2 litre
volume 2
4
[H;] = = ]
2] 2% 2
€g. What is the active mass of 14 gm N, in 2 litre
volume ?
14 ]
Nj= 2=
“ 282 2

€g. What is the active mass of 14 gm N, in llitre

volume ?

[N,] = 141 _ 14x2

28 x — 28
2

Note: — Law of mass action is applicable only
reversible reaction.

1.

for

6.2 Mathematical Expression of law of mass action :

At the constant temperature, let us consider the
following reversible reaction.

A+B = C+D
According to law of mass action -
Rate of forward reaction

N, + Oz — 2NO

' 0

Initial - b

moles ' 0

moles at (ax) (b_).:) -

equilibrium

| (a-x) (b—X) 2x
Active mass v Vv V
(mol I™")

Here, V is the volume of container in litre.
According to the law of mass action

[NOP*

KC = —
[N,][O;]




(a — X)_I:.

o, | ) (a+b).
_ (b=x)P
Pgs. . =

’ (a+b)

P - (2x)P
NO (ath)

According to the law of mass action
kp = | (PNO )2 '
(Py, ) (P O,)

substituting the value of pai'tial ﬁressure in the 'aboxkrc

equation of Kp -

®

oy ((2#)}* 2
Ky = \@+b))
- ((H*X)P][(b—x)P
(a +b) (a +b)
Kp = - 4
(a—x)(b-x)

6.3.2 Thermal Dissociation of Phosphorus Penta-
chloride- (An > 0)
A. Calculation of K¢ - Suppose one mole of PCl;
Is take in a closed container of V litre. Further at
equilibrium x mol of it dissociated

PCls = PCl; + Cl,

[nitial 1 0 0
moles '
moles at-  (1—x) X - X
equilibrium
Active mass . - Z z
\ vV =V
(mol I™")
According to law of mass action
; Ke = [PCL;]ICL, ]
[PCls]

Substituting the values in the above equation.
X |\ X
b6
l—x)
52
2
E’f T (=x)v

K=

If x<<1 then 1 —x =~ 1
) 2
SD, KC= L
V
Xz =Kc.v
X!« V

[x=dV]

If we increase the volume, the dissociation x is also

increased.

B. Calculation of K; -
PCls : PCl; + (I,

initial 1 0 0
concentration

moles at 1—x X X
equilibrium

Total no. of moles at equilibrium,
(1-x)+x+x = (1+x)moles
According to law of mass actien

P.~ xP
Kp= _PCh*1Cl
Ppcy,
yer s - XxP
At equilibrium Ppo = (1' _3
: + X
p. = XxP
“h (1+x)
_(1-x)P
PP*Cls ' (1 +_XT

Substituting the values in the above equation of Ky -

)
Ky - 14+ x 1+ x

(1-x)xP
- (1+x)

sz
2

Kp =
1—x

The equation of K5 is not independent of pressure.
suppose, X <<] thenl —x*=~ 1

.Kp — XZP
X = P
P

xzocl
P

X CC

1
VP |
The degree of dissociation of RCls is inversely

proportional to the square root of pressure so,
decrease of pressure inc issociati ‘
P reases dissociation of PCls.

The formula of K¢ has V in the denominator, hence
the equilibrium will be affected by V of the reaction

container.
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6.3.3 For .
Mation of Ammonia _
A. Calculatio of K..: onia=(An<0)

. N2+ 3H, =—=— 2NH,
Initia] 1 7 0
moles
- S—_— (1) (3-3x) 2x
€quilibrium
Active mass '[-._..__1 x) ( 3-3x _2_:-:)

v v Vv
(mol /)

The formula of Kc

container.

Dependence 'If; X <<1then, (1-x)*

_ 4x%y?
Ke 27
- V?
X% o ;‘_
]
X o€ —
V

If we increase the volume of the container the
degree of dissociation x Is decreased.

B. Calculation of Kp:

N; + 3H, — 2NH,
Initial moles | I 0

moles at equilibrium (1 -x) (3 - 3x) 2x

CAREER POINT: CP Tower, Road No.1, IPIA. Kota (Raj.), Ph:

g at eqUilibl‘ium
ber of mole
Total num

ding to the llaw of mass 2
Accor e |
Kp = (Px, )% (Py. )3
- (2x).P
At equi'lillariun_i Pnu, = 4-2%)
‘ ~ (1=x).P
Pn, = (4—2x)
| (3-3x)P  °
Py, = ._(m

Substituting the values in the above equation of Kp.
u

3
1-x P)(}_SX—P
4 —2% 4-2x%
 4x%(4-2x)?
A (1-x)(3-3x)*P?
16x%(2 - x)?
KP_I X“(2-x)

- 27(1-x)* p2

The equation of Kp is not independent of pressure

suppose, X <<1 then,

(1=x)'=1,(2-x)? =4

64x 2

Kp .=

27 Pp?

xzcch

0744-3040000




Initial o b 0 0
moles
Moles at (a —X) (b —x) X X
equilibrium |

a—Xx b-—=x X X
Active mass ——= y " "
(mole €

According to law of mass action
KC . [CI'IJCOOCZHS][Hzo]
[CH,COOH][C,H;OH]

Substituting the values in the above equation

B3
GG
lﬁ‘(a—ﬁ

The value of Kp is equal to unity in liquid and
solid equilibrium.

Note :

Equilibrium constant (K) is also of two types
Equilibrium Constant (K)

Kc Kp
Equilibrium constant

Equilibrium constant
(in concentration terms) (in Pressure terms)

7.1 Equilibrium concentration constant (Ko) :

If we use the term concentration in given reaction
with the equilibrium constant (K) 1is called

equilibrium concentr_atiqn constant (K;).
[C][D]
K = KC =
[A][B]

7.2 Equilibrium Pressure constant (Kp)

It we use the term pressure in given reaction with.the
equilibrium constant " (K) is called equilibrium

pressure constant (Kp).

Kp - Pc *Pp

PA XPB
where pa=  Partial pressure of A
PB = Partial pressure of B
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pPc = Partial pressure of C

Pp =

Partial pressure of a gas given b

Partial pressure of D
y the following

formula.
~ No.of moleof given gas atequilibrium D

P Total no.of molesat equilibrium

or p=mole fraction x P.
Here, P is the total pressure. |
73 Factors which do not influence equilibrium

constant :
_(a) Concentration of reactants'and products.
(b) Pressure and volume.

(c) Presence of catalyst..
(d) Addition of the inert gas at constant Pressure

and volume.
7 4 Factors influence the equilibrium constant :

A. Mode of representaiion of chemical reaction.
B. Stoichiometry of reaction.

C. Temperature.
A. Mode of representation of _reﬁctiun ~

If we take reaction 2HI =—— H, + I,
Then, we write the value of equilibrium
constant for the above reaction as following.

