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Exercise

Multiple choice questions

Choose the Cormrect Answer.

1. K.is independent of
(a) Tempreature ( b) Pressure

(¢ )Both Temperature and Pressure (d)X,

2. For which of the following reactions, Kc has units of concentration

(a)24(g)+= B(g) (b)4(g)+= Blg)
(c)A(g)=28(g) (d)3(g)=2C(g)

3. For the following reaction

2A(g)+B(g)=3C(g)

We can write
(a) K 3:'K_.-.~ (h)K -:.K;_
(c-)K_, K =0 (d)K, =K, =~

4. When a catalyst is added to an equilibrium mixture, it decreases

(a ) Reverce reaction (b ) Forwerd reaction

(¢ ) Concentration of reaction mixture (d ) Enthalpy of reaction

(e )i has no eflect

5. f K =| M "i[ X ’T the chemical formula of compound is
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(@) MX, (B)M.X,
(c)M, X, (d ) None of these
6. NaCl can be puvrified by passing HCI gas through the solution of
NaCl
(a ) Dilute (b)Concentrated
(¢ ) Hor (d )Cold

7. .K, = K,,whenanis equalto

(a)Zero (b)+]
(¢)-1 (d)-2

8. Consider the following reaction:
250.(g)+0.(g) =250, (g)AH —198K)

Yield of sulphur trioxide can be increased

(a)Increasing Pressure (5 )increasing temperature

(¢)adding caralyst (d )increasing concentration of oxygen

2. Define chemical equilibrium?

Ans. Chemical Equilibrium:

www.topstudyworld.com



www.topstudyworld.com

"It 1s the state of o reversible reaction at which composition of the
reaction mixture do not change and the rate of both forward ond 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 fectures of equilibration constant expression are as follows:.

I Kc gpplies only at equilibnum. The subscnpt ¢ indicates the
concentrations of reactants and products are in moles per dm' at
equilibnum state.

il Ke is Independent of initicl concentrations of reactants and products
but depends vpon 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 Kc remains
unchanged.

i, Ke is related to the coefficients of the balanced equation. The
concentrations of the products are placed in the numerctor and those
of reactants in the denomingtor. Each concentration is raised to @
power equal to coefficient the balanced equction.

iv. The magnitude of K¢ ndicates the position of equilibnum. When Kc 1S
less than 1, the denominator is greater magnitude than the numerator
This means the concentration of the recctants are greater than those
of products when the equilibnum is established Wheregs, when K¢ Is
greater than |, the numerator is greater in magnitude than the
denominator. This means the concentrations of the products are

greater than those of the reactants at equilibrium.
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Ways to Recognize Equilibrium and Determination of Equilibrium Constant:
Equilibrium constant expression can be determined by two methods:

a. Physical Method (spectrometnc method)
b. Chemical Method

a. Physical Method (spectrometric method):

This method, 1s based on the measurement of a physical property of o
physical property of the reaction mixture. This physical property is measured

during the course of reaction without removing the saturation of the mixture.
Explanation:

This method is gpplicable if g reactant or product absorbs ultraviolet,
Visible or infrared radiation. The concentration can be determined by

measunng the amount of radiation absorbed
Example:

Equilibnum constant for N,0,-NO.., system con be determined by the

spectirophotometer.
N,0,(g) ==2NO,(g)
N,Oy, 1S a colorless gas whereas NO; 1s reddish brown gas. The progress of

the reaction can be studied by measurnng the cbsorbance at regular interval

Absorbance is proportional to the concentration of NO;

At equilibrium spectrometer will show constant value of absorbance.
Suppose reaction is started with "@" mole of N; O, at 100°C. and x moles of it is
converted to NO;. By applying stoichiometry, the amount of NO; present
equilibnum will be 2x, which i1s measured by the spectrophotometer.

