CHAPTER #7

CHEMICAL EQUILIBRUM

Q1. Differentiate between reversible and irreversible reaction.

Ans:

| Reversible Reaction Irreversible Reaction 1'
| i. The reactions which can proceed in ' i. The reactions that virtually go to |
| both the directions i.e. forward and | completion ie., reactants are
| backward and are called reversible | completely consumed and converted |
. reactions. into the products. Such reactions are j
_______ L ' calied irreversible reactions.
i 1li. The reactants are not compietely | ii. The limiting reactant is consumed
. consumed. completely.

iii. In reversible reactions the |iii. The reaction virtually goes to |
| reaction never goes to completion. | completion in irreversible reactions.

iv. These reactions reach at a stage | iv. The concept of chemical
| called chemical equilibrium. At this | equilibrium is not applicable on
stage the concentration of reactants | irreversible reactions.

i and products become constant. But
i the reaction continues to proceed in
{ both the directions without any
' change in concentrations of reactants

and products under  existing |

r
l
1
|'
|
!
|

_conditions.

R it IS represented by | v. It is represented by — single
_ ======double arrow. arrow. ) 1
- vi. Examples: vi. Examples: —1{
1. 2NO2 (g) = N2 0. (g) i. 2H(g) + O2 (g) — 2H0 (g)

ii. PCls (g) === PCl (g) + Ci2(g) | ii.C+0, — COq,
i, Na(g) + 3H; (9) ===== 2NH, (g) _iii. Ha(g) +Ch(g) — 2HCI(@) |
Q2. What do you know about reversible reaction?
Ans: Reversible reaction:

The reactions which can proceed in both the ‘directions i.e. forward and
backward directions are called reversib[e reactions.
Explanation:

A reversible reaction is one in which the products once formed can react to
form reactants. Such reactions do not go to completion even if stoichiometric
amounts of the reactants are taken. These reactions take place both in the forward
and backward directions under the existing conditions.

Examples: | .
Some examples of reversible reactions are given below:




N; (g) + 3H; (9) == 2NH;(9)

2NO, (g) === N; O, (g)

2NO (g) +Cl(g) = 2NOCI (9)

PCls (g) === PCI5(9) + Cl2(g)
The double arrow tells that the reaction is reversible.

Consider the reaction between steam and carbon monoxide under
appropriate conditions.

On mixing macroscopic changes are observed (e.g, changes in
concentration).
Q3. Define and explain dynamic equilibrium give its examples also

draw the graph to explain your answer.
Ans: Dynamic Equilibrium/Chemical Equilibrium:

“The state of a reversible reaction at which compositions of the reaction
mixture does not change is called the state of chemical equilibrium.”

Explanation:

Suppose that the reaction is started with same number of moles of both the
reactants. When steam and carbon monoxide are mixed, a maximum number of
collisions per second between them will occur. Therefore the forward reaction has
its maximum speed at the beginning. This leads to a decrease in the concentration
of the reactants.

Example 1:

H,0(g) + CO(g) — Ha(g) + CO; (g)

As H,0O and CO are gradually used up, the forward reaction gradually slows
down. As the molecules of H, and CO, accumulate reverse reaction also starts.
With the increase in concentrations of H, and CO, more and more collisions per
second between these molecules occur.

Therefore reverse reaction proceeds with increasing speed. This means that
forward reaction starts with maximum speed and gradually slows down, whereas the
reverse reaction starts at zero speed and gradually increases its speed.

Example 2:

Ha(g) + CO,(g) — H20(g) + CO (g)

Eventually a time comes when both reactions proceed at the same speed.
The reaction at this stage is said to be in chemical equilibrium. The concentrations
of reactants and products become constant.

H.O(g) + CO(g) Ha(g) + CO: (g)

Unless the system is somehow disturbed no further changes in
concentration will occur.
Graphical representation:

The plots of the concentrations of reactants and products versus time are
shown in Fig.
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The plots of concentrations of reactants and products versus time.

Microscopic analysis:

Since the concentration of reactants and products become constant it may
appear that the reaction has stopped. But this is not true.

On the microscopic level there is excited activity. Individual molecules of
reactants continue to combine. Individual molecules of products also continue to
combine. But the rate of one process is exactly balanced by the rate of the other.
Therefore this i1s a dynamic equilibrium.

Dynamic System:

The system is dynamic because individual molecules react continuously, but
the rate of the forward and reverse reactions are equal. It is at equilibrium because
no net change occurs.

Q4. State law of mass action also derive equilibrium constant equation
with the help of this law.
Ans: The Equilibrium Constant:

Two chemists C.M Guldberg and P. Wage in 1864 proposed the law of mass
action.

It states that “the rate at which a substance reacts is proportional to its
active mass and the rate of a chemical reaction is proportional to the product
of the active masses of the reacting substances”.

It can also be defined as “the rate of chemical reaction is proportional
to the product of molar concentration of each reacting substance raised to a
power equal to its stoichiometric coefficient in the balanced chemical

equation.”

Active mass: ‘
The term active mass means, the concentration of the reactants and

products in moles dm™ for a dilute solution.




Derivation: |
Consider the following general reversible reaction.

aA(g) + bB(g) cC(g) + dD(g) |
Where A.B C and D represent chemical species and a, b, c and d are their
coefficients in the balanced equation.
According to the law of mass action.
Rate of forward reaction, R, o [A]* [BI° =k [A] [B .o (i)
Where k; is the rate constant for the forward reaction.

Rate of reverse reaction, R, a [C] [D]° )
7 F ool | R — (ii)

Where k, is the rate constant for the reverse reaction.

At equilibrium state
Rate of forward reaction = Rate of reverse reaction

Thus ki [A]" [B" = k, C° [D]°
, k, . CrIDY
On rearranging K ‘"“_"—[Alu lmb
C)‘ “)lu
fig Bt
[A]* |B]

Where K. =—k—'- and is known as equilibrium constant, and the above
equation is known as equilibrium constant expression. The square brackets
indicate the concentration of the chemical species at equilibrium.

Method to write equilibrium constant expression:

Thus the equilibrium constant expression for any reaction can be written
from its balanced equation. Concentration of products are taken in the numerator
and concentration of reaatants in the denominator.

Q5. Differentiate between rate law and equilibrium constant equation.

Ans: .

Rate law Equilibrium constant equation
i. The rate law describes how the |i. The equilibrium expression
rate of a reaction changes with | describes the concentration of |
concentration. reactants and products when the net |
', rate of reaction is zero. |
ii. It cannot be written from the | ii. It can be written from a balanced

balanced chemical equation. chemical equation.
fii. It can be determined only with the | iii. It can be determined theoretically
i help of experiment. with the help of baianced chemical
equation.
iv. Rate law is given by the equation | iv. Equilibrium constant equation _f—c'>r_4
Rate = k[A}* the given reaction is given below
aA(g) + bB(g) = cC(g) + dD(g)
k; _ CJ[D}

k, [AI'[B)

r




Note: In both these expressions, concentration terms are raised to powers.
Examples of Equilibrium Constant Expression:

Example 7.1:
N2 (g) + 3Hx(g) === 2NH,(g)
_ INH,T
Kes ——2—
[H,][N,]
Example 7.2:
1
CO(g) + 5 O2(9) CO2(q)
o= —100a)
(COJ[O,]?

SELF-CHECK EXERCISE 7.1

i The following equations represent various industrial reactions at
equilibrium. Write K. expression for each of these reactions. Do not forget
to balance the equations:

SO;(g)

(i) SO3(g) + 0:(9)
(i)  NHi3(g) + 02(9) NO(g) + H,0(g)
(iii) CH4(g) + H,0 (9) CO(g) + H;0(g)

Solution: (i) €03;(g) + 0,(g) = S0O;(9)
Balancing the equation is
250:(g) + 02(9) 250;(9)

_ _[505)
Ke= 507100
(i) NHs(g9) + 02(9)
Balancing the equation is
2NH; (g) + 30:(9)
_ N0)(H,0P
Ke = Wwari0,57
(iii) CH4(g) + H20 (9)
Balancing the equation is
CH, (g) + H.0 (9)
K. = [CO)(H,)}
€™ [CH4)(H0) .
ii. ‘'Give the balanced equations that correspond to following
equilibrium expressions.
'CH,OH
(i) = [ 3 ]2
(COJ[H, ]

NO (g) + H20(g)

2NO (g) + 3H,0(g)

CO(g) + H:0(9)

CO(g) + H,0(9)




[N,](H,0]

i Ke = —————=

L [NOJ'[H, ]

Solution:

i CO+H, =——— CHiOH

ii. 2NO + 2H, === N; + 2H;0 .
Q6. How can we determine units for equilibrium constant give at least

two examples?

Ans: Units of Equilibrium Constant: s
Equilibrium constant may or may not have units. Equilibrium constant has no

units if the number of moles of the reactants are equal to the number of moles of the

products. '
For instance K¢ for the following reaction has no units.

H,0(g) + CO(g) === Ha(g) + CO:(g)
[H,[CO, ]
KC — i N N5,
[H,0[CO]
_ (moldm )(moledm™)
©” (moledm")(moledm™)
On the other hand if the number of moles of products and reactants are not equal,
K¢ has units.
Example:
N2O. (g)
[NO, I’
[N,O,]
Kc = mole dm™
In this way we can determine the units for Kc. However units of equilibrium
constant are not usually written.

SELF-CHECK EXERCISE 7.2

Determine the units for K. for the following reactions:

() PCls(g) PCl3(g) + Cly(g)

(i)  2S0:(g) + 0x(9) 250;(g)

(iii)  Ha(g) + I(9) 2HI(g)

The value of K: at a given temperature can be calculated if we
know the equilibrium concentration of the reaction components.
Solution:

= No units

ZNO2(g)

C=

(i)  PCls(g) =——  PCly(g) + Cly(g)
_ [PeLs][ct,)
“ T [PClg]
-3 -3
K, = (mole dm™3)(mole dm=3) — mole dm-?

(moledm3)



(i)  2S0,(g) + 0,(9) -—— 250;(9)
|505
Ke= rm—a—
1502]2(0,]
- (mote dm~3)’ 1 "
7 (mole dm=3)2(mole dm-3) - (mole dm™3) = L™ am
(iii)  Hx(g) + I(9) ===  2HI(g)
(H1}?
K, =
. [Hzlzllzl
(mole dm™3)
K= = 1
¢~ (mole dm-3)(mole dm-3) NS
Example 7.3:
The following equilibrium concentrations were observed for the reaction
at 500°C.

A (g) + 3B (g) =—— 2AB(9)

[A] = 0.399M, [B] = 1.197M, [AB] = 0.203M
Calculate K¢

Solution:
_ |AB)’
T g B
[A][B)
Ko = (0.203 mole dm Y
¢ (0.399 mole dm‘:)(l.197molc d)n'.\)x-
=6 = 10-2 dme mo|e.2
Q7. State Henry's law and how can we determine equilibrium constant

expressions involving partial pressure, number of moles and mole

fraction.
Equilibrium Expressions Involving Partial Pressure, Number of

Ans:
Moles and Mole Fraction:
Consider the general gaseous reversible reaction
aA (g) + bB(g) < = aA(g) + bB(g))
For gases the expression is often expressed in terms of partial pressure of
each gas

According to Henry's Law
«At constant temperature, the partial pressure of gas is directly

proportional to its molar concentration.”
Equilibrium constant Kp (For partial pressure):

Equilibrium constant Ke in term of partial pressures is given by’
_ PixPy

T haopb
Py =P,

Where P.. Pg. Pc and Py are partial pressures of gas A. B, C and D

respectively Kp is related with K¢ by the following equation.



