7 .Equilibrium(Part-I)

Some Important Points and Terms of the Chapter

1. Equilibrium represents the state of a process in which the properties like

temperature, pressure etc do not show any change with the passage of time

. Chemical equilibrium: When the rates of the forward and reverse reactions
become equal, the concentrations of the reactants and the products remain
constant. This is the stage of chemical equilibrium. This equilibrium is dynamic in
nature as it consists of a forward reaction in which the reactants give product(s)
and reverse reaction in which product(s) gives the original reactants. Equilibrium
is possible only in a closed system at a given temperature. A mixture of reactants
and products in the equilibrium state is called an equilibrium mixture.
In a Homogeneous system, all the reactants and products are in the same phase.
For example, in the gaseous reaction, N, (g) + 3H,(g) = 2NH5;(g), reactants and
products are in the homogeneous phase.

. Equilibrium in a system having more than one phase is called heterogeneous
equilibrium. The equilibrium between water vapor and liquid water in a closed
container is an example of heterogeneous equilibrium. H,O(l) ->H,0O(g)
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5. Henry Law:-It states that the mass of a gas dissolved in a given mass of a solvent
at any temperature is proportional to the pressure of the gas above the solvent
Law of Chemical Equilibrium: It may be stated as, at a given temperature the
ratio of product of equilibrium concentration of the products to that of the reactants
with each concentration terms raised to power equal to the respective
stoichiometric coefficient in the balanced chemical reaction has a constant value.

This constant value is known as Equilibrium constant. For a general reaction of the

type aA+bB < cC+dD
Kc = [C][D]%/[A]a[B]b  This expression is known as Law Of Chemical

Equilibrium
7. Relationship between Kp and Kc: Kp = Kc(RT)An
8. Units of Equilibrium Constant: The value of equilibrium constant Kc can be
calculated by substituting the concentration terms in mol/L and for Kp partial
pressure is substituted in Pa, kPa, bar or atm. This results in units of equilibrium
constant based on molarity or pressure, unless the exponents of both the numerator
and denominator are same. For the reactions (HHy(g) + 1,(g)=> 2HI, Kc
and Kp have no unit.(ii)N,O4(g) = 2NO, (g), Kc has unit mol/L and Kp has unit
bar
. Characteristics Of Equilibrium Constant
e Equilibrium constant is applicable only when concentrations of the reactants
and products have attained their equilibrium state.
The value of equilibrium constant is independent of initial concentrations of
the reactants and products.
Equilibrium constant is temperature dependent having one unique value for
aparticular reaction represented by a balanced equation at a given temperature.
The equilibrium constant for the reverse reaction is equal to the inverse of the
equilibrium constant for the forward reaction.
The equilibrium constant K for a reaction is related to the equilibrium constant
of the corresponding reaction, whose equation is obtained by multiplying or
dividing the equation for the original reaction by a small integer.
10. Applications of equilibrium constant :
e Predict the extent of a reaction on the basis of its magnitude.
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e Predict the direction of the reaction, and
e Calculate equilibrium concentrations.

11. Le Chatelier’s Principle: It states that if a system in equilibrium is subjected to a
change of concentration, temperature or pressure, the equilibrium shifts in a
direction that tends to undo the effect of the change imposed.

Effect of change of concentration: When the concentration of any of the
reactants or products in a reaction at equilibrium is changed, the composition of
the equilibrium mixture changes so as to minimize the effect of concentration
change. For eg:- Hy(g) + 1,(g) < 2HI(g)
If H, is added to the reaction mixture at equilibrium, the equilibrium of the
reaction is disturbed. In order to restore it, the reaction proceeds in a direction
whereas H, is consumed i.e more of H, and I, react to form HI and finally the
equilibrium shifts in forward direction.
Effect of change of pressure: When the pressure is increased the equilibrium
shifts in the direction in which the number of moles of the gas decreases.
Consider the reaction, CO (g) + 3H, (g) < CH, (g) + H,O (g) Here, 4 mol of
gaseous reactants (CO + 3H,) become 2 mol of gaseous products (CH, (g) + H,0).
so by Le Chatelier’s principle. The increase in pressure will shift the equilibrium
in the forward direction, a direction in which the number of moles of the gas or
pressure decreases.
Effect of change of Temperature: When a change in temperature occurs, the

value of equilibrium constant changes. In general, the temperature dependence of

the equilibrium constant depends on the sign of AH for the reaction. The

equilibrium constant for an exothermic reaction (-ve AH) decreases as the
temperature increases. The equilibrium constant for an endothermic reaction (+ve
AH) increases as the temperature increases. When the Temperature is increased the
equilibrium shifts in the direction in of endothermic reaction.
Consider a reaction N,(g) + 3H,(g) < 2NH;(g) AH = -92.38Kj/mol

According to Le Chatelier’s principle, raising the temperature shifts the equilibrium
to left (backward direction i.e direction of endothermic reaction) and decreases the

equilibrium concentration of ammonia.
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Effect of Inert Gas Addition: If the volume is kept constant and an inert gas such
as argon is added which does not take part in the reaction, the equilibrium remains

undisturbed. It is because the addition of an inert gas at constant volume does not

change the partial pressures or the molar concentrations of the substance involved

in the reaction. The reaction quotient changes only if the added gas is a reactant or
product involved in the reaction.

Effect of a Catalyst: A catalyst increases the rate of the chemical reaction by
making available a new low energy pathway for the conversion of reactants to
products. It increases the rate of forward and reverse reactions that pass through
the same transition state and does not affect equilibrium. Catalyst lowers the
activation energy for the forward and reverse reactions by exactly the same
amount. Catalyst does not affect the equilibrium composition of a reaction
mixture. It does not appear in the balanced chemical equation or in the equilibrium

constant expression.

Summary of Le Chatelier’s Principle

Type of Effect or Change Direction of Equilibrium

Addition of more reactants Forward direction

Addition of more products Backward direction

Increase in temperature Towards endothermic reaction

Decrease in temperature Towards exothermic reaction

Addition of Catalyst No effect

Increase in Pressure where the no. of gaseous moles are less

Decrease in Pressure where the no. of gaseous moles are more
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Addition of Inert gas at const.\VVolume No effect

Addition of Inert gas at const.pressure | where the no. of gaseous moles are more

Unit-7

EQUILIBRIUM(Part-I)

1.Question based on law of chemical equilibrium, Equilibrium constant,

Applications of Equilibrium Constants, Relation Between Kp & Kc.

1. What do mean by law of chemical equilibrium? Explain with an example.
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2. Write the expression for the equilibrium constant, Kc for each of the

following reactions:

() 2NOCl(g = 2NO (g + ClL, (@
(1) 2Cu(NO,), (s) = 2Cu0 (s) + 4NO, (g) + O, (@
(111) CH,COOC,H (aq) + H,O() = CH,COOH (aq) + C,H.OH (aqg)
(lv) Fe* (aq) + 30H (ag) = Fe(OH), (s
(v) I, (s)+5F, = 2IF,
3. Find out the value of Kc for each of the following equilibria from the value
of Kp:

() 2NOCl (g = 2NO (@) + Cl, [¢; K=18x10%at 500K

(1) CaCO, (s) = CaOls) + CO,(g; K= 167 at 1073 K

te the balanced chemical equation corresponding to this equilibrium

constant expression for a gas reaction. \

LI
[NO]"[H,0]

. What is Kc for the following equilibrium when the equilibrium
concentration of each substance is: [SO,]= 0.60M, [O,] = 0.82M and [SOs]
=1.90M 2S0,(g) + Ox(9) < 2S05(g)

. The following concentrations were obtained for the formation of NH; from
N, and H, at equilibrium at 500K. [N,] = 1.5 x 10 M. [H,] = 3.0 x10° M
and [NH;] = 1.2 x10 %M. Calculate equilibrium constant.

. At equilibrium, the concentrations 0fN,=3.0 x 10 M, O, = 4.2 x 10°*M and
NO= 2.8 x 10°M in a sealed vessel at800K. What will be Kc for the
reaction:N,(g) + O,(g) < 2NO(g)

. PCls, PCl; and Cl, are at equilibrium at 500 K and having concentration
1.59M PCl;, 1.59M CI, and 1.41 M PCls.Calculate Kc for the reaction,PCl;
<PCl; +Cl,

. For the equilibrium,2NOCI(g) < 2NO(g) + Cl,(g) the value of the
equilibrium constant, Kc is 3.75 x 10° at 1069 K. Calculate the Kp for the
reaction at this temperature?
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2.Question based on Calculating Equilibrium Concentrations, Le

Chatelieris principleEffect of Pressure Change, Concentration

Change, Temperature Change, Inert Gas Addition & Catalyst

10. The value of Kc = 4.24 at 800K for the reaction, CO (9)
+ H,0 (g) < CO, (g) + H, (g) Calculate equilibrium concentrations of
CO,, H,, CO and H,0 at 800 K, if only CO and H,O are present initially at
concentrations of 0.10M each.The value of Kp for the reaction,CO, (g) + C
(s) < 2CO (g) is 3.0 at 1000 K. If initially p CO,=0.48 barand p CO =0
bar and puregraphite is present, calculate theequilibrium partial pressures of
CO and CO..

. A sample of pure PCl5 was introduced into an evacuated vessel at 473 K.

After equilibrium was attained, concentration of PCI5 was found to be0.5 x

10t mol L. If value of Kc is 8.3 x 1073, what are the concentrations of

PCl; and Cl, at equilibrium?PCls (g) < PCl; (g) + Cl»(g)

. What do you mean by Lechatelier’s principle? Explain with an example?