_ [H,]l1,]
1 [HI]Z
Now, if we take reaction H, + 1, =—— 2HI
Then, we write the'valuc of eciuilibrium constant

K¢, for above reaction as following

Kc

HIT |
L (ii)

}(C2 e T evm—
- H0lL] K
B. Stoichiometry of the reaction —

Meth_od .of writing the equation of the reversible
reaction is called as stoichiometry of the reaction.

- Now, we consider the formation of HI(g) by the

combination of H,(g) and I,(g).

| A
H, + 1, =— 2HI

The expression of its equilibrium constant is-
_HI
[H,](I,]

If the_ equation of above reaction is written by
following method —

K¢ =

CHEMICAL EQUILIBRIUM K&



)+ = l(g) = HI@

PO | —

il

The expression for the equilibrium constant 1S —

2 = [HI]
TR TR

» - . " T " lm
on the basis of comparing both the equilibrit
constant equation. |

. o ’r ’ /
I\Cz = I\CI or (I\CI)IZ

‘e . lea! 1
Result — When we divide a reaction by a factor 'n‘ in
the equation, the value of new equilibrium constant

1S equal to the root of n of the previous equilibrium
constant.

For Example — Suppose, the equilibrium constant
for the following reaction.

A +B T——— C + D is K, then
for the reaction

Lyylpgoslo 1y
n n In n

the value of the equilibrium constant K, 1s equal to .

mﬁf (K[)“n.

C Temperature — Increase in tem perature favours the
endothermic reaction and decrease in temperature

favours the exothermic reaction for the forward
reaction. ’

Means for exothermic reactions, the value of K. and
Kp decrease with rise in temperature while for
endothermic reactions, the value of Ke and K,
Increases with rise in temperature. This type of

variation in equilibrium constant with temperature
given by Van't Hoff equation as follows -

Iog Kz'-]Dg Kl = AH ..l__.._l_ g
| K, AH 1 1 _.
or log —= = L Eal .}
K, 230R [T, T,
Where,
K

2 = equilibrium constant at temperature T,

K = equilibrium constant at temperature T,

AH = Energy of reaction at constant
lemperature

R = Molar gas constant

According to the temperature

, réaction are of
three types.

i« reaction  meang
ermic
Non-th
I

Result :
ype of reé tion R
b Endothermic reactlo E
: tlon = £
v log K;-—logK. (+)
means K27 -f(:rease of temperature :qu"'!)flum
—~ On1 - oI reaction,
o (] also increase for this type€
constant W e or this

(c) ExothermiC I eact ve.
IOng__.]ogKI"-—'('_) 3
means Kz < K

Result— On the increase O
' e
constant will dqqcﬂreas‘e*s;for ,

f temperature equilibrium
xothermic reaction.

o of K, and Kc— |
7.5 Units ol K, easured by the unit of

i ressure arc _ | _
_Partlal P efore units--of K, will be

atmospheres and ther

An
(Atmospheres) . . |
In the same way, the concentration IS expressed in

the term of moles per litre. Therefore, units of K_

will be (moles litre™")"". _

Value of An [Unis ofKp [Units of K _
0 [ NoUnt | Nount _

>0
. (moles ¢~

7.6 Relation-béhveen K, and K:

Let us consider the following reaction

HIA'I‘nzB  ——— m]lc +m2D

The value of Kc'for the reaction IS,

K, = [C1™[D]"™

_——______-__

[A]" [B]™
According to gas law PV = n RT
p=[0
[v) RT ... (1)
Here N = N0.0f moleg '
! . \llt\— = [ ]= Active mass

Kp = {2c)™ (pp)™

| (PA)HI (F’A)n2
On putting the value
€quation

[

OL'p" in the formula of K, by the
..... (1)




_ ([CIRT)™ ([DJRT)™

Kp
([AJRT)™ ([B]RT)"

E]ml [D]mz (RT)mlﬂnz
[A]"[B]" (RT)™*"
KP - KC (RT)(ml+m2)_(“l+n2)

Kp = Kc(RT)™
[An = (m, + m,) - (n; +ny)]

An = number of moles of product — number of
moles of reactant.

Kp=

T = Absolute temperature.

Note : An only includes gaseous moles.

I. on the basis of An, the reactions are of three
types.

(a) Reaction in whichAn= 0 |
N; + 0, == 2NO | An=f2—-2=0
By the relation of |
Kp "= Kc(RT)*™ o es An=0".
Kp = K¢ (RT)

(b) Reaction in which the value of An is negative-
2CO0+0, =—=12C0,

An =_2 —3==1
By the relation of Kp = K¢ (RT)*"
Kp = KC (RT -
Kc
or Kp= —= means KpxRT=K¢
RT o
So, [Kc>Kp |

(¢) Reaction in which the value of An is positive—
2S0; =—2S0,+0;
An =3 -2=+1]
By the relation of Kp = K¢ (RT)™
Kp=Kc(RT)" "~
| means Kp =K X RT .

S0, [Ky>Kq|
I. On the basis of the value of pressure, reactions
are also of three types as follows-
(a) Reaction in which the value of An=10
N, +0, =—— 2NO
An=2-2=0
Kp =Kc (RT)"
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According to relationship

Kp = KC (RT)U mcans

In this type of reaction, there is no effect of
pressure.
(b) Reaction in which the value of An is (+)ve.
PCls —— PCl; + Cl,
- An=2-1=+1
In this type of reaction, when pressure Iis
increases then the degree of dissociation

decreases.

(¢) Reaction in which the value of An is (—)ve.
N, + 3H, =—— 2NH;
An=2-3=-1
In this type of reaction, when the pressure is

increases then the degree of dissociation is also

Increases.

equilibrium 1s subjected to a change of
temperature, pressure or concentration, then the
equilibrium shifts in a direction, as the effect of

the changed condition is nullified. .

~ (b) It explains the effect of changes in temperature,

pressure and concentrations on various reactions
in equilibrium.

A. Effect of change in temperature -

(i) If the temperature is raised, reaction will
proceed in that direction in which the effect of
raised heat can be destroyed so that the

temperature on the system remains constant.

* (b) Athermic or nonthermic reaction not affected by

the change in temperature.
(1) Endothermic reaction —

"A+B+energy —=—=C+D ~
o, A+B === C+D AH = (+) ve
Here,ﬁ K= [C][D] -
[A][B]

If we increase in temperature, the equilibrium
shifts in forward direction of endothermic

reaction which proceed with absorption of heat.