Ke = K¢ (RT)™
Where An is the difference between the total number of moles of the

products and the reactants.

Equilibrium constant K, (For number of moles): |
When equilibrium concentrations of reactants and products are expressed in

terms of their moles, the equilibrium constant is represented by K, and is given by
the following equation.
N xnf,

K" = a b
n,xn,

Where n, ng, n¢ and np are the moles of A, B, C and D respectively at the
equilibrium state. Kp is also related with K,,.

e[

Where P is the pressure of reaction mixture at equilibrium and N is the
total number of moles of reactants and products as shown by the balanced
equation.

Equilibrium constant K, (For mole fraction):
When the equilibrium concentration of the reactants and products are

expressed by their mole fractions, the equilibrium constant is represented by K, and

is given by the following equations.

x d
X(. X,

" )
K'- a b

XAXXU

Where X4, Xs, Xc and X, are mole fractions of A, B. C and D respectively. Kp
is related with K, by the following expression.

Ke = K, (P)™

Where P is the pressure of the equilibrium mixture.

Example 7.4:
Following reaction was studied at 25°C. Calculate its K, and Kc.

2NO (g) + Cl; (g) 2NOCI(g)
The partial pressures at equilibrium were found to be
P~OC| =12 atm
Pno = 5.0 x 10 atm
PCl, =3.0x 10" atm
(P,w)('t)2 .
(l).\(/)(RIQ)
- (1.2)
(5.0x10°)(3.0x107")

—
—

Kp = 19 X 103
Now
Ke = K¢ (RT)™

AN=2-(2+ 1) =-1
R = 0.0820dm> atmK™' mole"’



T = 25°C + 273 = 298K
Ke = K¢ (RT)™
1.9 x 10° = K¢ (0.08205 x 298)"

19x10°= S

(0.08205x298)

Ke =1.9 x 10° 0.08205 x 298
Ke = 4.65 x 10

SELF-CHECK EXERCISE 7.3

The c9ntact process prepares purest sulphuric acid commercially.
Following reaction takes place in the contact chamber in the presence of
V;0s. 250;(9) + 0x(g9) < 2504(9)

. _ (Ans: 0.1576)
Calculate K, if the following concentrations are found at equilibrium.

[SO;] = 0.59M, [O.] = 0.05M & [SO;] = 0.259M
Solution:
For K.
2
K = [5023]
(50,]%(0;]
. (0.259)2 5 GE
¢~ (0.59)2(0.05) L
For Kp )
As we know that
Kp = KC(RT)A" .......... (i)

R = 0.0821 atm dm?3 K~ ! mole™!
am=2-2+1)=-1
T=25°C+273=298K
K. =3.85
Putting values in equation (i)
Kp = 3.85 x (0.0821 x 298)"!

3.85 _

Kp = Gosz1xz08)7 0 2574

Q8. Define and explain the following terms.
i Homogenecus Equilibria:

. Heterogeneous Equilibria

Ans: Types of Equilibrium:
With respect to the physical states of reactants and products, there are two

types of Chemical Equilibrium.
i Homogeneous Equilibria:
An equilibrium system in which all of the reactants and products are in the
same phase.
Example:
No(g) + 3Ha(g) === 2NHs(g)



.s
i.

280,(g) + O2(g) === 2S0n(g)
2NO(g) + Clo(g) ===  2NOCI(g)
CHs COOH( ¢ )+ CoHs OH(1) === CH; COOC,Hs(¢) + H0(!)

Heterogeneous Equilibria:
Equilibria which involve more than one phases are called Heterogeneous

equilibria

Example:

Note:

CaCO;(s) ==—== Ca0(s) + CO(g)
C(s) + H0(g) === CO(g) * H:(q)
3Fe(5) + 4HQO( ) = FeSO4( )4H2( )

If pure solids or pure liquids are involved in an equilibrium system, their
concentrations are not included in the equilibrium constant

expression.
This is because the change in concentrations of any pure solid or liquid has

no effect on the equilibrium system.

(i) 2HO() === 2H,(g) + O(9)
Kc = [H2)* [O2)
and  Kp= p, xp,
(ii))  3Fe(s) + 4H,O(g) —= Fe304(s) + 4H2(g)
_[H,]
%= 07
/)
and K, =
SELF-CHECK EXERCISE 7.4
Write K: and K, expressions for each of the following reactions.
(i) FeO(s) + CO(g) = Fe(s) + CO;(g)
(if)  P4(s) + Oz(9) === P40s0(s) .
(iii)  CHa4(g) + 4Cly(g) === CCl4(/) + 4HCI(g)
Solution: ,
(i) FeO(s) + CO(g) =——— > Fe(s) + CO,(g)
(€0,
“7 [co]
Ky = Pea,
B Pco
(ii)  Pa(s) + 0z(g) == P40;0(s)
Kc=[0,)73
Kp =Py’
(iii)  CH4(g) + 4Cly(g) == =-== CCl(N) + 4HCI(g)



3 [HCL]*
1CH4!‘[C1212
K, = Puci .
Peny X P
Example 7.5:

At 100°C, 0.1mole of N,O, is heated in a one dm’ flask. At equilibrium

concentration of NO, was found to be 0.12 moles. Caiculate K. for the
reaction.

Solution:
[NO;] = 0.12 mole
Since one mole of N,O, gives 2 moles of NO;

2x=0.12
0.12
x -
2
x =006
[N.O,]=01-0.06
= 0.04 mole
N204 (g) —_————— 2N02(g)
Initial Conc 0.1 zero
(in moles)
Eq. Conc 01-x2x=012
(in moles)
04 0.12
Eqg.con C. .04 5
/dm?
(mole/dm’) 1 54 0.12
Kc = INO, T
[N,O,]
KC - ﬂgj_:
(0.04)
Kc =0.36
Example?7.6:

Consider the following reaction

Nz(g) + 02 (g) = INO(g) Ke = 0.1 at 2000°C
If original concentrations of N; and O, were 0.1M each. Calculate the
concentrations of NO at equilibrium.

Solution:

No(g) + 02 (g) == 2NO(g)
initial Conc. 0.1M 0.1M 0
Eq.conc (0.1-x) (0.1-x) 2x
(mole/dm?)

s AN

i £ .

K iy IJ
©TINLII0,)



(2x)°
0.1= 5
(0.1-x)(0.1=-x)

Taking square root of both the sides

2 x
032= ~—-

0.1-x

x =0.014M
[Nz] = [Oz} =01-x

=0.1-0.014
0.086M each
2x
=2x0.014
=0028 M

SELF-CHECK EXERCISE 7.5
For the reaction

Hi(g) + COx(g) =——= H,0(g) + CO(9)
K. = 0.60 at 500°C. If a mixture of 0.30M of each H, and CO, is heated at
500°C, calculate the concentratian of CO at equilibrium.

[NO]

Solution:
H:(g) + COy(g) === H,0(g) + CO(g)
Initial Concentration. 0.3 0.3 zero . zero
(in moles)
Equation Concentration. 03 - x 0.3 - x x x
(in moles)
K. is givenas
_ |H,0](cOo]
© 7 Hy)lCo,]
x2 oL

0.60 =

03-x)(03-x) (03-x)?
Taking square root of both the sides

’ 2
060 = |l—2>
K (0.3 — x)*

X

(0.3 —x)
0.775(0.3 - x)
0.233 -0.775x
+ 0775x = 0.233
<775k = B.233
0233

1775

0.775 =

R e TR



x= 0.131

Thus
[CO| = x = 0.131 moles
Example?.7:

When 60g of acetic acid and 46g of ethyl alcohol are heated to give

and equilibrium mixture, 129 water and 58.7g of ethyl acetate are
formed. Find K. for the reaction.

Solution:
Initial moles of CH; COOH = - Lali: =1 mole
602 / mole
= 46¢
Initial moles of C,Hs OH= ——~"= __ = mole
46g /mole
At equilibrium
58.7¢
Moles of CH,COOC,Hy = — =" = 0.666moles.
‘ 88¢ ‘moles
12¢
Moles of H,O = ———== = 0 666mole
18¢ / moles
CH; COOH (1) + C;HsOH (1) === CH,; COOC,Hs(1) + H,0 (1)
Init. conc 1 1 0 0
(in moles)
Eq.conc. 1- 0. 666 1-0.666 0.666 0.666
(moles) 0.333 0.333

_ |CH.COOC,H,|[H,0]
(C1.COOH|[C,H,OH]
K. = (0-:666)(0.666)

(0.333)(0.333)
Kc = 4

C

SELF-CHECK EXERCISE 7.6

. When dissolved in water, glucose and fructose exists in equilibrium
as follows:

Fructose <=—— Glucose
An analyst prepared a 0.25M fructose solution at room temperature. At
equilibrium he found that its concentration decreased by 0.038M.

Calculate K_ for the reaction. (Ans: 0.179)
Solution: Fructose <==—===  Glucose

Initial Concentration. 0.25 zero

(in moles)

Equation Concentration. 0. 25— x X

(fn moles)



Given that the concentration of fructose is decreases by 0 038M.
Thus,
x = 0.038
|Fructose] = 0.25 - x
= 0.25- 0.038M
= 0.212 M

[Glucose] =x = 0.038M
|Glucose]| 10.038]
K( - o= s = 0.179
|Fructose] {0 212} '
® When 3.88 moles of NO and 0.88 moles of CO, were heated in a

flask at a certain temperature. At equilibrium 0.11 moles of each of the
product were present. Calculate K. for the reaction.

. CO:(g) + NO (g) < === CO(g) + NO:(9) (Ans: 0,0042)
Solution:
CO,(g) + NO (g) === CO(g) + NOx(9)
Initial Concentration. 0.88 3.88 zero zero
(in moles)
Equation Conceniration. 088 - x 3.88 — x X b
(in moles)

Giventhat 0.11 moles of each of the product are
present at equilibrium,

Thus, x = 0.11
|[CO;] = x=0.11 moles
INO| = x =0.11moles
|CO,] = 0.88-x=0.88-011=0.77 moles
INO| = 3.88-x =3.88-011=3 77 moles
_|COJINO, |
€7 [C0,]INO]
(0.11)(0.11)
0.60 = = 0.0042

(0.77)(3.77)
Q9. Write the applications of the equilibrium constant X .
Ans: Applications of the Equilibrium Constant:
Equilibrium constant for a reaction can be used to predict many important
features of the reactions
For instance, it can be used to predict
(i) Direction of the chemical reaction.
(i) Extent of the chemical reaction.
(1) Effect of changes in condition of the chemical reaction on the
equilibrium position and equilibrium constant.
Q10. How equilibrium constant K. help us to determine.
i The Direction of a Reaction.
ii. The Extent of Chemical Reaction.
Ans: . The Direction of a Reaction:
The direction of reaction when reactants and products of a given chemical
reaction are mixed. it is important to know whether the mixture 1s at equilibrium and



if not, in which direction it will move to achieve equilibrium state. For thie purpose we
use the reaction quotient (Q).

