CONCEPT

Chemical Equilibrium

@ Involves chemical changes
A+B=C+D
Rate of forward reaction =
Rate of reverse reaction
2 Also called dynamic equilibrium

—

Law of Chemical Equilibrium 4

5] xAl;nq] +_|,rBw” = JJlllC[lhIIJ * J:D[m“
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Types of Chemical Equilibrium 4

3 Homogeneous Equilibrium ; All the reactants
and products arein the same phase.
a—
Nibﬂ +3H2¢s?"_ 2N Hﬂw

2 Heterogeneous Equilibrium :
and products are in two or more different
phases.

e
Cig tH, 00, 7= CO +Hyp

Involves physical changes

Reactants

Phase Transformation Processes J

> Solid-Liquid Equilibrium : ry i 0 ofice

3 Liquidﬂas qu.li librium: Teva poration =TCondensation
 Solid-Gas Equilibrium:rg oo
3 Solid-Solution Equilibrivm: g, 0o
2 Gas-Solution Equilibrium : pre p [Henry's law]

v

= rFreuzing of water

=TCandensation

= Crystallisation
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3 xAj + B = mCy +ulh,
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Relation between K, and K,

3

KF = K‘,(RT}‘&”
= lfAr=0K,=K
* Jf A =+ve, Kp =K
s If A =—ve, Kr, <K,
Equilibrium constant for the reverse reaction {K:]
1
KI
Equilibrium constant for the reaction which is
divisible by n
K/ =4
Equilibrium constant for the reaction which is
multiplied by »
K =k
Equilibrium constant for the reaction taking
place in n steps
K =K« Kpx Kyl
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Involves ionisation processes
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Applications of Equilibrium
Constants

4

2 Predicting the extent of reaction :
* K_>10*[Forward reaction is favoured.]
* K_<10*[Reversereaction is favoured.]
= 102 < K< 107 [Both reactants and
products are presentin equilibrium. |

_ and Equilibrium Constant

Relation between Gibbs Free Energy

3 At equilibrium
AGS=—RT Ink; K = ¢ dG"RT
o [fAG* <(then K> 1
[Forward reaction is favoured.)
* [fAG*>0then K <1
[Reversed reaction is favoured.
e [fAG =0, thenK=1
[Reaction is in equilibrium.]

Extremicly
Neglizible K. farge K.
l }".\' >
103 1 1
Reaction Both reactants and Reaction procesds
hardly products are present  almost to com pletion

proceeds at equillibrium

Le-Chatelier's principle

D Predicting the direction of reaction :
* [J.>K_[Reverse reaction is favoured.]
* Q<K [Forward reaction is favoured.]
* =K [Reactionisinequilibrium.]

o
K K Q [
Q
= -

D=k =X Q=K
Reaction will shift Eeaction in Eeaction will shift
forwand forming equilibrium backward forming

more products more feaclanis

lonic Product of Water &

T
lonisation

> lonisation of Acids:

Hyo + HaOpy & HiOF + AL

_ IHEL‘P'HA 1
a7 [HA
K, =ionisation constant,
PKa=_long

As K, increases, pK decreases and acidity increases.

2 lonisation of Bases:
BOHW] = BE-mr + OH?mn

[E0H]  ca?
[BOH|

pky=—logK,

As K increases, pK,, decreases and basicity increases.

B S 1-w

2H,0, = H 0}, + OH,,,

K, = [HO’J[OH7] =1 « 10-1 M2
[OH = [H]=10=107Mat 298 K

2 Change in Concentration: [f concen-
tration of any reactant or product is
increased, the equilibrium will shift in a
direction where itisbeing consumed.

o

Change in Temperature: If temperature is

increased, reaction will proceed in the

direction where heat is absorbed.

Change in Pressure : If pressure is

increased, then equilibrium will shift in a

direction where number of moles reduces.

Addition of Inert Gas:

* At Constant Volume : No change in
equilibrium

* At Constant Pressure: Equilibrium will
shift towards greater number of moles.

Catalyst : No change in equilibrium. It

helps in attaining the equilibrium quickly.
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o pH=-log[H,0*|=-log[10-7|=7

Solution [H7] [OHT] pH pOH
Acidic =107 <107 <7 =7
Basic <10~ =10~ =7 =7
Meutral 107 1 7 7

o pK,=pH+pOH=14

Solubility Product 4

D> A B, = mA™ +nB™

Buffer Solution &

It is a solution which resists change in pH on dilution or

with the addition of small amounts of acid or alkali.

> Acidic Buffer: Mixture of weak acid + salt of this weak
acid withstrong base. e.g. CH,COOH + CH,COONa

Salt]

;l.e\cid|

2 Basic Buffer: Mixture of weak base and salt of this weak
base with strong acid. e.g. NH,OH + NH,CI

= , Isaly]
pOH=pK;+log Thase]

pH=pK, +log

K-{rl £ I}q'r‘-]m[Bln -]n

* K> K, Precipitation oceurs.

L] Krp{‘K. . Precipitation does not occur.,
. Kﬂ, = K_, Solution is saturated.

5

Relation between Solubility and j§
Solubility Product y

K, =[mS]" [us]"
= -rjsm . ”?ISI.’
=gt ()

[where § is solubility.]

It is a process in which a salt reacts with

water to give acid and base.

2 Saltof Strong Base and Strong Acid:
Neutral solution, ¢.g., NaCl, KC1

2 Saltof Weak Base and Strong Acid :

Ky=5=7 PH="+[pK,~pK\~logC]
.8, NH,CI, CuSO,

2 SaltofStrong Base and Weak Acid:
K, - -
K:'.'= "'j'(Jj" ; PH =%|.PK.’|- + Pk.r * iﬂg |
¢.8. CH;COONa, Na;PO,
2 SaltofWeak Acid and Weak Base:

K =] -
Ky= K, J.[Kh  pH _?] PR+ P, —pKg)
e.g., CH,COONH,, AIPO,
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