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CHEMISTRY NOTES FOR CLASS - 11 (FOR PUNJAB)

CHEMICAL
EQUILIBRIUM
-

After studying this chapter, students will be able to:

* Describe the microscopic events that occur when a chemical system is in equilibrium. Define with
examples. (Understanding)

* Differentiate between microscopic and macroscopic events in a chernical reaction. {Understanding)

* Propose microscopic that account for observed macroscopic changes that take place during a shift in
equilibrium, (Understanding)

* Describe what is meant by a reversible reaction and dynamic equilibrium in terms of the rate of
forward and reverse reactions being equal and the concentration of reactants and products
remaining constant, (Understanding)

* Define dynamic equilibrium between two physical states, (Knowledge)

* Deduce the equilibrium constant expression [K.] from an equation for homogeneous reaction.
(Understanding)

® Determine the relationship between different equilibrium constants{Ke) for the same reaction at the
same temperature, {Understanding)

® Write the equilibrium expression for a given chemical reaction’in terms of concentration, K., partial
pressure Ko, number of moles K, and mole fraction K«. (Application)

* State the necessary conditions for equilibrium and the ways that equilibrium can be recognized.
{Knowledge)

* State Le Chatelier's Principle and be abie to apply it to systems in equilibrium with changes In
concentration, pressure, temperature, or the addition of catalyst. (Knowledge)

* Determine if Kc will increase or decrease when temperature is changed, given the equation for the
reaction. (Understanding)

® Explain industrial applications of Le Chatelier's Principle using Haber's process and the contact
process as an example. (Understanding)

o Discuss the industrial applications of chemical equilibria and how it can be used to optimize chemical
reactions to maximize vields and minimize waste products. (Understanding)

* Use of concept of hydrolysis to explain why aqueous solutions of some saits are acidic or basic.
(Application) J

»  lrreversibie Reactions;
The reactions in which the reactants are completely consumed and converted into products are called
irreversible reactions: Such reactions stop when the limiting reactant is used up.

~  Reversible Reactions:
Those reactions which continue in both directions, i.e., forward and reverse, without changing the
concentration of reactants and products under the existing conditions. Such reactions never stop and are
called reversible reactions. When a reversible chemical reaction takes place in a container which prevents
the entry or escape of any of the substances involved in the reaction, the quantities of these components
change as some are consumed and others are formed. These reactions eventually reach a stage called
chemical equilibrium,
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CHEMISTRY NOTES FOR CLASS - 11 (FOR PUNJAB)

At Chemical Equilibrium: The concentrations of reactants and products become constant and the rates of
the forward and reverse reactions become equal.
Examples of some reversible reactions are given below:
e—
Ny #3Hy 7 2NHy,)
ZNOIM 2 ANlo-m
oSS 4
PCI.’s“) Rl St Clia

The double arrow tells that the reaction is reversible.

MACROSCOPIC EVENTS AND MICROSCOPIC EVENTS

2 Macroscopic Events :
"Macroscopic events refer to the phenomena that con be

observed witP! the noked eye wirho‘ut considerin"g the @ Rack Your Mind!
g:r\:::leasl:partldes or molecules involved in the process. SR me~————-———fm''m-m“g P
praperty of a reaction at equilibrium?
Change in colour, the evclution or absorption of heat, the A) Molecules continue to collide
formation of precipitate, evolution of a gas, change in volume or B) Forward and reverse rates are equal
pressure, change in the composition of a substance in 2 C) Concentrations remain constant
chemical reaction are examples of macroscopic properties. D) Bonds are breaking and forming

2 Microscopic Events
"Microscopic events refer to the phenomena that c..- "ot be observed with the naked eye. i
Examples:
The collisions between molecules, breaking and forming bonds, rearrangement of atoms in molecules, loss
or gain of electrons are examples of microscopic events.

REVERSIBLE REACTIONS, MICROSCOPIC EVENTS AND DYNAMIC
EQUILIBRIUM

= Reversible Reaction is at Equilibrium
It would apparently seem to be static. However, at microscopic level, the reaction never stops and molecules
are continuously under change. The reactant molecules convert into products, while at the same time, the
reverse process happens. To study at micro scale that affect the macroscopic properties of the system.
Example:
Consider the reaction between steam and carbon monoxide under
appropriate ronditions. ©n mixing these gases, macroscopic @ Rack Your Mind!
changes are observed (e.g., changes in concentration). e
Suppose that the reaction is started with same number of moles
of both reactants.
When steam and carbon monoxide are mixed, 3 maximum number of collisions per second between them
will oecur is microscopic events, Bonds in CO and H,0 are broken and new bonds are formed to produce H,

and CO,. Therefore, the forward reaction has its maximum rate at the beginning. This leads to a decrease in
the concentration of the reactants. As H,0 and COare gradually used up, the forward reaction slows down.
H20m + COM —>H,, +CO,,

2. What is meant by dynamic equilibrium?

2 Reverse Reaction
As the molecules of H, and CO, accumulate, the reverse reaction also starts. With the increase in the

concentration of H, and CO,, more and more collisions per sacond hetween these molecules will occur as
microscopic events. As bends in H, and CO, are broken, the bonds in CO and H,0 are formed.
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Ihis means that forward reaction starts with maximum rate and gradually slows down, whereas at the
start, the rate of the reverse reaction is low, gradually increases, and finally becomes constant.

Hyq) +C0yy —H,0,, +CO,

< Reaction at Equilibrium

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

H,0, +COy, T=—Hy,) + €0,
Unless the system is somehow disturbed, no further changes in the concentrations will occur.

< Chemical Equilibrium

"The state of a reversible reaction at which composition of the reaction mixture does not change and
forward and reverse rates are equal is called the state of chemical equilibrium."

Graphical Explanation: '

The plots of the concentrations of reactants and products
versus time for a general reaction are shown in F igure,

Suppose the reactant A is converted into the product 8 in a
chemical reaction. The graphs in the figure show different
possibilities after the equilibrium is established At the
equilibrium position, the concentrations of the reactant and v
the product may be equal as shown in Figure (a), or the 1CO;) or [H) |
amount of reactant may be lower or greater than that of the Tre
product as shown in Figure (b and c). However, for all of these Figure: Plot of concentration vs time
graphs, it is clear that after the equilibrium is established, the
concentrations become constant.
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Figure: Plot of concentration vs time {a) Reactant = Product {b) Reactant - Product (c) Reactant - Product
* When the concentrations of reactants and products become constant, the reaction may apparently
seem to have stopped. But it is not true.

> Atthe Microgcogic Level:

* There is intense activity. The individual molecules of the reactants continue to react. Individual product
molecules also react to combine to 80 back to the reactants. The rate of forward process, is exactly
equal to the rate of the reverse process.

* Therefore, it is a dynamic equilibrium. The system is dynamic because the individual molecules are
constantly reacting, but the rates of forward and reverse reactions are the same.

RELATION BETWEEN MACROSCOPIC AND MICROSCOPIC EVENTS

Macroscopic events are the result of multiple simultaneous microscopic events. Understanding the microscopic
events helps us to explain and predict the observed macroscopic changes in the equilibrium system.

When a change in equilibrium occurs in a chemical reaction, the microscopic events that explain the observed
changes in equilibrium are the collisions and formation of new bonds between particles or molecules. These
collisions change the rates of forward and reverse reactions, which are affected by activation energy and external
factors. These microscopic events collectively appear as macroscopic changes which are observable by naked eye.
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| a) Differentiate between macroscopic and microscopic events, |
,' Ans. Difference Between Macroscopic and Microscopic Events: g
: Aspect Macroscopic Events Microscopic Events 'l
| Definition Observable events visible to the nakeg eye. | Eventsat the atomic or molecylar level, [ )
1 Scale Large scale, Extremely smal) scale (atomic or Subatomic). |1
" I Observation | Can be observed directly. Cannot be seen directly; studied using |
|

instruments or models. :

Relevance Used in everyday applications and | Important for understanding fundamenta| | ,'
measurements. chemical behavior. |
Example Melting of ice boiling of water. Movement of water molecules, vibration of | 1
atoms in ice. |
I

|

I

)

|

)

|

; b) The equilibrium is dynamic in nature, explain in terms of microscopic events.

1 Ans. Equilibrium is described ac dynamic because even though the macroscopic  properties (like

| concentrations of reactants and products) appear constant and unchanging, at the microscopic level, the |

1 reactions are stjl| occurring. !

| In terms of microscopic events: |

! (i) Continuous Forward Reaction: 1

| Individual reactant molecules are constantly colliding, breaking their existing bonds, and forming |

! new bonds to become product molecules, -

! (i) Continuous Reverse Reaction: !

I Simultaneously, individual product molecules are colliding, breaking their bonds, and re-forming the I

: original reactant molecules, j

| The "dynamic" aspect means these forward and reverse processes never stop. The equilibrium is I
maintained because the rate at which reactant molecules convert to products becomes exactly ,
€quar to the rate at which product molecules convert back to reactants. So, there's constant activity |
at the molecular level, but no net change in overall composition. !

c) In the reaction H,O(s) +CO(‘):H,“) +C02m, the concentration of the products is higher at the .'

equilibrium stage,
i. Plot a graph between concentrations of reactants and products vs time,
Ans,

[H;0]") at a high point an the Y-axis at' Time = @ This curve will decrease as time progresses,
indicating reactants are being consumed. Eventually, the curve will become horizontal, showing that
the concentration of reactants has become constant at equilibrium.

* Products (H, and €0.): Start a curve for the concentration of products (e.g., labeled "[CO4] or [H2]") i
at the origin (Y=0, X=0) or a very low point on the Y-axis at Time =0 (assuming no products initially). »
This curve will INCrease as time progresses, indicating products |
are being formed. Eventually, this curve will also become
harizontal, showing that the concentration of products has "
become constant at equilibrium. .g

*  Equilibrium Condition: Crucially, the horizontal line representing &

%?
O

|

]

I

¢ Reactants {(H,0 and CO): Start a curve for the concentration of reactants (e.g., iabeled "[CcO] orll
]

|

'

the constant concentration of products at equilibrium should be 1 Equilibrium

at a higher level on the Y-axis than the horizontal line
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the equilibrium stage" Boih curves become horizontal at the Time

SLM™ point in time (when equilibrium is reached).
(This graph would look like Figure {b) as shown balow, where the line for 'g’ (products) levels off higher 1
_ than the line for ‘A’ (reactants)). |
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CHEMISTRY NOTES FOR CLASS - 11 (FOR PUNJAB)

| ii. Plotagraph between rate of the reaction with respect to time.