Mathematically:
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Suppose the volume of the reaction mixture is V dm? then we can write

N:0.(g) &==2NO,(g)

Initial Conc (in mole) a Z¢10

EQ. Conc (in mole) a-x 2x

Eq Conc (mole/dm3)

[_J_

- [N.0,]
_ ( )
Ke={an
V‘
Re= (aii)l

b. Chemical Method:

In this method, the amount of a reactant or product is determined by c b)
suitable chemical reaction

Explanation:

Consider the reaction between acetic acid and ethanol to form ethyl acetate
and water it is an example of reversible reaction in the solution state,
CH,COOH (1)+C.H . OH (1)==CH .COOC.H (1)+ H.0(])

Suppose this reaction is started by taking 'c¢’ mole of acetic acid and ‘b moles of
ethanol in a stoppered flask at room temperature. A small amount of mineral

acid 1s added in the mixture to catalyze the reachon
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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

withdraown

The concentration of acetic acid is determined by titrating it against a standard
solution of NaOH using phenolphthalein as indicator. Concentration of acetic
acid will decrease until equilibrium is attacined. Suppose x moles of acetic acid
has been reacted with ethanol, since one mole of acetic reacts with one mole
of ethanol, the amount of ethanol reccted 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 initial Conc (in mole)
CH,COOH(1)+C,H.OH (I)==CH,COOC,H_ (i)+ H.0(/)
a b ZeT0 ZCT0
Eq Conc (in mole) a-x b-x X X
k. = [CHCOOC,H][H,0]
|CH,COOH|[C,H.OH |
X (x)(x)

A (a-x)(b-x)

5 _ X’
Y @)

4. Describe the microscopic events that occur when a chemical system is in
equilibrium.

Ans: Microscopic events:

The microscopic events take place in an eguilibrnium system are given below.
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I The rate of chemical reaction depends on the numbers of eftective
collisions between the reacting molecules.
i, At equilibnum the numbers of effective collisions for the forward and

reverse reachions are equal.

Number of effective collisions:

Increase in concentration of reactant increases such collisions for the forward
reaction, Thus equilibnum shift towards nght with the formation of more

molecules of products.

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

Ultimately the number of eftective collisions for both the processes again

becomes equal and equilibnum 1s re-established.

5. Define and explain the following terms:

. Common ion effect
I, Reaction quotient
. Solubility product

V. lon product

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

The ratio of concentrations of products 1o reactont at any particular ime is
called reaction quotient. It is obtained by applying the law of mass action,
using initial concentrations or concentrations at any particulor fime instead of

equiibnum concentration.

Products
| Q=

reactant
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The value Q leads to one of the following possibilities.

Q< Ke

This indicates that more product is needed to acquire equilibrium.,
Therefore, system must shift to the right until equilibrium is cttained
Q> Kc

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

equilibnum Therefore system must shift to the left until equilibrium in reached.
This shows that reaction is at equiibnum, No shift will occur
(ii) Solubility product:

It is defined ags the product of the equilibnum 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 Dyncmic
equiibnum is established between undisclosed 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 the equilibnum can be written as
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'1
-

Ca™ || F

K =
7 [car]
Since CakF: is slightly soluble salt its concentration almost remains constant.

K [CaF,)=|Ca” || F T
K. =[("a'3][17 ]"

Where K is a constant known as the solubility product constant.

Therefore

iii. Common iron effect:

Common iron effect:

The phenomenon in when the degree of ionization or solubility of an
electrolyte suppressed by the cddition of highly soluble electrolyte
containing a common ion is called common ion effect.

Explanation.

Consider @ solution of weak acid, hydrofluonc acid K, = 7.2 sodium fluonde

produces the common ion.

M.

HF (ag)==2=H (aq)+ F (aq)

NafF (s )—-’L‘—*‘..—“- Na (ag)+ F (aq)

e Since HF is a weak electrotype. slightly dissociates

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

e The common ion Fis produced by NaF will upset its equilibrium

e This willincrease concenfrction of F ions

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

e This will decrease the dissociation of HF Thus dissociation of HF will

decrease In the presence of dissolved NaF
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e This means as a result of equilibrium shift, the concentration of HF will
increqse
e Similarly, when a highly soluble salt is added to the saturated solution of
less soluble salt containing a common ion
e The degree of dissociagtion of less soluble salt decreases. Therefore, it
causes to decrease its solubility
iv. Heterogeneous equilibrium:
EqQuiibnum which involve more than one phases are called
Heterogeneous equilibna. For example
CaCO,(s)==CaO(s)+CO,(g)
C(s)+ H.0(g)==C0(g)+ H.(g)
3Fe(s)+4H.0(g)==Fe,0,(s)+4H,(g)
If pure solids or pure liguids are involved in an equilibnum system, their
concentrations are not ncluded in the equilibrium constant expression.
This is because the change in concentrations of any pure solid or liquid
has no effect on the eqguilibnum system
21.0(1)/==21.(g)+0.(g)
K. =[H.] 0]
and K, = ph *Po,
V. lon product:
It Is the product of the inihal concentration of ions each raised to a
power eqgual to the co-efficient of the on In the bolanced chemical

equation,

é. Explain industrial application of Le Chatellier's principle using Haber's process

as an example.