. Does the number of moles of reaction products increase, decrease or remain
same when each of the following equilibria is subjected to a decrease in

pressure by increasing the volume?
@l POl (g} = PCL (g} + Cl, (2
{b) Ca0 {s} + CO, {g] = CaCoO, [s]
{c) 3Fe (s] + 4H,0 (@) = Fe,0, (s} + 4H, (&
14. Which of the following reactions will get affected by increasing the

pressure?Also, mention whether change will cause the reaction to go into
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forward or backward direction.
{n COCL, {g) = CO {g) + CL (2
{ CH_ {g) + 25, (g} = CS, (g} + 2H_5 {g
{1L1) CO_ (@ + C (=} = 200 (g
{1v] 2H, (g} + CO {g} = CH,OH [g]
{¥] CaC0, (8] = CaO (s} + CO, (g
{vl) 4 NH, {g} + 50, {g) == 4NO {g] + 6H_Olg)

15. Dihydrogen gas is obtained from natural gas by partial oxidation with
steam as per following endothermic reaction:
CH,y[g] +H,0[g] = CO [g] + 3H;[g]
a) Write as expression for K, for the above reaction.
b) How will the values of K, and the composition of equilibrium mixture
be affected by
i) Increasing the pressure
i) Increasing the temperature
1) Using a catalyst
16. Describe the effect of: - a) Addition of H, b) Addition of CH;0H c)
Removal of CO d) Removal of CH;OH  On the equilibrium of the
reaction: 2 H,[g] + CO[g] = CH;OH [g]

17. At 473 K, equilibrium constant Kc for decomposition of phosphorus
pentachloride, PCls is 8.3 x10°. If decomposition is depicted as, ~ PCls
(g) = PCl, (g) + Cl, (g) AH® = 124.0 kJ mol*
a) write an expression for Kc for the reaction.
b) what is the value of Kc for the reverse reaction at the same temperature. c)
what would be the effect on Kc if (i) more PCls is added (ii) pressure is

increased(iii) the temperature is increased ?

3.Question based on Relationship Between Equilibrium Constant K,

And Gibbs Energy G
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18. The value of AG® for the phosphorylation of glucose in glycolysis is 13.8

kJ / mol. Find the value of K, at 298 K

19. Hydrolysis of sucrose gives, Sucrose + H,O0 = Glucose + Fructose
Equilibrium constant K_ for the reaction is 2 X 10" at 300K. Calculate AG®
at 300K.

20. Calculate a) AG® and b) the equilibrium constant for the formation of NO,
from NO and O, at 298K NO (g) + %2 O, (g) = NO, (g) where AG° (NO,)
= 52.0 kJ/mol AG° (NO) = 87.0 kJ/mol A:GO (02) = 0 kJ/mol.

A liquid is in equilibrium with its vapour in a sealed container at a fixed
temperature. The volume of the container is suddenly increased.
a) What is the initial effect of the change on vapour pressure?
b) How do rates of evaporation and condensation change initially?
c) What happens when equilibrium is restored finally and what will be the final
vapour pressure?

Answer
(a) If the volume of the container is suddenly increased, then the vapour pressure
would decrease initially. This is because the amount of vapour remains the same,
but the volume increases suddenly. As a result, the same amount of vapour is
distributed in a larger volume.
(b) Since the temperature is constant, the rate of evaporation also remains constant.
When the volume of the container is increased, the density of the vapour phase
decreases. As a result, the rate of collisions of the vapour particles also decreases.
Hence, the rate of condensation decreases initially.
(c) When equilibrium is restored finally, the rate of evaporation becomes equal to
the rate of condensation. In this case, only the volume changes while the
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temperature remains constant. The vapour pressure depends on temperature and
not on volume. Hence, the final vapour pressure will be equal to the original

vapour pressure of the system.

What is K. for the following equilibrium when the equilibrium concentration of
each substance is: [SO,] =0.60 M, [O,] =0.82 M and [SO3] = 1.90 M?
2580, (g)+0,(g) «— 250, (g]

Answer

The equilibrium constant (K.) for the give reaction is:

[so.]
[50.][0.]

(1.90)" M*
(0.60)° (0.821)M’

=12.239M '(approximately)

a-l
Hence, K, for the equilibrium is'2-23*M "

At a certain temperature and total pressure of 10° Pa, iodine vapour contains
40% by volume of | atoms
, (g) «—21(g)
Calculate K, for the equilibrium.
Answer

Partial pressure of | atoms,
40

Pf =X -F;'.l"l.ll

100

Partial pressure of 1, molecules,

_ )

=
P00

* IIrJ‘I-.-I_‘al
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6x10°Pa
Now, for the given reaction,

“J]}:

2,

K, =

(4~.=<ur] Pa’
T 6x10'Pa
=2.67x10"'Pa

Write the expression for the equilibrium constant, K for each of the following

reactions:
(i) 2 NOCI(g) «—> 2NO(g) + Cl, (g)

(ii) 2 Cu(NO,),(s) € 2Cu0(s) +4NO,(g) + O, (g)

(iii) CH,COOC,H, (aq) + H,0(I) «— CH,COOH(aq) + C,H,OH(aq)

(V) Fe'' (aq) + 30H (aq) <— Fe(OH),(s)

i

W) [,(s) + 5F, «— 2IF,

Answer
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[Fe[ﬂl ”:..J
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f{l_

Find out the value of K, for each of the following equilibria from the value of
Kp:

(i) 2NOCH(g)e——2NO(g)+Cl(g): K, =18x10" at 500 K

(i) CaCO,(s) «—> CaO(s)+CO,(g): K,=167at 1073 K

Answer
The relation between K, and K is given as:
K, = K¢ (RT)™
(a) Here,
An=3-2=1
R = 0.0831 barLmol K™
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T =500 K

K,=1.8x107

Now,

K, = K; (RT)*"

—1.8x107 = K_(0.0831x500)

&

~ 1.8x107
< 0.0831x500

=4.33x 107" (approximately )

(b) Here,

An=2-1=1

R = 0.0831 barLmol *K*
T=1073K

K,= 167

Now,

K, = K¢ (RT) ™"
=167=K_(0.0831x1073)"

167
© 0.0831x1073
=1.87 (approximately )

oo - 14,
For the following equilibrium, %c =6-3x107at1000K

NO(g)+ 0, (g) «—— NO,(g)+ O, (g)
Both the forward and reverse reactions in the equilibrium are elementary

bimolecular reactions. What is K., for the reverse reaction?

Answer

It is given that ¢ for the forward reaction is6-3%10".

Then, Kl'for the reverse reaction will be,
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~6.3x10"
=1.59=107"

Explain why pure liquids and solids can be ignored while writing the equilibrium
constant expression?

Answer
For a pure substance (both solids and liquids),

Number of moles

[Pure substance] = -
Volume

_ Mass/molecular mass

Volume
Mass
Volume = Molecular mass
Density

Molecular mass
Now, the molecular mass and density (at a particular temperature) of a pure
substance is always fixed and is accounted for in the equilibrium constant.
Therefore, the values of pure substances are not mentioned in the equilibrium

constant expression.

Reaction between N, and O, takes place as follows:

2N, (z) | 0,(g2) «——» 2N,O(g)

If a mixture of 0.482 mol of N, and 0.933 mol of O, is placed in a 10 L reaction

vessel and allowed to form N,O at a temperature for which K, = 2.0 x 10~

determine the composition of equilibrium mixture.
Answer
Let the concentration of N,O at equilibrium be x.

The given reaction is:
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2N

Hg)
Initial conc. (.482 mol (1,933 mol
Atequilibrium (0.482—x)mol (1.933—x)mol
Therefore, at equilibrium, in the 10 L vessel:
0482 —x 0933—-x/2 x
N,|=—. [0, ]=———F =, [N.O]==
[N.]=222 [0, [N.0]=-x
The value of equilibrium constant i.e., X¢= 2.0 x 10% is very small. Therefore,
the amount of N, and O, reacted is also very small. Thus, x can be neglected from

the expressions of molar concentrations of N, and O..

Then,

_ 0482 0.0482mol L. " and [0, | = U?ﬂ =0.0933mol L’

i\, IU I
(0.0482)°(0.0933)

— 2.0x107

= x =4335x107"
= x = 6.6x107"

x 6.6x107"
10} 10
=6.6x107"

[N,O] =

Nitric oxide reacts with Br, and gives nitrosyl bromide as per reaction given

below:
2NO(g) + Br,(g) «—2NOBr(g)
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When 0.087 mol of NO and 0.0437 mol of Br, are mixed in a closed container at
constant temperature, 0.0518 mol of NOBr is obtained at equilibrium. Calculate
equilibrium amount of NO and Br.

Answer
The given reaction is:
2NO,, + Br,, «—> 2NOBr,,
2mol lmol 2mol
Now, 2 mol of NOBr are formed from 2 mol of NO. Therefore, 0.0518 mol of
NOBr are formed from 0.0518 mol of NO.
Again, 2 mol of NOBr are formed from 1 mol of Br.

0.0518

~

Therefore, 0.0518 mol of NOBr are formed from <  mol of Br, or
0.0259 mol of NO

The amount of NO and Br present initially is as follows:

[NO] = 0.087 mol [Br;,] = 0.0437 mol

Therefore, the amount of NO present at equilibrium is:

[NO] =0.087 — 0.0518

= 0.0352 mol

And, the amount of Br present at equilibrium is:

[Br,] =0.0437 — 0.0259

=0.0178 m

At 450 K, K,= 2.0 x 10"%bar for the given reaction at equilibrium.