' Ans. (You would draw a graph with "Rate of Reaction” on the Y-axis and "Time" on the X-axis. The description
! below explains how it should l1ook)

i « Rate of Forward Reaction: Start a curve for the rate of the forward reaction (H:0 + CC — Hy + CO;)
' at a high point on the Y-axis at Time = 0 (since reactant concentrations are initially high). This rate
| will decrease as time progresses because the concentration of reactants decreases. Eventually, this
: curve will become horizontal when equifibrium is reached

! « Rate of Reverse Reaction: Start a curve for the rate of the reverse reaction (H; + CO2 H,0 + CO) at
| the origin (Y=0, X=0) at Time = 0 {assuming no products initially, so the reverse rate is zero). This rate
' will increase as time progresses because the concentration of products increases. Fventually, this
| curve will also become horizontal

! « Equilibrium Condition: The paint where the curve for the rate of the farward reaction and the curve
I for the rate of the reverse reaction meet and become a single horizontal line represents the
I| attainment of equilibrium. At this point, the rate of the forward reaction is equal to the rate of the
' reverse rga_c_tion.

i
|
1
A
1
H
i
]
1
]
|
1
-

DYNAMIC EQUILIBRIUM BETWEEN TWO PHYSICAL STATES

2 Dynamic Equilibrium
It is a state in a reversible process where the rate of change in @
- ack Your Mind!
one direction is equal to the rate of change in the opposite W R- k ur.
direction. In other words, although there are continuous fe Qhich¥ of the following. reprasams

5 : S - et e dynamic  equilibrium  between two
changes taking place, no net change in the system as 3 whole is Bhysical states?

observed. When a reversible phase change takes place for a A} Ice melting into water
substance, there is also a dynamic equilibrium between the two B) Sugar dissolving in water
physica! states. C) Oxygen reacting with hydrogen

Dy Carbon burning in air

Example: At 0°C, ice and water coexist in equilibsium. Water
changes into ice whereas ice converts back into waterdt the same rate.
Ice =AWater

2 Relationship between Dynamic Equilibrium and Vapor Pressure
Studying the behaviour of liguids and their vapour pressures Is a significant concept in chemistry. When a
liquid is placed in a closed containef, soma ot the liguid molec ules near the surface have enough energy to
escape into the gaseous phase. This process is called evaporation. As more molecuies escape into the
gaseous phase, the pressure exartedBy the gas molecules on the walls of the vessel increases. At the same
time, molecules in vapour phase can also collide with the liquid surface and be captured again by the liquid,
a process known as condensation.

As evaporatiop and condensation continue, the raie of these processes will eventually become equal, and
a state of dynamic equilibrium is achieved. In this state, the number of liquid malecules transforming Into
the gas phase equals the number ot 2as molecules returning to the liquid phase.

At dynamic_equilibrium, the vépor pressure remains constant at a given temperature, as long as the
system is undisturbed.

o2 When Temperature Increases
As the temperature increases, the average kinetic energy of the liquid maolecuies alse increases. This leads
to a higher rate of evaporation, which in turn increasas the vapar pressure. Alse, the rate of condensation
increases at the higher temperature. Finally, the system will reach a new state of dynamic equilibrium,
with a higher equilibrium vapor pressure. In short, dynamic equilibrium in terms of the vapor pressure ofa
liquid describes the state at which the rates of evaporation and condensation are equal
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|M| QUICK CHECK 8.2

. |
| I
| @) The dynamic equilibrium exists between water and its vapour at 100°C. Justify the statement. |
1 Ans. Yes, dynamic equilibrium exists between liquid water and its vapor (steam) at 100°C in a closed system. 1
| Justification: - |
1 1. Constant Temperature (Boiling Point): 100°C is the normal boiling point of water. At this
|
1
|

temperature, if heat is continuously supplied, liquid water actively converts to steam. |
2. Reversible Process: In a closed container, as steam forms, steam molecules also collide with the !
surface of the liquid water and condense back into liquid.

|
Liguid Water === Water Vapor (Steam) !
(Evaporation/Boiling) =—== {Condensation) !
|

3. Equal Rates: At 100°C in a closed system at equilibrium, the rate at which liquid water molecules
gain enough energy to escape into the vapor phase (boiling/evaporation) becomes equal to the rate
at which vapor molecules lose energy and return to the liquid phase (condensation). 1
4. Dynamic Nature: Although the overall amount of liquid water and steam might appear constant, !
individual water molecules are continuously transitioning between the liquid and vapor phases. I
5. Constant Vapor Pressure: The pressure exerted by the water vapor at this equilibrium is constant S
(which would be 1 atm if the external pressure is 1 atm, as 100°C is the normal boiling point). I
Therefore, the continuous, balanced interchange of molecules between the liquid and vapor phases :
at equal rates signifies a dynamic equilibrium at 100°C. z
Do you think that dynamic equilibrium exists between ice and water at 0°C? If yes, explain.
. Yes, dynamic equilibrium exists between ice (solid water) and liquid water at 0°C in a closed system (or

B
@

an open system where no heat is gained or lost from the surroundings).
1. Constant Temperature (Melting/Freezing Point): 0°C is the normal melting point (ar freezing point)
of water. At this temperature, both solid ice and liquid water ¢an coexist.
2. Reversible Process: Ice can melt to form liquid water, and liquid water can freeze to form ice.
Ice {H!O(;,)
(Melting) (Freezing)

3. Equal Rates: At 0°C and equilibrium, the rate at which water molecules leave the solid ice structure
and enter the liquid phase (melting) is exactly equal to the rate at which water molecules leave the
liquid phase and join the solid ice structure (freezing).

4. Dynamic Nature: Even though the macroscopic amounts of ice and liquid water remain constant, at the
microscopic level, there is a continuous exchange of molecules between the solid and liquid phases.
Some ice molecules are melting, and simultaneously, some liquid water molecules are freezing.

5. No Net Change: Because these two opposing processes occur at the same rate, there is no net
change in the amount of ice or liquid water.
This continuous, balanced, and opposing transformation of molecules between the solid and liquid '

| states at the same rate is characteristic of a dynamic equilibrium.

_____________________ L

CONDITIONS FOR EQUILIBRIUM

]

I

1

|

]

I

I

I

1

I

|}

I |
: 1
I |
' ]
| Explanation: '
: 1
| |
' ]
| Liquid Water (H.0/,) I
: 1
| |
l ]
I I
: 1
I I
: ]
| [
: i
| I
1

The equilibrium should be studied when the following conditions are fulfilled:

1.  The state of equilibrium only applies to reversible reactions.

2.  Closed Vessel: The equilibrium can be established only if the reaction vessel is closed. No part of the
reactants and products is allowed to escape out.

CaCOys) r== CaO(8)+CO,(0) CaCOLw) =% CaOfs) + COYg)
) cacoys) O caos) © coglg)
Figure (a): Equilibrium is established when the system is closed

(b) Equilibrium cannot be established in the open system,
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CHARACTERISTICS OF CHEMICAL EQUILIBRIUM

Important features of equilibrium are as follows:

1. At the stage of chemical equilibrium, the concentrations of reactants and products remain constant.

2.  The state of equilibrium in a reversible reaction can be approached from either side whether we start with
reactants or products.

3. A catalyst does not change the equilibrium position and the equilibrium constant of the reaction. It helps
to attain the equilibrium earlier,

4, The value of equilibrium constant does not depend upon the initial concentrations of reactants, rather it is
constants and depends on temperature only.

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

TYPES OF EQUILIBRIUM

With respect to the physical states of reactants and products, there are two types of chemical equilibrium.

< Homogeneous Equilibrium

An equilibrium system in which all of the reactants and products are in the same phase.
Example: The following are examples of homogeneous equilibria:

Nyg) +3Hyg) ==22NH,

ZSOZ(S) +02‘”—,_“‘250?m,

CH,COOH ) +C;H,OH,) === CH,C00C, Hy s+ H,0,,

< Heterogeneous Equilibrium

An equilibrium in which the reactants and products are in more than one phases is called heterogeneous
equilibrium,
ftExample; The following are examples of heterogeneous equilibrium:

CaCOl(s) ‘.—_‘CaOm + COE(E,

C(S) ) Hlo(s) e CO(E) t Hllu‘l

3Fe(s) 4-4H20(s,,—._—*Fe-30 ) »~4H2m

Ay
—-—-—-—-———-—-—- . — . — o — —-—-———-—.——-—-—-—-—.

{F| QUICK CHECK 8.3

I

|

i a) Differentiate between homogeneous and heterogeneaus equilibria
]

| * Homogeneous Equilibrium: An equilibrium system where all the reactants and products are present
1 in the same physical phase. For example, if all substances are gases, or all are dissolved in the same
I liquid solution.

! Example from Text: Ny, + 3Ha(g === 2NHy, (All are gases)

.l * Heterogeneous Equilibrium: An equilibrium system where the reactants and products are present

I in more than one physical phase. For example, a reaction involving solids and gases, or liquids and
' Bases, or immiscible liquids.

|

]

I

1

|

!

Example from Text; CaCOgsy Ca0yy + COz g (Solids and a gas)
b) Why do the rates of forward reactions slow down when 2 reversible reaction approaches the
equilibrium stage?

— e e p sl 14 7 -
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1. Dependence on Concentration: According to the Law of Mass Action, the rate of a reaction is |
directly proportional to the concentration of the reactants (raised to their respective powers). '
2. Consumption of Reactants: As the forward reaction proceeds, reactants are converted ir\tol
products. This leads to a gradual decrease in the concentration of the reactants. e
3. Reduced Collision Frequency: With lower concentrations of reactants, there are fewer reactant I'
molecules per unit volume. This results in fewer effective collisions between reactant molecules per |
unit of time, which are necessary for the reaction to occur. '
Consequently, the rate of the forward reaction, which depends on these collisions and reactant |
concentrations, diminishes as the reaction moves towards equilibrium.

c) Incapped soda water bottles, gaseous €O, is in equilibrium with the aquecus €O, (HCO; andH").
€O,y +H:0(p) T=2HCO™ (,, +H'(,)

« Closed Cap Required: Equilibrium requires a closed system to prevent the escape of gaseous CO,. If 4
CO, escapes, the system cannot reach a state where the rates of dissolution and evolution of CO; |
are equal. Y !
« Cap Removed: When the cap is removed, the pressure of CO; above the liquid decreases. According to |
Le Chatelier's principle, the equilibrium shifts to the left to produce more gasecus CO; to counteract the !
decrease in pressure. This results in the "fizzing" as dissolved CO, comes out of solution. I.
i To which direction will the equilibrium shift if the bottle is opened? |
Ans. When a bottle containing a gas in equilibrium with its dissolved form is opened, the equilibrium will shift
to favor the gaseous phase. This occurs because the partial pressure of the gas in the headspace above |
the liquid decreases, causing more of the dissolved gas to escape into the gaseous phase to re—establish !
equilibrium. This principle is known as Le Chatelier’s principle, which states that a system at equilibrium
will shift to counteract any applied change.
ii. Condition for this equilibrium requires the closed cap of the bottle. Why?
Ans. A closed cap is required for this equilibrium because oné of the components, COa(g), 15 8 gas.
f 1. To Maintain Pressure of Gaseous CO;: The equilibrium involves gaseous CO; above the liquid. A ,
| closed cap maintains the pressure of this gaseous CO,. If the cap is open, the gaseous CO, would |
1 escape into the atmosphere. 1
| 2. To Prevent Escape of Reactant/Product: According to Le Chatelier's principle, if gaseous €O, (a |
! reactant in the dissolution process, or a "product” of the reverse decomposition of carbonic acid) 1
! escapes, the equilibrium will be disturbed. The system needs to be closed to allow the reverse \
| reaction (HCO3 + H' > H0 + CO;y) to build up enough CO; pressure to balance the forward |
1 dissolution rate. '
| 3. To Achieve Equilibrium: For equilibrium to be established, the rate of CO: dissolving into the water |
< (and reacting to form HCO; and H') must become equal to the rate at which HCO; and H* react to
! form H,0 and COa Which then escapes from solution. If COy Can escape, the reverse reaction
| cannot build up to match the forward rate, and equilibrium cannot be reached; the reaction would
]
|
]
|
1
|
1
|
]
|
)
|
1
|