Ans: Industrial Application of Le Chatellier's Principle (Synthesis of Ammonia by

Haber's Process):
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The maonvufacture of ammonia by Haber's process is represented by the
following equation.

N,(g)+3H,(g)=—=2NH,(g)
AH? = 92 46KJ

This equation provides the following information

I The reaction is exothermic
il The react proceeds with a decrease in number of molecules or
moles. Le Chatellier's principle suggests three ways to get maximum
vield of ammonia.

I Low Temperature:
The forward reaction is exothermic therefore, low temperature will
fovor the formation of ammonia the suitable temperature in 400°C

il High Pressure:
Since four molecules (one of N2 and three of H: ) react to produce
two molecules of NH3. Thus high pressure will shift the equilibrium to the
right side ie formation of NH3;. The most suitable pressure is 200 - 300
atm.
Optimum condition:
Thus optimum condition for equilibnum production of ammonic is low
tempercture 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 increcse the
rate of reaction Usuclly a piece of iron with other metal oxides is used
cs catalyst. The equilibrivm mixture contains 35% NHs by volume.

iii. Continual removal of ammonia:
A final factor which greatly increases the production of ammonia is the
continuous removal of ammonia as it is formed. This is done by

iquefying ammoniac.
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The equilibrium mixture is cooled by refrigeration coils until ammonic
condenses at -33.4°C and is removed. N2 and H2 which do not liquefy
ot this tempercture are recycled into the reaction chamber

The stress caused by the continual removal of ammonia shifts the
equilibnum toward the production of more ammonia. In foct the
mixture needs not to be allowed toc come to equilibrivm at all. In this

way praoctically 100% conversion of N2 and Mz, to NH3, is possible

7. 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 equilibnum system are given

below.

e The rate of chemical reaction depends on the numbers of effective
collisions between the reacting molecules.
e At equilibnum the numbers of effective collisions for the forward ond

reverse reactions are equal.

Number of effective collisions:

Increase in concentration of reactant increases such collisions for the forward
reaction, Thus equilibnum shift towards nght with the formation of more

molecules of products.

Therefore, the number of effective collisions for the reverse process Qlso
increases, as time passes the etffective colisions of reactant molecules
decreased, lowering the rate of forward reaction.

Ultimately the number of effective collisions for both the processes again
becomes equal and equilibnum is re-established
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8. 50 cm’ of acetic acid (d = 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
(Kc=4). (Ans:CH3;COOH=31.68 g, C2HsOH=32.506 g, CH3COOC2Hs =30.448 g, H:0=

6.22 g)

Solution:

Equilibnum constant = Ke = 4 ot 25°C
Volume of acetic agcid = 50 cm?

Density of acetic acid = 1.049 g cm¥?

Mass of acetic acid = density x Volume = 1 049x50 = 52.45 g
Molar mass of acetic acid = 60 g mole
Number of moles of CH3COOH = 60 = 0.874 mole

52.45

46

Number of moles of CHi:COOH =

CH,COOH (1) + C.H OH (1y==CH COOC.H . (1) + H.O(l)

Inthial concentration (in moles)

0.874 0.858 Zero
Equation concentration (in moles)

(). 874-x (.858-x X
Kec will be

% = |CH.COOC,H |[H,0]
© [CH,COOH|[C,H.OH]
. (x)(x)
(0.874 — x)(0.858 - x)
(0.874 - x)(0.858 - x)4 = x*

X" =4(0.750-0.874x - 0.858x + x° )

4

x° = 4(0.750 -1.732x4+x" )

X' =3-6928x+4x’
x°=346.928x-3=0
~3x° +6928x-3=0
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Taking negative sign common on both side
3x° ~6.928x+3=0