¢g. N2+ 0, +43.2 k. cal. = 2NO
or N;+0, = 2NO AH = +43.2 keal
(it) Exothermic reaction : —
A + B =—— C + D + energy
or A+tB&=— C+D AH=(-) Ve

If we increase in temperature, the equilibrium

shifts in backward direction of exothermiC
reaction which proceed with evolution of heat.
eg. N;+3H, == 2NH;, + 23 k cal
or N;+3H, == 2NH; AH=-23 kcal
B. Effect of change in pressure :
According to Le-Chatelier's principle, if the
pressure is increased, reaction will take place in
that direction, which will bring about lowering
. of pressure or lowering in number of moles.
- This implies that -
- (i) Increase of pressure shifts the equilibrium in

that direction where the number of moles

decreases or An < 0.
eg. N; +3H, =—— 2NH; |
An=2-4=-2<0
(11) Decrease of pressure shifts the equilibrium in
that direction where the number of moles

Increase or An> 0.
eg. PCly; =— PCl; + Cl,
| An=2-1=1>0
(111) Change of pressure has no effect, if the number
of moles of gaseous product remain same as the

gaseous reactantsi.e. An=0

eg. H,+I, =—— 2HI
| An=2-2=0
CO +H,0 =— CO; +H; |
An=2-2=

C. Effect of change in concentration :
If in any reversible reaction, concentration of

the reactants is increased at equilibrium state,
~ the equilibrium shifts in the forward direction,
means more product are formed. It is due to the
fact that increase in concentration of reactant
increases the number of effective cpllisioﬁs
between the reactant molecule.
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_iration of products is

qtain the equilibrium

of rcaclﬂnt has to

.« impl1€s as - iion of any reactants,
forward direction.

only Jyst

| tion [)f cataly : .
RO ¢ on equilibrium by the addition

There is n0 € due to the fact that the catalyst

forward and backward

ie. the catalyst helps in

acquiring the equilibrium state quickly.

E. - Effect of addition of inert gas ¢

Addition of inert ga5 at cqnstant' -
uilibrium  System  Causes the under mentioned
eq i

effect.

(ij For the equilibrium |
addition of inert gas at constant pressure INCreases

the total volume of the system and decreases the
| molar concentration of reactant and product and the

dissociation of reactant increases.
eg.  PCls(g) = PCly(g) +Cly(g)
(ii)t For t_h_e; equilibrium system where An < 0, the
-addition of inert gas at constant pressure will
shifts the equilibrium to the backward direction.
eg.  N2+3Hy(g) == 2 NH;(g)

(iii) For the equilibrium system where An = 0, the

pressure to the

systerﬁ where the An > 0, the

addition of inert gas at constant pressure has no
effect. '

o Hys) +Ig) = 2HI(y)
(iv) fThe addition of inert gas at constant volume has

'equilihria -
A. Melting of Ice -

H; O(s) —_— H,0 (£)

Ice
water

more volume less volume

CHEMICAL EQUILIBRIUM I




under the same conditions, the volume occupied
by (1 + o) moles at icquilibrium would be

(1+a)V litre.

Since, if we increase the pressure, the
equilibrium will be shifted in the direction of
less volume. Hence, the rise of pressure, more

ice will melt into water i.e. melting point of ice |
1

is decreased by rise of pressure. | - " Qince Density oc
B. Vapdrization of liquid - o b
HO0y <==—— H,0 @ Therefore D e _:_f
water vapour | 1
less volume more volume A da m
Vaporization of a liquid is endothermic process
in the nature i.e. the evaporation of a liquid into or D_ : — =(1+a)
- 1ts vapour is completed by absorption of heat, so d }{1 +a)V |
the rise of temperature will favour vaporization. '
- :On the other hand in this process, on increase of “ | or o = b -1 = D-d

pressure the equilibrium will shift in the . ‘ .

direction of less volume means water cannot be - | D-d

- sge . a e
converted into vapour and boiling point SR (n=1)d |
Increases. _ ' | - |

' . ' of a reactant on dissociatidh
C. Melting of Sulphur : Note: When one mole of a

. . o gives ‘n' moles of gaseous products, the above
Sulphury —==Sulphur(, equation takes in the form of

less volume ~ more volume | e D-d |
On increase in pressure, the equilibrium will & (n—-1)d |
shift towards less volume means solid is not | ' |

converted into liquid and thus, melting point of
sulphur increases.

In those type of reactions in which there is.a
change in the number of moles after

~ dissociation, the extent of dissociation can be | :
determined by vapour density measurement. ol i

Let us; consider the following reaction -
PC]S —_— PC]3 -+ -;.;Clg

———
Initially 1 0 0 ' - ’ ...
molesat (1 -a) a o D ' _
equilibrium

_ (Here 'a' is the degree of dissociation ) | e
Total number of moles at equilibrium
=(l-a)+a+a =(1+a)

Now, the V is the volume occupied by 1 mol of ,_
PCls(g) which have vapour density is 'D' before |
- dissociation and after dissociation is 'd. So,
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Those substance which allow the electric current 1o
pass through them are called electric conductors and

property is called electric conductivity.
On the basis of Electric conductivity, substances are

of two types -
Nonconductors :

Those substance which do not allow the electric
current to pass through them are called

nonconductors. eg. All covalent compounds &
nonmetals.

1.2 Conductors :

Those spbstance which allow the electric current to

pass through them are called conductors. eg. all

metals, alloys, all acid and bases, salt and graphite
etc.

On the basis of conducting units conductors are of
two types - |

1.2.1 Metallic or Electric Conductors :

Electricity conduct them due to the presence of free
and mobile electron which act as electricity
conducting unit called metallic or electric

conductors. eg. Metals, Alloys, Graphite, Gas,
Carbon etc.

1.2.2 Ionic Conductors or Electrolytes :

(a)

(b)

Conductors in which the current is passes through

them due to the presence of free ions are called

Ionic Conductors or Electrolyte or Electrolytic

conductors.

lonic conductors are further divided into two types

on the basis of their strengths -

Strong electrolytes :

(i) Those substance which are almost completely
ionize into ions in their aqueous solution are

called strong electrolytes.
(ii) Degree of ionisation for this type of electrolyte

is one ie oa=1. eg HCl, H;S0,
NaCl.LHNO,, KOH, NaOH, HNO;, AgNO;,
CuSO,, etc. Means all strong acids and bases
and all types of salts.

Weak electrolytes :

(i) Those substance which are ionize to a small

extent in their aqueous solution are known weak
electrolytes.cg. H;0, CH;COOH, NH,OH,
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Ination "

KEY CONCEPTS

HCN, HCOOH, Lig. SO, etc. Means all weak
acids and bases.

(ii) Degree of ionization for this types of
electrolytes in a <<< 1.

4w T e - - :
' 1 B 9. N I,I""--.'}' TRE LA ARl
PR ) INENACELE N

- -
4

The process in which molecules of acids bases and
salts when melted or dissolve in water dissociate
into 1ons is called ionization.

2.1.1 Ionic Equilibrium :

Weak electrolytes are partially ionised in aqueous
solution and an equilibrium 1is situated between the
ionised and unionised electrolyte. This type of
equilibrium is known as ionic equilibrium.
Let us consider an acid HA which when dissolved in
water, an equilibrium will setup between ionised and
unionised acid molecule as below -
HA +H,0=— H +A"

On applying the law of mass action, the equilibrium
constant K is written as -

[H'][AT]
[HA][H,0]
Since in an aqueous solution, the molar
concentration of water is constant i.e. [H,O] =
constant. Therefore K [H,O] replaced by a new

constant K, which is known as ionisation acid
constant or dissociation constant of acid. Thus,

_ [H'][A7]
[HA]
‘K,’ 1s the characteristic of the individual acid, From

the above equation K, is directly proportional to

[H'] concentration hence, greater the K, of an acid,
more will be acidity.