]
|
1
proceed largely to the left as CO, leaves. '.

jii. When the cap of the bottle is removed, to which direction the equilibrium shifts? |
Ans. When the cap of the bottle is removed: !
1. The pressure of gaseous CO; above the liquid suddenly decreases because the CO,(g) can now I
escape into the atmosphere (where its partial pressure is much lower). :

2. According to Le Chatelier's principle, the system will try to counteract this decrease in COa(g) !
pressure. |

3. To do this, the equilibrium will shift to the left (reverse direction). .

|

[}

HCO,

Sea T H;, »CO2, + H20,,,

faq) ~
4. This means that dissolved carbonic acid (formed from CO; and water, then ionized to HCO; and H*) |
will decompose to produce more gaseous C0O,, which then bubbles out of the solution. This is why !
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EQUILIBRIUM CONSTANT AND FOSITION OF EQUILIBRIUM

» Position of Equilibrium:
The position of equilibrium refers to the relative amounts of products and reactants present in an
equilibrium mixture.

Q. Define and explain the law of mass action and derive the expression for the equilibrium constant.
» Law of Mass Action:

Introduction:

In 1864, the Norwegian chemists C. Guldberg (1836-1902) and P. ’

Waage (1833-1900) carefully measured the compositions of many 2

reaction systems at equilibrium. @ Rack Your Mind!
Statement: 4. Write the K. expression for the
They discovered that for any reversible reacticn, the ratio of the reaction:

product of the equilibrium concentrations of the products {raised to Nz, + 3Hag) = 2NH

their coefficients in the balanced chemical equation) to the product i
of the equilibrium concentrations of the reactants (raised to their coefficients/in the balanced chemical
equation) is always a constant under a given set of conditions.

General Reaction:

aA+bB—=cC +dD
where A and B are reactants, C and D are products, and a, b, c, and d are the stoichiometric coefficients in
the balanced chemical equation.
K, <1gor
(A][B]"
»  Active Mass:
The rate of the chemical reaction is directly propertiofial 1o the active masses of the reactants, raised to
the coefficients present in the balanced equation:
« The term active mass is used for the mplar concentration.
o Itisexpressed in moles dm .
» This concentration is expressed by square brackets | ].
Let us consider a general reaction
A+B=—=C+D
According to the Law of mass action,
Rate of Forward Reaction:
Rate of forward reaction e [A][B] = ki Al[B]
'k¢'is the proportionality constant, and is known as forward rate constant.
Rate of Reverse Reaction:
Rate of reverse reaction « [C}(D] = k/{C][D]
'k, ' is the proportionality constant and is known as reverse rate constant.
At the Equilibrium Stage: The forward and the revarse rates are equal. Hence,
k¢[A][B] =k [C][D]
Equilibrium Canstant Expression:
k _ [C)(D]
K, [AllB]
The left side of this equation is the ratio of two rate constants, so it gives another constant called the
equilibrium constant (K:).

Visit www.downloadclasshotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more
(Page 267 of 528) .


http://www.downloadclassnotes.com/
mailto:downloadclassnotes.com@gmail.com
http://www.downloadclassnotes.com/

Website: www.downloadclassnotes.com , E-mail: downloadclassnotes.com@gmail.com

CHEMISTRY NOTES FOR CLASS - 11 (FOR PUNJAB)

_ [cip]
¢ [Al[B]
This equation is known as equilibrium constant expression.
Consider the following reversible reaction,

So,

3A+bB—=cC+dD
where a, b, c and d are the coefficients of balanced equation.
3 d
Then K. = &E]T
[A]* [B])

= Equilibrium Constant Expressions of Some Important Reactions

) o) +3Hy) ==22NH,

__INH, i
© NP

(ii) 2 NZOS(” =4N02(‘) + OZ(!)

« = INO,I'0,]
© o InOT

Sample Problem 8.1

Ethanol reacts with ethanoic acid to form ethyl ethanoate and water.
CH,COOH“, + CIH,OH(,, —— CHSCOOCRHW) + Hzom
Ethanoic acid Ethanol Ethyl Ethanoate Water
500 cm? of the reaction mixture at equilibrium contained 0.235 mol of ethanoic acid and 0.0350 mol of ethanol
together with 0.182 mol of ethyl ethanoate and 0.182 mol of water, Use this data to calculate a value of K. for

this reaction.
Step 1: Write out the balanced chemical equation with the concentrations beneath each substance.
CH,COOH(,} + CIHSOH“, = CH,COOCIH,(,) + H.0,
0.235 mol 0.0350 mol 0.182 mol 0.182 mol
0.5Hm’* 0.5dm’ 0.5dm* 0.5dm’
0.470 mol dm™ 0.070 mol dm™ 0.364 mol dm™ 0.364 mol dm™

Step 2: Write the equilibrium constant for this reaction in terms of concentrations.
k - ICH;CO0C,H:J[H;0] _ (0.364 mol dm)(0.0364 mol dm)
© [CH,COOH]IC,H,0H]  (0.470 mol dm™® )(0.070 mol dm3)

Step 3: Substitute the equilibrium concentrations into the expression
K. =4.03 (to3 significant figures)

Step 4: Add the correct units by referring back to the equilibrium expression; The units of moldm™ cancel out,
s0 K. has no units. Therefore, K_ = 4.03,

Sample Problem 8.2

Propanone reacts with hydrogen cyanide as follows:

CH,COCH,, + "HCN, == CH,C(OH)(CN)CH

Propinans Hydrogen gyanide Product

Propanone Hydrogen cyanide Product
A mixture of 0.0500 moldm propanone and 0.0500 moldm™ hydrogen cyanide is left to reach equilibrium at
room temperature. At equilibrium the concentration of the product is 0.0233 moldm™. Calculate K, for this
reaction.
Solution:
Step 1: Write out the balanced chemical equation with all the data underneath:

3(2)
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CH,COCH,,,  + HCN ——  CH,C(OH)(CN)CH,,
Initial conc. 0.0500 moldm™ 0.0500 moldm™ 0 moldm
Equilibrium. conc. ? ? 0.0233 moldm™

Step 2: Calculate the equilibrium concentrations of the reactants. The chemical equation shows that for every
mole of product formed, 1 mole of CH,COCH; and 1 mole of HCN are consumed. So the equilibrium

concentrations are as follows:

CH,COCH,; 0.0500 —0.0233 = 0.0267 moldm™

HCN; 0.0500—0.0233 =0.0267 moldm ™
Step 3: Write the equilibrium constant for this reaction in terms of concentrations:

_ [CH,C{OHNCN)CH, ) (0.0233 mol dm )
¢~ [CH,COCH,][HCN] ~ (0.05 mol dm>)(0.05 mol dm )
Step 4: Substitute the equilibrium concentrations into the expression
K, =32.7 mol dm

ii. 4NH,(l) + so,m "_:4"0(:) +6H,O(.)
_[H,0F[NOY"

© INH,J'[0,F

| Ul POl ==PCl ) +Clyy

[ e e T i R e T S~ T B e 1
' ¥ QUICK CHECK 8.4
I a)  Write Kc for the following reactions:

]

! i, Sl +2Fe ==Sn +2Fel

| png, & o-LProductl _ [sn")iFe"*y

i ns. Re=[Reactants] ~ [Sn*z][Fe*S]Z

]

|

1

|

1

1
PCL](CL,)
| Ans. K, - [PCL,iict,]
' [PCL)
| b) Calculate the value of K. for the following reaction using the information below:

Initial conc. of Hyq) = 10.00moldm™>.
Initial conc. of €O, = 10.00moldm™.
Equilibrium conc. of CO,, =9.47 moldm™.

[H,0][CO]
Ans. K, =———=
© [H,)CO,]
(As this value is not given in this question/textbook.) Supposed value of H20yy = 1 mol dm™
imoldm™ x9.47 i 9.47
- moldm .:9 moldm . ~0.0947
I 10.00moldm ™ x10.00 moldm 100 |

2 Units of Equilibrium Constants
Casel:ny=np
e« When the number of moles of reactants and products in balanced chemical equations are equal, then
units are canceled out, and equilibrium constant does not have any unit.
« Example: The ester formation reaction happens in solution state, and number of moles of reactants
and products are equal. The K. will have no units.
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Rt Mt it bbb - LIS F LE T LT P IR LP 1] |
CH,COOH ) +CoH, O, === CH,COOC,Hy,, +H,0,,,
[CHiCO0C,H, ][H,0] moldm™ x moldm )
R = = - —-=hounits
LCH3COOHl=c)HCZHSOH(N)J moldm ¥ xmoldm

Casell:n,#n,

*  When the number of moles are unequal, then value of equilibrium constant depend upon the units of

reactants and products used. In the synthesis of NHz by Haber's process, the units of reactants and
products are not cancelled.

NZ(s) + 3H2(5) —-‘,__2NH3“)

[NH313)12 e [molsdm*ill 3 1
IN:(;)IHzm]a [moldm*Jmoldm|* [mol dm T

= mol *dm®

RELATIONSHIPS BETWEEN VARIOUS EQUILIBRIUM CONSTANTS

There are four different types of quantities which may be used to

=
calculate the equilibrium constants of reversible reaction. Let the general Rack Your Mind!
z 0 T ———
reaction be, 5. What happens to the value of K, if
aA +bB—=cC+dD ang be
(1) K. When the concentrations of reactants and products are in mole :) ¥ O 81K, =K.
) Ko > Ke D) Ky <K,
dm™, then equilibrium constant is written as:
[CI°[D)”
K=o (1)
(AT [B]

Square brackets [ ] are used for mole dm™ .,

(2) Kp: When the concentrations are expressed in terms of partial pressures (p) for gaseous reactants and
products, then

¢ o0
Pc P
K==%s p—12
pA 'pa
(3) Ku: When the concentrations are expressed in terms of number of moles, then
n: ¢ o
e )
N Ng
(4) K« When the concentrations are expressed in terms of mole fractions, (X) then
Xl‘. 5 xd
K, =—t—2 (4)
X3 Xg

The relationships between these equilibrium constants are as follows:
K,=KRT)* _____ (5)

K =K, (P)*" (6)

K=K NP0 )
Where:
R =General gas constant
T=Absolute temperature of the system
P = Pressure of the system
N = Total number of moles of reactants and products

An = Difference of number of moles of products and reactants in the balanced chemical equation
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It depends upon the value of ' An ' that which of the equilibrium constants is bigger or smaller than the
other. Anyhow, if the number of moles of reactants and products in a balanced chemical equation are
equal, and all the constants have equal values.