280, ,+ 0y, «— 250, ,

)

What is K, at this temperature?
Answer

For the given reaction,

An=2-3=-1

T=450K

R =0.0831 bar L bar K *mol™

KENDRIYA VIDYALAYA SANGATHAN
Zonal Institute Of Education And Training; Bhubaneswar
Study Material- Chemistry- Class XI



javascript:;
javascript:;

Ky=2.0x 10 bar !
We know that,
K, =K.(RT)An

=2.0x10bar ' = K. (0.0831L barK 'mol ' x450K )

: 2.0x10" bar '
(0.0831 L bar K 'mol ' x450K )

=K

=(2.0x10" bar™ )((’).0831 L barK 'mol ™ x 45()!\')
=74.79x10" L mol

=7.48x10" L mol™

=7.48x10" M

A sample of HI ( is placed in flask at a pressure of 0.2 atm. At equilibrium the
partial pressure of HI (g is 0.04 atm. What is K, for the given equilibrium?
2HI(g)e— H,(g)+1.(g)

Answer
The initial concentration of HI is 0.2 atm. At equilibrium, it has a partial pressure
of 0.04 atm. Therefore, a decrease in the pressure of HIl is 0.2 — 0.04 = 0.16. The

given reaction is:

EH[M
Initial conc. 0.2 atm
0.16 2.15

7 7

=0.08atm =0.08atm

At equilibrium 0.04 atm

Therefore,

Py, % Py,
|'0I:II
0.080.08
(0.04)’
~ 0.0064

0.0016
— 4.0

K_

P
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Hence, the value of K, for the given equilibrium is 4.0.

A mixture of 1.57 mol of N,, 1.92 mol of H, and 8.13 mol of NH; is introduced
into a 20 L reaction vessel at 500 K. At this temperature, the equilibrium

constant, K, for the reaction \2(&)* 3t (2) = 2NH, (g) is 1710

Is the reaction mixture at equilibrium? If not, what is the direction of the net
reaction?

Answer
The given reaction is:

N, +3H,, <— 2NH,

The given concentration of various species is

1.57 1.92
[HJ]—E[“G“_I [lI:]—T”]1113|I,I

el

[NH,] = :";]}3 mol L'

Now, reaction quotient Q. is:

, [NH,T
N
((8.13))
‘ 20 ‘
|-"1,5?"--"1,91"‘
20 0 20 )

=2.4x10°

Sinceﬁ' = Ke , the reaction mixture is not at equilibrium.

0. > K,

Again, . Hence, the reaction will proceed in the reverse direction.

The equilibrium constant expression for a gas reaction is,

Do)
“"[NoJ [Ho]
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Write the balanced chemical equation corresponding to this expression.

Answer
The balanced chemical equation corresponding to the given expression can be
written as:

4NO,, + 6H,0,, «— 4NH,_, +50,_,

One mole of H,0O and one mole of CO are taken in 10 L vessel and heated to
725 K. At equilibrium 40% of water (by mass) reacts with CO according to the
equation,
H,O{g) + CO(g) +—— H.{g) + CO,(g)
Calculate the equilibrium constant for the reaction.
Answer
The given reaction is:

HO, + CO, «— H,, =+

l2) g
1 | LM 0

10 10
— —
At equilibrium 1-04 \Y =04 M 04 A8 04 A% |
10 10 10 10

=0.06 M =0.06M =0.04M =0.04M

Initial conc.

Therefore, the equilibrium constant for the reaction,
B [H,][cO,]

* [H,0][cO]
~0.04x0.04

0.06%0.06
= (1.444 (approximately )

-

At 700 K, equilibrium constant for the reaction

H,,, + L, «— 2HI,

2igh 2

is 54.8. If 0.5 molL™ of Hl, is present at equilibrium at 700 K, what are the

concentration of H, and I, assuming that we initially started with Hl ¢ and
allowed it to reach equilibrium at 700 K?
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Answer

It is given that equilibrium constant K¢ for the reaction

ey > 2HI,

1is 54.8.

Therefore, at equilibrium, the equilibrium constant K for the reaction

I

2HI, «——H,  +1,, .
lu] g '.'.-"W||| be 543

[H1]=0.5molL"

Let the concentrations of hydrogen and iodine at equilibrium be x molL™

[H,]=[1,]=xmol L

[Hw][l,]:f{‘_
(]

Therefore,

X=X

(0.5)° 548
. 0.25
o=
54.8
= x=0.06754

x =0.068moll" (approximately)
PP Ly

=0.068 mol L.

Hence, at equilibrium, [H,]=[L]

What is the equilibrium concentration of each of the substances in the
equilibrium when the initial concentration of ICl was 0.78 M?

21C, «— 1, +Cl, . K, =0.14

Answer
The given reaction is:
2ICL,  «—
Initial conc. 0.78 M
At equilibrium  (0.78—2x) M

LieL]
[1c1]’
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— XY 4

(0.78-2x)
N S—
(0,78 -2x)

X
—
0.78-2x
= x=0.292-0.748x
= 1.748x =0.292
= x=0.167

=0.374

Hence, at equilibrium,

[H,]=[L]=0.167M

[HI] = (0.78-2x0.167) M
0.446 M

Ky = 0.04 atm at 899 K for the equilibrium shown below. What is the equilibrium

concentration of C,Hg when it is placed in a flask at 4.0 atm pressure and
allowed to come to equilibrium?
C.H,(g)e—C,H,(g)+H.(g)

Answer
Let p be the pressure exerted by ethene and hydrogen gas (each) at equilibrium.
Now, according to the reaction,

CH,  ¢— CH

':’I-I-__'l -|||__-|

+ H,“I
Initial conc. 4.0atm i 0

Atequilibrium  4.0-p 2 P

We can write,
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Pn_'.ll,_
= LPEP _ .04
40-p
= p’ =0.16-0.04p
= p +0.04p-0.16=0

~0.04+/(0.04)" ~4x1x(~0.16)

2x1

Mow, p=

—0.04 £ 0.80

7

076

-

=0.38

(Taking positive value)

Hence, at equilibrium,

[C,H,]-4-p=4-038
=3.62atm

Ethyl acetate is formed by the reaction between ethanol and acetic acid and the
equilibrium is represented as:

CH,COOH 1)+ C,H.OH (1) «—CH,COOC,H. (I)+H,0 ()

(i) Write the concentration ratio (reaction quotient), Qc, for this reaction (note:
water is not in excess and is not a solvent in this reaction)

(if) At 293 K, if one starts with 1.00 mol of acetic acid and 0.18 mol of ethanol,
there is 0.171 mol of ethyl acetate in the final equilibrium mixture. Calculate the
equilibrium constant.

(iii) Starting with 0.5 mol of ethanol and 1.0 mol of acetic acid and maintaining
it at 293 K, 0.214 mol of ethyl acetate is found after sometime. Has equilibrium
been reached?

Answer

B [CH,COOC,H.|[H,0]
‘ _[[‘IL,{‘{}UI[][{',EI;U}I]

(i) Reaction quotient,
(i) Let the volume of the reaction mixture be V. Also, here we will consider that

water is a solvent and is present in excess.
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The given reaction is:

CH,COOH,, + C,H,0OH,, «— CH,COOC.H,, + H.0,

0.18
Initial conc. + M !—l M 0 0

1-0.171  0.18-0.171
o i"

0.829 0.009
=M = " I"_(

At equilibrium

M

Therefore, equilibrium constant for the given reaction is:
v - [CH,COOC,H;|[H,0]
‘" [CH,COOH][C,H,0H]
0.171_0.171
®

=u — T
0.829_0.009 3919

v v
=3.92(approximately

(i1i) Let the volume of the reaction mixture be V.

CH,COOH,, + C,H.OH, «— CHCOOCH,, + HO0,

51}
. 1.0 0.5 .
[nitial conc T M TM ) 0
10-0214 0.5-0214
- v
(1. 786 0.286

- M - M
I I

After some time

Therefore, the reaction quotient is,

_ [CH,CO0C,H,][H,0]
~ [CH,COOH][C,H,OH]
0.214 _0.214
vy
~ 0.786  0.286
*
Vv Vv
=0.2037

II

=0204 [nppmxjmatcly]

0. < K.

Since , equilibrium has not been reached.

KENDRIYA VIDYALAYA SANGATHAN
Zonal Institute Of Education And Training; Bhubaneswar
Study Material- Chemistry- Class XI




A sample of pure PCls was introduced into an evacuated vessel at 473 K. After
equilibrium was attained, concentration of PCls was found to be 0.5 x 10~ mol
LY. If value of K. is 8.3 x 1073, what are the concentrations of PCl; and Cl, at
equilibrium?
PCL. (g) «— PCL, (g) +Cl(g)

Answer
Let the concentrations of both PCl; and ClI, at equilibrium be x molL . The given

reaction is:

IJ‘("|=‘I|'I > I]{"]‘-i:'l‘ {_‘I‘I_-:'I
At equilibrium 0.5= 10 mol L™ xmol L xmol L

It is given that the value of equilibrium constant . K is 8.3= 10 7
Now we can write the expression for equilibrium as:

[PCL][CL] k.
CEN I
— X=X
0.5x10™"
—x =4,15x10"
= x=2.04x10"
=(.0204

=0.02( approximately )

=83=107

Therefore, at equilibrium,

[PCL,]=[Cl,]=0.02 mol L.