Using quadratic formvula

a=3.0=-6928.c=3

2a
~(~6.928) % |J(~6.928) —4(4x3x3)
T - Ix3 -

6 928+ /11,997

' 6

Thus

69284411997 _6.928- V11.997

o ——, e

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

reqgctants,
X=0.577 moles

The equilibrium concentration in moles are as follows

|[CH,00H|=0874-x=-874-0.577 = 0.297moles

Mass of [CH,COOH |in grams  =0.297moles=60g mole = 17.82g

|C.HOH]  =0858-x=0858-0 577=0.281 moles

Mass of [C,H.OH | in grams. =0.281 moles=46g moles™ =12.93g
ICH,COOC,H.]  =x=0.57Tmoles

Mass of [CH,COOC.H,]  =0.57Tmoles = 88g mole ' = 50.78 g
[11:0] =x=0.577 molcs

Mass of |H.0] =0.577 moles = 18g mol™" =10.39g

9. Write X, and A, expressions for the following reactions

www.topstudyworld.com



www.topstudyworld.com

iv.

vi.

vii.
viii.

Solution:

.90:(g)+-;|j0:(g);_"301(8)

H.0(g)+ClLOo(g)—=2HOCl(g)
O,(g)—0,(g)+0(g)

O, (g )=%0: (2)

Fe,0,(s)+ H,(g)==3FeO(s)+ H,0(g)
2NO(g)+Cl(g)—=2NOC(CI(g)
CaCO,(s)=—=Ca0|(s)+CO,(g)

C(s)+H,0(g)==0(g)+H.(g)

1
SO, (g) +50.(g)==50,(g)
SO P,
[50:][0.F Fso, *bo;

H.0(g)+Cl.O(g)=—=2HOCI(g)

__[HOfV]_ (a nd)K, = H;uu

[#:0)[cr.o] P,.0*PCILO

O,(g)=—=30:(g)
¥ e
Je Fi
K.= m—,(and}l\', = —
10, ] A

Fe,O,(s)+H.(g)==3FeO(s)+H,0(g)
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As the equilibnum is heterogeneous therefore only gas phase Is
included in equilibnum constant expression. Therefore

> p ’
o= 5,0 (and K, = —=
H.) Ly,

vi. 2NO(g)+Cl(g)==2NO0C(Cl(g)

, 9
! MO

o __|Noci}
R P;,*PClI.

“porfen

vil. CaCO,(s)=—=Ca0(s)+C0.(g)

K. =[CO.].tand)K . = F,

O

vili.  C(s)+H.0(g)==0(g)+H.(g)

CO|| H, Feo*Pu,
© [no] Pr.a

K.=26<10" at 1257C for the reaction 2NH, (g)= N,(g)+3H,(g)calculate K |
10 this temprature. (Ans: K, =284.4078)

Solution:

I'=125°C+273=398K
K.=26x10"ar125"C
An=(14+3)-2=2
R=0.0821atm dm’K 'mole”
as we know that
K,=K (RT)"
Putting values

.= 264107 (0.0821%398)°
K,=278<107
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11. At a particular temperature atm. Which of the following conditions

corresponds to equilibrium position for the reaction.
A(g)——2B(g)
G. P,= 0.175 aim P, = 0.102 atm
0. P, = 0064 am. P, = 0.0308 atm
c. P, = 0l144am P, = 0.156 atm

(Ans: b and c)

Solution:

K, =0.133aim

as we know that

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

P: (0.175)

K =—%== |
TP, (0.102)

= 0. 30atm

As this value does not correspond with the given value therefore the

reaction Is not at equilibrium

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

Pt (0.064)
v - }

p = — e = (. 133atm
P (0.0308)

As this value correspond with the given value therefore the reaction Is

at equilibrium

(c). P, = 0.144aim, P, = 0.156 atm
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P> (0144

k=2 0
o5 (0.156)

=0.113am

f

As this value correspond with the given value therefore the reaction s

at equilibrium

12. Write the expression for K, and K, for the following processes.

a. Blue vitriol is deep blue solid copper (Il) sulphate pentahydrate is
heated to drive off water vapors to form white solid copper (Il)

sulphate.
b. The decomposition of solid phosphorus pentachloride to gaseous

phosphorus frichloride and chlorine gas.