That is, An=0

then K, =K. =K, =K,

Hence, whichever concentration units are used, the equilibrium constants are same.

Sample Problem 8.3

N,m and Hy) combine to form NHl(g). The value of K, at 500°C is 6.0x107. Calculate the numerical
value of K, for this reaction.
Solution:

Nygg) My ==2NH,

2g) T o) =
K, =6.0x10"
T=500"C+273=773K
R=0.0821dm* atm K™* mol™
K, =?

The formula for conversion of K_ to K, is,

K, =K (RT)*"
An=Number of moles of product — Number of moles of reactants
An=2-4=-2

Substituting these values in the expression

2

K, =6.0x10" (0.0821dm3 atm K1 mai ™" {773 k)

K, =6.0x 107 (63.5dm3 atm mol“)_z

_6.0x107 006

" (63.5) 403225
,=1.4x10"°

So, the value of K, is less than K, .

Sample Problem 8.4
In the reaction

ZSOQ(‘} +02(‘) ,:ZSO.;(“

the equilibrium partial pressures at constant temperature are SO, = 1.0x10° Pa, 0, =7.0x10° Pa,
SO, =B8.0x10° Pa. Calculate the value of K» for this reaction.
Solution
Step 1: Write the equilibrium expression for the reaction in terms of partial prassures,
p* S0
K, =
P so; * Po-_.
Step 2: Substitute the equilibrium concentrations into the expression
(8.0x10°) e

= —~ =9.1x10"" Pa”"
(1.0x10°) x 7.0 x10°
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! M QUICK CHECK 8.5
| a) Compare the magnitudes of K. and K,, for the following reversible reactions.
i) Ammonia synthesis ii) Dissociation of PCLs

1
| Ans. Compare magnitudes of K. and K,
Use the formula:
Where:
An = moles of gaseous products — moles of gaseous reactants
R= 0.0821dm* .atm.mol™ . k™
i) Ammonia Synthesis
Ny(g) +3Hy =—=2NHy
An=2-(1+3)==2 SR <1 =K <K
ii) Dissociation of PCL;
PCY gy ==—PCl g +Clog
An=2-1=+1 = RT)*" >1 = K, >K,
(b) Nitrogen reacts with hydrogen to form ammonia.
Nas) + () == 2NHyy)
The pressure exerted by this mixture of hydrogen, nitrogen and ammonia at constant temperature is
2.0x10’ Pa. Under these conditions, the partial pressure of nitrogen is 1.5x10’ Pa and the partial
pressure of hydrogen is 0.4 x10’ Pa. Calculate the value of K for this reaction.

]

I

1

|

]

|

]

|

]

|

)

|

]

|

]

|

]

I

]

|

1

|

1

|

; Ny +3H, ) ==2NHy
i Given Data:

| e Total pressure = 2.0 x 107 Pa (not needed directly)
' e Partial pressure of N, = 1.5 x 107 Pa

I e Partial pressure of H; = 0.4 x 107 Pa

i Let the partial pressure of NH3 be x

: Use the balanced equation:

! N,ig) +3Hyq == 2NHy

So,

| 2

: el

| K= =% N

i (Py, )Py,

| But the total pressure is the sum of partial pressure:

' Poi=Pp 4P =2.0x10" =1.5%10" +04%10’ +X  =>X=0.1x10" =1.0x10° Pa
I 10tal Ny NHy

g Now plug into the Kp formula:

| \ (1.0x10°)

; P (1.5x107){0.4x107)’

p First, simplify:

| Numerator: (1.0x10%)? =1.0x 10"

. Denominator:

f (1.5%107)(0.4x107)* =(1.5x107)(6.4 x 10"} =9.6 x 10"’

|
]

I
I
I
1
|
1
|
1
|
1
|
1
|
1
I
1
I
[}
|
1
I
I
|
1
|
1
I
]

Ans. Calculate K, for ammonia formation |
1
|
1
I
1
I
1
|
1
|
1
|
1
|
1
|
1
I
1
I
1
I
1
|
1
I
1
I
1
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POSITION OF EQUILIBRIUM AND REACTION CONDITIONS

The position of equilibrium refers to the relative amounts of products and reactants present in an equilibrium mixture.
18 if a system in equilibrium is disturbed.
. If the concentration of products is increased relative to the reactants, we say that the position of
equilibrium has shifted to the left.
. If the concentration of products is decreased relative to the reactants, we say that the position of
equilibrium has shifted to the right.

LE-CHATELIER'S PRINCIPLE

Le-Chatelier's principle can be stated as follows: Y Henry-Louis Le Chatelier
"If a system in equilibrium is disturbed, it behaves in such a way as to nullify My
the effect of that disturbance”.

Le-Chatelier's principle describeés what happens to a system when something
momentarily takes it away from equilibrium

o Applications of Le-Chatelier's Principle
Some of the most common applications of this principle with reference to
certain physical and chemical equilibria are discussed below:

i) Effect of chenge in concentration {1850-1836)

A A French chemist of the late 18th and
ii) Effect of change in pressure carly 20th centiries. He pri b
iii) Effect of change in temperature, Le-Chatlier Princiole, 3 significant
iv) Effect of catalyst on equilibrium. aghievement in chamstry

THE EFFECT OF CHANGE OF CONCENTRATIONS

If the system is at the equilibrium position and a certain amount of

one of the reactants or products is added or removed, the equilibrium @ Rack Your Mind!
position is disturbed. . O
There are four possibilities for the change, in-concentrations of | 6 Inthe "Z:"“’"’ 5
BICLy + H;0 = BiOCL+ 2HCL
ts,
reactants and pmduc s what will happen if more BiCl, is added
(i) Hydro‘ysis of Bla& at equilibrium?
Consider the following reversible reaction in which BiCL3 reacts A) The reaction will step
with water to give a whité insoluble compound, BiOCL. 8) The equilibrium will shift to the left
: POy €) The equilibrium will shift to the right
BiC(, +H10;::‘BIOC~‘ +2HC/ D) Ke will increase
The expression for this reaction can be written as
ey, [BiOC/](HC L)’

<~ [Bice, ][H.0]
When water is added in BiCls solution, it becomes cloud iue to the formation of white precipitate of

BIOCL. At equilibrium, a certain amount of BIOCL and HCL has been produced and certain number of moles
of BiCLs are left behind.

% Adding of the Reaction:
If a few moles of BiCl; are added at equilibrium, the reaction is pushed to the forward direction.
The addition of BiCLs or H,0 disturbs the equilibrium position. To re-establish the equilibrium, more BiOCL
and HCL are produced. In other words, the reaction is pushed to the forward direction. K, remains
constant, but equilibrium position has changed.
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_________—————————--————______:-E;;:;)_L;e;u_ca_liqulllbrium

The addition of BiOCL or HCL, or both disturbs the equilibrium position. To re-establish the equilibrium,
more BiCLs is produced and the reaction moves in the reverse direction. The K. remains the constant, but
position of equilibrium changes.

If a certain amount of BiCl; is removed at equilibrium stage
to compensate that change. A new equilibrium position is established, K. being constant.

If a certain amount of BiOCt or HCL or both is removed at equilibrium stage, the reaction will move in the
forward direction to compensate that change. A new equilibrium position is established; however, K.
remains constant,

THE EFFECT OF CHANGE IN PRESSURE OR VOLUME

5
1
)
7]
o
o
o
=2
g
3
<
m
5
—~
=
(9]
3
(1]
@
1)
Q.
8
[o]
|
-—io—-

The effect of change of volume br pressure is not applicable when

()  The system does not involye £3seous components. @ Rack Your Mind!
(b) The number of moles of reactants and products are equal in 7. How dm;ﬁswe
gaseous phase homogeneous equilibrium. affect the equilibrium of ammonia
M eactans = Moroducts Synthesisy
This effect can only be discussed if the gaseous moles of reactants and Pproducts are unequal.
nrcactanls * nﬂ’ﬂﬂum

In order to explain this effect, let us consider the synthesis of ammonia by Haber's process,
Nl(x) = 3H24=) —2NH

a) Increase in Pressure or Decrease in Volume
For the forward reaction, the number of moles and hence volume decreases. At equilibrium stage the
volume occupied by the mixture is less than the volume at the initial stage under the given conditions. So,
if pressure is increased at equilibrium, more ammonia is produced. It means, that reaction is shifted to the
forward direction.

b) Decreasein Pressure or Increase in Volume
If the pressure is decreased or volume is increased, the reaction will move to that side, where the reaction
occupies_griat_e_r_\{olu_rge_. /_&Lnr_ncivig synthesis is shifted to _thg reverse direction.

| = = — = - —  — - — SO, i e |y e | s . i s

3(e)

1
. QUICK CHECK 8.6 i
1

I i
,l The change of volume or pressure for the ;t;llowing reactions only changes the equilibrium position but not
| the equilibrium constant, How the direction of reaction changes for each of the following reactions.

I' (a) ZHZ(‘)+02(!)‘_‘—_‘2H,O(‘) (Increasing p)

'l (b) ZCO(')+OI(.)—,_—¥ZCGI(.) (Increasing V)

, (€) N,OG(.) :zuozm (Increasing P)
! (d) 2502&) + Oz(g) T_:‘ZSO;(‘) (increasing v)
| Ans.

1 N
| (a) ZHZ(K) +O?(3} ¥ ZHZOI‘A)

! ® 'nereasing pressure (P): The equilibrium will shift to the right (toward the side with fewer moles of
| +45) to reduce the pressure.
! ' Leftside: 3 moles of 8as (2H; + 10,)
! * Rightside: 2 moles of gas (2H,0)
* Thus, the reaction favors the formation of H20, when pressure is increased.

(b) 2€0,) + Oy p— 2C0,

* Increasing volume (decreasing pressure) shifts the equilibrium toward the side with more moles of
83s to counteract the change.

e R e e e e B M e e i e e e |

— e e 7 (4 14 4


http://www.downloadclassnotes.com/
mailto:downloadclassnotes.com@gmail.com
http://www.downloadclassnotes.com/

CHEMISTRY NOTES FOR CLASS - 11 (FOR PUNJAB)

P R e Y S

Here, the left side has 3 molus of g;sTZEO—-o» ;0—2-), while the right side nas 2 moles (2—cc-)zj,— =
* Thus, the equilibrium shifts left (toward reactants) when volume increases.