One of the reactions that take place in producing steel from iron ore is the
reduction of iron (1) oxide by carbon monoxide to give iron metal and CO,.

FeO (s) + CO (g) < Fe(s) + CO, (9); Ky=0.265 at 1050 K.

What are the equilibrium partial pressures of CO and CO, at 1050 K if the initial

partial pressures are: pco = 1.4 atm and “<°: = 0.80 atm?

Answer

For the given reaction,
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Initialy, l.4 atm (.80 atm

}'II
0, = Peo,

Pco
~0.80
14
=0.571

It is given that K, = 0.265.
Since &r > "“", the reaction will proceed in the backward direction.

Therefore, we can say that the pressure of CO will increase while the pressure of

CO, will decrease.
Now, let the increase in pressure of CO = decrease in pressure of CO, be p.

Then, we can write,

.PL'-:I_M

.I'r':r{ Ly

K, =

0.80—p
1.4+ p
= 0.371+0.265p=080-p
= 1.265 p=0.429

= p=10.339atm

= 0.265 =

Therefore, equilibrium partial of €O, peo, =0.80-0.339=0.461 atm.

And, equilibrium partial pressure of €O Peo =1.4+0.339=1.739 atm.

Equilibrium constant, K. for the reaction
Na(g)+3H,(2) «— 2NH () 51 500 K is 0.061.

At a particular time, the analysis shows that composition of the reaction mixture
is 3.0 mol L N,, 2.0 mol L™ H, and 0.5 mol L™ NHs. Is the reaction at
equilibrium? If not in which direction does the reaction tend to proceed to reach
equilibrium?

Answer

The given reaction is:
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N, . 3H,, 2NH, |
At a particular time: 3.0mol L' 2.0mol L' 0.5mol L'

Now, we know that,

O [NHT
[N ][H.]
(0.5)
(3.0)(2.0)
=0.0104
It is given that K. =0.061.

g‘:}l

Since & * Ke , the reaction is not at equilibrium.

Since Q(.-::Kt., the reaction will proceed in the forward direction to reach

equilibrium.

Bromine monochloride, BrCl decomposes into bromine and chlorine and

reaches the equilibrium:

2BrCl(g) «— Br, (g)+CL, (g)

for which K.= 32 at 500 K. If initially pure BrCl is present at a concentration of

3.3 x 10~ molL™, what is its molar concentration in the mixture at equilibrium?
Answer

Let the amount of bromine and chlorine formed at equilibrium be x. The given

reaction is:

Initial conc.

At equilibrium 3.3x107 = 2x

Now, we can write,
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[Br, ][CL,]

[ BrCI]

X=X

= - - =32
(3.3x107" - 2x]

I

X
3.3x107° = 2x
— 1 = [8.678=107 —11.32x
= 12.32x = 18.678x107°

= x=1.5x10"

= 5.66

Therefore, at equilibrium,

[BrCl]=3.3x107 —(2x1.5x107)

=33x107 —=3.0x10°
=0.3%10"°
=3.0x10" molL’

At 1127 K and 1 atm pressure, a gaseous mixture of CO and CO, in equilibrium
with solid carbon has 90.55% CO by mass
C (5)+CO, (g) «—— 2C0O(g)
Calculate K. for this reaction at the above temperature.

Answer
Let the total mass of the gaseous mixture be 100 g.
Mass of CO =90.55 g
And, mass of CO, = (100 —90.55) =9.45 g

n

90,55
Now, number of moles of CO, =~ 28

=3.234 mol

0.45
Hc 0. —
Number of moles of CO,, =~ 44

Partial pressure of CO,

=0.215 mol
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e

f}l (4] = bl .I”'_nl.ll
n +‘”l.'l.2'-

[NE)
3.234
= X,
323440215

=0.938 atm

Partial pressure of CO,,

Pro, = ; =P

0215 .
3.234+0.215
=0.062 atm

[co]
[CO,

Therefore, K, =

For the given reaction,

An=2-1=1

We know that,

K,=K.(RT)"

= 14.19= K, (0.082x1127)
14.19

0.082x1127
0.154( approximately )

o

Calculate a) AG°and b) the equilibrium constant for the formation of NO, from
NO and O, at 298 K
NO(g) + 20, (g) «— NOQ, (g)

where A4:G° (NO;) = 52.0 kJ/mol
4:G° (NO) = 87.0 kd/mol
4:G° (0,) = 0 kd/mol
Answer
(a) For the given reaction,

AG° = AG°( Products) — AG°( Reactants)
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AG® =52.0 - {87.0 + 0}
=—35.0 kJ mol™*

(b) We know that,
AG°=RT log K,
AG°=2.303 RT log K,

35.0x10™
—2.303x8.314x298
=6.134
- K. = antilog ( 6.134)
=1.36=10"

K.=

Hence, the equilibrium constant for the given reaction K is 1.36 x 10°

Does the number of moles of reaction products increase, decrease or remain
same when each of the following equilibria is subjected to a decrease in pressure
by increasing the volume?

(a) PCl; (g) «— PCL; (g)+Cl, (g)

(b) CaO (5)+C0, (g) «—— CalCl), (s5)

©) Fe (s)+4H, 0 (g) «— Fe,0, (s)+4H, (g2)

Answer

() The number of moles of reaction products will increase. According to Le
Chatelier’s principle, if pressure is decreased, then the equilibrium shifts in the
direction in which the number of moles of gases is more. In the given reaction, the
number of moles of gaseous products is more than that of gaseous reactants. Thus,
the reaction will proceed in the forward direction. As a result, the number of moles
of reaction products will increase.

(b) The number of moles of reaction products will decrease.

(c) The number of moles of reaction products remains the same

Which of the following reactions will get affected by increasing the pressure?
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Also, mention whether change will cause the reaction to go into forward or
backward direction.

(i) COCL, (g) «—CO(g)+Cl, (g)

(ii) CH, (g)+25, (g) «—CS, (g)+2H,5(g)

(iv) 212 (@+CO (@) «— CH,0H (g)
(v) €2CO; (8) «—>Ca0 (5)+CO, (g)
(vi) 4 NH; (2)+50; (2)«—> 4NO (2)+6H,0(g)

Answer
The reactions given in (i), (iii), (iv), (v), and (vi) will get affected by increasing the
pressure.
The reaction given in (iv) will proceed in the forward direction because the number
of moles of gaseous reactants is more than that of gaseous products.
The reactions given in (i), (iii), (v), and (vi) will shift in the backward direction
because the number of moles of gaseous reactants is less than that of gaseous

products.

The equilibrium constant for the following reaction is 1.6 x10° at 1024 K.
H,(g)+ Br,(g) «— 2HBr(g)
Find the equilibrium pressure of all gases if 10.0 bar of HBr is introduced into a
sealed container at 1024 K.
Answer
Given,

H,, + B, «— 2HBr is 1.6x10".

Ky for the reaction i.e., )

. 2HBr <« H, +Br, ., _— :
Therefore, for the reaction e (o) T PR he equilibrium constant will

be,
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T 16x10°
=625=10"

Now, let p be the pressure of both H, and Br, at equilibrium.

+ Br

2III~]~rr_,:_I — ”;m 2z)

Initial conc, 10} ] ]

At equilibrium 10-2p n P

Now, we can write,

Pus P

- K]

p=25x107 -(5.0x107 ) p

p+(3.0x107) p=2.5x10"

(1005x107 ) p=2.5x10""

p=2.49x10"bar = 2.5% 10 " barapproximately )
Therefore, at equilibrium,
[H,]=[Br,]=2.49x10 bar

[IIH]']:IH 2 (2,49 107 ) bar

=9.95bar = 10 bar (approximately )

Dihydrogen gas is obtained from natural gas by partial oxidation with steam as
per following endothermic reaction:
CH, (g)+H,0(g) «— CO(g) + 3H, (g)

(a) Write as expression for K, for the above reaction.
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(b) How will the values of K, and composition of equilibrium mixture be affected

by
(i) Increasing the pressure
(i) Increasing the temperature
(iii) Using a catalyst?
Answer
(a) For the given reaction,
Peo X P,

1|l'-'|l'.'llI * J'IJII.U

K, =

(b) (i) According to Le Chatelier’s principle, the equilibrium will shift in the
backward direction.

(i1) According to Le Chatelier’s principle, as the reaction is endothermic, the
equilibrium will shift in the forward direction.

(ii1) The equilibrium of the reaction is not affected by the presence of a catalyst. A
catalyst only increases the rate of a reaction. Thus, equilibrium will be attained

quickly.

Describe the effect of:
a) Addition of H,
b) Addition of CH;OH
¢) Removal of CO
d) Removal of CH;0OH
on the equilibrium of the reaction:
2H,(g)+CO (g) «—>CH,OH (g)
Answer
(a) According to Le Chatelier’s principle, on addition of H,, the equilibrium of the
given reaction will shift in the forward direction.
(b) On addition of CH3OH, the equilibrium will shift in the backward direction.
(c) On removing CO, the equilibrium will shift in the backward direction.

(d) On removing CH3OH, the equilibrium will shift in the forward direction.
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At 473 K, equilibrium constant K. for decomposition of phosphorus
pentachloride, PCls is 8.3 x107. If decomposition is depicted as,

PCL; () < PCL () +CL (@) g e = 124.0 kImol™

a) Write an expression for K, for the reaction.

b) What is the value of K, for the reverse reaction at the same temperature?

c) What would be the effect on K. if (i) more PCls is added (ii) pressure is
increased? (iii) The temperature is increased?