Reaction quotient (Q):

The ratio of concentrations of products to reactant at any particular
time is called reaction quotient. It is obtained by applying the law of mass action.
using initial concentrations or concentrations at any particutar time instead of
equilibrium concentration. :

Q-= [Products]

[reactant |

The value Q leads to one of the following possibilities.
a. Q < K¢
This indicates that more product is needed to acquire equilibrium.
Therefore system must shift to the right until equilibrium is attained.
b. Q> K¢ '
This indicates that less product or more reactant is needed to acquire
equilibrium. Therefore' system must shift to the left until equilibrium in
reached.
c. Q=Kc
This shows that reaction is at equilibrium. No shift will occur.
il The Extent of Chemical Reaction:
The extent of a chemical reaction can be predicated by considering the
magnitude of equilibrium constant. Again there are there possibilities.
a. K¢ is very large:
Many reactions have very large equilibrium constant.
Example: '
H, (g) + Br; () 2HBr (g) K. = 5.4x10" at 25°C
if concentration of each of the reactant at equilibrium is 1 mole then
concentration of HBr would be

MHBrf _ 54, 10"
1x1 &
[HBr] = +/S.4x10"
=232 x 10°M
Conclusion:

It means that the concentration of HBr is very large as compared to that of
reactants. At equilibrium the mixture will have mainly products. Thus large value of
K¢ indicates that the reaction goes virtually to completion.

b. K. is very small:

Reactions having very small Kc do not proceed appreciably in the forward

direction.

Example: - o
N, (g) + O:(g) === 2NO(g) K. =1.0x10"" at 25°C
Ke = ANOF 40 x 10%

[N,10, ]



If one mole of each of the reactant is present at equilibrium, then the
concentration of NO would be

[NOJ _
Ixl
[NO] = Ix10
{NO] =1 x 10""° moles

Conclusion: o _
Thus concentration of NO will be very small. Equilibrium mixture will have

mainly reactants. Therefcre. small value of K¢ indicates that the reaction has very
little tendency to move in the forward direction.

. Kc is neither very small nor very large: N A
When K¢ in neither very small nor very large. the equilibrium mixture

contains appreciable amounts of both products and reactants

1 X 10‘30

Example:
N204(g) === 2NO,(g) K. = 0.36 at 25°C
: 2
Ke = “\t(),"l =0.36
IN.O,]

If 1 mole of N,O, is present at equilibrium, 0.6 mole of NO; will be present in
the equilibrium mixture.

Condlusion:
Hence the equilibrium mixture will contain appreciable amount of reactants

and products. In such cases neither forward nor the reverse reaction go to
completion.
Example7.8:
For the synthesis of ammonia at 500°C, K. = 6.0 < 10

N:(9) = 3H:(g) ===—== 2NHy(qg)
Predict the direction in which the system will shift to attain equilibrium
when the concentrations of species were found to be

[H.] =1.0x1072M

[N:]=1.0x10°M

[NH;] =1.0x10>M

Solution: .
- INH,
INJJ(H, )
- aoxtely
(1.0x107")(1.0x10 *)
Q=10x10°
But
Kec =6.0 x 102

Therefore Q > K. The system will shift to the left to achleve equilibrium.



SELF-CHECK EXERCISE 7.7

Phosgene is potent chemical warfare agent and has been used in
World War II. It decomposes by the following reaction.

COCly(g) ~ === CO(g) + Cl,(g) K. = 8.3x10™ at 350°C
Predict the direction in which system will shift to attain equilibrium, when
the concentrations of species were found to be

[COCI;] =0.5M

[CO] = 2.5x102M

[Cl,] = 2.5x10%M (Ans: Towards left)
Solution: ’
_CojC,]
—|cocty,)
_(2.5%x1074)(2.5x107%) =
= 05 =125x10
But
K.=83x10"*
Since Q > K,

Hence the system wiil shift towards left

SELF-CHECK EXERCISE 7.8

White phosphorus P, is produced by the reaction of phosphorite
rock, Ca;(P0,), with coke. When exposed to air it bursts into smoke and
fumes and releases a large amount of heat. Predict whether K. for this
reaction is large or small.

Pi(g) + 50,(g) ~ == P4010(S)

Solution:

This reaction 1s exothermic and when exposed to air it bursts into smoke and
fumes and releases a large amount of heat All these things show that the reaction
virtually goes to completian Thus the value of K. will be very farge and the
reaction will go in forward direction
Q11. Define Le Chatelier’s principle and how can it help us to predict the

various factors which can affect the chemical equilibrium?
Ans: Le Chatelier’'s principle

“it states that if a change is imposed on a system at equilibrium, the
position of the equilibrium will shift in a direction which tends to reduce that
change”.

Factors Affecting Equilibrium:

We can predict the effect of various factors such as concentration pressure

and temperature on a system at equilibrium by using Le Chatelier s principle



i The Effect of a Change in Concentration:

When the concentration of one or more of the reactants or products present
in equilibrium mixture is aisturbed, the system will not remain at equiligrium state
According to Le Chatelier's principle. the equilibrium shifts to accommodate the
substance added or removed and restore equilibrium again

Explanation: v
Consicer the following gas phase equilibrium
CO4(g) + Ha(g) <===== CO(g) + H.0(g)

i When CO, is added to this equilibrium system, it is no longer in equilibrium.
Higher concentration of CO; increases the rate of forward reaction relative to
the reverse reaction.

ii. Thus more CO; and H, combine and more CO and H,form.

ii. As time passes the concentrations of CO; and H; decrease. lowering the
rate of forward reaction.

iv. At the same time increased concentrations of the products accelerale the
reverse reaction ultunately the two rates become equal again and eguilibrium
Is re-established.

V. At the new equilibrium concentrations of CO and H,0O are higher than were
present before the CO, was added
vi. Thus equilibrium is said to have shifted to the products side

Effect of increase in concentration:

In all chemical systems, an increase in concentration of any reactant shifts
the equiltbrium towards the formation of the products. If concentration of a product is
increased, the equilibrium shifts towards the reactants. A shift towards the reactant
lowers the concentration of the added product
Effect of decrease in concentration:

The opposite happens when we decrease the concentration of a reactant or
product If the reactant concentration 1s decreased the equiibnum system shifts
towards the reactants Removal of product shifts equilibrium towards the products
ii, The Effect of Pressure Change:

Equilibria that contain gases are influenced by pressure changes

When pressure on a gaseous system at equilibrium is increased the system
tends to reduce the volume to undo or minimize the effect of increased pressure.
This is done by decreasing the total number of gaseous molecules in the system.
This is because at constant temperature and pressure, the volume of gas is directly
proportional to the total number of molecules of the gas present.

Consider the following equilibrium system.
280,(g) + 02 (g) === 280s(g)
Increase in pressure:

When pressure increases the reaction system will reduced its volume by
reducing the number of molecules present.

This means that the reaction will shift to the right, because in this direction
three molecules (two of SO, and one of O,) react to produce two molecules (of
SQ0,), thus reducing the total number of gaseous molecules present.

This means the equilibrium pasition will shift towards the side involving the
smaller number of gaseous molecules in the balanced equation.



When the pressure is reduced:
When the pressure is reduced the system will shift so as to increase its volume.
When number of molecules are same:
When the tota!l number of molecules is same on either side then.
Example:
11,(8)+1,(g) === 2HI(g)

\-——w—d
2 moley 2moles

Whenever the pressure is changed on such a system, neither forward nor
the reverse reaction is favoured because the number of molecules is the same on
each side Such equilibria are not affected by pressure or volume changes.

ill. The Effect of Change in Temperature:

Chemical reactions that liberate heat are called exothermic

Chemical reactions that absorb heat are called endothermic.
Explanation:

Heat is placed on the right side of the equation in case of exothermic
reactions.

In endothermic reactions, it is placed on the left side of the equation.

We can use Le Chatelier's Principle to predict the direction of change.
Endothermic process:

Treat heat as a reactant in the endothermic process. Predict the direction of
shift in the same way as an actual reactant or product is added or removed. As an
increase in temperature adding heat favours the endothermic reaction.

Example:
Now consider the following reaction
N20.4(g) > 2NO, (g) AH® = +57.2KJ
Because the reaction is endothermic, we can write heat on left side of

equation.

N,O.(g) + heat =—= 2NOQ;(g)

Conclusion: _ -
As the temperature is increased, heat enters the system and the reaction will shift

from left to right.As a result of this change, concentration of NO, will increase and
that of N,O, will decrease. This will increase the value of K¢

Ke = E"Ozlz <4—— increases

[N, 0] +—— decreases
That is why K¢ for this reaction is 7.7 X 10 at 0°C and 0.4 at 100°C
Exothermic process: ‘ ‘ o
Treat heat as a product in the exothermic process. Predict the direction of
shift in the same way as an actual reactant or product is added or removed.

Example: _ _
As decrease in temperature (removing heat) favours the exothermic

reaction.
Consider the following reaction
250;(g) + Ox(g) =——— 2S0,(g) AH® =-188KJ
Because the reaction 18 exothermip, we can writ'e
280.(g) + O:(9) * = 2804(g) + heat




Heat can be treated as if it were a substance involved in the reaction.
Conclusion:

According to the Le Chatelier's Principle an increase in temperature will shift
reaction from right to left in order to absorb the added heat and to counteract the
temperature increase. As a result of this change concentration of SO, will decrease
and concentrations of SO, and O, will increase. As.a result, the value of equilibrium

constant will decrease. Increases
[SO.T -
g =
(SO, ] [0,] «——— decreases

That is why Kc = 2.8 x 10° at 1000K whereas at 298K the value of
Ke=1x10%%. The equilibrium production of SO is favoured at lower temperature. This
is because K¢ in much larger at 298K than at 1000K.

iv. The Effect of Addition of Catalyst:
A catalyst added to a reaction mixture speeds up both the forward and the

reverse reaction to the same uegree. Thus catalyst has no effect on the equilibrium
concentrations of reaction mixture. However, the catalyst is important in enhancing
the rate at which equilibrium is established.
Example7.9: K. for, the following reaction is 1.0 x 10 at 230°C

2ICI (g) === Cl(g) + I:(9g)
1.6 moles of ICl, 0.05 mele of I, and 0.05 mole of Cl, is present in the
equilibrium mixture in 2dm’ container at 230°C. Determine the
equilibrium concentrations of I,, Cl, and ICI when the equilibrium is
restored after the addition of another mole of ICI.
Solution:

On adding one mole of ICl into the equilibrium mixture will shift equilibrium in
the forward direction. Thus the concentration of IC| will decrease and concentration
of I and Cl; will increase by x whereas concentration of IC! will decrease by 2x.