: .'
! (c) Nzom’ ‘-TiZNOm;j ,l
-' In this reaction, there is 1 mole of gaseous reactant (N202) and 2 moles of gaseous product (NO,). I
I Increasing the Pressure will shift the equilibrium to the side with fewe.r moles of 835 to reduce the pressure. '
i Thereforre, "Ncreasing pressure will shift the equilibrium to the left, fasoring the formation of N;O., !
[ (@) 250y + Oy 2505 i
1 ® This gas phase reaction proceeds with the decrease in nuumber of moles and hence decreases in
| volume at equilibrium stage. I
i ® Asthe reaction approaches the equilibrium stage, the volume of the equilibrium mixtyre is less than *
y the volume of reactants taken initially. I
I * When we decrease the volume further at equilibriues stage, the reaction is disturbed, It will move to

1 the forward direction to minimize the effect of dist urbance. It establishes a New equilibrium position ,
| while K, remains constant, |
: * The revarse happens when the volume is increasecl or pressure is decreased at equilibrium stage, ¢
! ® Itis noted that the Pressure is increased in 3 reaction having unequal number of moles of reactants '
|

and products then the reaction will move

— - — W ' e w Sum— —

reaction with a change in temperature, Temperature is the only @ Rack Your Mind!

factor that also affects t.he value. of equilibrium constant (K) 8. Tn the equilbriom;

#  For an Exotharmic Reaction: 250s) + Ong) =250y AH" = -108 K
For an exothermic reaction, an increase in temperature (adding What happens if the temperature is
heat) favours the feverse reaction. A decrease ir temperature increased?

(removing heat) favours the forward reactign. A,’ Concentration of S0, increases
5 ? o . B) Concentration of SO, decreases
The equation for the conversion of S0, to S0, is given balow C) Equiibrium shifes to tne o
2502(:) + ozm ‘_-:azsoa(a’ AH® = 108 I D) Value of Kc increases

3a)

increase, Therefore, the value of the equilibrium constant will decrease, The equilibrium will shift towards
left. The decrease in temperature will favour the forward reaction and the formation of the product, The
production of S0, is favoured at 3 lower temperature, On the other hand, an increase in temperature will
shift the reaction from left to right.

2502‘8’ +02fx) ‘-_—‘—‘ZSOJ(K'

Due to this change, the concentration of SO, will increase aad concentrations of S0, and 0, will
decrease, Therefore, the value of the equilibrium constant will 1, e, .. ;

The equilibrium will shift towards right. The increase in tempe: .ture will favour the reverse reaction and
the formation of the reactants. The production of SO, is not favoured at 2 higher temperatyre. K. for this

feaction is 2.8x 10 at 1000 K i Whereas, at 298 K the value of K. is 1x10%,

>  Foran Endothermic Reaction:
For.an endothermic reaction, an increase in temperature (adding heat) favours the forward reaction, A
decrease in temperature ( removing heat) favours the reverse reaction.
The equation for the conversion of N,0, to NO, is given below:

N:Ouy ==22N0,,,  aH ={572

According to the Le-Chatelier's Principle, an increase in temperature will shift the reaction from left to rioht
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As a result of this change, the concentration of N0, will decrease and concentration df NU; wiltiiuiease:
Therefore, the value of the equilibrium constant (Ke) will increase. The equitibrium will shift towards right.
The increase in temperatur= will favour the forward reaction and the formation of the product.

On the other hand, a decrease in temperature will shift the reaction from right to left. The decrease in
temperature will favour the raverse reaction and the formation of the reactant.

N,O, ) = 2NOye)
K_ for this reaction is 7.7 10°° 21 273K , whereas 0.4 at 373 K.
C

EFFECT OF CATALYST ON EQUILIBRIUM

A catalyst is that substance which increases the rate of a chemical reaction without itself being consumed In

the reaction.

. The catalyst does not change the equilibrium position and the @ Rack Your Mind!
equilibrium constant of a chemical reaction. o 5. How does a catalyst affect the rate

. A catalyst speeds up the rate at which equilibrium is attained. It of a reaction‘and its equilibrium?

means that the yield of the chemical reaction remains the same.
. A catalyst provides new path of lower activation energy for a reaction.
. If we plot a graph between reaction coordinate on x -axis and potential energy of the chemical reaction on

y-axis, then the maxima of the curve become lower in the presence of a catalyst as shown in Figure 8.3.

&
w
A)
e, (uncalalyzed re achon)

B s e S i . T s, B O

S

0 —— Reaction coordinate X
Figure: Effect of a catalyst on Reversible Reactions

INDUSTRIAL APPLICATIONS OF CHEMICAL EQUILIBRIUM

2 Synthesis of Ammonia by Haber's Process

It .¢ one of the basic needs of industry to have maximum yield of the G !
product. We can apply the concept of equilibrium in order to have Q Rack Your Mind!
the maximum yield from the industrial synthesis of ammonia. 10. How can the yield of ammonia be

: : < : increased in the Haber process
Ammonia synthesis from' nitrogen and hydrogen is 2 reversible sing L& Chatelier’s Principle?
process.

=% -1
Nz(‘) # 3H2(“),————‘2NH3(‘) AH=—-46.11 k) mol

The maximum yield of ammonia can be achieved by the followin= ways:

_—— 14 (4 (4 7
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1. Decrease the concentration of ammonia by removing it from the reaction vessu from time to time.
Equilibrium will shift to the forward direction in accordance with Le-Chatelier's principie

2. Since, four moles of reactants combine to give two moles of products, reaction happens with the decreasing
volume. High pressure will shift the equilibrium pasition to the right to give more and more ammonia’

3. This is an exothermic reaction. By decreasing temperature, it will shift to the forward direction
according to Le-Chatelier's principle.

When we lock at the Table given below and the Figure, then it becomes clear that the effect of pressure

and temperature on the yield of ammonia is very prominent. The most complete conversion is 98.3% at

473 K(200°C) and 1000 atmospheric pressure.

Table: Effect of Temperature on K. for Ammonia 100
Synthesis. ‘Z 1 .
T(K) Ke 10 - ke
200 | 7.15x10% z 0 conditions
300 | 2.69x10° E?;
400 | 3.94x10°* > 0]
500 | 1.72x10 il
e 453’(100 O?JDO 250 300 350 400 450 500 550 600 §50 700
700 | 2 96x107" - - (C) X
800 | 396x102 Fig: Percent yield of ammonia vs. Temperature bq at five

different operating pressures. At very high pressire and
low temperature (top left), the yield is high, but thiate
of formation is low. Industrial conditions (circle) e
betwaen 200 and 300 atm at about 400°C.

At 200°C, the yield is being favoured but the rate of reaction hecames very slow and the process becomig

uneconomical. So, the temperature is raised to a moderate level i.e. 400°C and a catalyst is used to
increase the rate. If we want to achieve the same rate without a catalyst then we require much higher
temperature, which lowers the yield,

Optimum Conditions to get Best Yield of Ammonia

The most suitable conditions to get maximurm yield of ammonia are:

a) Pressure between 200-300 atmospheres

b) Temperature around 673 K(400°C)

c) Pieces of iron crystals present in a fused mixture of Mg0,Af,0, and Si0,, as catalyst

2 Preparation of Sulphur Trioxide

To manufacture H,S0,, sulphur trioxide gas'is produced from S0, and 0,, in a reversible process.
250,,) + 0y =250, 8H=-57.9 ki mol™

According to Le-Chatelier's principle, a high pressure and low temperature are the essential conditions to
have better yield of SO,. At low temperature, the equilibrium constant for the formation of S0, is large,
but equilibrium is achieved very slowly. As the temperature is raised, the rate increases but the yield of
SO, drops off.
The following Table helps us to understand the parameters, when pressure is maintained at 1 atmosphere.

Table: Effect of temperature on equilibrium position of SO, formation
1. Temperature (°C) | 200 | 300 | 400 | 500 | 600 | 700
2. Ke 55001 690 | 160 | 55 |25 | 13
3. Mole % of SO; 98 91 |75 |61 |46 |31
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»  Optimum Condit! ne
In order ta have a best yield of SO;, withina reasonable time, a mixture of SO, and Oy (air) at one
atmospheric pressure is passed over a solid catalyst, such as V;0¢, But due to the exothermic reaction, the

termperature of the gas increases to 60°C. The equilibrium mixture is recycled at low temperature of

i) Fiow does the proportion of products in the above system change as the temperature increases?
Ans, In ammonia synthesis, increasing the temperature shifts the equilibrium towards the reactants, decreasing
the proportion of products. This is because the reaction is exothermic, meaning it releases heat. According to

! ¥} QUICK CHECK 8.7 |
| Look at the information given in the tabl;;;alow: |
| Ne(&)+3H, (g) = 2NH, (g) N,0,(g)==2N0,(g)  250,(e)+0;(e)=250,(g)
: AH® =-92 ki mol™ AH® =+57 ki mol™ AH® =-197 ki mol™ 1
! L (Pyo, )’ L Pe,Y l.
: AN C P lrg |
I T/K K, /atm” T/K K, /atm™ /K K, /atm™ I
i 400 1.0x10° 200 1.9x10°° 600 3.2x10* i
: 500 1.6x107 300 1.7x107? 700 2.0x10 '
! 600 3.1x107° 400 5.1x10 800 3.2x10 !
! 700 6.3x10°° 500 1.5x10° 900 6.3 !
| 800 7.9x10°° 600 1.4 x 10 1000 2.0 I
€

! i
! 1
I |
"

Le Chatelier’s principle, when the temperature of an exothermic reaction is increased, the equilibrium shifts |
to favor the endothermic direction, which in this case, is the reverse reaction that consumes heat and |
produces reactants. Therefore, a higher temperature results in a lower yield of ammonia. !
In decomposition reactian of NOa to NOz i.e.: |

|

1

|

] 1
| NiQae = 2ZNOyjs |
' This reaction is endothermic in the forward direction (i.e., it absorbs heat). AH >0

| According to Le Chatelier’s Principle; increasing the temperature will favor the endothermic direction
: (the forward reaction). Therefore:

! As temperature increases, the equilibrium shifts to the right. More NO; (product) is formed and less N2O4
I reactant remains.

i Contact process is used for the manufacturing of H>50s on industrial scale in which the conversion of SO
| to SO; is achieved in a reversible reaction.
]

|

]

|

1

|

1

|

1

|

]

|

]

250s + Ozp = 2503 AH = =194 k) mol™*

At low temperature, the equilibrium constant for formation of SOs is large but equilibrium is

reached very slowly.

e As the temperature is raised the rate increases but the yield of SO; drops off according to Le-
Chatelier’s principle.

s High pressure tends to increase yield of SOi. However, instead of using high pressure, the
concentration of O; (air) is increased to increase the yield of SOs.