K=

K,

Assume that the initial concentration of C is
moles/lit. and a is the degree of ionization then
HA +H,0 =—H" +A"

Initial concentration C 0 0
Equilibrium (1 —a)C Ca Ca
concentration
K = CaxCa _ o’C
' Cl-a) (I-a)

4
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as
' ! smﬂ”
The degree of ionisation & 13 N

-~
compared to | means o <<< . So, ]

e
i

, _ Ka
Thus, K, =a’c; N C
K L loy

or o= —Cl *

‘ation 1aw
This equation is known as ostwald dilution

equation.
Similarly, for a weak base we have

, |
o = _K_b_ Y — =V
C C

Where,
K, is the dissociation constant of weak base.

C is the initial concentration |

a is the degree of dissociation of weak base.
Hence, according to Ostwald dilution law, the
degree of ionization of weak electrolyte is directly
proportional to the square root of volume containing
one mole of clectrolyte or Inversely proportional to

the square root of its molar concentration.

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

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

(c) Every electrolytic solution is always neutral in
nature. "

(d) Quantity or part of electrolyte which is ionized
or decomposed or dissociate called as “Degree
of Ionisation”. .

(¢) Eléctrolyte which gives H' ions after
dissocigtion in the aqueous solution is called as
acid while that which gives OH™ afier
dissociation in the aqueous solution is caljed as

base.
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cidic st
A . he dissociation constant k,
to
pk, =~ log Xs
. q* trength oC ka
s, Acidic S
Thu [
or =
PK,
oC pkh
I
m ——
K

LY

milarly bastC strength  of bases is-direcy),

(g) S
pmportional to Kp.

Conductivity of solution depends upon the
number of ions produced by the electrolyte,

0

such as -

Conduction of solution o number of ijons|

produced by the electrolyte

(i) Solution of strong electrolyte has more electric
conductivity property as compared to weak

clectrolyte.
() | Only weak electrolyte followed the law of mass

action and Ostwalds dilution law. _
(k) When clectricilyl passed through in 't.h'e

electrolytic solution, it gives only direction to

movement of ions towards the electrodes.

(I) Movement of ions js inversely proportional to

3.1 Limitations of Arrhenius Concept ;: —
(8) H' and OH" ions exist as hydrated ions.

(b) He was unable tq explain the acidic nature of

CO,, SO, etc. and basic nature of NH,, Ca0,
Na;CO; etc.

C - [
() He could ot explain the acid base reaction in
the absence of water.

SOs(g) + CaO(s) — CaSO0,4(g)

IONIC EQUILIBRIUM K&




ctors .ﬂ'ectlllg the degree of iﬁniSiﬂon .

— Wi e
Temperature . l.th.the fIS€ in emperatyre
degree of dissociation of an

solution increased. Thus,

chrec Of diSSOCiaﬁOn oC Temperature

) Diution : — On the increasing“oF g
degrcc of dissociation i“Cl‘ease S. ;

33
(8) , the

electrolyte ip,

. But at infinjte
dilution, their i1s no effect on the degree of

dissociation.
) Concentration of the solution : _

Degree of dissociation

1

oC
“T‘\
Concentration of solution

|
oC
—_ﬁ\
Amount of solutein given

volume or wt. of solution

oc Amount of solvent .

(d) Nature of Solvent :— Higher the diclectric
constant of a solvent, more is its dissociation
power or ionising power. Thus

Degree of ionisation or dissociation of ap

electrolyte oc dielectric constant of solvent.

Dielectric constant :— The dielectric constant
of solvent is a measure of its tendency to
weaken the forces of attraction between
oppositely charged ions of the given electrolyte
or the force of attraction applied by solvent
| molecules on solute molecule i1s defined as

Dielectric constant of solvent.
Note : — Water is the most powerful ionizing
‘solvent as its dielectric constant is highest.

(¢) Presence of Common Ion :— In the presence of
a strong electrolyte having common ion, the
degree of dissociation of an electrolyte
decreases. eg. lonisation of CH,COOH s
suppressed in the presenée of ‘HCI due to
common H' ions. | |

() Nature of Electrolyte :— At constant
temperature, electrolytes ionize to 2 different
€xtent in their solutions of same concentration.

REEL POINT, cp Tower, Road No.1, IPIA, Kota (Raj.), Ph: 0744

4.1 Postulates :.

(1) Acid - Proton (H*) donor
(2) Base - Proton (H*) acceptor

e.g.
HCl(aq) + H,0(£) === H,0"(aq) + CI'(aq)
Acid Base

HCl(aq) + NH;(aq) === NH,(aq) + Cl"(aq)

Acid Base

HCl(aq) + CH;COOH(aq) === CH,COOH",(aq)

Acid Base | + CI'(aq)

Note :- Here CH;COOH has a less tendency to

donate H" than HCI, therefore CH;COOH acts as a
weak base.

4.2 Conjugate Acid-Base Pair(CABP) :-
In an acid-base reaction

Acid—— H" + conjugate base
Base + H —— conjugate acid.

e.g.
HCl(aq) + NH3(aq) == NH,’(aq) + Cl*(aq)
ACidl BaSﬂz ACidz Basel
| CABP l
CABP

Note:- A CABP is different from each other only by
single proton.

e.g.

HSO™, is the conjugate base of H,SO, but SO*s is
not.

4.3 Relative strength of Acids/Bases :-

Any Species and its conjugate species are opposite
of each other in terms of strength. e.g.

Acid (or Base) Conjugate Base (or Acid)

(i) Weak Strong
(ii) Strong Weak
e.g. '

Strength order of acids.

HC10, > H,S04 > HCl > CH;COOH
strength order of conjugate bases
ClO4s < HSO4 < CI" < CH,COO

3040000 JONIC EQUILIBRIUM
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on applying the law of mass action

at equilibfium’

Then =

or [H'] [OH] = K[H:0]

Xtents
Since, ionization takes places to a very small €

mportﬂnt Points to Remember : —
< of 1 litre of water =997 gm.

concentration of water

=55.5 gm-mole / litre.
| r molecule in 1 litre

© waatcr = 55.5}{6.()237"1023 =3.34x10%,
Zoncentration of H' ion in litre of neutra|
e water = 10”7 moles / litre.