Solution:

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

CuSO,5H,0 (s) == 5H.0 (g )+ CuSO, (s)

As the equilibnum is heterogeneous therefore only gas phase is included

equilibnum constant expression
K.=[H.0]
K.=P -
b. The balance chemical equation for process (b) is given below

PCl, (s)== PCl,(g) + Cl,(g)

As the equilibrium is heterogeneous therefore only gas phase is included (b)

equiibnum constant expression.

K.=[PCL][CL,]
Kp = Pr; xRy,
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13. Predict the shift in equilibrium position that will occur for each the following

processes when the volume is reduced.
. PCL(g)+ 2N (g)=—=P(NH,), (g)+3HCI(g)
i.  2NO(g)+0.(g)==2N0.(g)

. 4NH (g)+50,(g)==4NO(g)+6H.0(g)

Ans. Principle:

According to Le-Chatellier’'s pnnciple, when pressure increases then the system
will reduce its volume by reducing the number of molecules present. Thus, the

equilibnum will shift in a direction where the numbers of molecules are less.

i PCl.(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,) ,3HCI).
Therefore, when the volume decrecses by increasing pressure then the

equilibrivm will shift in backward direction to reduce the number of

molecules. and compensate the change.

i, 2NO(g)+O0.(g)=—=2N0O,(g)
In this reaction three molecules are present on reactant side (2NO, O3z)
and two molecules (2NO;) are present on product side

Therefore when the volume decreases by increasing pressure then the
equilibrium will shift in forward direction to reduce the number of
molecvules, and to compensate the change
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iii. ANH (g)+50.(g)=—=4N0(g)+6H.0(g)

In this reaction, nine molecules are present on reacctant side (4NH3, 50;)

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

Therefore. when the volume decreases by increasing pressure then the
equilibrivm 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 Kc changes as

the temperature is increased.

(@). N.(g)+0.(g)==2NO(g) AH? =180KJ
(b). 250.(g)+0.(g)=—=250,(g) AHY = -198KJ
(€). N.O,(g)==2NO.(g) AH® = 58K)

(d). CH,(g)+ H.O(g)==C0(g)+3H,(g) AH" =356KJ

Ans:
Principles:
I High temperature favours endothermic reactions.
il Low temperature favours exothermic recchions.
iil. In exothermic reactions heat is written on the nght side of the
equation.
iv. In endothermic reactions heat is written on the left side of the
equation.
(@). V.(g)+0,(g)=——=2NO(g) AH? =180K)

As the reaction is endothemmic therefore heat is written on the left side

of the equation.
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N.(8)+0,(g)+ Hear—=2N0O(g)

According to Le-Chatellier's pnnciple, 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
Nz and O; will decrease.

K - IN()]: - decrease

cC ™

[N 5 ][(): ] —— [ncreas

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

tempergture.

(b). 250.(g)+0.(g)==250,(g) AHY = -198KJ

As the reaction is exothermic therefore, heat is written on the right side
of the equation. 250.(g)+ O.(g)==250,(g)+ heat

According to Le-Chatellier's principle, when temperature is increased
this reaction will shift in the reverse direction in order to compensate
the added heat. Thus. concentration of SOz and Oz will increase while

that of SO; will decrease.

SO.T

i

[s0.T[0:]

Hence, in this case the volue of Ke will decrease with increase in
temperature.

(C). N:O, (g):.,.'=*.. ?..NO:. (g) AHY =S58K)J

As the reaction is endothermic therefore heat is written on the left side
of the equation.
N,O,(g)+ Heat —=2NO,(g)
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According to Le-Chatier's pnnciple, 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

. "
©[N0,]

Hence. In this case the value of K will Incregse with incregse in

tempergture

(d). CH, (g)+ H.O(g)==CO(g)+3H.(g) AH" =356KJ

According to Le-Chatellier's prninciple. when temperature increases
the reaction will shift in forward direction in order to compensote the
cdded heat.

Therefore, concentration of CO and H; will increase while that of CHa
cnd H0 will decrease.

[CO)[H.]

K. =
- [CH,][H,0]

Hence, In this case the value of Kec 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 Kc smaller than one.
Ans: Kcis very large:
Many reactions have very large equilibrium constant.