Answer

‘ [Pt‘lm}[c}m]

[P{"IFI.=.|

(@)

(b) Value of K. for the reverse reaction at the same temperature is:

= ! ~=1.2048 10"
83«10

=120-4%
(c) (i) K. would remain the same because in this case, the temperature remains the
same.
(i1) K, is constant at constant temperature. Thus, in this case, K. would not change.
(ifi) In an endothermic reaction, the value of K. increases with an increase in
temperature. Since the given reaction in an endothermic reaction, the value of K

will increase if the temperature is increased.

Dihydrogen gas used in Haber’s process is produced by reacting methane from

natural gas with high temperature steam. The first stage of two stage reaction
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involves the formation of CO and H,. In second stage, CO formed in first stage is
reacted with more steam in water gas shift reaction,
CO (g)+H,0 (g) «— CO, (g)+H, (g)

If a reaction vessel at 400°C is charged with an equimolar mixture of CO and

steam such that Fco~ 1.0 ™ 4.0 bar, what will be the partial pressure of H, at
equilibrium? Kp=10.1 at 400°C

Answer
Let the partial pressure of both carbon dioxide and hydrogen gas be p. The given
reaction is:

co, + HO, <«— CO, + H,
Imitial conc 4.0 bar 4.0 bar 0 0

Atequilibrium  4.0-p 40-p P P

It is given that K, =10.1.

Now,

Peo. % P,
Peo'dl
pEp

{-‘I.L]—p}H.ﬂ—p}_

—— P _378
40-p

— p=12.712-3.178p

= 4.178p =12.712

= p=3.04

K

P

Hence, at equilibrium, the partial pressure of H, will be 3.04 bar.

Predict which of the following reaction will have appreciable concentration of
reactants and products:

~1 oy e N & T} = & k1)
a)[]3{5}<—>_{l{s?}._, K. =5 =10

b) Cl, (g)+2 NO (g) «— 2NOCl(g): K =3.7x10°

¢) Cl: (@) +2NO. (2) «— 2NOLl(2): K =18

KENDRIYA VIDYALAYA SANGATHAN
Zonal Institute Of Education And Training; Bhubaneswar
Study Material- Chemistry- Class XI



javascript:;

Answer
If the value of K. lies between 102 and 10° a reaction has appreciable
concentration of reactants and products. Thus, the reaction given in (c) will have

appreciable concentration of reactants and products.

The value of K, for the reaction

302 (9) <205 (9)
is 2.0 x10™° at 25°C. If the equilibrium concentration of O, in air at 25°C is 1.6
x1072, what is the concentration of 05?

Answer

The given reaction is:

30, 20,

He) (1

)
_[ow]

Then. K, :
[0

It is given that K. =2.0x10 " and [[ .

e}

:|—].E|;-<|UJ.

Then, we have,

2.0x10°7 ﬁ
L] 6x10 J

| D3 2.0x10 ;"'X{l.ﬁxlt}ﬁ}

=[0,,] =8.192x10"

—|o. |:2_Rfmxl{] % M

ek

. ) is 2.8 28
Hence, the concentration of O '8 2-86x 107 M.

The reaction, CO(g) + 3H,(g) <> CHy(g) + H,O(g) is at equilibrium at 1300 K

in a 1L flask. It also contain 0.30 mol of CO, 0.10 mol of H, and 0.02 mol of

H,O and an unknown amount of CH, in the flask. Determine the concentration
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of CH, in the mixture. The equilibrium constant, K. for the reaction at the given
temperature is 3.90.
Answer

Let the concentration of methane at equilibrium be x.

Co,, + 3H,, «— CH

(e} el +

3 (
At equilibrium n.l- =0.3M }]'] =0.1M

It is given that K. = 3.90.

Therefore,

[(..H_“_;J[H.,(},_;J _
[co [ ]

x =002
e 390
0.3%(0.1)

3.90%0.3%(0.1)°
0.02

- 0.00117

002

= L0385 M

=585%10° M

=X =

Hence, the concentration of CH, at equilibrium is 5.85 x 1072 M.

What is meant by the conjugate acid-base pair? Find the conjugate acid/base for
the following species:
HNO,,CN " HCIO,.F .OH ,CO; ,and$
Answer
A conjugate acid-base pair is a pair that differs only by one proton.

The conjugate acid-base for the given species is mentioned in the table below.

Species | Conjugate acid-base

HNO; | NO; (base)
CN™ HCN (acid)
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ClO, (base)

HF (acid)

H,O (acid) /0°" (base)

HCO; (acid)

HS™ (acid)

Which of the followings are Lewis acids? H,0, BF;, H, and NH,
Answer

Lewis acids are those acids which can accept a pair of electrons. For example, BF,

H*, and ™Hare Lewis acids.

What will be the conjugate bases for the Bronsted acids: HF, H,SO, and HCO3?
Answer

The table below lists the conjugate bases for the given Bronsted acids.

Bronsted acid | Conjugate base

HF F

H,SO, HSO),

HCO; Co:

Write the conjugate acids for the following Bronsted bases: NH,, NH; and
HCOO'.
Answer

The table below lists the conjugate acids for the given Bronsted bases.

Bronsted base | Conjugate acid

NH, NH;

NH; NH:

HCOOH
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L0, HCO; HSO,

The species: H , and NH3; can act both as Bronsted acids and
bases. For each case give the corresponding conjugate acid and base.
Answer

The table below lists the conjugate acids and conjugate bases for the given species.

Species

Conjugate acid

Conjugate base

H,0

Hs;0*

OH"

HCO;

H,CO;

HSO,

H,SO,

S0?

NH;

NH;

NH;

4

Classify the following species into Lewis acids and Lewis bases and show how
these act as Lewis acid/base: (a) OH™ (b) F~ (c) H" (d) BCls.
Answer
(a2) OH™ is a Lewis base since it can donate its lone pair of electrons.
(b) Fis a Lewis base since it can donate a pair of electrons.
(c) H" is a Lewis acid since it can accept a pair of electrons.

(d) BCl; is a Lewis acid since it can accept a pair of electrons.

The concentration of hydrogen ion in a sample of soft drink is 3.8 x 107 M.
what is its pH?
Answer

Given,

= 38107 M

. pH value of soft drink

=—log[ H' |
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—I{ug[}‘-_?ﬁxlﬂ '”}

log3.8—log10™
log3 8+ 3

=2.42

The pH of a sample of vinegar is 3.76. Calculate the concentration of hydrogen

ionin it.

The ionization constant of HF, HCOOH and HCN at 298K are 6.8 x 107, 1.8 x
10 and 4.8 x 107° respectively. Calculate the ionization constants of the
corresponding conjugate base.

Answer

It is known that,

Given,
K, of HF = 6.8 x 10°*

Hence, K, of its conjugate base F

10
6.8x10*
=1.5=107"

Given,
K, of HCOOH = 1.8 x 10°*
Hence, Ky, of its conjugate base HCOO™
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- Iﬂ 14
|.8=10"
=5.6x10"

Given,
K, of HCN = 4.8 x 10°°

Hence, K, of its conjugate base CN™

. ]l] 14
48x107°
=2.08=10"

The ionization constant of phenol is 1.0 x 107'°. What is the concentration of
phenolate ion in 0.05 M solution of phenol? What will be its degree of ionization
if the solution is also 0.01M in sodium phenolate?

Answer

lonization of phenol:

C,H.OH+H.O0«——C _H,0 +H,0
Initial conc. 0.05 0 0
Atequilibrium  0.05-x x X
C,H.O | H,0
_[cno o]
[C.H.,OH]

X=X

T005-x
As the value of the ionization constant 15 very less, x will be very small. Thus,
we can ignore x in the denominator
ox = 1x107" % 0.05
= /5107
=22x10"M=[H,0" |

Since [Hﬁu*]: [L',HJJ'].

[C,HO]

2x107"M
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Now, let o be the degree of ionization of phenol in the presence of 0.01 M
CeHsONa.

C,H.ONa——C H.O +Na”
Conc. 0.01

Also,

CHOH + HO+— CHO + H\O
Conc.  0.05-0.05x 0.05a 0.05a

[C,H,OH]=0.05-0.05¢ ; 0.05 M

[C,H,0™]=0.01+0.05; 0.01M

'_| |,_r;1'J = 0.05a
(CHO [[H,0]
[C,H.OH]
~(0.01)(0.05a)

- 0.05

1.0=10" = .0l

o =1x107"

The first ionization constant of H,S is 9.1 x 107, Calculate the concentration of
HS™ ion in its 0.1 M solution. How will this concentration be affected if the
solution is 0.1 M in HCI also? If the second dissociation constant of H,S is 1.2 x
10723, calculate the concentration of S~ under both conditions.

Answer
(i) To calculate the concentration of HS™ ion:
Case | (in the absence of HCI):

Let the concentration of HS be x M.
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H.S «— H + HS
0.1 0 0
0.1-x X X
H* |[HS ]
Then, K, =[—M
[H,S]
(x)(x)
0.1—x
(9.1x107°)(0.1-x) = x°

0.1x10° =

Taking 0.1-xM ; 0.IM. we have (9.1x10*)(0.1) = x°.
9.1x10" = x*
x=49.1x10"

=9.54x10"M

=[HS |=9.54x10"M

Case Il (in the presence of HCI):

In the presence of 0.1 M of HCI, let | HS :Ibe y M.