2ICI(g) === Cly(g) + h(g)

Initial Conc. 16+1=28 _ 0.05 ©0.05
(in moles)
Conc. at new 2.6 - 2x 0.05+x 005+ x
Equilibrium
(in moles)
EqConcin 26-2x 005 +x Q.05 + x
Moles dm™ 2 2 2
= 1CLI{L]
& [ICT)?
[0 05+x\ [0__Q5f_75J
1.0x 103%= 2 ) 2

(56_-_235 )
2

Taking square root of both the sides



(0.05+x)
e | a

v1.0x10*' = N =
{ 2.()*21 2

-

{ = 4
1.05-x
2.6-2x
x =0 029 moles dm?
(IC1=26- 2x
=26-2x0029
= 2 571 moles dm™
(I} =(Cl;}=005 +x
=0.05 + 0.029
= 0.079 moles dm”

Jil SELF-CHECK EXERCISE 7.9

K. for, the following reaction is 1.0 x 10~ at 230°C
2ICI (g) = Cl(g) + I(9)
1.6 moles of ICI, 0.05 mole of I, and 0.05 mole of Cl; is present in the
equilibrium mixture in 2dm’ container at 230°C. Determine the
equilibrium concentrations of I, Cl; and ICI when the equilibrium is
restored after the removal of one mole of ICl.
(Ans: 0.00478M, 0.00478, 0.6904M)

3.1x10° =

Solution:

When we add ICt into the equilibrium mixture will shift equilibrium in the
forward direction Therefore the concentration of [C! will decrease while the
concentration of [, and Ci, will increase

2ICI (g9) S CI(g) + I(9)
Initial Concentration 16+1=26 0.05 0.05
(in moles) _
Concentration at new 2.6 - 2x 0.05+x 0.05+x
equilibrium.
(in moles)

2.6 -2x 0.05+x 0.05+x
Equation concentration 3 5 -
(in mole din™3%)

_ lenin)
C~ ey

0.05+x\ /0.05+x

() (55)
26-2x\%
(*5)

1.0x1073 =




2

(OOS*.:’)
LEE ELE ™ W
b z‘x\‘
I. e
L
Taking squar root of both the sides
P

:(005+x)

10x103 = |
Wik 1'2.6—21)2
\ 2
(005+1)
i 2
v 1.0x10 = 26-2:)
=
. 0316_0.05+x
T 2.6 -2x

0.05+x= 00316(2.6 - 2x)
0.05+x = 0.0822 - 0.0632x
x+0.0632x = 0.0822 - 0.05
1.0632x = 0.0322
L. 0 030 mole dm™3
T 1.0632 -
[ICl] = 2.6 - 2x
=2.6-2xx0.030 =2.54moledm™3
{12] = !Clzj =0.05+x
=0.05+ 0.030 = 0.080 moledm™3

Cigarette smoke s @ ma;or source of CO Smokers inhale it directly through
burning cigarette. even non- smoker also inhale CO when they are exposed to
cigarette smoke of others CO compines with hemoglobin to form carboxy-
hemoglobin Because ~arboxy hemog:cbin 1s unable to transport oxygen, the heart
must pump more blood to get the necued uxygen Also heavy smokers do not give
their hemoglobin much opportunity to recover Thus chronic exposure to CO from
smoking is believed to cause heart disease and heart attacks. Other substances in
cigarette smoke can cause lung cancer and respiratory problems. Infact, smoking is

a habit with many higher risks.

SELF-CHECK EXERCISE 7.10

The formation of methanol is an important industrial reaction in

the processing of new fuels
CO(g) + 2H,(g) === CH;0H(g)
A student decreases pressure over the system in an attempt to
increase the yield of methanol. Is this approach reasonable? Explain.

X




Solution:

There is present one molecule of CO and two molecules of H, on reactant
side (total thee molecules), while one molecule of CH;OH s present on product
side. Thus, total number of molecules of products is less than that of reactants.
Hence. if pressure is decreased, the system will increase its volume and it will shift
In backward direction. Therefore, the approach of the student is not correct. In order
to increase the yield of methanol, the equilibrium must shift in forward direction. This
is done by increasing the pressure.

SELF-CHECK EXERCISE 7.11

. Consider the following equilibrium

21(g) - > I(9)
What would be the effect on the position of equilibrium when
temperature is decreased?
Solution:

As the reaction is exothermic it is favoured at low temperature and in
exothermic reactions heat is written on the product side as a product.

21(g) I,{(g) + heat

According to the Le-Chatelierfe Principle decrease in temperature will shift
the reaction in forward direction.
Predict the effect of increasing the temperature on the amount of product
in the following reaction.

CO(g) + 2H,(g) == CH;0H() (exothermic)
Solution: '
As the reaction is exothermic it is favoured at low temperature and in exothermic
reactions heat is written on the product side as a product.

CO(g) + 2Hi(9) CH;0H(/ + heat
According to the Le-Chatelier's Principle an increase in temperature will shift this
reaction in backward direction in order to absorb the added heat and to compensate
the added heat.
Q12. Define and explain the solubility product.

Ans: Solubility Product:
it is defined as the product of the equilibrium concentrations of lons,

each raised to a power which is the coefficient of the ion in the balanced

equation.

Explanation:
When an excess of slightly soluble jonic compound is mixed with water.

Some of it dissolves and remaining compound settle at the bottom Dynamic
equilibrium is established between undissolved solid compound and its ions in the

saturated solution.

Example: |
For example when CaF, is mixed with water. Following equilibrium is

established.
CaF,(s) === Ca* (aq) + 2F(aq)




Mathematically:
Kc for this equilibrium can be written as

= _ [Ca” ik |
[Cal, ]
Since CaF, is slightly soluble salt its concentration aimost remains constant.

Therefore,
Kc [CaF,] = [Ca™] [F)?
Kse = [Ca™] [FT’

Where Ksp is @ constant known as the solubility product constant.
General, Ksp expression:

In general, Kgp expression of any slightly soluble ionic compound AnB, can
be written as

AnBs () === mA™ (aq) + nB™(aq)

KSP = {A*n]m [B-m]n
Conclusion:

This means that the solubility product constant is equal to the product of the
equilibrium concentration of ions each raised to a power equal to the number of
such ions in the formula unit of the compound.

Q13. Define and explain precipitation reactions.
Ans: Precipitation Reactions:

An aqueous reaction that takes place when two or more solution are
mixed together, yielding a solid insoluble substance is called precipitation
reaction.

Explanation:
Consider the reverse process i.e the formation of a solid from solution. For

the prediction whether a precipitate will form when two solutions are mixed. We will
use the term ion product (Q'). It is obtained by substituting initial concentrations
instead of equilibrium concentrations in the expression for Kge.
Example:
For example, ion product expression for solid CaF; is given by
Q’ = [Initial conc. of Ca'?] [initial conc. of F7)*
If we add a solution containing Ca"? ions to a solution containing F’ ions, precipitate
may or may not form. To predict whether a precipitation will occur, we compare Q'
and Ksp. There are two possibilities.
Conditions for precipitation:
a) If Q"> Ksp, precipitation occurs and will continue until the concentration
satisfy Ksp.
b) If Q' < Ksp,precipitation does not occur.
ExamPIe 7.10:
50cm® of 0.001M NaOH Is mixed with 150cm?® of 0.01M MgCI;. Wil
Mg(OH), precipitate? K for Mg(OH); = 2x10°%*
Solution:

First we will determine the concentrations of the |ons present after mixing
Total volume of solution




= 50cm’ + 150cm’

= 200 cm’®

=0.2dm?
NaOH ===== Na " (aq) + OH (aq)
0 0O1TM 0.001M Q.001M

50cm’ NaOH solution = 0 05dm®

(O] = 0.054m >0 001M

0.2dm’
=25 x 10*M
MgCl; ==== Mg"? (aq) + 2CI' (aq)
0.01M  001M 2x001M
150cm® MgCl, solution = 0.15dm°
(Mg™?] = 0.05dm xO.:‘O()li\i
0.2dm
=75x10°M
Now
Q" =[Mg™] [OH}?
= (756 x107) (2.5  10*)?
=47 = 10
As Q' > Ksp therefore precipitation will occur.
Exampie?.11:

The solubility of Ag Bris 7.1x 10”'M at 25°C. Calculate its Ksp.

Solution:

7 1x 107M of dissolved Ag Br produces equal moles of Ag” and Br ions.
AgBr(s) === Ag (ag) + Br (ag)

71x10'M 71x10'M 7 1x10"M

Ksp = [Ag][Br]

Kse = (7.1 x107) (71 x107)

Kee = B0 x 10 _
SELF-CHECK EXERCISE 7.12

i Write Ksp expressions for
® Iron(II)Hydroxide
® Calcium Sulphate
Solution:
. Iron{II)Hydroxide ,
Fe(OH), (s) === Fe**(aq)+ 20H  (aq)
K, = |Fe*?||OH )}

. Calclum Sulphate
CaS0, (s) ===== (a*?(aq) + S0;*(aq)
Ky = [Ca?)(S03?]




ii. Lead(II)Sulphate is used as white pigment. What is the solubility of

PbSO,? Ksp = 1.96x10°® at 25°C (Ans: 1.4x107*M)
Solution:

| PbS0,(s) === Pb**(aq) + 50;%(aq)
Initial Cancentration. a 0 0
(in moles)
Concentration at a—x X b ¢
equilibrium.
(inmoles)

Ky = [Pb*?|5057
Kg = [xxx]=196x10"8
x*=196x10°8
Taking square root on both sides

VxZ=V1.96 x10 ¢

x=140x10"*M

iii. Phosphate in natural water often precipitates as insoluble
Ca;3(P0O4).. In Indus river concentration of Ca*? and PO, ions is 1.0x10°M
each. Will calcium phosphate precipitate?  Kg, = 1.2x10°%° at 25°C

(Ans: No)
Solution:
Ky = 1.2x107% at 25°C
Concentrationof Ca**ions = 1.0x 10 'M
Concentrationof PO;3ions = 1.0x 10°'M

Ca3(P0O,), ionizes in water as
. Caz(P04); (s) = 3Ca*?(aq)+ PO;® (aq)
Its ion product is given as

Q" = [Ca*?P[Pog?)?

(1.0x 107°)*(1.0 x 10-9)?
= 1.0 x 10745

Since Q' < K,y Hence, the precipitation will no{ occur.
Q14. Define and explain the Common Ion Effect.
Ans: Common Ion Effect:

“The phenomenon in which the degree of ionization or solubility of an

electrolyte is suppressed by the addition of highly soluble electrolyte
containing a common ion is calied common ion effect”

Explanation:

Consider a solution of weak acid. hydrofluoric acid K, = 7.2 10, its salt
sodium fluoride produces the common ion

H
HF (aq) t—‘ig H'(ag) + F (aq)

H,O
NaF (s) === Na'(aq) + F (aq)
. Since HF is a weak electrolyte it slightly dissociates
i. NaF being strong electrolyte breaks up completely into its ions
iii. The common ion F s produced by NaF will upset its equilibrium



vi.
vii.
viii.
ix.

Q15.
Ans:

This will iIncrease ccncentration of F ions.

According, to the Le Chatelier's principle, the equilibrium will shift to the left
to use some of F ions.

This will decrease the dissociation of HF. Thus dissociation of HF will
decrease in the presence of dissoived NaF.

This means as a result of equilibrium shift, the concentration of HF will
increase.

Similarly when a highly soluble salt is added to the saturated solution of less
soluble salt containing a common ion.

The degree of dissociation of less soluble salt decreases. Therefore it
causes to decrease its solubility.

Give the different applications of common ion effect.
Applications of common ion effect:

The term comman ion effect is used to describe the behaviour of a-solution in
which same ion is produced by two different compounds.

Precipitation of Potassium per chlorate (KClO,):
Potassium per chlorate KCIO, i1s moderately soluble in water. When highly

soluble KC! is added to the saturated solution of KC1O,. It causes to increase the
concentration of K™ ion.

KCIO4 (S) e K (aQ), ClO, (aQ)
KCl(s) —» K" (aq)" Cl (aq)
According to the Le Chatelier's principle K ions will react with CIO’4 ions to

form KCIO.(s). This will suppress, the ionization of KCIO,. Thus it will precipitate

out.
ii.