Example:

H,(g)+Br,(g)—=2HBr(g) K. = 54x10" at 25°C
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If concentration of each of the reactant ct equilibrium is 1 mole then

concentration of HBr would be

[#Br]
[}
|HBr]= V5 410"

=2.32x IO"M

= 5.4x10"

Conclusion:

It means that the concentration of HBr is very large as compared to that of
reactants. At equilibrivm the mixture will have mainly products. Thus large volue

of Ke indicates that the recction goes virtually to completion.
(b). Kcis very small:

Reactions having very small K¢ do not proceed cppreciably in the forward
direction

Example:

N.(g)+0.(g)=—= 2NO(g) Kq S 1.0x107 at 25°C

= [ OJ =1 0x10°"

- [Mvo]

If one mole of each of the reactant is present at equilibnum. Then the

concentration of NO would be

NOY .
—E =0

[NO)=1:107"

[NO] =1x10"" moles

Conclusion:
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Thus concentration of NO will be very small. Equilibnum mixture will have mainly
reactants. Theretore, small value of Kec indicates that the reaction has very little

tendency to move in the forward direction.

16. Describe the behavior of the following equilibrium with the stated changes

(a) Increasing pressure on
CH (g)+50,(g)=—=300,(g)+4H.0(g)

(D) Adding I,(g) w0 2Hl(g)—=/,(g)+H.(g)

(C) Removing heat from

C():(rg).,—‘('()(g)«r;!;():(g) AHY =284KJ

(d) Decreasing pressure on

C.H (g)=—=H,(g)+C.H (g)

Ans.

(a) Incresing pressure on

C.H, (2)+50,(g)=—=3C0.(g)+4H.0(g)

According to Le-Chatellier'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

(C,/,,50,) and seven molecules (3C0,,4/{.0)are present on product side.

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

and to compensate the change.

(b) Addingl.(g) to2Hl(g)=—=3C0.(g)+H.(g)

www.topstudyworld.com



www.topstudyworld.com Chemistry

According to Le-Chatellier's pnnciple, the addition of Iz increases the
concentration of product and to compensate it the equilibnum will shift in the

backward reaction.

(c) Removing heat from

CO,(g)=—=C0(g)+ %0: (g) AH" =284KJ

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

equation.

FO;(g):F(7(g)+-%O;(g)

According to Le-Chatellier's principle, when temperature is decreased this
reaction will shift in backward direction in order to compensate the decreagse in
heat Therefore, the concentration of CO, will decrease while that of CO and O;
will decrease.

K = [("0][():]{‘7 «——decreas

( |CO, | «—increas

(d)Decreasing pressure on
C:Ha, (,tf ) —— H: (g) + C:H4 (g)

In the given reaction one molecule is present on reactant side (C; Hg) and two
molecules are present on product side (H... C; Hs.) SO, when pressure Is
decreased, the equilibnum will shift in forward direction to compensate the

change.
17. A solution is prepared by mixing 50cm™ of 5<10° M NaCl withSOcm™ of

2410 "M Pb(NO, ), . will a precipitation of ”5C/. form? K, For PhCI. is 1.7x10 ",

Solution:
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Molarity of Pb(NO3 )2 solution =2 x 102 M
Molarity of NaCl solution =5<10°M
Precipitate of PbCl; =7

K., for PbCl, =1.7<10 °

Volume of NaCl solution =S0cm’ =0.05dm’
Volume of Pb(NO3):z solution =50cm™  =0.05dm’

Total volume of solution =0.05dm’ +0.05dm’ =0.1dm’

Concentration of ¢/ :
NaCl—=Na (aq)+Cl (aq)
S<10°M  5x10°M  5x10°M
I dm? of NaCl solution contains 7 ions = 5x<10°M moles
0 05 dm? of NaCl solution contains C/™ ions =5x10"x0.05
= 25<10" moles
Now total volume 1s O | dm? therefore
0.1 dm? of total solution contains ¢/ 10ns = 25 x 10* moles

. : . 25 x 10°
1 dm of total solution contains C/ 1ons = (:lm ~ 25 x 10" moles

Concentration of /" :
Pb(NO,),—= Pb" (ag)+ 2NO, (aq)
2«<10°M 2%10°M  2x2x10*°M

l dm‘m‘Pb(N()l,):Soluiion contains Pb*? ions 2x10° moles moles
0.05 dm” of Pb(NO, ). Solution contains Pp'ions = 2 x 10° x 0.05

= 1.0 <10’ moles
Now total volume is 0.1 dm' therefore

0.1dm? of total solution contains Pb*2ions = 1.0 x 10’ moles
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1.0x10°
0.