:on of OH™ ion in litre of

iy .
qeutral water = 10" moles / litre.

so the concentration of unionized water molecule 18 () Number of H' ion if; one litre of neutral
regarded as constant. Thus the product of K[H:0] water = 6.023 X 10’ k |
gives another constant K,,. (£) Number of OH  ion In t:mval tr:m'e of
So, [H'] [OH] =Kw neutral water = 6.023 x10°.
The product of concentration of H* and OH™ ion In (h) Hy drolysis constant of water -
water at a particular temperature is known a3 jonic H,0 — H + OH
product of water. [H*][OH']
Kw=107x 10" K= [H,0]
Kw=10"" PR
Note : — The value of Ky is increases with the _ 10 5;‘ 150 =1.8 % 107 Ans.

increase in temperature i.e. the ionisation of water
increases with increase in temperature and finally
the concentration of H" and OH™ ion increases.

(a) Values of Ky at various temperature :—

Temperature (°C) Value of Ky

- =

A reaction be
water molecule is known as neutralisation. In thig \

type of reaction acid gives H" ion and base gives

OH 1on.

6.1 Salts:
(a) Species formed by the reaction of neutralization

10
20-35 or 25°

of acid and base is called as salt.
(Room temp.)

60
80

(b) salt formation is the exothermic process and

released energy by this reaction is called as the
heat of neutralization for 1 eq. monoacidic base
and 1 eq. monobasic acid.

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

(d) Salts are generally crystalline solid.

() Salts are classified into following four types.
6.1.1 Simple Salts : '

Kw = [H][OHT]
—log Ky = —log [H'] + (-) log [OH]
pKw = pH + pOH

14 = pH + pOH

The acidity and basicity depend upon th
P ¢ These salts formed by the neutralisation process,

concentration of H and OH ions. .
Which are of three types.

If, [H]>[OH] = Acidic solut; |
[OH]>[H] = Basic solultli:)in (@) Normal Salt : These salts are formed by the
n ot : _
[OH]=[H'] = Neutral solution cutralization reaction of simple acid and

Simple base, like - NaCl, NH,Cl, CH;COONa,
KNO; elc.

CAREER POINT, CP Tower, Road No.1, IPIA, Kota (Raj.), Ph: 07 443040
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Acid Salt : Tt 1s formed by the |
qeutralization Te?ction of acid wig, ¢
called the acidic salt ang gives

aqueous solution. Like - NaHCQ,,
Na,HPOs.

eg. HzSO4 + NaOH —_— NaHSO4
(DibaSic) 1 mole l

(b) I‘lcomplete
he base i
Proton jp
NaHsQ,

) gasic salt : Salt which s formed by ¢
incomplete neutralization reaction of base w‘ts
acid called the basic salt and giyes oy~ ; I

aqueous solution. Like- Zn(OH)Cl, Mg(OH)Cl
Fe(OH),Cl etc.
eg. Ca(OH); +HCl— Ca(OH)C] + oi-
- 1mol Basic salt
eg. Mg(OH); + HNO; — Mg(OH)NO,
Imol Basic salt
eg. Al(OH);+HCl—AI(OH),Cl — Al(OH)Cl,
Imol Basic salt

6.1.2 Mixed Salts :
galt which are formed by the neutralisation reaction

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

/OC] Na\
Ca-\Cl and K/

" HO-CH-COOH  NaOH

. |
ke HO - CH - COOH KOH
' (Two bases)
OH - CH - COONa

|
OH - CH-COOK
eg. Ca(OH), + HOCI/HCl—> CaOCl;

Two acids

6.1.3 Double salts : .
Salts which are formed by the addition of two or

more simple salts are called as double salt.
cg. K;S0,.AL(SO,);.24H;0 —> Potash alum

¢g. FeSO4(NH,),S04.6H,0 — Mohr’s salt ec.
.14 Complex salts ; — |
() Salt which are formed by the donatl'on of
electron pair by the legand molecule with the

metal ion are called as complex salts. Or. salts

which are formed ‘by the combination of simple

salts or molecular compounds.

SOs etc.

—

\__///—-l JOWIC CQUILIBRIUM  Zl
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(b) Complex salts are stable in solid state.
() On dissolving the water, complex salts. Give

minimum one complex ion -

€8. K4[Fe(CN)g], [Cu(NH;)4] SO4

or all coordination compound
K4[Fe(CN)g] —> 4K* + [Fe(CN)e]™

vary within a wide range from 1 mol dm™ to
107 mol dm™. So a Iogarithm'ic' notation has
been devised by Sorensen in 1909 to simplify
the expression of these quantities.

(ii) The above notation is termed is p" scale.

Note :

According to the scale the hydrogen 1on
concentrations [H'] are expressed in terms of
the numerical value of negative power to which

10 must be raised. i.e.

[H] = 107

1
H = -log[H] =1
or p og [H'] = og([H+])

[H'] should be taken always in mol dm™ or mol L™

(ii) Similarly [OH] is also expressed 1.e.

(i11)

pOH= -log[OH]
since we know [H'][OH] =K, = 107"
or pH+pOH =14at25°C

14 | Strongly Acidic
Acidic
Weakly acidic
Neutral
Weakly basic
Basic
Str::)ngly basic

(iv) pH values of the solutions do not give

immediate idea of the relative strength of the

solution. €.£.
(a) For a solution of pH = | has a [H'] 100

times that of a solution of pH = 3.

(not three times)



(_b) A 4 x 10™° N HCl is twice concentrated as @
2 x 107 N HClI solution but their pH values

will be 4.4 and 4.7. (not double)
(V) A solution of an acid having very low
concentration, say 10~° N HCI, can not have pH=38

as shown by definition but the pH will be less
than 7.

7.1 Applications of pH
(a) pH of strong acid or strong base. .

(i) pH of a strong acid or strong base can be
calculated directly by its normality, since
they are completely ionised.

e.g.

(a) For 10°M HCl =102N HCI

[H]=10?M
or pH =-log(10%) =2

(b) For 10°M NaOH =10 N NaoH
i 10714
= —— =g
[OH "]

or pH= —log (107')=11

() For 10“M H,S0O, =2x102% N H,SO,
[H'] =2x10"M
or pH =-log (2 x 107 =1.699
(d) For 10°M Mg(OH), =2 x 10~ N Mg(OH),
1074
2x1073
or pH=—log (5% 107'%) =113

H] =

=5x [0°? M

Note: Normality = Acidity or Basicity x Molarity

(b) pH of weak acid or weak base

() For weak acid or base [H'] can not be
calculated by its concentration only since
‘they are partially ionised. .

(ii) For [H'] calculation either K, (or Ky) or
degree of dissociation will be required in
addition to its concentrations (C).

(111) As we know for weak acids

[H']= JK,.C or[H']=Ca
1
so pH = > (PK, -log C)

(1v) For weak bases. [OHT] = 1/Kb_c
or [OH] = Cau

1
so pOH =-2- (Pkp, —log C)

F"ﬂf"é}?4#;‘*-'"" <K ST
e ’i‘fD’g*!ﬁ OLYSIS %5
‘ﬁ . '-_:Mi_: :. . % : . | L--:.'. e ;;f-j:" e
. I l,, : pes

N &5 1

i P v men It is deﬁned ﬂS a pro

. T AP i :r:;:‘

il

Al h e S

cess involving the reactiop
n mixture of acid and base.

b ¥
L s

of

water on a salt to for! |
(a) It s the just reverse process of neutralizatjop,

S . +
Qalt + water <— Acid + Base

) In his reaction the solution 1s always Neutra
when both acid and base are strong.