Precipitation of pure NaCl: ' |
When HCI gas is passed through the saturated solution of NaCl (Brine), it

causes to increases the concentration of Ci" ion.

NaCl(s) === Na’ (aq) + CI (aq)
HCl (aq) =—— H’(ag) + CI (aq) | -
According to Le Chatelier's principle CI” ions will combine with Na" ions to

form precipitate of pure NaCl.

|SELF-CHECK EXERCISE 7.13

Ammonium Chloride, NH,Cl is a water soluble salt. What will

happen if this salt is added to a solution containing ammonium hydroxide.

NH.OH(aq) <" NHs"(aq) + OH(aq)

Solution:
NH.C! ionizes in water as

NH.OH(aq) ———— NH.*'(aq) + OH'(aq)

i is hi it the concentration of
Since, NH.CI is highly soluble in water, therefore, it |nprc?ase$ ] e '
NH," ions4in the solution. According to the Le Chatelier's prmqple, NH4 ions will
react with OH ions to form NH.,OH Thus, it will suppress the ionization of NH,OH
and concentration of OH ions is decreased in the solution

e
lll

Carbonic acidis a weak acid. It ionizes in water as follows



H,CO5(aq) ===== 2H*(aq) + CO;7(aq) .
What will happen if a strong electrolyte such as Na,CO; is added to
a solution containing carbonic acid.

Solution:
Na,CO; ionizes in water as

Na,COs(aq) ===== 2Na'(aq) + C03%(aq)
Since, Na,CO; is more soluble in water than H,CO;, therefore, it increases thej
concentration of CO32 in the solution. According to the Le-Chatelier's principle, C0;*?
ions will react with H* ions to form H,CO,. Thus, it will suppress the ionization of
H,CQO; and concentration of H' ions is decreased in the solution.

[ SUMMARY |

® Chemical Equilibrium is a dynamic state in which the reaction proceeds with
equal rates in both the directions.

® At equilibrium state reactants are converted continuously into products and
vice versa, as molecules collide with each other.

» The law of mass action is a general description of the equilibrium condition.

It states that for the reaction of type
aA(g) + bB(g) ===== cC(g) + dD(g)

¢ d
The equilibrium equation is given by Ke= _C]_l_Q]___
: (A} [B)°
where K. is equilibrium constant
o The equilibrium can be expressed in terms of the equilibrium partial pressure
of gases as K.
s The reaction quotient Q has the same form as the equilibrium constant

expression, but it applies to the reaction that may not be at equilibrium.

if Q > K, the reaction will proceed from right to left to achieve equilibrium
If Q < K., the reaction will proceed from left to right to achieve equilibrium.
If Q = K., the reaction is at equilibrium.

. There is only value of K for each reaction at a given temperature. However,
there are infinite numbers of equilibrium positions. An equilibrium position is
defined as a particular set of equilibrium concentrations that satisfies the
equilibrium expressions.

. The concentration of pure solids, pure liquids and solvents are constant and
do not appear in equilibrium constant expression of a reaction.
. Le Chatelier's Principie allows us to predict the effect of changes in

concentration, pressure‘:and temperature on a system at equilibrium. it states
that' ‘when' a -c_har_wge Is imposed on system equilibrium, the equilibrium
position will shift in a direction that tends to undo the effect of imposed
change

J Only a change in temperature changes the value of Kc for a particular
reaction.



The addition of catalyst has no effect on the equilibrium concentrations of

reactants and products. However, it decreases time to achieve equiibrium
state.

The principle of equilibrium can also be applied when an excess of solid is
added to form a saturated solution.

| EXERCISE

MULTIPLE CHOICE QUESTIONS

1.
(i)

(i)

(iii)

(iv)

(v)

(vi)

(vii)
(viii)

Choose the Correct Answer.
K. is independent of

(a) Temperature (b) Pressure

(c) Both temperature and pressure (d) Kp

For which of the following reactions, Kc has units of concentration.
(@)  2A(g) = B(g) (b) A(g) = B(g)

()  Alg) = 2B(g) (d) 3(g) = 2C(g)

For the following reaction
2A(g) + B(g) = 3Cl(g)
We can write

(a) Ke> Ke (b) K< Kp

(c) Ke~K.=0 (d) Kp — K = -1

When a catalyst is added to an equilibrium mixture, it decreases
(a) Reverse reaction (b) Forward react:on_
(c) Concentrations of reaction mixture (d) Enthalpy of reaction
(e) It has not effect

If K, =M’ } X1, the chemical formula of compound is

(a) MX; (b) M;X,

() MyX; (d) M.X (e) None of these

NaCl can be purified by passing HCl gas through the
solution of NaCl.

(a) Dilute (b) Concentrated (c) Hot (d) Cold
K. = Kp when Anis equal to

(a) Zero (by +1 (c) -1 (d) -2
Consider the following reaction:

vield of sulphur trixoxide can be increased by

(a) increasing pressure  (b) increasing temperature

(c) © adding catalyst (d) increasing concentration of oxygen

1 ab



The addition of catalyst has no effect on the equilibrium concentrations of

reactants and products. However, it decreases time to achieve equiibrium
state.

The principle of equilibrium can also be applied when an excess of solid is
added to form a saturated solution.
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MULTIPLE CHOICE QUESTIONS
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(i)

(i)

(iii)

(iv)

(v)

(vi)

(vii)
(viii)

Choose the Correct Answer.
K. is independent of

(a) Temperature (b) Pressure

(c) Both temperature and pressure (d) Kp

For which of the following reactions, Kc has units of concentration.
(@)  2A(g) = B(g) (b) A(g) = B(g)

()  Alg) = 2B(g) (d) 3(g) = 2C(g)

For the following reaction
2A(g) + B(g) = 3Cl(g)
We can write

(a) Ke> Ke (b) K< Kp

(c) Ke~K.=0 (d) Kp — K = -1

When a catalyst is added to an equilibrium mixture, it decreases
(a) Reverse reaction (b) Forward react:on_
(c) Concentrations of reaction mixture (d) Enthalpy of reaction
(e) It has not effect

If K, =M’ } X1, the chemical formula of compound is

(a) MX; (b) M;X,

() MyX; (d) M.X (e) None of these

NaCl can be purified by passing HCl gas through the
solution of NaCl.

(a) Dilute (b) Concentrated (c) Hot (d) Cold
K. = Kp when Anis equal to

(a) Zero (by +1 (c) -1 (d) -2
Consider the following reaction:

vield of sulphur trixoxide can be increased by

(a) increasing pressure  (b) increasing temperature

(c) © adding catalyst (d) increasing concentration of oxygen

1 ab



2 abc
3 abcd
4 ad
-~ Answers
i.d  |ii.c__ [iii.c_[iv.e | v.b [vi.b |viia | viii.4
2. Define chemical equilibrium?

Ans. Chemical Equilibrium:

“It 1s the state of a reversible reaction at which composition of the reaction
mixture do not change and the rate of both forward and reverse reaction is same
that stage of reaction is called chemical equilibrium ”

3. State the necessary conditions for equilibrium and the ways that
equilibrium can be recognized.

Ans: Conditions for Equilibrium:
Important features of equilibration constant expression are as follows:

i Kc applies only at equilibrium. The subscript ¢ indicates the concentrations of
reactants and products are in moles per dm? at equilibrium state.
. K¢ is independent of initial concentrations of reactants and products but

depends upon temperature. At a given temperature, it has only one value.
Whether we start reaction with pure reactants or pure products or any
composition in between, the value of K¢ remains unchanged.

Wi. Kc i1s related to the coefficients of the balanced equation. The concentrations
of the products are placed in the numerator and those of reactants in the
denominator. Each concentration is raised to a power equal to its coefficient
in the balanced equation. _

iv. Tne magnitude of K¢ indicates the position of equilibrium. When K¢ is less
then I, the denominator is greater in magnitude than the numerator This
means the concentration of the reactants are greater than those of products
when the equilibrium i1s established Whereas, when K¢ 1s greater than I, the
numerator 1s greater in magnitude than the denominator. This means the
concentrations of the products are greater than those of the reactants at
equilibrium.

Ways to Recognize Equilibrium and Determination of Equilibrium Constant:
Equilibrium constant expression can be determined by two methods:

a) Physical Method (spectrometric method)

b) Chemical Method

a) Physical Method (spectrometric method):

Tnis metn. 3 1s based on the measurement of a physical property of the

reaction muxture 1ms physical propeny > measured during the course of react.on
Wi DL TEMOVING The S Wi U8 e Eaal N mMXwire

Explanation:

This method is applicable if a reactant or product absorbs ultraviolet. visibie
or infrarea radiation. The ccncentration can pe determinec by measuring the
amount of radiaticn absorbed

Example:



Equilibrium constant for N,O, — NO; system can be determined by the
spectrophotometer.

N204(g) === 2NO,(9g)

N. O, is a colourless gas whereas NO, is reddish brown gas. The progress
of the reaction can be studied by measuring the absorbance at regular interval
Absorbance is proportional to the concentration of NO,.

At equilibrium spectrometer will show constant value of absorbance
Suppose reaction s started with “a” moies of N.O, at 100°C. and x moles of it s
converted to NO,. By applying stoichiometery, the amount of NO, present In
equilibnum will be 2x, which i1s measured by the spectrophotometer.

Mathematically:
Suppose the volume of the reaction mixture is V dm®, then we can write
N:O. (g) 2NO,(9)
initial Conc  a Zero
(in moles)
Eq. Conc a-x ex
(in moles)
a-x Ix
Eq Conc o
\% \%
(mole/dm?)
NO.J
ke = INO.]
IN,O, ]
) ( Ix Y
- )
Ke= (a4 _x)
‘/
4 x*

B (a—-x)V

b) Chemical Method: .

In this method, the amount of a reactant or product is determined by a
suitabie chemical reaction
Explanation:

Consider the reaction between acetic acid and ethanol to form ethyl acetate
and water It s an example of reversible reaction in the solution state

CH COOH,. )+ C.n.OH(:, -~ —=="CH.COOC. H., ;+H.O(/)

Suppose trus reaction is started by taxing ‘a moles of acetic acid and ‘b
moles of ethano! in a stoppered flask at room temperature. A sma.. amount of
mineral acid s added in the mixture to catalyse the reaction
The progress of the reaction can be studied by determining the concentration of
acetic acid after regular intervals For this purpose small portion of mixture is
withdrawn |

The concentration of acetic acid i1s determined by titrating it against a
standard solution of NaOH using phenolphthalein as indicator. Concentration of



acetic acid will decrease until equilibrium is attained. Suppose X moie_:s of acetic acid
has been reacted with ethanol Since one mole of acetic reacts with one mole of
ethanol, the amount of ethanol reacted with acetic acid will also be x moles As one
mole of each of the product is formed. At equilibrium x moles of ethyl acetate and x

moles of water are produced

Mathematically:

Reaction CH3COOH (( ) ¥ C;_» HgOH(( ) e CH3 COOC")Hb( (') + H20(£ )
Initial Conc a b Zero Zero )
(in moles)

Eq. Conc a-x b-x b X

(in moles)

_ [C1L.COOC 11, ][11,0]
€7 |CHL.COOHJ|C, 11,0t
<(_>~)(><)

(d = xXNb = %)

KC:’

Kc = X
{a-x)(b-x)
4, Describe the microscopic events that occur when a chemical
system is in equilibrium.
Ans: Microscopic events:
The microscopic events that take place in an equilibrium system are given

below.

i The rate of chemical reaction depends on the numbers of effective collisions
between the reacting molecules.

ii. At equilibrium the numbers of effective collisions for the forward and reverse

reactions are equal.
Number of effective collisions:

Increase In concentration of reactant increases such collisions for the
forward reaction. Thus equilibrium shift towards right with the formation of more
molecules of products.