=1.0<10 “moles

| dm:? of total solution contains Pb*2ions =

PhE 1 =10<10°M

Precipitate of PbCl;

Now for ionization of PbCl;
PbCl, == Pb” (aq)+2CI (aq)
50,

o =[r][cr §
=(1.0:10%)(2.510™*) =6.25x10"

k'u- -_1 7"'0 :

Since, Q' <K i, 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 salt? (Ans: 1.6384x10-3 )

Solution:

PbCl,(s)==Pb" (aqg)+2CI (agq)
[[’b‘: ]:I 6"0 :;‘!

| C1™ | =2:1.6<107 M =32x107

Ko =[Po][Cr |

K., =(1.6<10%)(32210°)

K. =16384x10"

19. The equilibrium constant for the following reaction is 1.6 x 10° at 1000K
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H.(g)+Br,(g)=—=2HBr(g)

Find the equilibrium pressures of all the gases if 10.0 atm of HBr is infroduced into

a sealed container at 1000K

Solution:
H.(g) + Br.(g)=2HBr (g)
Initial Concentration =ero zero 10
Equation Concentration. X
B
‘ ,‘:1, ; Ifw.—:
 (10-2xY
| 6x10 = ( r}
(x)(x)
10-2x)
Gl = Y =X )

X

Taking square root of both the sides

Jl.ﬁ-:m“ =

10-2x

400 =
Y

400x =10 -2x
400x +2x =10
402x =10
or
10
X = —
402

x =100249
F, =P, =x=00249 atm
P, =10-2x0.0249 =9.9502 aim
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20. Consider the following gas phase reaction. Describe four changes that would

derive the equilibrium to left (backward direction).

SO.(g)+Cl(g)== SO.Cl.(g) + Heat

Ans. According to Le-Chatellier's Principle following are the tour changes that

will drive the equilibnum in the reverse direction.

(i) Continual removal of reactants:
when any of the reactant is removed the equiibnum shift in the reverse
arection to compensate the change

(i) Low Pressure:

According to the given equation two molecules are present on

reactant side (SO. , Cl,)and one molecule is present on product side
(SO,C, )Thus when pressure decreased, the equiibrium will shift in the

reverse direction to compensate the change.

(ili)  High Temperature:
As the reaction is exothermic therefore, high temperature will not favor
it and hence the reaction will proceed in the reverse direction with the
ncrease 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 inc increase

the yield of products?
() CL(g)+1.(g)=—=2ICI(g)

()  2NO.(g)==N.0,(g)
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Ans. m (7: (£)+ /. (g),:"ZI('I(g)

According to Le-Chatellier's principle when pressure increases then the system
will reduce its volume by reducing the number of molecules present Thus the

equilibrivm will shift in g direction where the numbers of molecules are less.

According to the given reaction two molecules are present on both the

According to Le-Chatellier's principle, when pressure increases then the

reactant and the product side (Cl, 1., 21Cl)

Thus the change in volume will not affect the equibnum position

(i) 2NO.(g)== N.,0,(g)

According to the given equation, two molecules are present un reactant side

(2NO: ) ond one molecule is present on product side (N.O, |When. we reduce

volume by increasing pressure then the equilibnum will shift in forward direction

and thus the yield iIncreases.

Think Tank

22. A figurine device vused 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[ ('o( H_._.())f_ ~i': +4C! ,,:‘('0[('0( 'Il]': +121H.0
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a. l|dentify the blue substance
b. Identity the pink substance
c. How is Le Chatellier's Principle applied here.

Ans.
(a) Blue substance = Co|Ca(7, ] :
(b) Pink substance = [ (o(#.0) |
Appling Le Chatellier's Principle
Rainy days:

According to the reaction water is the product. On damp, rainy days the
concentration of water is more in the surounding and hence according fo Le-

Chatellier's pnnciple, the equilibrium will shift in the reverse direction, Thus the

concentration of | Co( H.0 )r_]':lncreoses and the color of figunne becomes pink.

Sunny days:

According to the reaction water is the proguct. On ¢ sunny day the
concentration of water is low in the surrounding ond theretore cccording to Le-

Chatellier's pnnciple, the equilibnum will shift in forward direction. Thus the

formation of Co|Ca(, ] “increases and the color of figurine become blue.