If acid is stronger than base, the solutiop ;g
and if base is stronger than acid, the

(c)
| acidic
solution is basic.

( d) Depending upon the nature of an acid or g base,

there can be four types of salt -
(i) Salt of strong acid and strong base,

(ii) Salt of strong acid and weak base.
(iii) Salt of weak acid and weak base.
(iv) Salt of weak acid and strong base.

Weak Strong Weak
acids | bases bases

CH3CO0H NaOH

8.1 Hydrolysis of Salt of Strong acid and Stfong base :

~HCl + - NaoOH — NaCl +H,0

strong acid strong base

salt
on Hydrolysis,

NaCl + H:,0 — NaOH + Hcl
Na"+CI'+ H,0 — Na'+ OH+ H'+CI"
Result:

H,0 — 1 & OH"
Thu '
S, hydrolysis does not occur. So, the solution 1s

nEutral i :
- Lin nature je. salt of strong acid and strong
ase does not hydrolysed.

Note - :
No hydf@l}’SIS rfcaction takes place due 0

Conjugate acid ang 1,
ase of thi oh
are weak his type of salt, whic

CAREER POINT, CP Tower, Road No.1, IPIA. Kota (Raj.), Ph: 0744-3¢
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| 8.2 Hydrolysis of Salt of Strong acid and Weak base :
yuci + NHOH — ‘NH,C| + H;O

~ strong acid  strong base salt

on hydrolysis,
NH.,CIl + H,0 — NH,OH + HCI
Salt weak base  strong acid

NH," + CI” + H;0 — NH,OH +H +CI

Final equation
NH," + H,0 —> NH,OH +H'

A. Relation between hydrolysis constant of water
(K;), weak base dissociation constant (K;) and

ionic product of water (K,) :

Let us consider a salt — BA |
H,0+BA =—— BOH + HA

Salt weak base strong acid
. B*+ A" = BOH + H + A~
Resultant eq. B* + H,0 =— BOH +H"
on applying the law of mass action
K = [BOH][H"]

[B*][H,0]
concentration of [H,O] remains almost constant
means only one H,0O molecule is ionized out of

55 crore molecule of H,O.

: ~ [BOH][H*]
S , K O ) = e - __ ___ — ..
0 [Hz ] [B"']
_ [BOH][H™] |
K —— T e N si———— g S = [ [ T F 1
" [B*] | (D

Some part of H;O would be ionized otherwise

reaction will not be reversible.
H,O — H +OH

« - [H']OH")

- [H0]
K [H,0] = [H'] [OH]
Kw = [H'] [OH]
= Kw I
] = @

Similarly some part of BOH will be also ionized -
BOH —— B'+ OH" |

_ [B7][OH7]

[BOH]

K, x[BOH] (3
“[oH] ~(3)

K,

[B'] =

CAREER POINT, CP Tower, Road No.1, IPIA, Kota (Raj.), Ph: 0744-3040000

On putting the value of [H'] and [B*] on the
equation (1) by the equation (2) and'(3), we get -

— KW
" Ky

Calculation of degree of hydrolysis : —

Assume the original concentration of the salt in the
solution is C moles / lit. and h is its degree of
hydrolysis at thisﬂ concentration. Then we have -

K

B"+ H,O=—BOH +H"
. Initial molar C 0 0
concentration ,
Molar concentration (1 —h)C hC hC
at equilibrium |
1-h | h h
V V V
K = [BOH][H™]
[B*][H,0]
- BOH] [H*
K[H;0] = [BOHIIH ] 1[H ]
[B”]
h h
K. = V V = h2
h
1-h (1=-h)V
Vv
Since, h << 1, therefore 1-h=1,
hZ
K, = —
"y
h® =K, x V

h = JK,V

K; = Hydrolysis constant

Then, h « {JV

Hencg, the degree of hydrolysis is directly
proportional to the square root of volume, inversely
proportional to the square root of C.

h*=Kyxv . V=1/C

on putting the value of K, in the above equation -

K'w
Kb x C

h=

IONIC EQUILIBRIUM SY



l! ;' & Cal?“laﬁ‘m of hydrogen ion concentration OTF
' If calculation of pH : —

|
1 : K
Since, [H']= W d TOH1=hC
1riJ [H'] (OH] and [OH]
K

| H' = W
| [F'] - hC
| But h= [—~W

K,.C

1
pH=—% lOEKw"’ —LlogKb—-z-lOEC
H =L pky — L pKy ~~log C
P 2lf‘»' w3 b 5
H=7—i Ky — ll(zagC
P 2P b 5

Here, on the study of above equation, we can Say

that the pH of the strong acid weak base is less than -

7.
8.3 Hydrolysis of salt of Weak acid and Strong base :
CH,COOH + NaOH =—— CH;COONa + H;0

on hydrolysis
CH;COONa+H,0 =——— CH;COOH + NaOH
Salt Weak acid strong base
CH,COO—+ Na'* + H;0 == CH;COOH+ Na"+OH"
Result : — . |
(i) Hydrolysis of salt of weak acid and strong base
is called anionic hydrolysis. |
(ii) Solution of this type of salt is basic in nature as
forming of OH™ ion in resultant reaction.
(iii) This type of solution turns red litmus to blue.
(iv) As solution is basic, the pH will be greater than 7.
A. Relation between K;, Kw and K, :
Let us consider a salt - BA

H,0+BA =—— BOH + HA

Salt Strong base ©~ Weak acid '

B*+A” = B'+0OH +HA
Resultant equation :— A+ H,O=—=— OH +HA
on applying the law of mass action,

CAREER POINT, CP Tower, Road No.I, IPIA, Kota (Raj.), Ph: 0744-3040000

Conccntrﬂ:lﬂ one H,0 molecule 1S ionized out of
means only |
55 crore mol ule of H,0 —
[HA] [OH" ]
So, K[HzO] _,_,-—’-"’"'[A_ ]
_ [HAl [OH”] )
. [A7]

H,0 <=—
B [H+][OH‘]
K = "H,0]

Kw = [H'] [OH']
Kw ---~(2)

O i

_[HY[AT]
“ [HA]

_ K, x[HA] —e-(3)
A1 = = 3

on putting the value of OH™ and A~ on the equation
(1) by the equation (2) and (3), we get -

_Ky

K

K

Calculation of degree of hydrolysis :
Assume the original concentration of salt in the |
solution is C moles / lit. and h is its degree of
hydrolysis at this concentration. Then we have

A" +H,0 —— QOH +HA

Initial molar C 0 0
“concentration

Molar concentration (1 — h)C hC hC

at equilibrium

K, = _[_Q_}_‘I_-:_]_[_Iiﬂ___ hCxhC
[A7] (1-h)C
h*C
(1-h)
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int
of

it h is V€O small as compared to ope, Thén

(1=

pecomES
K, = h’C
Ky 1
h = g . = .
C Vv
h = JI-{h xV

Thus, the degree of hydrolysis of a salt of weak acid

nd strong base Is inversely proportional to the
square root of the molar concentration and directly
pmpoﬁiﬂnﬂl to the square root of the volume of the

solution.

tting the value of K, h = W
on pu g \/KH‘C

¢ Calculation of hydrogen ion. concentration or

- calculatibn of pH :
o Ky

Since, [H']= -[OH j and [OHT] = hC
e Kw  ~
[F] hC

h= W
but | J H

KW K.C = EWK_:

X

C . VKy Y

[H+]-'

Since, pH =—log [H']

[KwK,
C .