Effect of Temperature on the Yield of SO3
The table helps to understand the effect of different conditions on the yield of SOs. During the process

" pressure is kept at one gtﬂOprete._ ________________ H

a
|
i
i
|
|
|
|
i
|
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| Temperature (°C) Ke Mole% of SO,
200 5500 98
300 690 91
400 160 75
500 55 61
600 25 46
700 13 31

i) Calculate the values of K. for the reactions at 600 K?
Ans. To calculate the value of K. at 600 K. the equilibrium concentrations of the reactants and products must
be known. Since these concentrations are not provided, the exact value of Kc cannot be determined.
* Inan endothermic reactions, rise in temperature (600 K) at equilibrium favours the reaction to shift
to the forwards direction.
N.0, (g)=22NO, (g) AH’ =+57 kI mol™
® For an exothermic reaction, an increase in temperature shifts the equilibrium to the left, favoring the
reactants. As a result, the proportion of products decreases e.g.
N, (g)+3H, (g) =2NH, (g) AH® =—-92 ki mol

h-—-—-———_——_————-—-—'

Explanation
At equilibrium, the concentration of reactants and products remains constant. This constancy
is a key macroscopic property of equilibrium systems.
The state of equilibrium where forward and reverse reactions occur at the same rate,

- W keeping the concentrations of all substances constant is called dynamic equilibrium.
H:0p = H,0y
3. A This represents the dynamic equilibrium between ice (solid) and water (liquid) at the melting
point.
K- expression for the reaction is given below:
a 5.Q K. = AN
NP
5 B When An = 0, the number of moles of gaseous products equals the number of moles of

gaseous reactants, 0 K, = K.(RT)? = Kc.

+ | Adding more BiCly increases the concentration of reactants, causing the equilibrium to shift
to the right te consume some of the added BICl: and form mare products.

In the reaction: Nag + 3Ha = 2NHay

T s.Q Increasing pressure shifts the equilibrium to the forward direction (towards ammonia)
because it reduces the number of gaseous moles from 4 moles to 2 moles.

The reaction is exothermic, so increasing temperature favours the reverse reaction, shifting
8. C the equilibrium to the left.

250; + 0, — 250,

A catalyst increases the rate of a chemical reaction by providing an alternative pathway with
9. $.Q | lower activation energy. It does not affect the position of equilibrium or the value of the
equilibrium constant, but helps the system reach equilibrium faster.

The vield of ammonia can be increased by:

1. Removing ammonia regularly to shift equilibrium forward.

2. Applying high pressure because fewer gas molecules are formed.

3. Lowering temperature since the reaction is exothermic favoring ammonia formation.

10. s.Q

Visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more.
(Page 279 of 528)


http://www.downloadclassnotes.com/
mailto:downloadclassnotes.com@gmail.com
http://www.downloadclassnotes.com/

Website: www.downloadclassnotes.com , E-mail: downloadclassnotes.com@gmail.com

CHEMISTRY NOTES FOR CLASS - 11 (FOR PUNJAB)

- MULTIPLE CHOICE QUESTIONS (MCQs) -

Q.1 Four choices are given for each question. Select the correct choice.
L For which system, does the equilibrium constant, K. has units of (concentration)™?

a) N, +3H, ==2NH,  b) H, +|, —2HI c) 2NO, =—N,0, d) 2HF=—=H, +F,
. Which statement about the following equilibrium is correct?

250, + 0, =250,  AH=-197.9 kmol ™

a) The value of K, falls with a rise in temperature.

b) The value of K, falls with increasing pressure.

c) Adding V,0, catalyst increase the equilibrium yield of sulphur trioxide.

d) The value of K is equal to K.

. ZSO,(I) zzso,(‘) + 0,(!)
The conventional equilibrium constant expression (K.) for the system as described by the above equation is:
a) [0,]" /[S0;] b) [S0,F10,1/(S0,* ¢) [SO5F /(SO51°[0;] d) [$0,1[0,]

IV. A saturated solution represents a dynamic equilibrium. Macroscopically, the concentration of dissolved
solute is constant. Microscopically, this occurs because:
a) No more solute particles are dissolving.
b) The rate of dissolution of solute is zero.
c) Solute particles are dissolving and precipitating at the same rate. '
d) All solute particles have dissoived.
V.  Which of the following statements correctly describes the effect of temperature on the equilibrium constant?
a) K. is directly proportional to temperature. '
* .b) K, is inversely proportional to temperature.
¢) K. depends on the enthialpy change of the reaction.
d) Temperature has no effect on the value of Ke.
VI. Consider the gas-phase equilibrium system represented by the équation:
29:0) ¥y * Oy
Given that the forward reaction is endothermic, which of the following changes will decrease the
equilibrium amount of H,0?
a) Adding more oxygen
b) Adding a solid phase catalyst
c) Decreasing the volume of the container (the total pressure increases)
d) Increasing the temperature at constant pressure
VIl. K. =0.040 at 450°C for the given reaction, evaluate K; for the reaction:

PCCs(l) ,__——‘Pct,w'+ Ct,m

-

a) 0.40 b) 0.64 c) 2.4 © Td)0os2’

VIIl. In which of the following gaseous equilibria, pressure has no effect on the equilibrium position?
8) 2NO,,) ==N,0,y) b) PClygy =="PClyg) + Clagey
€)-COyy) +H,0g) =="CO0g) +Hygg) d) 250, + 0y ==2504¢)
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IX. Consider the equilibrium ZHI(')+02(')‘:‘2H,0‘). If the concentration of Hzo(') Is increased, the

concentrations of Hyg) and Oy Will:
a) Increase b) Decrease ¢) Remain the same d) Change irregularly

X.  For a specific reaction, the value of the equilibrium constant, K.:
a) Always remains the same at different reaction conditions.
b) Increases if the concentration of one of the products is increased.
c) Changes with changes in the terﬁperature.
d) Increases if the concentration of one of the reactants is increased.

Answer Key with Explanatic

JALS

Sr.No. ' Option ' Answer | Explanation

The units of Kc depend on the change in moles of gas
(An) in the reaction:
L : 2NO, ==N,0, Ke = [[WNZ% = Units = Mﬂz =M * = (concentration)
Foroptionc, An=1-2=—1, leading to Kc units of M.
The reaction is exothermic (AH = =197.9 kJ/mol),
Le-Chatelier’s Principle: Increasing temperature shifts
equilibrium left (toward reactants), reducing K.
i, % The value of K, falls with a rise in Why other options are wrong:
temperature. b) K;isindependent of pressure {only compoasition changes).
¢) Catalyst speeds up equilibrium but does not affect
yield.
d) Ky # K bsgause An=2-3=-1
. B Ke is' products over reactants, raised to their
- b (50, 1[0, /15051 stoichiometric coefficients.
Solute particles are dissolving | Macroscopic constancy results from equal dissolution
V. < and precipitating at the same and precipitation rates at equilibrium.
i rate, - ) .
et TS ¢ Kedepends on the enthalpy Ke changes with temperature only if
=i LAY _change of the reaction. AH # Diexo/endothermic)
= % VI o S d.“ "}+ “ircreasing the temperature at . Endothermic forward reaction favours products (more
constant pressure Hz+ ;) when heated. -
viI. i 24 Ko = K(RT)*”, An=1
; Ko = 0.040 x (0.0821 x 723)1 = 2.4(T = 450°C = 723K)
S 2 - An =.0 (2 gas moles = 2 gas moles), so pressure
i'1 e COr* Ha0) L0 + Hafe) changes d(o ngol shift equilibrium.
| Addin roduct (H;0) shifts equilibrium left (Le-
b » ingrease Chateﬁer{)s Principle), increasing [H,] and [0,].
X 2 changes with changes in the Ke Is constant for a given temperature but varies with
X temperature. temperature (depends on AH).
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- snort answer auestions | D

Q.2 Attempt the following short-answer questions:

a.  What is meant by the state of chemical equilibrium?

Ans. Chemical equilibrium is the state in 8 reversible reaction when the rate of the forward reaction equals the
rate of the reverse reaction, and the concentrations of reactants and products remain constant.

b. Define reversible reaction. Give an example.

Ans. A reversible reaction is a chemical reaction that proceeds in both forward and reverse directions under the
same conditions. g .
Example:

Nagy + 3Hog = 2NHsg)

c.  The change of volume disturbs the equilibrium position for some of the gas phase reactions but not the
equilibrium constant.

Ans. Volume changes affect the pressure, thus shifting the equilibrium position (Le-Chatelier's principle), but
the equilibrium constant K. or K, remains unchanged as long as temperature is constant.

d.  Mention the characteristics of chemical equilibrium.
Ans. Characteristics of Chemical Equilibrium:
(i) Rate of forward reaction equals rate of reverse reaction.
(ii) Concentrations of reactants and products remain constant.
(iii) Dynamic in nature.
{iv) Can be established from either side.
(v) Only affected by temperature, not by pressure or concentration (for Kc).

e.  Reversible reaction attains the position of equilibrium which is dynamic in nature and not static. Explain it.
Ans. At equilibrium, the forward and reverse reactions continue to occur, but at the same rate. This means
particles are still reacting, but no net change occurs. Hence, it is dynamic, not static.

f. Why do the rates of forward reactions slow down when a reversible reaction approaches the
equilibrium stage?

Ans. As the concentration of reactants decreases and products increase, the forward reaction slows due to
fewer collisions of reactant particles, while the reverse reaction rate increases.

g  Why ice at 0°C can be meited by applying pressure without supply of he:t from outside?

B Wnylcea e e
Ans. Applying pressure favors the liquid phase (as it is denser than ice), shifting equilibrium towards melting
even without external heat (Le-Chatelier’s principle). 3

h.  Write two conditions of equilibrium constant.
Ans.
(i) Temperature must remain constant.
(i) The reaction mustbeina closed system and reach equilibrium.

i The reversible reaction:
2501(') +Oz(‘) =250,
has come to equilibrium in a vessel of specific volume at a given temperature. Before the reaction
began, the concentrations of the reactants were 0.060 mol/dm’ of SO, and 0.050 mol/ dm’® of O..

After equilibrium is reached, the concentration of SOz is 0.040 mol/dm’. What is the equilibrium
concentration of O;?
Ans.

250;(,) + Oz() < 2505)
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Given Data:
* Initial [SO,] =0.060 mol/ dm®
* Initial [0,]=0.050 mol/dm?

*  Atequilibrium: [SO,]=0.040 mol/dm?
From Stoichiometry:

250, +0, ==250,
=  If0.040 mol of 503 formed, then 0.020 mol of 0> used Equilibrium [0;]1=0.050-0.020=0.030 mol/dm?