Then, H,S «— HS + H’
C. 0.1 0 0
C 0.1-y v v

i

Also, HCl «—— H" + ClI
0.1 0.1

o [IIS'][II*]
Ko = [H,S]
[5](0.1+ )
(0.1-y)
yx.l

2. 1x 107 = (v 0.01-y; 0.1M)
(and 0.1+ y ; 0.1M)
9.1x10" =y

:[HS]:@.M{J“

(if) To calculate the concentration of-"’ ] ;
Case | (in the absence of 0.1 M HCI):
HS «——H +5§°
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'HS ]=9.54x10°M o
- :I o (From first ionization, case I)

Lot ki ]bc X.

H' |=9.54x10°M o
Also, L - * (From first ionization, case 1)

s
[Hs]

(954107 )(X)
 9.54x10°
12x107"% = ¥ s ]

Case Il (in the presence of 0.1 M HCI):
Again, let the concentration of HS be X' M.

THS |=9.1x10°M o
- * (From first ionization, case Il)

J=01IM (From HClI, case I1)

s

Then. K =+-_-<- =
Hs-]

|. 7:{[{} 13 — {[]']]{'Jl'-r}
- 0.1x10°"

1092510~ = 0. 1.7

10,9210 _
0.1

C 1092107

0l
1.092x10 "M

= K, = 1.74x107

P

The ionization constant of acetic acid is 1.74 x 10™. Calculate the degree of
dissociation of acetic acid in its 0.05 M solution. Calculate the concentration of
acetate ion in the solution and its pH.

Answer
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§] CH,COOH «— CH,COO +H" K =1.74x10"
2) H,O + H.,O0 «— H,0" + OH K, =10x10""

Degree of dissociation,

|
_ IK..
o=, [—
o

c=0.05M
K,=174x10°

—_—
- 1.74x107°
lhen, a = .]I||—

A5
o= w'm
o =348 x10™
o =1.8610"
CH.COOH «——CH,COO™ + H”
Thus, concentration of CH;COO™ = c.a

= .05x1.86x107
= 093x107
— 00093 M

Since [m*m ]: :H ' _.

[H*|=.00093=.093x10""
pH =—IngL}I'J
=—log(.093%107)
~pH =3.03
Hence, the concentration of acetate ion in the solution is 0.00093 M and its Ph is

3.03.

It has been found that the pH of a 0.01M solution of an organic acid is 4.15.
Calculate the concentration of the anion, the ionization constant of the acid and
its pKa.
Answer
Let the organic acid be HA.
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= HA«——H + A
Concentration of HA=0.01 M
pH = 4.15

]

- [HA]

H [=[ A7 |=7.08x107
[HA]=0.01

Then,

(7.08x107)(7.08x10 ")

0.01

K =501x107
Pk,. ==log K

= —log(5.01x107")
pK , =6.3001

Assuming complete dissociation, calculate the pH of the following solutions:

(@) 0.003 M HCI  (b) 0.005 M NaOH (c) 0.002 M HBr  (d) 0.002 M KOH
Answer

(i) 0.003MHCI:

H,O+HCle«——H,0" +Cl
Since HCI is completely ionized,
[H,0" |=[Hcl].

— [ H.0° ] —(.003
Now,

pH = Iug[H.,{'J':|= log(.003)

=252
Hence, the pH of the solution is 2.52.
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(if) 0.005MNaOH:

NaOH,  «——>Na +HO

il |

:I[(_} ]:[Nauu]
=[HO" |=.005
pOH = —log| HO™ | =~log(.005)

pOH = 2.30
S pH=14-2.30
=11.70

Hence, the pH of the solution is 11.70.
(iii) 0.002 HBr:

HBr+H.,0«——H.0O" +Br

' H,0" |=[HBr]

_>:H,c|' ] - .002

~.pH =~log| H,0" |
—log (0.002)
=2.69
Hence, the pH of the solution is 2.69.
(iv) 0.002 M KOH:

KOH,  «—K,  +OH

|r.'..l:|

:UI[ ]z[K{JH]

=[OH " ]=.002

Now,pOH =—log[ OH" |
2.69

S pH =14-2.69
=11.31

Hence, the pH of the solution is 11.31.

Calculate the pH of the following solutions:
a) 2 g of TIOH dissolved in water to give 2 litre of solution.
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b) 0.3 g of Ca(OH), dissolved in water to give 500 mL of solution.

¢) 0.3 g of NaOH dissolved in water to give 200 mL of solution.

d) ImL of 13.6 M HCl is diluted with water to give 1 litre of solution.
Answer

(a) For 2g of TIOH dissolved in water to give 2 L of solution:

TIOH,,  —— Tl +OH

[UH.;.,";-] - [T]DH':-M:J - ’?l M
-

ffon]

10 "‘:_H']l ’ﬂ|2|J

22110 ”—LII'J
= pH=—log[ H" | =—log(221x10™")
=—log(2.21x107"%)

=11.635

(b) For 0.3 g of Ca(OH), dissolved in water to give 500 mL of solution:
Ca(OH), — Ca™ +20H"

Ca(OH), |=0.3x 1000 _  6m

500
OH,, | z{ca{un} } 2x0.

L Xy

=1.2M

1.2
=0.833x107"
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pH =—log(0.833x10™)

= Ing{_H..“a_“axHJ""";]

(~0.902+13)
=12.098

(c) For 0.3 g of NaOH dissolved in water to give 200 mL of solution:

NaOH— Na/,  +OH,

)00
[NaOH] U.;x% 1.5M

)

[OH,, |=1.5M

__ II:I 14

4o
=6.66x10"

pH = —log(6.66x107"

Tth_H'

=12.18
(d) For ImL of 13.6 M HCI diluted with water to give 1 L of solution:
13.6 x 1 mL = M, x 1000 mL
(Before dilution) (After dilution)
13.6x 10°=M, x 1L
M, = 1.36 x 10
[H]=1.36x 1072
pH = —log (1.36 x 107?)
= (- 0.1335 + 2)
=1.866 1 1.8

The degree of ionization of a 0.1M bromoacetic acid solution is 0.132. Calculate
the pH of the solution and the pK, of bromoacetic acid.
Answer
Degree of ionization, [1 = 0.132
Concentration,c=0.1 M
Thus, the concentration of H;O" = ¢.[
=0.1x0.132
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=0.0132
pH =—log [H" ]

= —log(0.0132)

1.879 1 1.88

Now,
K =Ca’

= 0.1x(0.132)’
K, =.0017
pK, =275

The pH of 0.005M codeine (C1gH»1:NO3) solution is 9.95. Calculate its ionization
constant and pKj.
Answer
¢ =0.005
pH =9.95
pOH = 4.05
pH =—log (4.105)

4.05 =—log[ OH" |

TOH ] 8.01x10°
cor=891x107"

—H':lﬁil —1.782x10°
Thus, K, = cor’
=0.005x(1.782) %10~
=0.005x3.1755= 107"
=0.0158x 10"
K, =1.58x10"
Pk, =—log K,
~log(1.58x10°)
5.80
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What is the pH of 0.001 M aniline solution? The ionization constant of aniline

can be taken from Table 7.7. Calculate the degree of ionization of aniline in the

solution. Also calculate the ionization constant of the conjugate acid of aniline.
Answer

Kp=4.27 x 107

c = 0.001M

427x10" =0.001% &

427010 = a*

65.34x107 = =6.53=107°

Then, [uniun] =ca=.001x6534x10"
= .065x107

pOH = —log(.065x107")

=6.187
pH="7.813
Mow,
K=K, =K,
S A2Tx107 <K
K = 1o
427107

=2.34x107

=K,

Thus, the ionization constant of the conjugate acid of aniline is 2.34 x 10>

Calculate the degree of ionization of 0.05M acetic acid if its pK, value is 4.74.
How is the degree of dissociation affected when its solution also contains (a)
0.01 M (b) 0.1 M in HCI?

Answer

KENDRIYA VIDYALAYA SANGATHAN
Zonal Institute Of Education And Training; Bhubaneswar
Study Material- Chemistry- Class XI



javascript:;
javascript:;

c=005M

pK, =474

pK, =-log(K,)
K,=1.82x10"

—
- 2 IK.-:
K, =ca a=]—"

Ve

Ill.szxm-*

.u.r:v 107 =1.908x10"
a0

When HCI is added to the solution, the concentration of H* ions will increase.

Therefore, the equilibrium will shift in the backward direction i.e., dissociation of

acetic acid will decrease.
Case I: When 0.01 M HCl is taken.
Let x be the amount of acetic acid dissociated after the addition of HCI.

CH,COOH «— H' + CH.COO
Initial conc. 0.05M 0 0
After dissociation 0.05-x 001+ x X

As the dissociation of a very small amount of acetic acid will take place, the values

i.e., 0.05—xand 0.01 + x can be taken as 0.05 and 0.01 respectively.
[L'I—LL‘UU ][H]
[CH,COOH]
g (00D
0.05
. 1.82x107x0.05

0.01
v=1.82=10"=0.05M

MNow,

» Amount of acid dissociated

Amount of acid taken
1,82 107 = 0.05
N 0.05
=1.82x107

Case I1: When 0.1 M HCl is taken.
Let the amount of acetic acid dissociated in this case be X. As we have done in the

first case, the concentrations of various species involved in the reaction are:
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[CH,COOH] = 0.05 — X ; 0.05M
[CH,C00 | = X

[H" — 001 +X :0.IM

[(‘H,(‘(}U ][H']
[CH,COOH]
o 0DX

0.05
. 1.82x10 % 0.05
0.1
x=1.82x10"x0.05M
Mow,

~_ Amount of acid dissociated
“ Amount of acid taken
1.82x107 x0.05
- 0.05
=1.82=10"

The ionization constant of dimethylamine is 5.4 x 107*. Calculate its degree of
ionization in its 0.02 M solution. What percentage of dimethylamine is ionized if
the solution is also 0.1 M in NaOH?