Therefore the number of effective collisions for the reverse process also
increases As time passes the effective collisions of reactant molecules decreased,
lowering the rate of forward reaction. .

Ulimately the number of effective collisions for both the processes again
becomes equal and equilibrium is re-estatlished
8 Define and explain the following terms:

(i) Reaction quotient

(n)  Solubility product

(iii) Common ion effect

(iv) Heterogenous equilibrium

(v) Ion product

Ans. (i) Reaction quotient (Q): .

. The ratio of concentrations of products to reactant at any particular
time is called reaction quotient. it is obtaineu by applying the iaw of mass action,



usinvg_ Imtial concentrations or concentrations at any particular time instead of
equilibrnium concentration.

_ lProduilsJ

[reactant |

The value Q leads to one of the foliowing possibilities
a. Q < K¢

This indicates that more product 1s needed to acquire equilibrium.

Therefore system must shift to the rignt until equilibrium 1s attained.

b. Q> K¢

This indicates that less product or more reactant is needed to acquire

equilibrium  Therefore system must shift to the left until equilibrium in

reached
¢ Q=K

This shows that reaction is at equilibrium. No shift will occur
(ii)  Solubility product:

it 1s defined as the product of the equilibrium concentrations of ions, each
raised to a power which is the coefficient of the ion in the balanced equation.
Explanation:

When an excess of slightly soluble ionic compound is mixed with water.
Some of it dissolves and remaining compound settle at the bottom Dynamic
equilibnium is established between undissoived solid compound and its ions In the
saturated solution.

Example:

For example when CaF, is mixed with water Following equilibrium is
established. ’

CaF.(s) — =~ Ca* (aq) + 2F (aq)

Mathematically:
K¢ for this equilibrium can be written as
o I3 UV §

|Cat, ]

Since CaF, is slightly soluble salt its concentration almost remains constant.
Therefore,

Kc [CaF] = [Ca™} [F’ -
Ksp = [Ca™?] [F’
Where K. is a constant known as the solubility product constant.
(i) Common Ion Effect:
Common Ion Effect:

TrE chencmenan . whalh the degree o, .onwzalon of sciuoiity of an
S0l e S SLLL@SSEl Oy Ne GLdition Of nghly sowble eleClrolyle contaning a
zommen .o 1s calieo comimon ton effect’ '

Explanation: ‘

Cons:der a solution of weak acid, hydiofiuonc acid K, = 7.2 » 107, its sait
sodium fiuoride produces the common ion.

HQ

HF (ag) == H'(aq) + F (aq;

I ¢



H.O

Naf (s) === Na'(aq) + F {aq)

i Since HF 1s 3@ weak e'eclioyle, t shghtly cissociates.

il NaF being strong electrolyte breaks up completely into its ions.

iii. The common ion F is produced by NaF will upset its equilibrium.

v, This will increase concentration of F ions

V. ccording, to the Le Chatelier's principle, the equilibrium will shift to the left
to use some of F ions.

vi. This will decrease the dissociation of HF. Thus dissociation of HF waill
decrease in the presence of dissolved NaF.

vii.  “his means as a result of equilibrium shift, the concentration of HF will
increase.

viii. Similarly when a highly soluble salt is added to the saturated solution of less
soluble salt containing a common ion.

iX. The degree of dissociation of less soluble salt decreases. Therefore it
causes to decrease its solubility

(iv) Heterogenous equilibrium:

Equilibria which involve more than one phases are called Heterogeneous

equilibria For example

CaCO0,(s) :=—-= Ca0(s) + COqg)

C(s) + H;O(g) ~ =-—= CO(g) + H:(g)

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

If pure solids or pure liquids are involved in an equilibrium system, their
concentrations are not included in the egquilibrium constant expression. This is
because the change in concentrations of any pure solid or liquid has no effect on the
equilibrium system.

Kc = [H.) [0

and Kp = [)i x

(v) Ion product:
It 1s the product of the initial concentration of ions each raised to a power
equal to the co-efficient of the ion in the baianced chemical equation.
6. Explain industrial application of Le Chatelier’s principle using
Haber’s process as an exampie.
Ans: Industrial Application of Le Chatelier's Principle (Synthesis
of Ammonia by Haber’s Process):
The manufacture of ammonia by Haber's process is represented by the
following equation.
Na(g) + 3Hx(g) < == 2NH3(g) AH°=-9246KJ
This equation provides the following information
i) The reaction is exothermic.
i) The react:.: proceeds with a decrease in number of molecules or moles.
Le Chateliers principie suggests three ways to get maximum yield of
ammonia.
R Low Temperature:




The forward reaction is exothermic therefare low temperature will favour the
formaticn of ammome The suitable temperature 1n 400°C
i, High Pressure:

Since four molecules (one of N, and three of H.) react to produce two
molecules of NHy. Thus high pressure will shift the equilibrium to the right side 1 e.
formation of NH;. The most suitable pressure 1s 200 — 300 atm.

Optimum condition:

Thus optimum condition for equilibrium production of ammonia s low
temperature and high pressure. Although at low temperature yield of ammonia is
high, but the rate of its formation is so slow that the process becomes
uneconomical. Therefore, a catalyst is used to increase the rate of reaction Usually
a piece of iron with other metal oxides is used as catalyst. The equilibrium mixture
contains 35% NH, by volume
iit. Continual removal of ammonia:

A final factor which greatly increases the production of ammonia is the
continuous removal of ammonia as it 1s formed. This is done by liquefying ammonia.

The equilibrium mixture is cooled by refrigeration coils untii ammonia
condenses at -33.4°C and is removed. N, and H, wlich do not liquefy at this
temperature are recycled into the reaction chamber.

The stress caused by the continual removal of ammonia shifts the
equilibrium toward the production of more ammonia. In fact the mixture needs not to
be allowed to come to equitibrium at all. In this way practically 100% conversion of
N.and H; to NH, is possible
Zs Propose microscopic events that account for observed macroscopic

changes that take place during a shift in equilibrium.

Ans. Microscopic events:
The microscopic events that take place in an equilibrium system are given

below.

i The rate of chemical reaction depends on the numbers of effective collisions
between the reacting molecules.

it. At equilibrium the numbers of effective collisions for the forward and reverse

reactions are equal
Number of effective collisions:

Increase in concentration of reactant increases such collisions for the
forward reaction. Thus equilibrium shift towards right with the formation of more
molecules of products.

Therefore the number of effective collisions for the reverse process alsc
increases. As time passes the effective collisions of reactant molecules decreased,
lowering the rate of forward reaction. _

Ultimately the number of effective collisions for both the processes again
becomes equal and equilibrium is re-established.

8. 50 cm® of acetic acid gd = 1.049 gcm™®) is mixed with 50 cm’ of
ethanol (d=0.789 gcm™) what is the equilibrium composition of the
mixture at 25°C (K.=4). (Ans:CH;COOH=31.68 g, C,HsOH=32.506
g, CH;COOC;Hs=30.448 g, H,0= 6.22 g)

Solution:

Equilibrium constant = K, = 4at25°C



Volume of acetic acid = 50 cm®
Density of aceticacid =1049gcm”

Mass of acetic acid = density x Volume = 1 049x50 = 5245 g
Molar mass of acetic acid =60 g mole ™!

52 45
Number of moles of CH;CO0H = 0 - 0.874 mole
Volume of ethanol =50 cm®
Density of ethanol =0789gem”
Mass of ethanol = density X Volume =0.789 x 50 = 3945 g

Molar mass of ethanol= 46 g mole !
39.45
Number of molesof C;HsOH = —— = 0.858 mole

46
CH;COOH(1) + CHsOH (I) === CH;3CO0C;Hs (I) + H,O (1)
Initial Concentration. 0.874 0.858 zero zero
(in moles)
Equation Concentration. 0.874 — x 0.858 — x X X
(in moles)
KC will be

_ |CH3€00C,Hs||H,0|
- {CH4COOH||C,H-0H |
i (x)(x)
(0.874 — x)(0.858 — x)
x? = 4(0.874 — x)(0.858 - x)
x* = 4(0.750 - 0.874x — 0.858x + x?)
x* = 4(0.750 - 1.732x + x?)
x2 =3-6.928x + 4x?
xX-3+6928x+4xt =0
~-3x:+6.928x -3 =0
Taking negative sign common on both side
3x2 - 6.928x+3 =0

c

Using quadraﬁc formula
a=3.b=-6928andc=3
-b +Vb%-4ac

2a

_ =(-6928) +,/(-6.928)7 -4(4x3x3)
2x3
_ 6928 +V11997
- 6
Thus,
6.928 +v11.997 6.928 -v11.997
xX= 6 or x = g
x= 1.73 moles or x= 0.577 moles

X = 1.73 moles is not possible because it is greater than the initial concentral of
reactants.

Therefore,
X = 0.577 moles



The equilibrium concentrations in mo'es are as follows.

(CH.COOH)] =0.874 - x = 0874 - 0.577 = 0 297 moles
Mass of {CH,COQH] in grams = 0297 moles x 60 gmole =1782g
[CHsOH] =0.858 — x = 0.858 -~ 0.577 = 0.281 moles
Mass of [C,HsOH] = 0.281 moles x 46 gmole ' = 12.93 g
[CH;COOC,H:] =x = 0.577 moles
Mass of [CH;COOC,Hs] =(0.577 moles x 88 gmole’ =5078g
[H,0] =x = 0.577 moles
Mass of [H,0] = 0.577 moles x 1Sgmole’'=1039g
9. Write K. and K, expressions for the following reactions

g 1
(i) $0,(g) + : 0,(g) == S505(g)
(i) H.d(g) + Cl,O(g) === 2HO CI(g)
(iii))  Oi(g) 0. (g) + O(g)

. 3
(iv) 0Os(9) =——— = 02:(9)

(v) Fe; O4(s) + Hy(g) === 3Fe O(s) + H,0(9)
(vi) 2NO(g) + Cly(g) === 2NOCI(g)

(vii) CaCoOs(s) CaO(s) + CO;(g)

(viii) C(s) + H,0(g) = CO(g) + Hi(9)

Solution:
1
(i) SO:(g) + 5 0:(g) === $03(9)
l P
ko= B8l gng k= —0
1302”02]2 PSOZXPZOz
(ii) H,0(g) + C1,0(g) === 2HO Ci(g) )
[HOCl)? Phoct

and K, = -

6= [H,0](CL,0] Py,0 %X Pclo

(iii) 0s(g) == 0:(9) + 0(g)

"~ [0:]10) _ Po,xPo
= oy " KT TR,
3
(iv) Ox(g) == 20,(g) |
3 ]
[0;]2 Poz
= K, = —
- [03J o i PO;

(v) Fe, O.(s) + H:(g) == 3Fe 0(s) + H,0(9g) o |
As the equilibrium is heterogeneous therefore only gas phase is included in
equilibrium constant expression.