- DESCRIPTIVE QUESTIONS -

‘“Is' see s age NO. (2 67)

(b) Write the expresssion for K. for the following reactions:

i 2+ 3 + :
) SN™lsq) + 2F€ Yaq) ==2 Sn*,) + 2Fe?,,,) i) Agtsq) + Fe¥iuq == Fe™ua+ Agly
i) Nagg) + Oppp =22 i —
2(g) + Oz, 2NOy, iv) 4NHaig) + 50,y == 4NOj+ 6H:0(,
V) pClsm = PCl;m + Clzw
Ans.
+2 “3
(i) Sn(.n) + 2Fe (aq) Sn‘:) + ZFe‘:i,

_ [Prociuct]  [sn*][Fe"]
“” [Rearztants] = [Sn™][Fe” ]

(1) Aguq + Feuy === Fe] + Ag®
¢ <IFe iag?)
©lAg'llFe?)
(iii) Nz + Oy 2NOy,
a [NOT
© Iv]I0,)

(iv) ANHs) + 50y,
g - [HOrNoT
© INHTO,P

4NOg;) + 6H,0 5

(v) PClsyy) === PCly,) + Clayy
o _lPetiice]

i [PCL,]
Q.4 Write down the K. for the following reactions. Suppose that the reaction mixture in all the case is 'V’ dm™.
i) CH;COOH + CH3CH,0H —— CH3COOC;:Hs + H,0

i) 2Hl — H + I3 iii) N2 + 3H; —— 2NH,
Ans,
(i) CH3COOH + C;HsOH
molesatt=0 "“a” mol “b” mol “0” mol “0” mol
moles at t = equilibrium(a — x)+ (b-x) (x) + (x)

concinmol/v(dm’)so [3-X)+[b—x]
& = )

CH;COQC:H: + H;0

; S5

e

S — e —
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G il
Kis [CH,COOC,Hsl[H,Ol K= v v i _’i_x v
(CH,COOH]{C,H,OH] (a—x)(b_— g) v {@a—x)b—x)

XZ

50 K = %)

(i) 2Hl=—— Hath
t=0 amole=——= 0+0
t = equilibrium (a—2x) =——=X+X

i s s

X X
XX
- Products] _y _ (1) Kcz(v) ) 2

Ke=
[Reactant] HI 21—2)()2 = (a=2x)

v
(i“) N2+ 3H; =——= 2NHs
molesatt=0 a+b = 0
moles at t = equilibrium (a=x)+(b~3x)=— 2%

concentration in moles/"V’ dm? (3"_")( "_‘31) — 2x
v v v
[Product [NH, T

Ke=Reactant] =K H,FPIN,]

%Y
So K= -—-—(—Z-)-———- = Ke= -—ﬁvj—‘
a-x )/ b—3x 7 (a—)()(b—?nx)3
e

Q.5 Inthe equilibrium °

PClLsiy) — PClg + Claw AH =90 ki mol™
What is the effect on the following changes? Explain your answer.
i) If temperature is increased ii) volume of the container is decreased
iii) catalyst is added iv) chlorine is added

Ans, Equilibrium

PClLsiy =—— PClyg + Clyg AH=90 k) mol™
a. Position of equilibrium b. Equilibrium constant

If:

i. Temperature is Increased: Temperature change will affect both equilibrium position and equilibrium constant.
This is endothermic reaction, the increase of temperature shifts equilibrium positon in forward
direction to re-establish equilibrium. Hence, the value of K. increase.

ii. Volume is Decreased: The volume change affects equilibrium position only. When volume is
decreased, reaction moves in backward direction to establish equilibrium again.

Since equilibrium constant has a constant value at a particular temperature, it is not affected by
change in volume,

iii. Catalyst is Added: Catalyst has no effect on the equilibrium position and equilibrium constant. When
catalyst is added at equilibrium, it enhances both the rates equally. Hence, equilibrium is not affected.
iv. Chlorine is Added: The addition of a substance at equilibrium affects the equilibrium position only.
Equilibrium constant remains the same.
When CL; is added at equilibrium, the conc. of products increases and equilibrium position is shifted in
backward direction.

———————— e sl p S
(4 (4 7 S
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Q.6 Synthesis of ammonia by Haber’s process is an exothermic reaction.

Nzig) + 3Hate) === 2NHy(y AH=-92.46 kJ
What should be the possible effect of change of temperature at equilibrium stage?
Ans. Since reaction is endothermic in backward direction, rise of temperature will shift equilibrium to left. Low
temperature shifts the equilibrium to right and yield of NH3 will increase. -
Q.7 K. for the following reaction is 0.016 at 520°C

2Hlp) = Ha+ k)

The equilibrium mixture contains HI = 0.08 M; H; = 0.01 M and I; = 0.01 M. To this mixture, more HI is
added. So that its new concentration is 0.096 M. What will be the concentrations of HI, H; and |; when
equilibrium is re-established?

Ans. Given Data: Initial concentrationof HI = 0.08 M
Initial concentrationofH, = 001 M
Initial concentrationofi; = 0.01M
New concentrationof HI = 0.096 M
Required: . [HI), [H]and [] = ?
Solution: 2HI Hi+ 1
Initial concentration
008M 0.01M+0.01 M

At equilibrium, the new concentrations
(0.096 — 2x) === (0.01 + x) + (0.01 + x)
concentration of product  [Hs][l:]

Ke = Concentration of reactants —_ [HI)?
[0.01 + x][0.01 + x]
0.016 = [0.096 — 2x]°
(0.01 + x)?
0.016 = 75096 2x)

Taking square root on both sides

= (0.01 + %)’
N0.016 = \/ (0.096 - 2x)?

0126 = — kXY
0.096=2x
0.126(0.096 — 2x) = 0.01+x
0.012096 — 0.252x = 0.01+x
0.012096 - 001 = x+0.252x
0.002096 = 1.252x
0.002096
e 7

X 168 x 10°M or 0.00168 M
Concentrations at equilibrium can be calculated as follows
(i) [H1] (0.096 - 2x)
0.096 — 2 x 0.00168 = 0.096 - 0.00336
0.09264 M
0.01 +x=0.01 +0.00168
0.01168 M
0.01+x= 0.01 +0.00168
001168 M
0.0926 M
001168 M
0.01168

(i) [H]
(i) 12
[HI]

[H2]
[12]

T LN T | I | T 1 [ LA | I |}
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Q.8 The equilibrium constant for the reaction between acetic acid and ethyl alcohol is 4. A ‘mixture of 3
moles of acetic acid and 1 mole of ethyl alcohol is allowed to come to equilibrium. Calculate the amount
of ethyl acetate present at equilibrium.

Ans. Given Data: K —=.-4
Moles of aceticacid = 3
Moles of ethylalcohal = 1
Required:
Moles of ethyl acetate = ? , Amount of ethyl acetate = ?
Moles of acid = ? : Amount of acid in gram = ?
Moles of alcohol =? 4 Amount of alcohol in gram = ?
Solution:  CH3COQOH + C:HsOH CH3CO0C;Hs + H,0
att=0 3mol + 1mol 0O mol + 0mol

at t = equilibrium(3 — x) mol + (1 — x)mol {x) mol + (x) mol
Gl [Product] 3 [CH;COOC;3Hs][H20]
¢ = [Reactants] = [CHsCOOH][C:HsOH)

(x){x) x2
4 = Box)1-%"F-ax+3
X2 = 4(x*—4x+3)

X = 4x* —16x+12
4t —x?—-16x+12 = 0
3x2-16x+12 = 0
It is a quadratic equation. To evaluate the value of x, the formula used is:
-b rﬁb’ —4ac
23
Let us consider that [a = 3, b =16, ¢ = 12] for above reaction

x_ -(16) /(16 -4 x 3 x 12

X =

Thus, 2%3
_ 16 4256*144 _16% J11z 2 16+10.58
6 6 6
So, X = -12‘—%—@=4.43 moles or
> I -1—6-_%5-2=0.903 moles

From the above two values of x
x # 4 as initial concentration of CH;COOH is less i.e., 3 moles. So value of x = 0.903 moles.
(i) Concentration of (CH;COOH) at equilibrium 3
=3 —x=3-0.903 = 2097 moles
(ii) Concentration of (C;HsOH) at equilibrium
=1—x=1-0.903 = 0.097 moles
(iii) Concentration of ethyl acetate = x = 0,903 moles
(iv) Mass = Moles x Mol. mass
{a) Amount of CH;COOH =2.097 x60=125.82 g
(b) Amount of C;HsOH=0.1x46=46¢
{c) Amount of ethyl acetate = 0.9x 88=73.46 g
Moles of ethyl acetate = 0.9 moles
Mass of ethyl acetate =79.46g
Mass of acid left behind =126g
Mass of alcoholleft =4.6g
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Q.9 Study the equilibrium

H20pg + CO —— Hayg) + COzy)
i) Write the expression of K.

if) When 1.00 mole of steam and 1.00 mole of CO are allowed to reach equilibrium, 33.3% of equilibrium
mixture is hydrogen. Calculate the value of K. State the units of K-

Ans. Given Data: Moles of steam = 1.00
Mglesof CO  =1.00
% of H; at equilibrium =33.3%

Required: (i Value of K, =R
{ii) Unit of K =?
Solution: HiOg + COuy Hag) + COzp

Concentrationatt=0 (1.00)mole +(1.00) mole == 0 + 0
Concentrationatt=eq (1—x)mole + (1 —x) mole X + X
Total moles of reaction mixture =1 + 1 =2 mol.

Moles of H; at equilibrium = 33.3%

It means that s M
2 100

x 333

2 100
_2x33.3

=0.666 moles

So [H:0] =1-x
=1-0.666 = 0.333 moles

[CO] =1-x
=1-0.666 =0.333 moles
[H]  =[CO:) =x=0.666 moles

Kp = K(RT)"
as An =0 S0,
K, = K
K, 2 [Products] o [CO,][H,] 2 0.666 x 0.666 o
[Reactants] [CO][H,0] 0.333x0.333
Units of K, - [60,]IH,]1 mol dm7. mol dm™ =nounit

" [COJ[H,0] ‘moldm™. moldm™
Ke =4
Ko has no unit.
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- ADDITIONAL SLOs BASED MCQs -

1. Reactions that proceed in both forward and reverse directions without changing the concentration of
reactants and products under existing conditions are called:

A. Irreversible reactions B. Reversible reactions €. Complete reactions D. Spontaneous reactions
2. The observation of a color change in a reaction is an example of a:

A. Microscopic event  B. Macroscopic event C. Quantum event D. Nuclear event
3.  In the reaction H;O + CO = Hag) + COxg, the forward reaction rate is maximum:

A. At equilibrium B. At the beginning

C. When product concentration is high D. When the reverse reaction rate is maximum
4. Which of the following is an example of dynamic equilibrium between two physical states?

A. Burning of wood B. Rusting of iron

C. Evaporation of water in an open container D. Ice and water coexisting at 0°C in a closed container
5.  Atdynamic equilibrium between a liquid and its vapor, the rate of evaporation is:

A. Greater than the rate of condensation B. Less than the rate of condensation

C. Equal to the rate of condensation D. Zero
6. Which of the following is NOT a necessary condition for establishing chemical equilibrium?

A. The reaction must be reversible B. The system must be closed

C. A catalyst must be present D, Temperature should be constant

7.  The concentration of pure solids and pure liquids are not included'in the Kc expression because:
A. They do not react
B. Their concentrations are variable
C. Their concentrations (active masses) are considered constant
D. They are not part of the equilibrium
8. Which of the following is an example of heterogeneous equilibrium?
A. Npgg + 3Hy = 2NHs(g)
B. CH3COOHq + C;HsOH(yy = CH3COOCaHgy + Ha0(q
C. CaCO;) = Calys) + COz(g)
D. 250, + Oz & 25031

9. The term "active mass" in the Law of Mass Action refers to:

A. Total mass of the reactant B. Molar concentration

C. Number of moles D. Density
10. For the reaction Nz + 3Hag = 2NHy), the correct Kc expression is:

[NH3] [NHs)* (IN2](H2)®) p. IN2j(H2]
* ([N2][H2)) © (IN2][H2P) ©INH3p? " [NH3]

11, For which reaction will K. have units of mol-? dm*®?