Answer

K, =54x10"
e=0.02 M

-

|
Then, & = I'f‘":

\ e
[5.4x10™
002
—0.1643

Now, if 0.1 M of NaOH is added to the solution, then NaOH (being a strong base)
undergoes complete ionization.
NaOH, , «—Na"  +OH

0.1M 0.1'M

} [ |

And,
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(CH,),NH + H,0 «— (CH,),NH, + OH
(0.02-x) X X
; D02M ;UM

Then, | (CH,), NH} | =x

[UH ]=_~..-+n.l; 0.1

K [(CH,), NH; |[OH" |

[(CH,),NH |

s4x10- = 2201
0.02

x=0.0054
It means that in the presence of 0.1 M NaOH, 0.54% of dimethylamine will get

dissociated.

Calculate the hydrogen ion concentration in the following biological fluids
whose pH are given below:
(a) Human muscle-fluid, 6.83
(b) Human stomach fluid, 1.2
(c) Human blood, 7.38
(d) Human saliva, 6.4.

Answer
(a2) Human muscle fluid 6.83:
pH =6.83
pH =—log [H']
6.83 =—log [H']
[H]=1.48x 10" M
(b) Human stomach fluid, 1.2:
pH =1.2
1.2=—log [H]
[H] =0.063
(c) Human blood, 7.38:
pH =7.38 =—log [H]
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[H=417x10°M
(d) Human saliva, 6.4:
pH=6.4

6.4=—log [H']
[H]=3.98x 10"

The pH of milk, black coffee, tomato juice, lemon juice and egg white are 6.8,
50, 4.2, 22 and 7.8 respectively. Calculate corresponding hydrogen ion
concentration in each.
Answer
The hydrogen ion concentration in the given substances can be calculated by using
the given relation:
pH = —log [H]
(i) pH of milk = 6.8
Since, pH = —log [H']
6.8 =—log [H']
log [H'] =-6.8
[H™] = anitlog(-6.8)

_ 15107 M

(i) pH of black coffee = 5.0
Since, pH = —log [H']

5.0 =—log [H']

log [H']=-5.0

[H™] = anitlog(-5.0)

— 107°M

(iii) pH of tomato juice = 4.2
Since, pH = —log [H']
4.2 =—log [H']
log [H']=-4.2
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[H™] = anitlog(—4.2)

— 631x107° M

(iv) pH of lemon juice = 2.2
Since, pH = —log [H']
2.2=—-log [H']

log [H'] = 2.2

[H™] = anitlog(-2.2)

— 631x107M

(v) pH of egg white = 7.8
Since, pH = —log [H']
7.8=—log [H']

log [H']=-7.8

[H™] = anitlog(-7.8)

— 1.58x10° M

If 0.561 g of KOH is dissolved in water to give 200 mL of solution at 298 K.
Calculate the concentrations of potassium, hydrogen and hydroxyl ions. What is
its pH?

Answer
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o 0.561
KOH,, |= —e/L

2
=2.805g/L
_2805x—— M

56.11
=.05M

KOH,, —»K',,+OH
(OH |=.05M=[K"|
(H[H =K,

1 K,

“[on |
10"

0.05
SopH=12.70

{a)

=2x10" M

The solubility of Sr(OH), at 298 K is 19.23 g/L of solution. Calculate the

concentrations of strontium and hydroxyl ions and the pH of the solution.
Answer

Solubility of Sr(OH), = 19.23 g/L

Then, concentration of Sr(OH),

~19.23
121.63
=0.1581 M

Pl axg )

Sr(OH),  ——Sr* +2(0H")
[ s

] ). 1581 M

TOH™ |=2x0.1581 M=0.3126 M

MNow,
K,=OH |[H"]

1o ,
0.3126 [”]

—[H |=32x10™

SpH=13.495; 13.50
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The ionization constant of propanoic acid is 1.32 x 10™. Calculate the degree of
ionization of the acid in its 0.05M solution and also its pH. What will be its
degree of ionization if the solution is 0.01M in HCI also?

Answer
Let the degree of 1onization of propanoic acid be [J.
Then, representing propionic acid as HA, we have:

HA  + H,0 «— HO + A

(.05-0.0c)=.05 05 05

. =L HO' |[A ]
[HA]

(.05 )(.05ex)

s

05a°

T _
ox :\jﬂ— =1.63=10"
05

Then.[ H,0° = .05 =.05x1.63x107 = K,.15x 10~ M

S pH =3.00

In the presence of 0.1M of HCI, let [ be the degree of ionization.
Then.[ H,0" |[=0.01
A |=005a’
[HA]=.05

_0.01x.054"
a -[]5
1.32%107 =.01x e’

a'=1.32x107

K

The pH of 0.1M solution of cyanic acid (HCNO) is 2.34. Calculate the ionization
constant of the acid and its degree of ionization in the solution.
Answer
c=01M
pH=2.34
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H [=4.5x107
Also,
._H'—‘—L'Q‘
45x10 7 =0.1xa
45x10° o

0.1
o =45x107" =045
Then,

K =ca

=0.1x(45x10 )

=202.5x10"

=2.02x10™

The ionization constant of nitrous acid is 4.5 x 107*. Calculate the pH of 0.04 M
sodium nitrite solution and also its degree of hydrolysis.
Answer
NaNQO, is the salt of a strong base (NaOH) and a weak acid (HNO,).
NO, + H,0«—s HNO, + OH
~ [HNO, ][oH ]
[ NO; |

K o™
—

W — jjxlﬂ 1

K, 4s5<10" "

K

Now, If x moles of the salt undergo hydrolysis, then the concentration of various

species present in the solution will be:

KENDRIYA VIDYALAYA SANGATHAN
Zonal Institute Of Education And Training; Bhubaneswar
Study Material- Chemistry- Class XI



javascript:;

(NO, |=.04-x; 0.04

[HNO, | =x

'UII'J::{

K, = x
C0.04

v =.0088x107"

r=.0093x10"

.-_[nn 1=0.093%10° M

=022x10™"

- - " 4
H.O |=———=10.75=10 M
093107

= pH=-log(10.75x10™")
=7.96
Therefore, degree of hydrolysis

_ox _.093x10”
0.04 04 =2325x10°

A 0.02 M solution of pyridinium hydrochloride has pH = 3.44. Calculate the
ionization constant of pyridine
Answer
pH = 3.44
We know that,
pH =—log [H']

.-_[u']=3,ﬁ3><|n 4

(3.63%107)’

Then. K | =
0.02

[ concentration = 0.02 M}

=K, =6.6x107

K ™

K, 6.6x10°

=1.51=10"

KENDRIYA VIDYALAYA SANGATHAN
Zonal Institute Of Education And Training; Bhubaneswar
Study Material- Chemistry- Class XI



javascript:;

Predict if the solutions of the following salts are neutral, acidic or basic:

NaCl, KBr, NaCN, NH;NO3;, NaNO, and KF
Answer
(i) NacCl:
NaCl + H.O +«— NaOH +  HCI
strong base  Strong acid
Therefore, it is a neutral solution.
(i1) KBr:
KBr  HO «—— KOH + HBr
Strong base  Strong acid
Therefore, it is a neutral solution.
(ili) NaCN:
NaCN + H,0 «— HCN + NaOH
Weak acid  Strong base
Therefore, it is a basic solution.
(iv) NH4NO;
NH,NO, H.0O «— NH,OH + HNO,
Weak base  Strong acid
Therefore, it is an acidic solution.
(v) NaNO,
NaNQ, H,O «— NaOH + HNO,
Strong base Weak acid
Therefore, it is a basic solution.
(vi) KF
KF  HO +—— KOH + HF
Strong base  Weak acid

Therefore, it is a basic solution.
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The ionization constant of chloroacetic acid is 1.35 x 103, What will be the pH
of 0.1M acid and its 0.1M sodium salt solution?

Answer

It is given that K, for CICH,COOH is 1.35 x 10°°,

[1.35%107

= { concentration of acid :[]_Im]l
Vool

a=+1.35%10"
=0.116
“[H"|=ca=0.1x0.116
=.0116
= pH ——Iog{H'—I—HH

KENDRIYA VIDYALAYA SANGATHAN
Zonal Institute Of Education And Training; Bhubaneswar
Study Material- Chemistry- Class XI



javascript:;

CICH,COONa is the salt of a weak acid i.e., CICH,COOH and a strong base i.e.,

NaOH.
CICH,CO0™ + H,0 «— CICH,COOH + OH"
CICH,COOH]| OH"
x,  [CICH;COOH][OH
| CICH,COO" |
K,
K,

oot
135107

=0.740=107"

Also K, = {:I { where x 15 the concentration of OH ™ and ("I("H:{"(]{')H}

0.740%107" ==
01

0.074x107"" = »*
= =0.74=107"
x=0.86x%10"

[(jn r] =0.86x107"

. K
~[H ]=U.Sf}x|{]"'

10 '*
0862107
[H*]:l.mzm'r*

pH =- Img[] I']
=7.94

lonic product of water at 310 K is 2.7 x 107, What is the pH of neutral water at
this temperature?
Answer
lonic product,
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I.Et[l]':=.‘r_

Since| H' |=| OH" |, K, =",
= K, at310K is2.7x107",

L 2Tx107H =57
= x=1.64x10"

—[H" |=1.64x107

= pH =—log| H" |
~log[1.64x107 |
=6.78
Hence, the pH of neutral water is 6.78.