Therefore (H,0] A
2 H,0

= d K, =

Ke [HZJ an ¢ PHz




(vi) 2NO(g) + Ci(g) 2NOCI(g) .
INOCT Ploc
KC = mmeromnotey e Uﬂd KI’ = - "2‘"'"—“"“
|NO,°%LIZ= PN()XPCH
(vii) CaCO;(s) - ~—== CaO0(s) + CO:(g) ‘
As the equilibrium is heterogeneous therefore only gas phase is included in
equilibrium constant expression
K(}‘ = 1(,02] and Kp = PCU!
(viii) C(s) + H0(g) --- = CO(g) + H(g)
As the equilibrnium is heterogeneous therefore only gas phase is included in
equilibrium constant expression

|CO||H,] Pco X Py,
= ———— and K, =
‘ |H,0] g Pu,o
10. K. = 2.6 x 10° at 125°C for the reaction 2NH;(g) = Nz(g) + 3H:(g)
Calculate K, at this temperature. (Ans: k,-284.4078)

Solution:
T =125°C+ 273 =398K
Kc=2.6x10"%at125°C
An=(1+3)-2 = 2
R =0.0821atmdm?® K ! mole '
As we know that
Kp = Kc(RT)*"
Putting values
Kp=26x10"°(00821 x 398)2
Ky,=2.78x10"?
11. At a particular temperature K, = 0.133 atm. Which of the following
conditions corresponds to equilibrium position for the reaction.
A(g) ===~ 2B(g)

(a) Ps = 0.175 atm, P, =0.102 atm
(b) P =0.064 atm, P. = 0.0308 atm
(c) Pz =0.144 atm, P.a=0.156 atm (Ans:bandc)
Solution:
A(g) -~ == 2B(g)
Kp=0133 atm ®
As we know that

P}

Kp= —

P,

(a) Ps=0.175 atm, P, = 0.102 atm

_Pj_ (0.175)? 055

| TP, (Oiaz)  oveacm
As this value does not correspond with the given value therefore the reaction
1s not at equiltbrium

(b) P. = 0.064 atm, PA = 0.0308 atm

_ Py (0.064)F —
P, (0.0308) =~ r2>atm

Kp



As thqs‘value corresponds with the given value therefore the reaction 1s at
equilibrium

(c) Pg=0.144 atm, P. = 0.156 atm
P%  (0.144)?
Kp= —= v L =¥
As t_ms value corresponds with the given value therefore the reaction is at
equilibrium.
12. Write t'hg e)spression for K. and K, for the following processes.
(a) Blue vitriol is deep blue solid copper (1I) sulphate pentahydrate is
heated to drive off water vapours to form white solid copper (1I)
sulphate.

(b)  The decomposition of solid phosphorus pentachloride to gaseous
phosphorus trichloride and chlorine gas.

Solution:

(a) The balance chemical equation for process (a) is given below

CUSO4.5H20 (5) e S CUSO4 (S) + 5H20 (g)
As the equilibrium is heterogeneous therefore only gas phase is included in
equilibrium constant expresston

Kc= 1"2015
(b) The balance chemical equation for process (b) is given below
PCls(s) === PCly(g) + Clx(g)
As the equilibrium is heterogeneous therefore only gas phase is included in
equilibrium constant expression.

K¢ = [PCL]{Cl)
K, = Ppciy X Py,
13. Predict the shift in equilibrium position that will occur for each of
the following processes when the volume is reduced.
i PCl3(g) + 2NH;3(g) === P(NH;),(g) + 3HCI(g)
i, 2NO(g) + 02(g) === 2NO,(g9)
ii. 4NH,(g) + 50,;(g) ——— 4NO(g) + 6H,0(g)

Ans. Principle:
. According to Le-Chatlier's principle, when pressure increases then the
system will reduce its volume by reducing the number of molecules present. Thus
the equilibrium will shift in a direction where the numbers of molecules are less.

i PCli(g) + 2NH;(g) === P(NH.),(g) + 3HCI(g)

In this reaction three molecules are present on reactant side (PCl; , 2NH;)
while four molecules are present on product side (P(NH,), , 3HCH)

Therefore, when the volume decreases by increasing pressure then the
equilibrium will shift in backward direction to reduce the number of molecules.and to
compensate the change.
i, 2NO(g) + 02:(9)

2NO3(9)



In this reaction three molecules are present on reactant side (ZNO , O;) and
two molecules (2NQ;)are ~resent on product side

Therefore. whe' the volun.e decreases bv increasing pressure then the
equihbrium will shift in " orward direction to reduce the number of molecules,and to
compensate the change
iii. 4NH,(g) + 50,(g) === 4NO(g) + 6H,0(g)

In this reaction. nine molecules are present on reactant side (4NH, , 50,)

and ten molecules are present on product side (4NO , 6H,0).

Therefore. when the volume decreases by increasing pressure then the
equilibrium will shift in backward direction to reduce the number of molecules and to
compensate the change
14. For each of the following reactions, predict how the value of K,

changes as the temperature is increased.

(a) Ni(g) + 0(g) === 2NO(g) A = 180 KJ
(b) 2S0,(g) + 0,(g) <= > 250;(g) All" = -198 KJ
()  N;04(g) = === 2NO,(g) A = 58 KJ

(d) CH.(g) + H;0(g) <~ == CO(g) + 3H:(g) A" = 256 KJ
Ans.

Principles:

i. High temperature favours endothermic reactions.

il Low temperature favours exothermic reactions.

ifi. In exothermic reactions heat is written on the right side of the equation.

iv. In endothermic recctions heat is written on the left side of the equation.

(@) Ny(g) + 0x(g) == 2NO(g) A" = 180 KJ
As the reaction 1s endothermic therefore heat is written on the left side of the
equation.
N2(g) + O:(g) + heat ==~ 2NO(q)

According to Le-Chatiier's principle. when temperature increases the
reaction will shift in forward direction in order to compensate the added heat.
Therefore, concentration of NO will increase while that of N, and O, will decrease.

_ [NOJ? decrease
= [N;]l0;] «——— increase
Hence, in this case the value of K¢ will increase with increase in temperature.
(b)  250x(g) + 0,(g) 250s(g) AH" = -198 KJ
As the reaction is exothermic therefore, heat is written on the right side of
the equation.

250,(g) + 0,(g) = 25S0;3(g) + heat
According to Le-Chatlier's principle, when temperature is increased this
reaction will shift in the reverse direction in order to compensate the added heat
Thus. concentration of SO, and O 2 will increase while that of SO, will decrease.
_[50;)?
- (50;]%|0,]
Hence, in this case the value of K will decrease with increase in temperature.

c



As the reaction is endothermic therefore heat is written on the left side of the

equation,

' N.0.(g) + Heat =—=——= 2NO,(9g)

According to Le-Chatiier's principle, when temperature increases the
reaction will shift in forward direction in order to compensate the added heat
Therefore, concentration of NO, will increase while that of N-O, will decrease

N3t
K= Noa
Hence. in this case the value of K, will increase with increase in temperature
(d) CHi(g) + H,0(g) ==—== CO(g) + 3H,(9g) AH" 256 KJ
As the reaction is endothermic therefore heat is written on the left side of the
equation.

CH4(g) + H;0(g) + heat ——=== CO(g) + 3H,(g) All' = 256 KJ
According to Le-Chatlier's principle. when temperature increases the
reaction will shift in forward direction in order to compensate the added heat

Therefore, concentration of CO and H. will increase white that of CH, and H,O will

decrease.

o |CO||H,?
€7 |CH,|{H,0]

Hence, in this case the value of K, will increase with increase in temperature.

15. What is the difference between an equilibrium with a K. value
larger than one compared with an equilibrium that has a K. smaller
than one.

Ans. K¢ is very large:

Many reactions have very large equilibrium constant.
Example:
H, (g) + Bro (g) <===== 2HBr (g) K. =5.4x10" at 25°C
If concentration of each of the reactant at equilibrium is 1 mole then
concentration of HBr would be

l.l_l_l}r_l_-. — 5 4 % 10‘-8

[HBr] = V5.4x10"™

=232 x 10°M
Conclusion:

It means that the concentration of HBr is very large as compared to that of
reactants. At equilibrium the mixture will have mainly products. Thus large value of
K. indicates that the reaction goes virtually to completion.

b. K¢ is very small:

Reactions having very smail K¢ do not proceed appreciably in the forward
direction
Example:

N; (g) + O:(g) === 2NO(g) K. =1.0x10™° at 25°C



o= NOL_ g0 x10®

IN O, ] -

if one mole of each of the reactant is present at equilibrium, then the
concentration of NO would be

INOJ _

1 x 10
1 x1
[NO} = v1Ix10 "
[NO] =1 « 10"° moles
Conclusion:

Thus concentration of NO will be very small. Equiibrium mixture wil have
mainly reactants. Therefore, small vaiue ot K¢ indicates that the reaction has very
little tendency to move in the forward direction.

16. Describe the behaviour of the following equilibria with the stated

changes
(a) Increasing pressure on

C3Hg(g) + 50,(g) <= == 3C0O,(g) + 4H,0(9)
(b) Adding I,(g) to 2HI(g) ~ == Ix(g) + H2(9)
(c) Removing heat from

CO,(g) ——CO(g) + —,l;oz(g) AHY = 284K)J

(d) Decreasing pressure on

C:He(g) === Ha(g) + C;H4(9)
Ans. (a) Increasing pressure on

C3Hs(g) + 50:(g) === 3C0,(g) + 4H,0(g)

According to Le-Chatlier's principle, when pressure increases then the
system will reduce its volume by reducing the number of molecules present. Thus
the equilibrium will shift in a direction where the numbers of molecules are less.

According to the given reaction, six molecules are present on reactant side
(CsHs , 50;) and seven molecules (3CO; , 4H,0)are present on product side.

Therefore, when the pressure increases the volume must decreases and the
equilibrium will shift in backward direction to reduce the number of molecules and to
compensate the change.

(b) Adding Iy(g) to 2HI(g) == I.(g9) + Hz(9)

According o Le-Chatlier's prninciple. the addition oif I, increase the
concentraLon of proaucts and (o compensate .. the equilibnium will sh.ft in the
vackwara a.recuon
(c) Removing heat from

1
COx(g) - === CO(g) + _ 0(g) A" = 284KJ

As the reaction 1s endothermic therefare heat is written on the left side of the
equation.



COI(g) + heat ——= co(g) + %O;(g)

According to Le-Chathier's principle, when temperature 1s decreased this
reaction wili shift in backward direction in order to compensate the decrease in heat.

