EQUILIBRIUM

LESSON - 6 o7

KEY POINTS-

Equilibrium - An equilibrium represents a state in
a process when the observable properties such as
colour, temperature, pressure, concentration do not
show any change.

Equilibrium in physical processes:
solid = liquid = gas
H20i)y= H20g) = H20wap)

Law of chemical equilibrium: At a given
temperature, the product of concentrations of

the reaction products raised to their respective
stoichiometric coefficient in the balanced chemical
equation divided by the product of concentrations
of the reactants raised to their individual
stoichiometric coefficients has a constant value.
This is known as the Equilibrium Law or Law of
Chemical Equilibrium.

E.g.- For a general reversible reaction
aA +bB=cC + dD
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Concentrations or partial pressure of pure solids
or liquids do not appear in the expression of the
equilibrium constant.

REACTION QUOTIENT (Qc):-The ratio of product
of initial concentrations of products to the product
of initial concentrations of the reactants at any
stage of the reaction.

If Qc >Kc, the reaction will proceed in the
direction of reactants (reverse reaction).

If Qc <Kc, the reaction will proceed in the
direction of the products (forward reaction)

If Qc = Kc, the reaction mixture is at equilibrium

Kp is equilibrium constant used when equilibrium
concentrations are expressed in atmospheric
pressure.

Kc is equilibrium constant used when equilibrium
concentrations are expressed in molarity.

Relation between K, and K.
Kp =Kc (RT)*"

here R is gas constant, T is temperature

at which the process is carried out & An is
number. of moles of gaseous product minus
number. of moles of gaseous reactants.

If Ke> 10% Kc is very high i.e. the reaction
proceeds nearly to completion.

If Kc<10™; Kc is very small i.e. the reaction
proceeds rarely.

If Kc is ranging in the range of 10° to 103

i.e. reactants and products are just in
equilibrium.

Factors affecting equilibrium constant:-
temperature, pressure, catalyst and molar
concentration of reactants and products.

Le Chatelier's principle:- It states that a change
in any of the factors that determine the equilibrium
conditions of a system will cause the system to
change in such a manner so as to reduce or to
counteract the effect of the change.

Arrhenius acids are the substances that ionize in
water to form H*.

Arrhenius bases are the substances that ionize in
water to form OH'.

Lewis acids are lone pair accepters while Lewis
bases are lone pair donors.

Bronsted-Lowry concept:-Proton donor are acids
while proton accepters are bases.

Conjugate acid-base pair- The acid-base pair that
differs only by one proton is called a conjugate
acid- base pair. If Bronsted acid is a strong acid
then its conjugate base is a weak base and vice
versa.

lonic product of water, Ky = [H'][OH]

pH = -log [H™]; here [H'] is molar concentration of
hydrogen ion.

pOH = -log[OHT; here [OHT Is molar concentration
of hydroxyl ion.

pH + pOH = 14

pKa +pkp = 14, here pka = -logka, pky = -logky
ka= Acid dissociation constant,

kp=base dissociation constant

Ka x Kb = Kw = ionic product of water
=1x10™

Buffer solution: The solutions which resist
change in pH on dilution or with the addition of
small amounts of acid or alkali are called Buffer
Solutions.




common ion effect: It can be defined as a shift
in equilibrium on adding a substance that provides
more of an ionic species already present in the
dissociation equilibrium.

Hydrolysis of Salts: The process in which water
reacts with salt to form nan acid and a base.

Solubility product- Product of the molar
concentrations of the ions in a saturated solution,
each concentration term raised to the power equal
to the number of ions produced.
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MULTIPLE CHOICE QUESTIONS

a'g'ﬁaa—«qﬁ'qwa;r:

1)

2)

3)

4)

What does it indicate having a higher

equilibrium constant?

a) reaction occurs faster

b) rate of backward reaction is faster

c) both the backward and forward reactions
are equal

d) reaction may be slower than usual
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If the initial concentrations of reactants in
a reaction increase then the equilibrium
constant

a) also increases

b) decreases

Cc) remains constant

d) may increase or decrease
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For the reaction Hx(g) + Brz(g) < 2HBr(g)
the equilibrium constant is given as 0.04

then what is the equilibrium constant for the
reaction 2HBr(g) «— Hz(g) + Brx(g)?

a) 0.04 b) 4
c) 25 d) 100

FTATHAT Ho(g) + Bro(g) « 2HBr (g) & T
Uqest RPuie 0.04 feam arm § ar wfafear
2HBr (g) < Ha(g) + Br: & fow W R
FTE (D) ?

a) 0.04 b) 4

c) 25 d) 100

If the chemical reaction is: aA + bB — cC
+ dD and K is the equilibrium constant.
Then what is the equilibrium constant of the
reaction naA + nbB — ncC + ndD?

a) K b) nK

¢ K d) Kin

I THEATAF Ifafar & aA + bB — ¢C + dD
3t K grgmaedT fEas &1 ar [ srfafdar =1

5)

6)

7)

8)

grFaraedT f&RiF naA + nbB — ncC + ndD
4T 872

a) K b) nK

c) K" d) K/n

For the following equation,

2HBr(g) = Hz(g) + Brz(g); are both Kp and

Kc are equal?

a) vyes

b) cannot say

c) no

d) depends on the temperature
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CO2(g) + C(s) =2C0O(g) is an example of
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a) homogeneous equilibrium

b) heterogeneous equilibrium

c) neither homogeneous nor heterogeneous
d) both homogeneous and heterogeneous
CO2x(g) + C(s) = 2CO(g) = 2CO (g)
T TS 3GTEI0T
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What is the expression of K¢ of the chemical
equation

Ag20(s) + 2HNO3(aq) = 2AgNOs3(aq) +H20(1)?
a) [AGNOs(aq)]*/[HNOs(aq)”

b)  [AgNOseql[HNOs(aq)”

¢)  [AGNO3(aq)]/[HNOs(aq)]

d)  [AGNO(aq)]*/[HNOs3(aq)]?

Tfas gHElSIoT

Ag20(s) + 2HNO3(aq) = 2AgNO3(aq) +H20(1)? &
faw Kc &1 < 1 %

a)  [AGNOs(aq)]*/[HNOs(aq)”

b)  [AgNOs(aq)l [HNOs(aq)*

¢) [AgNOs(aq]*/[HNOs(aq)]

d) [AgNO(ag)/[HNOs(aq)]”

What will happen if K¢ > 10 in a chemical
reaction?

a) products are predominant