 \/2
=_log(1<:.%1<)

=—log

F’H=7+ipKﬂ+l quC !

2 2
Here, on the study of above equation, we can say
that the pH of strong base weak acid salt is greater
than 7 and therefore solution of salt of strong base

Weak acid be always alkaline.
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h) can be equal to 1. Hence, the above equation

8.4 Hydrolysis of salt of weak acid and weak base :

CH,COOH + NH,OH =— ——> CH,COONH, + H20
| ' on hydrolysis

CH,COONH,+H,0 =——= CH,COOH + NH,OH
Salt Weak acid Weak base

CH,COO™+NH," + HZO CH,COOH +NH,OH

Result : —

(i) CH,COO+NH4*+H,0 = CH;COOH+
NH,OH '

This type of .salt hydrolysm is called isoionic

- salt hydrolysis.
Conditions : ? 4 . | |
(a) If pK, = pKyp, the pH =7 and solution 1S

neutral. .
(b) If DK > pKh,lthe pH > 7 and solution IS

alkaline because here -the acid is relatively

- weaker than base.
- (¢) If pK, <pKj, the pH < 7 and solution is acidic

because here the base is relatively weaker than

acid.
A. Relation between K,, K, K, and K}, :
Let us con31dcr a salt - BA ' .
BA+H,0 —— HA + BOH
Weak acid Weak base
B* + A~ +H,0 —— HA + BOH
Note : — Here is this. solution the HA and BOH are
weak acid and bases. So, They remain almost

undissociated.
on applying the law os mass action,
2 K = [HA][BOH]

[B*][A”][H,0]
‘Conce.ntration of [H,0] remains almost constant.
| [HA][BOH]

[B*][A7]
_ [HA][BOH]
[B*][A7]
Now, let us consider the dissociation of weak
Speclcs HA and BOH -

HA =— H + A‘
BOH — B + OH"
[H][AT]

[HA]

and K, _[B"][OH]
[BOH]

So, K[H,0] =

' (1)

K e (2)

~=-(3)
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k1Al
: H]1= 7 (A7) h
or '
We know that, _ ""]29/5 = K, (1-h)
Kw = [H'] [OH] -=-(4) | {7 Ks (1-h)
Dividing (4) by (2) and (3) - | | | thé“ (1-— h) = :
. &
Ky _ [H'][OH ]J[HAJ[BOH] sinoe, Pk, x B
K,xK,  [H'J[A-][B*]OH] Y eofb 5
. utting the | BweRa
_ [HA][BOH] —E on P B = 7K,
[B*][A7] | | [H"'] = Ka I{a.Kb
-from equation (1) and (5) - | . |
. t +
K,xK, ' - P KwKa
. . - [Kw-
B. Calculation of degree of hydrolysis : _ | = —|0g f
Assume again, the original concentration of salt In . ”
the solution is C moles / litre and h is its degree of R - Kw-K
hydrolysis at this concentration. Then we have = — 108 ( Ky
B* + A-+H,0=—=HA+BOH | R 1 ..
Initial molar C C -0 o | C1ioaKw— _i-log Kat :_Z'pr
concentration | 2 | {
Molar  (1-h)C (1-hIC hC  hC ' S Sy L pKy = 7 PKs
concentration -
at equilibrium
_ [HA][BOH]
b T T faras—1
[B*][A7]
_ hCxhC |
(1=h)Cx(1-h)C
Kh - I 9 | : i f h . t
“(1-h)* A (i) In certain applications O | chemisiry and -
If h is very small as compared to'1 then (1 — h) is _ biochemistry we rgqﬂire_ solutions of constant
equal to 1. Hence the abqve equation becomes, ~ 'pH. Such solution are called buffer s.olution.
K, = h? | | _ . (ii)' A solution whose . pH is not altered to
' or h = /Kh | - - N any areat extent by the addition of small

quantities of either an acid (H" ions) or a base

Thus, the degree of hydrolysis in this ‘case 1S |
-(OH ions) is called buffer solution.

independent of concentration or dilution of the salt.

“on putting the value of Ky from equation (6) . - (iii) Buffer solutions. are also called solutions of
| | Ky ' . : - _reverse acidity or alkalinity.
"= VKK, (i) Following are the characteristics of buffer
C. Calculation of hydrogen ion concentration or solutions I -
calculation of pH : | (a) It must have constant pH. |
In this type of cases, the hydrogen ion concentration (b) Its pH should not be changed on long
may be calculated from the following equation of . | standing
weak acid HA. | | (c) Its pH should not be changed on
HA =—H + A~ | | dilution. =
Thus, K, = [ATHY] UL (d) It pH should not be changed to any great
[HA] e o | - extent on addition of small quantity of

acld or base.
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guffer solutions can be c¢laq.:

(v) (A) Simple buffer

f
Simp : ,
9.1 0 I is a solution of ope com

WA + WB (Refer salt hydro]
| i guffer action of such
explained as follows,

Pound i.e
ysis,)

ON ‘
equilibria will be there, | H, fﬁllowmg

(a) CH;COO"(aq.) + NH,*
CHJCOOH(ﬂq.)+

- (b) NHOH == NH," + o- (Saelt oy
(¢) CH;COOH = CH;CO0O+ H'(weak
(d H0+H;0 = H,0* + op- §

on addition of small amoynt of

acid th :
solution will increase and ¢ [H] in
(from acid)

(feebly ioniseq)

COOH

the [OH"] in solution will increage
| NH," + OH™ — NH.OH

(very less ionised)

rward direction Hence
one can conclude that there will be no change
(almost) in the pH of the solution.
(iii) Simple  buffer solutions have very little
; - 1 1
significance since pH = 7 +E-1::Ka = pK;, so

solution of desired pH can not be _'

equilibria will shift in fo

prepared.
9.2 Mixed buffer
Mixed buffers are solutions of more than one

compouhds.They can be further classified as
(a) Acidic buffer '
(b) Basic buffer

(d) Solution of ampholyte oOr ‘ampbhoteric

electrolyte viz. Proteins and Amino acids.

| . W
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cid)

Nﬁte .