Therefore, the concentration of CO, will decrease while that of CO and O; will
decrease
1
K. = LCOI[O_-]Z ¢« —— decreusce

)

Lo - = dniedse

(d) Decreasing pressure on
CiHe(g) - =~ Hi(g) + CoHL(9)
in the given reacton one mclecule 1s present on reactant side (C;H,) and two
molecules are present on proguc! sice (H., C.H,) So. wnen pressure 1s decreased,
the equihbrium wiil snuft in focrwaia arrecticr 1o compensate ti.e C:.ange
17. A solution is prepared by mixing 50 cm* of 5 x 10™°M NaCl with 50
cm’® of 2x10?M Pb(NO;),. Will a precipitate of PbCl, form? K, for

PbCl,is 1.7 x 10°°. (Ans: No)
Solution:
Molarity of Pb(NO3), solution =2 x 107* M
Molarity of NaC! solution =5x107°M
Precipitate of PbCl, = ?
K, for PbCl; = 1.7 x 10°.
Volume of NaCl solution =50cm® =0 05dm’
Volume of Pb(NO.), solution = 50cm® =0 05dm"
Total volume of solution = 0.05dm’ + 0 G5am” = L 1am’
Concentratiom of C!™:
NacCl cEE T Na'(aq) + cl (aq)
§x10°M 5x10 *M 510 M

1 dm? of NaCl solution contains CI 1ons =5 x 10 * M moles

0 05 dm® of NaCl solution contains €I~ ions =5 x 10 * % 0.05
=256« 10 *moles

Now total volume 1< C 1 dm” tf crefore

0 1 dm”® of total solution contains €1 1ons =25 » 10 * mceles
25~

1 am- of total solution Contanity €1 10Ny = =~ —= 26 %10 * mowes
el =% 10 'M

Concentration of Pb'~:

Pb(NO,): Pb'" laq; T N0 (aq)

2x1v "M 2 ~10 "M 2x2-10 - M

1 dm® of Pb(NO,), solution contains Pb™~ jons = 2 x 10 * moles
0 05 dm® of Pb{NO ). solution contains Po™ ions = 2 x 14 1 x0.05
=1.0 x 10 * moles
Now total volume is 0 1 dm" therefore
0.1 dm? of total solution contains Pb™” ions = 1.0 x 10 # moles



10x10°3
0.1

=1.0 x 10" ¢ moles

1 dm?® of total solution contains Pb™* ions =
(Pb'?)=1.0x 1072 M
Precipitate of PbCl,
Now for ionization of PbCl,
PbCl, <===> Pb’?(aq) + 2Cl" (aq)

So

Q' = |[Pb*|[Cl |

= (1.0 x 1072)(25 x 107%)? =6.25 x 108

Ksp=17 x 1073

Since, Q' < K, therefore precipitation will not occur.

18. When solid PbCl, is added to pure water at 25°C, the salt dissolves
until the concentration of Pb*? reaches 1.6 x 10*M. After this
concentration is reached, excess solid remains undissolved. What is
K, for this sait? (Ans: 1.6384x107)

Solution: PoCl,(s) ===== Pp"* (aq) + 2Cl~ (aq)
Pb™“}]=16x 102 M
IC1"]=2x1.6 x 100 M=3.2 x 1072

Kgp= [PD*)[CI7 ]

Kgp=(1.6 x 107%)(3.2 x 107%)?

Kgp=1.6384 x 10°°

19. The equilibrium constant for the following reaction is 1.6 x 10° at
1000K H.(g) + Bry(g) =—— 2HBr(q)
Find the equilibrium pressures of all the gases if 10.0 atm of HBr is
introduced into a sealed container at 1000K.

Solution:
Hx(g) + Bry(g) <———— 2HBr(g)
Initial Concentration. Zero zero 10
Equation Concentration. X X 10 - 2x
K s Plzﬂir
p=
Pli‘{ x Pl‘:
5 _ ‘10-2x)*
LGR10%= X)(x)
g (10-2x)%
1.6 x10° = —
Taking square rootof both the sides
V16 x10>= 122
10- Zx ‘
400 = —— -

X
10 - 2x = 400x
10 - 400x + 2x

10 = 402x

10
orx = -—
N =



x = 00249

P“z = P“rz = x= 0.0249 atm

Pygr =10—-2x= 10-2x0.0249 = 9.9502 atm
20. Consider the following gas phase reaction.
Describe four changes that would derive the equilibrium to left (backward
direction).

S0O.(g) + Cly(g) - = SO0,Cl,(g) + Heat

Ans. According to Le-Chatlier's Principle folicwing are the tour changes that will
drive the equilibrium in the reverse arection
(i) Continual removal of reactants: i

When any of the reactant is removed the equabnium will shift in the reverse
direction to compensate the change
(i) Low Pressure:

According to the given equation two molecules are present on reactant side
(SO; , Cl;) and one molecule 1s present ¢n product siae (SO,L.) Thus when
pressure decreased, the equilibrium will shift in the reverse direction to compensate
the change
(iii) High Temperature:

As the reaction is exothermic therefore, high temperature will not favour it
and hence the reaction will proceed in the reverse direction with the increase In
temperature
(iv) Addition of products:

Addition of products increases their concentration and the reaction will shift
In the reverse direction to compensate this change 1 e from right to left
21. How would you change the volume of the following reactions to

increase the yield of products?

(i)  Cl(g) + Ix(g) - == 2ICI(g)
(i)  2NOy(g) ~-=- " N204(9g)
Ans. (i) Clx(g) + Ix(g) - = - 2ICI(g)

According to Le-Chatlier's principle, when pressure increases then the
system will reduce its volume by reducing the number of molecules present. Thus
the equilibrium will shift in a direction where the numters of molecules are less

According to the given reaction. twc moleculcs are present on both the
reactant and the product side (Cl;. I, 2ICl)

Thus the change in volume will not affect the equiiibrium position

(i) 2NOy(g) === N:04(g)
Arcording t¢ Le-Cnathers puine Jir o ressu.e gioréases ihen the
SyStem will reCuce 13 volume C, s ur.d- T ane’ of noecules preseat Thus
Ne €GuhDnum Wil SHETIN A el wiciv o« < ST L e die Sk

According 1o the gm:n equatuon WO fliciccuies are preaem on reactant side
(2NO;) and one molecule i1s present on product side (N;O4)

When we reduce volume Dy Increasirg pressure then the equiibnum will
shift in forward direction and thus the yield increases



Think Tank

22. A figurine device used to predict weather condition is blue on dry,
sunny days and pink on damp, rainy days. These figurines are
coated with substances containing chemical species that undergo
following equilibrium. 2[Co(H,0)s]*? + 4CI" = Co[CoCls] *+ 12H,0

(a) Identify the blue substance

(b) Identify the pink substance

(c) How is Le Chatelier’s Principle applied here.

Ans. (a) Blue substance = Co[CoCl,]™?

(b)  Pink substance = [Co(H,0)¢]"?

Appling Le Chatelier's Principle
Rainy days:

According to the reaction water is the product. On damp, rainy days the
concentration of water is more in the surrounding and hence according to Le-
Chatlier's principle, the equilibrium will shift in the reverse direction. Thus the
concentration of [Co(H;0)¢]*? Increases and the colour of figurine becomes pink.
Sunny days:

According to the reaction water is the product. On a sunny day the
concentration of water is low in the surrounding and therefore according to Le-
Chatlier's principle, the equilibrium will shift in forward direction. Thus the formation
of Co|CoCl,| % increases and the colour of figurine become biue.

23. The combination of oxygen with hemoglobin (Hb) molecule, which
carries oxygen through the blood, is a complex reaction. For our
purpose it can be represented by the simplified equation.

Hb(aq) + O.(aq) = HbO, (aq)y where HbO; is oxyhaemoglobin that

actually transport oxygen to tissues. The equilibrium constant

(b0, ]

[#6]]0, ]

Scaling a 3km mountain can cause headache, nausea, extreme

fatigue and other discomforts. Give possible explanation for it.

Ans: Hb(aq) + O,(aq) = HbO, (aq)

External pressure low on high mountains and thus the concentration of O, in
the atmosphere also decreases. Hence, according to Le-Chatlier's principle, the
given equilibrium will shift in reverse direction.

As a result, the concentration of HbQ, decreases in order to give Hb and O, and to

compensate the change. Therefore, supply of oxygen to body is also decreased.

This can cause headache, nausea, extreme fatigue and other discomforts.

24. Baking Soda undergoes thermal decomposition as follows

ZNcho:g(S) - N31C03(S) + COz(g) + HzO(g)

Would we obtain more CO, by adding extra baking soda to the

reaction mixture in (a) a closed vessel (b) an open vessel.

Ans. As pressure has very little effect on volume of solids so they almost remain
same but pressure can affect the volume of gases.

expression is K¢ =



(a) Closed vessel:

in close vessel volume does not change and therefore we can not obtain
more carbon dioxide gas by adding extra baking soda to the reaction mixture.

(b) Open vessel:

. According to the reaction, there are two gaseous molecules on the product
side (CQ, and H,0). Thus in this case according to Le-Chatlier's principle, when the
volu_me increases then the equilibrium will shift in forward direction. Therefore, by
adding baking soda more CO, will produce in an open vessel.

25. Potassium dichromate solution has beautiful clear orange colour.
T!\is is due to the colour of dichromate ion, Cr,0,%. When a sait is
dlsso!ved in water, the following equilibrium is setup, on heating
solution. Cr,0,? (aq) + H,0(/) = 2CrO,%(aq) + 2H" (aq)

(orange) (yellow)

What will happen if:

| dil_utg Sodium hydroxide is added to this solution.

2. this is followed by dilute hydrochloric acid addition.
ns.

i Dilute Sodium hydroxide is added to this solution.

NaOH is a base and it praduces OH~ ions which will react with H* ion to
form water.

Therefore the concentration of H* ions decreases and according to Le-
Chatlier's principle, to compensate that change the dichromate/chromate equilibrium
will shift in forward direction. As a result more orange Cr,03 ions react with H,0 to
give yellow Cr03Z ions and the colour of solution changes from orange to yeliow.

T This is followed by dilute hydrochloric acid addition.

HCl is a strong acid and it produces H™ ions in the solution due to which a
concentration of H* ion increases. Thus, according to Le-Chatliers' principte, to
compensate this change the equilibrium will shift in backward.direction. Thus, more
yellow'Cr03? ions react with H* ions to give orange Cr0;* ions and. the colour of
solution changes from yellow to orange.

26. If 0.350 moles of SO; is placed in a 1.00 dm’ flask and aHowed to
come to equilibrium at a high temperature, 0.207 mole of SO;
remains. Calculate K. for the reaction. (Ans: 14.64)
2S0;(g) = 250:(g) + 02(9)

Solution:

250,(g) =——= 2S0,(g) + 0:A9)
Initial Concentration. 0.350 zero zero
(in moles dm™3)
Equation Concentration. 0.350 — 2x 2x X

(in moles dm™3)
Given that at equilibrium,0.207 moles of $SO; remains
0.350 — 2x = 0.207
-2x =0.207 — 0.350
-2x =-0.143



.14
i = 0.0715

or x»=

Equilibrium concentrations:
[$03] = 0.207 motes dm™3
[(0;] = x = 0.0715 moles dm™3
[§0,] = 2x =2 x 0.0715 = 0. 143 molesdm™3
_ [50;)%(0,]
‘7 [504)?

t

Putting values
(0.143)%(0.0715)
= = 0.0341
: (0.207)2 0 09
27. For the reaction between hydrogen and Iodine to form hydrogen
Iodide, the value of K. is 794 at 298K but 54 at 700K what'can you

deduce from this information?
Ans.

H,(g) + 1,(g)

2HI (g)

Given that the vaiue of K. decreased with the increase in temperature from
794 at 298K to 54 at 700K.

Conclusion:

Thus this indicates that the reaction is exothermic and is not favoured by
high temperature. Therefore the concentration of HI is decreased and that of H, and
I; is increased by increase in temperature.

X [HI}* —— decrease

c= [H;][I;] «—— increase