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.

Hblaq) + O.laq) — HbLO, (aq)

where 11b0.is oxyhemoglobin that actually fransport oxygen to tissues. The

equilibrium constant
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~ |HbO,]

CXpPression 1S l\l = [_Hh]_[():—]

Scaling a 3km mountain can cause headache, nauseq, extreme fatigue and
other discomforts. Give possible explanation for it.

Ans:

Hb(aq) + O.(aq) =— HbLO. (aq)

External pressure low on high mountains and thus the concentration of O,in the

atmosphere also decreases. Hence, according to Le-Chatellier's principle, the

given equilibrium will shift in reverse direction.

As O result, the concentration of HbO,decreagses in order to give Hb and O, to

compensate the change. Therefore, supply of oxygen to body is Qlso
decreased. This can cause headache, nauseq, extreme fatigue and other

discomforts.

24. Baking Soda undergoes thermal decomposition as follows
INaHCO (s) = Na(CO,(5)+CO.(g)+H.O(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.

(a)Closed vessel.
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In close vessel volume does not change ond therefore we cannot
obtain more carbon dioxide gas by adding extra baking soda to the

reaction mixture.

(b)Open vessel:

According to the reaction, there cre two gaseous molecules on the

product side (CO, and H,0 ). Thus In this case according to Le-

Chatellier's pnnciple, when the volume increases then the equilibnum
will shift in forwaord direction. Theretore, by cdding baking sodc more

CO:2 will produce in an open vessel.

25. Potassium dichromate solution has beavtiful clear orange colour. This is due

to the colour of dichromate ion, Cr.0.",. When a salt is dissolved in water, the

following equilibrium is setup, on heating solution.

Cr,0-° (aq) + H.O(/) == 2CrO; (aq) + 2H (aq)

(orange) (yellow)

What will happen if:

Ans.

I dilute Sodium hydroxide is added to this solution.
ii. this is followed by dilute hydrochloric acid addition.

I Dilute Sodium hydroxide is added to this solution.

NOOH is o base and It produces OH- 1ons which will react with H™1on

to form woter,

ITherefore the concentration of H " ions decreases and according to
Le- Chatlier's pnnciple, to compensate that change the
dichromate/chromate equilibrium will shift in forward direction, As O
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result more orange Cr,0,"ions react with /1,0 to give yellow CrO.*ions

and the colour of solution changes from orange o yellow.

il This is followed by dilute hydrochloric acid addition.

HCI is a strong acid and it produces H™ ions in the solution due to
which an gses. Thus, according to Le-Chagtellier's principle, to the

equilibrium will shift in backward direction. Thus, more yellow CrO;* ions

react with 1~ ions to give orange CrO,” ions and the colour of solution

changes from yellow to orange.

26. 1f 0.350 moles of SOz is placed in a 1.00 dm? flask and allowed to come to

equilibrium at a high temperature, 0.207 mole of SO: remains. Calculate K. for
the reaction. (Ans: 14.64)

250, (g)==250.(g)+0,(g)

Solution:

250,(g)=——=250.(g)+0:(g)

Inihial Concentration. 0.350 zero zero
(In moles am-)

Equation Concentration. 0.350-x 2X X
(iIn moles dm-)

Given that at eguilibrium, 0.207 moles of SOz remains
0350-2x=0.207

or

0.143
>

.-

=0.0715

X =

Equilibrium concentrations:
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[50,]=0.207 moles dm’
[0.]=x=00715 moles dm”’

|50, |=2x=2x0.0715=0.143 moles dm™
. 50, I [0.]

[0

Putting values

(0.143) (0.0715)

K —Z _ 0.0341
(0.207)

(

27. For the reaction between hydrogen and lodine to form hydrogen lodide, the
value of Kc is 794 at 298K but 54 at 700K what can you 27. deduce from this

information?

Ans.

H.(g) + 1.(g) == 2HI (g)

Given that the value of Kc decreased with the increase in temperature from 794
at 298K to 54 at /00K,

Conclusion:

Thus, this indicates that the reacthon is exothermic and is not favored by high
temperature. Therefore, the concentration of Hi is decreased and that of H2 and

I2 1S Increased by increase Iin temperature.

K - [HI ]: - decrease
- [H - ][ I5 ]ea—» increase
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