Calculate the pH of the resultant mixtures:

a) 10 mL of 0.2M Ca(OH), + 25 mL of 0.1M HCI

b) 10 mL of 0.01M H,SO,4 + 10 mL of 0.01M Ca(OH),

c) 10 mL of 0.1M H,SO, + 10 mL of 0.1M KOH
Answer

25
Moles of H.O™ = 25x0.1 =.0025mol

(@) 1000

o 10xD2x2
Moles of OH™ = =" — 0040 mol
1000

Thus, excess of OH = 0015 mol

[OH |=- 0015 olL = 0428
L 35=10
pOH = —log[OH]
=1.36
pH =14-1.36
=12.63 (not matched )

L 2%10%0.01
Moles of HO™ = = "% _ 4002 mol
1000

(b)
L 2%10%.01
Moles of OH™ = — " — 0002 mol
1000

KENDRIYA VIDYALAYA SANGATHAN
Zonal Institute Of Education And Training; Bhubaneswar
Study Material- Chemistry- Class XI



javascript:;

Since there is neither an excess of Y orOH™ | the solution is neutral. Hence, pH
=17.
2x10=0.1

Moles of HLO™ = =002 mol
(c) 1000

. 10=0.1
Moles of OH = . =001 mol
[ Q0D

Excess of H,0" _ .001 mol

Thus. [HI}.]: 001 _ 1 .
20«10 2010~

“. pH =—log(0.05)

05

=130

Determine the solubilities of silver chromate, barium chromate, ferric hydroxide,
lead chloride and mercurous iodide at 298K from their solubility product
constants given in Table 7.9 (page 221). Determine also the molarities of
individual ions.

Answer
(2) Silver chromate:

Ag,CrO, ——2Ag" +CrO,’
Then,

Let the solubility of A&:CO:pe s,

= _.-*\g' ]Ex and _(‘rlf_‘.lf =3

Then,

K, =(2s) s =45
= 1 1x107" =45
275x107" =57

s=065x10" M

Molarity of 8 =25=2x0.65x10%=1.30x 10*M
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Molarity of ™4 =5=0.65x 10 M
(2) Barium chromate:
BaCrO, —— Ba™' +Cr0,”

Then, K = ._Ha"' JL*:H)_." J

Let s be the solubility of B3¢0«

Thus, [Ba ] s and [cro” ] s

= Ky =5
=12x107° = &

— 5 =1.09%107 M

i I H ) ; = = i 3
Molarity of Ba™ = Molarity of CrO,” =s=1.09x10" M

(3) Ferric hydroxide:

Fe(OH), ——Fe™ +30H
K, =[Fe" |[on ]

Let s be the solubility of F¢(CH):

Thus.| Fe* ]— sand | OH ]— 3s

= K . .\'.[3.'; }
=5.275"
K, =27s'
1.0x10 7 =275
037x107% =5
00037x107" =" =1.39x10" M=8§

Molarity of Fe' =5 =1.39x10"" M
l\/lolarity of OH =35=4.17=10"" M
(4) Lead chloride:

PbCl, — Pb* +2CI
O

Let Ksp be the solubility of "%
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[PB | =sand [CI |=2s
Thus, K = .ﬁ'_{:,‘;)r

4~.3
= 1.6x107 =45
= 04x107 =5
4x10° =" = 1.58x10°"M =S.1
Molarity of PB™ =5 =1.58x10"M
Molarity of chloride =25 =3.16x10"
(5) Mercurous iodide:

Hg.l, —— Hg™" +2I

K, =[ne T

Let s be the solubility of H&:!:
= [Hg}' |=sand[1 |=2s

Thus, K, =s(25) = K =45’
4.5%10" =4

1125107 =5

= 5=224x10" M

=5=224:<10" M

Molarity of 2>

Molarity of I” =25 =4.48x10"" M

The solubility product constant of Ag,CrO, and AgBr are 1.1 x 107 and 5.0 x
10" respectively. Calculate the ratio of the molarities of their saturated
solutions.
Answer
Let s be the solubility of Ag,CrO,
Then, Ag,Cr0O, «—s Ag™ +2Cr0,
K, =(25) s=4s
11x107"7 = 457
s=65x107 M
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Let s” be the solubility of AgBr.

AgBr  «——Ag +Br

K, =s"=50x10"

S8 =T707x107 M

Therefore, the ratio of the molarities of their saturated solution is

: .5 5
s _ 6.5=10 ,M _9109.
£ T07T=10"M

Equal volumes of 0.002 M solutions of sodium iodate and cupric chlorate are
mixed together. Will it lead to precipitation of copper iodate? (For cupric iodate
Ko = 7.4 x 1079).

Answer
When equal volumes of sodium iodate and cupric chlorate solutions are mixed
together, then the molar concentrations of both solutions are reduced to half i.e.,
0.001 M.
Then,

Malll, — Na’ + 10,
0.001M 0.001M
Cu(ClO;), — Cu + 20CI0,

]

0.001M 0.001M
Now, the solubility equilibrium for copper iodate can be written as:

Cu(10,), — Cuo” + 210

2 leng) I )
lonic product of copper iodate:
=[cu*][10;]
=(0.001)(0.001)
=1=10"

Since the ionic product (1 x 10°%) is less than Kep (7.4 x 10°®), precipitation will not

occur.
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The ionization constant of benzoic acid is 6.46 x 10~ and Ksp for silver benzoate
is 2.5 x 102, How many times is silver benzoate more soluble in a buffer of pH
3.19 compared to its solubility in pure water?
Answer

Since pH = 3.19,
H,0"|=6.46x10" M
C,H.COOH +H,0+—C,H.COO +H,0
| CH,C00™ |[H,0" ]

[C,H,COO0H]

[C,H.COOH] |[H0"| 646x10"

[CHHFCOL}]_ K, —@I%rmi:m

Let the solubility of CgHsCOOAg be x mol/L.
Then,

[_L"r,H:CDUH]J{E“H,CUD |=x
10[ C,H,CO0™ |+ C,H.COO™ |=x
r.. . x

[C,H.CO0 |= -
Kﬂ,,[hg‘][fbllﬁﬂ'[)(]']

25x107" =1|ﬁ‘

x=1.66x10"" mol/L

Thus, the solubility of silver benzoate in a pH 3.19 solution is 1.66 x 10°° mol/L.
Now, let the solubility of CsHsCOOAg be x” mol/L.

Then, [ Ag" [=x'M and [ CH,COO™ |=x'M.

K, = Ag" ][ CH,CO0" ]

‘-."rﬁ',,.= =w"rlﬁ><l!]"" =510 mol/L

Cx 1.66x10°

X sx107

¥
3.32
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Hence, C¢HsCOOAg is approximately 3.317 times more soluble in a low pH

solution.

What is the maximum concentration of equimolar solutions of ferrous sulphate
and sodium sulphide so that when mixed in equal volumes, there is no
precipitation of iron sulphide? (For iron sulphide, K, = 6.3 x 1079,
Answer
Let the maximum concentration of each solution be x mol/L. After mixing, the
volume of the concentrations of each solution will be
N

je. 2
- [FeS0,]=[NaS] =§M reduced to half i.e., = .
Then.[ Fe* | =[FeSO,]= M

Also, [$*]=[Na,8]=2M

Fz:‘f::.p.I 1:—}>Fr:1'lmll.I i "'I'_:_L..-'u

K, =[Fe ][s ]

ﬁ._%xm"“:[ x ) x

Y —63x107"

= r=5.02x10"
If the concentrations of both solutions are equal to or less than 5.02 x 10~° M, then

there will be no precipitation of iron sulphide
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What is the minimum volume of water required to dissolve 1g of calcium
sulphate at 298 K? (For calcium sulphate, K, is 9.1 x 1079).
Answer

CasS0,, «——Ca"  +S0; (o]

[:.-.,-] I

K, =[Ca™ [0 |

Let the solubility of CaSO, be s.

Then, K = 5

9.1x10°" =5

§=3.02x10" mol/L

Molecular mass of CaSO, = 136 g/mol

Solubility of ©259%in gram/L = 3.02 x 10 x 136
=0.41g/L

This means that we need 1L of water to dissolve 0.41g of CaSO,

] L=244L

Therefore, to dissolve 1g of CaSO, we require 041 of water.

The concentration of sulphide ion in 0.1M HCI solution saturated with hydrogen
sulphide is 1.0 x 107 M. If 10 mL of this is added to 5 mL of 0.04 M solution of
the following: FeSO4, MnCl,, ZnCl, and CdCl,. in which of these solutions
precipitation will take place?

Answer
Given K forFeS=6.3x10", MnS=2.5x10", ZnS=1.6x 10",
L'dH—a.t;x 10
For precipitation to take place, it is required that the calculated ionic product
exceeds the K, value.

Before mixing:

’s-‘-] —1.0x10™" M [Mf']:nmm

volume =10 mL volume = 5 mL
After mixing:
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572 (W]

volume = (10+5)=15mL  volume = 15 mL

=6.67=107" M

LSE_JZI.{ME}"'“XIU

15
0.04%5

15

=1.33=x107 M

lonic product = [M:' ][5 ]
=(1.33x107 )(6.67x107")
=8.87x107"

This ionic product exceeds the Kg, of ZnS and CdS. Therefore, precipitation will

occur in CdCl, and ZnCl, solutions.
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