A. Hzg) + lag = 2H g B. Najg) + 3Hag = 2NH3g

C. PClsig) = PClag) + Clagg D. 2503 + 250:(y) + Oz(g)
12. For the Haber process Nz + 3Hz) & 2NHsp), the value of An is:

A -1 B.-2 C.+1 D. +2
13. Le Chatelier's principle is used to predict the effect of a disturbance on:

A. The rate of reaction only B. The equilibrium position

C. The activation energy D. The mechanism of reaction

14. For the reaction Nag) + 3Hzp = 2NHs(), increasing the pressure will shift the equilibrium:
A. To the left, favoring reactants B. To the right, favoring products
C. No effect D. To increase An
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15. Foran exothermic reaction (AH = ~ve), increasing the temperature wiil:
A. Shift equilibrium to the right and increase Ko B. Shift equilibrium to the left and decrease Ke
C. Shift equilibrium to the right and decrease K. D. Shift equilibrium to the left and increase Ke
(9 16. A catalyst increases the rate of a chemical reaction by:
A. Increasing the activation energy B. Decreasing the activation energy
C. Shifting the equilibrium to the right D. Increasing the yield of products
17. To maximize the yield of ammonia in the Haber process (Nyg + 3Hay = 2NHs(; AH = -ve), conditions
should be:
A. High temperature, low pressure B. Low temperature, high pressure
C. High temperature, high pressure D. Low temperature, low pressure
18. In the Contact process for SO, production (280, + Oy, = 2503y; AH = —ve), a decrease in temperature
favors:
A. Formation of SO, and (0 8. Formation of SO;
C. No change in equilibrium D. An increase in K. value
1.B 2.8 3.5 4.D 5.€ 6.C 7.C 8.C 9.8 10. B 11.B
12.B 13.8 14.C 15.8 16. B 17:C i8.B

ADDITIONAL SHORT ANSWER QUESTIONS

Q.1 Differentiate between Reversible and Irreversible reaction.

Ans.

Reversible Reaction

Irreversible Reaction

1. “The chemical reaction in which products of a
reaction can react to form the original
reactants under the same set of conditions is
called a reversible reaction.”

2. “The chemical reaction which takes place in
both directions ie. forward and reverse
under same conditions is called reversible

4. Itcan be carried out in 2 closed system.
5. Chemical equilibrium is not established in it.
Examples:
Nzjgr # 3 Hap =——= 2NHyyy

| 2501@ + Oy == 2503,

reaction.” A+B —> C+D
A+B == (. Reactants Products
Reactants Products 3. It can be represented by an arrow (—) from
3. Itis represented by writing a double headed reactants to products,
arrow (= ) between reactants and | 4. may or may not be carried out in a closad or
products. an open system.

1. "A‘chemical reaction in which products of the
reaction do not react to form the original
reactants under same conditions is called
ifreversible reaction.”

2."A chemical reaction which takes place in one
direction only under same conditions is called
irreversible reaction.”

5. Chemical equilibrium is established in it.
Examples:
2Ha1g) + Oz — 2H;0(y
ZNajg) + 2H;00y — 2NaOHaq + Hapg

Q.2 Define Law of Mass Action and Equilibrium Constant (K.).

Ans. Law of Mass Action;
“The rate at which the reaction proceeds is directly proportional to the product of active masses of the reactants”.

Equilibrium Constant (K.):

The ratio of product of concentration of products and product of coricentration of reactants is called
equilibrium Constant (K.).
APreducts]
8= [Reactants]

Home Tutors, Jobs, IT Courses & more.
isi w.downloadclassnotes.com for Notes, Old Papers,
vistt ww (Page 289 of 528)


http://www.downloadclassnotes.com/
mailto:downloadclassnotes.com@gmail.com
http://www.downloadclassnotes.com/

Website: i
te: www.downloadclassnotes.com , E-mail: downloadclassnotes.com@gmail.com

CHEMISTRY NOTES FOR CLASS - 11 (FOR PUNJAB)

Chemical Equilibrium:
“The state achieved by reversible chemical reaction in which the forward and reverse processes are
occurring at the same rate is called state of chemical equilibrium or equilibrium state.”

Q.3 Justify that Chemical Equilibrium is dynamic in nature.
Ans. A chemical equilibrium statein a reversible reaction is a state where the rate of forward reaction becomes
equal to rate of reverse reaction. It shows that at this state both reaction are taking place simultaneously
and not stop thus equilibrium is dynamic not static. If it would be static reaction would stop.

—|

Q.4 What is effect of change in pressure on a system in equilibrium for gases?

Ans. (i) If reaction mixture is in gaseous state then at equilibrium if volume is changed it will effect the equilibrium.
(ii) If number of moles of reactants are not equal to number of moles of product then those gaseous
reactions are effected by volume change at equilibrium.

For Example:
PC‘.S(g] _—— pcl.:ug) + CLZ(g)
Nz + 3Hzg 2NHagg)

Q.5 What will be the effect of increase of pressure and temperature on the following reaction?
Nz + 3H2g) =———= 2NHiy AH=-92.46 K
Ans. (a) Since reaction is endothermic in backward direction, rise of temperature will shift equilibrium to left.
Low temperature shifts the equilibrium to right andyield of NHa will increase.
(b) Increase of pressure decreases the volume and equilibrium position is shifted in forward direction. As a
result yield of ammonia increases and vice versa.

Q.6 Briefly explain the effect of pressure on the equilibrium position for the dissociation of PCLs.
Ans. Dissociation of PCLs:
In the same way, effect of change of pressure on the equilibrium position can be explained for the
dissociation of PCLs. This is homogeneous gaseous phase reaction.
PCLsy === Pl + Cla

K. for this reaction is,

x)

= (a—x)V
Conclusion: In the dissociation of PCls the factor of volume is present in the denominator. The reason is
that number of moles of products are greater than those of reactants. So, increase in pressure will decrease
the % to keep the value of Kc constant and the reaction will be pushed to the backward direction. The
equilibrium position is disturbed but not the K. value.

Q.7 How does a catalyst affect on equilibrium constant?
Ans. Effect of Catalyst on Equilibrium Constant:
In most of the réversible reactions, the equilibrium is not always reached within a suitable short time. So
an appropriate catalystis used.
o A catalyst does not affect the equilibrium position of the reactions. It increases the rates of both
forward and backward reactions and this reduces the time to attain the equilibrium state.
e Acatalyst lowers the energy of activation of both forward and reverse steps by giving new path to the reaction.

Q.8 Write down equilibrium constant expression for the reactions:
PCLsy == PClay + Clag)

Ans. PClyy =—— PClagg + Clatg
Equilibrium Constant Expression:
(PCL:)(CL;)

Ke=""[pcts)

— e e sl p 4
(4 7 S
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Q.9 Write down K. units for the reaction PClsgy == PCly, + Clyyy
Ans. PClsp) = PCly) + Clygy
Equilibrium constant for this reaction:
_[pcty)(Ct,] - [mol dm™j[mol dm ™)

Ke = - = moldm™3
[PCE] [mol dm™]

Q.10 State Le Chatelier’s Principle.
Ans. Le-Chatelier’s Principle:
“If a stress is applied to a system at equilibrium, the system acts in such a way so as to nullify, as far as
possible, the affect of that stress is called Le-Chatelier’s Principle”.
Q.11 What are the optimum conditions of temperature and pressure to get maximum yield of ammonia?’
Nz + 3H: 2ZNH; AH=-92.46 kJ
Ans. N;+ 3H; 2NH; —92.46 kJ AH==92.46 kI
Optimum Conditions: ’
The optimum conditions for synthesis of Ammonia gas by Haber’s processes are:
s Temperature: 400°C (673 K)
e Pressure: 200-300 atm
e Catalyst: pieces of iron crystals embedded in a fused mixture of Mg0O, Al;O3 and SiO;.

Q.12 Why do the equilibrium constant value has its units for some of the reversible reactions but has no units
for some other reactions?

Ans.
i. If number of moles of reactants and products are equal, then K: has no units.
Hagy + lag 2HI
1mol 1mol 2 mol
HIP mol dm ) .
K = ME_ ( ) =No Units

H;1)  (mol dm~.mol dm)
ii. If the number of moles of reactants and products are not equal.

Najg + 3Hz(g) == 2NHzp)
4 mol 2 mol
[NH, T [mol dm™

=mol™? dm™

c

T INHE (ol dm 3][mel dm T

009 ®
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' SELF-ASSESSMENT |LS:EldCTEJ]
Total Mark: 30

Q.1 Encircle the correct option, (1x6=6)

(i) Consider the equilibrium 2Hz + Oy =——
the concentrations of Hag and Oay will:

2H:0. If the concentration of H.0(, is increased,

A. Increase. B. Decrease. C. Remain the same. D. Change irregularly
(i) Forwhich system, does the equilibrium constant, K¢ has units of (concentration)'?

A.N; + 3H; 2NH3 B, Hz + I, =——— 2HI

C. 2NO; == N0« D. 2HF Hy + F>
(iii) The expression for Kc of the reaction: Nz + 3H, 2NHs is:

A. [NH3]* / [Na] + [Ha]*  B. [Na][Hz]? / [NH5]? C. [NH;] / [Na][H.]? D. [NH3}? / [Nz)[H. ]
(iv) If the temperature of an exothermic reaction increases, then K.:

A. Increases B. Decreases C. Remains same D. Becomes zero

{v) Fora saturated solution of a salt in water, a dynamic equilibrium is between:
A. The dissolved ions and the undissolved solid salt
B. The solute and the solvent molecules
C. The solid salt and the water molecules
D. The hydrated ions and the water molecules in the bulk solvent

(vi) Which of the following condition will not change the equilibrium position?

A. Change in pressure B. Change in concentration
C. Adding catalyst D. Changein temperature
Q.2 Write short answers of the following questions. (2x8=16)

(i) The dynamic equilibrium exists between water and its vapour at 100°C. Justify the statement.
(i) Why ice at 0°C can be melted by applying pressure without supply of heat from outside?

(iii) Differentiate between macroscopic and microscopic changes with examples.

(iv) Mention the characteristics of chemical equilibrium.

(v) Derive the Kc expression for the reaction: 250; + 0, = 250;.

(vi) Apply Le Chatelier’s Principle when pressure is increased in a gaseous system.

(vii) If the reaction is endothermic, how does increase in temperature affect Kc?

(viii) Define dynamic equilibrium between two physical states with an example.

Q.3 Extensive Questions. (2x4=8)
(a) By using Le Chatelier’s Principle, explain how concentration, pressure, and temperature changes affect
equilibrium.

(b) Describe the industrial applications of equilibrium using Haber’s process.

—eofe—
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