(1)

Ampholyte or amphoteric electrolytes are those

Which can show properties of both acid and
base,

9.2.1 Acidic buffer

(1)

These are the mixture of a weak acid and its salt
With strong base.

e.g.
(a) CH;COOH + CH,COONa
(b) Boric acid (H;B0;) + Borax (Na, B4O-)

(¢) Phthalic acid LO0H +
COOH
| COON
Sodium phthalate :
COONa

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

(a) CH;COOH = H' + CH,COO"

~ (Feebly ionised.)
(b) CH;COONa —— Na' + CH,COO"
| | (completely ionised.)
(¢c) HO &= ' H + OH
When a strong acid is added in the solution [H']
Increases, which will combine with CH;COO
to form feebly ionised CH;COOH, which is also

- suppressed by common ion effect,

CH;COO™+H' (from acid) ==
- CH,;COOH (Weak Acid)

- Again when strong base is added in the solution

it will attack on unionised acid CH;COOH to
form feebly ionised H,O  molecules
CH;COOH + OH (from base) =

CH,COO™ + H,0

(iii) One can remember the buffer action of acidic

buffer with the help of following figure -

Base Y-

g+ acid
added

added

(iv) pH of such acidic buffer can be calculated as

h: 0744-3040000

follows. |
(a) CH;COOH = CH,COO~ +H'(Ka)

(b) CH;COONa —+—CH,CO0 (aq.) +
Na'(aq.) ,

IONIC EQUILIBRIUM EA



CH,;COOH is feebly ionised and its ionisation 18
also suppressed by presence of common ion

(CH;COO"). So one can fairly .3-55‘:-1111'“3
[CH;COO ]=[salt] and [CH,COOH]=[Acid]

taken initially in buffer solution.
[H*][CH,COO™ ]

SO Ka =

[CH,COOH]
or [m = M
[CH,COO]
]ﬂgff[']:lOgK.-*-log[CH;COOH]—!og[CH:;COO-]
—log[H'] =

—logK, — log[CH;COOH] + log [CH;COO’]

or

Above equation called Henderson's equation.

+ [f we increase the concentration of given salt in

acidic buffer, pH will also increases.
*  [fwe increase the concentration of acid in acidic

buffer, pH will decreases.
~* If conc. and volume are given for salt
then the pH is given by the following formula-

pH = pK,; + log [N;V,] |
[NV

and acid

Where N,V, = conc. & volume of salt

N,V; = conc. & volume of acid
Note : Mixture of weak acid and .strong base

sol_utio_n can also act as an acidic buffer, if value
of N,V, of weak apid is greater than the value
of N,V,of strong base. .

9.2.2Basic Buffer |
(i) These are the mixture of a weak base and its salt

with strong acid.

e.g.
(a) NH,OH + NH,CI

(b) Glycine (NH,CH,COOH)

- +Glycine hydrochloride (Cl +NH3CH2C00H)
(ii) Buffer action of basic buffer can be explained

with the help of following equilibria

CAREER POINT, CP Tower, Road No. 1, IPIA, Kota (Raj.), Ph. 0744-3040
*Js . & 000

- (iv) P

! (KW)

ffer can be calculated from

H of such basiC bu
ch equation as follows.

Henderson - Hasselbal
. —=NH,' + OH (Ko).

(b) NH.CI — NH,

NH,OH is feebly ionise
also suppressed bY presence of common ion*

can fairly assume [NH, 1 =

d and 1ts jonisation 1s

(NH;"). So one .
[Salt] and [NH,OH] = [Base] taken initially in
buffer solution. =+«
R = [OH ]LNH4] | i
S e - INH OHY e e
o oy = KelNH.OH]
| [NH ]
_ IKB[Base]
_ [Salt]
| |Base}

9.3 - Buffer Capacity
(1) The DTOPCT'CY of a buffer solution to resist
alteration in its pH value is known as buffer

capacity.

IONIC EQUILIBRIUM
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Buffer capacity (¢)

e
—

Numberof molesacid o base aq

ded tg 11;,
Changein PH ~~ltsol,

cb

(i) For the precipitation of lead
quantitatively in gravimetric
CH;COOH + CH;COON3 buffer.

(iii) For the precipitation of hydroxides of
group using NH,C] + NH,0q buffer.

(iv) A buffer solution of NH,CI, NH,OH and

(NHy), CO; is used for Precipitation of
carbonates of V" group.

analysis using

[y

. At a constant mass of a solute or
electrolyte dissolved in the 100. gm of solvent in its
saturated solution is called as solublhty Or number
of gm mole of a solute dissolved in one litre of water

at constant temperature 1$ called as solublllty of that

solute.
Solubility of a solute in moles / litre

_ Solub 1lity of solutein gm /litre
molecular weight of the solute

10. lSolublllty product (Ksp) :
It is the product of the ionic concentration of the

lons of binary solid electrolyte in saturated state at

COnstant (emperature.

(@) Let solubility of a compound Ax By be
s .moles L' it means that if more than
s moles are dissolved in solvent (one litre) only
s moles will be soluble, rest will be insoluble,

following equilibrium is established,

. * . - 0744-3040000
mREER PO'"T' CP Towcr, Road NO. l, IP IA, KOtﬂ (Ra.,-)r Ph

AB — AB =— A'+BR-
Insoluble Unionised lons

Solute - (Saturated solution)

Note : — In the solubility s moles L', moles of
only unionijsed aré¢ counted moles of ions and

insoluble solute do not have anything to do.
(b) Accordmg to law of mass action -

K, = [A*]B7]
- [AB]
or Ki[AB] = [A"] [B] = Kg
This Kgp is called solubility product.

() At a certain temperature solubility product of a
Compound is constant, it means that ions are
formed in the manner that product of their
cOncentration is always a constant. However, it
becomes clear that if one of ions (A” or BY) is
added from outside, it would tend to increase
Ksp because [A*] or [B7] has get increased, so
that extra mns will react with other ions to

convert in insoluble part and this will get
precipitated.

(d) Ksp increases with increase in temperature.
(¢) In a saturated solution.

Ksp = [A+] [B—]
() Inan unsaturated solution of AB
Ksp > [A"][B7]
1.6. more solute can be dlssolved
(g2) Ina sl.lpersaturated solution
Ko < [A"][BT]
L.e. precipitation will start to oocur.
10.2Relationship between Solubility and Solubility
Product : S |
The equilibrium for a saturated solution of a salt"A,
By may be expressed as,
Ax By = xA" + yB*
Thus, solubility product K = [ATT* [B*V
Let the solubility of the salt A, By in water at a
particular temperature be ‘s’ moles per litre then
Ax By = xA"" + yB*
XS ys
[xs]" [ys}

X*. y'(sy*tY

A
=
ol
- U
I I
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