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1. (i) Differentiate between forward and reverse reactlonss v
(e

Aspect Forward Reactlerh ;\ﬂﬂ\%\rﬁ ction

Definition The reacthn procbeds from« “The reaction proceeds from
reaciﬁl nts to products. products to reactants.

Direction|; N I\ Jﬂ.éft to rlght in the chemical Right to left in the chemical
equation. equation.

Energy May release or absorb energy. Opposite energy change of the

Change forward reaction.

1. (ii) What is chemical equilibrium?
Chemical equilibrium occurs when the rate of the forward reaction equals the rate of the reverse
reaction, resulting in constant concentrations of reactants and products in a closed system.

1. (iii) Write two chemical equations of reversible reactions:
1. N, + 3H; €2 2NHa (Haber process).
2. CaCO1 € Ca0 + CO; (Thermal decomposition of calcium carbonate).

,,,«,.\

1. (iv) Write down the conditions for equilibrium: . {\7;\ ,f:]f\{h \TOL \
1. Closed System: No substances can enter or Ieave tlh\a Feadt‘lon s‘y's(em,\ O, \o\

2. Dynamic Process: Both forward and retfersea reﬁqct‘l‘bnﬁ QCCﬁqr_at‘eq\aal rates.

3. Constant Temperature an‘dJPressy’Jre'\Ektem\a{\ condftfons should remain steady.

4. Constant Concentrations: The QOthntraﬁons of reactants and products remain unchanged at

eqwllbrlum \J'| 4|\\||‘\4|




2. Write forward and reverse reactions for the glven equatwn
Reaction: CO(g) + 3H.(g) <> CHa(g) + H0(g) ) 1\ ||\ {1\~ g
- Forward Reaction: CO(g) + 3Ha(g) > CHa(g)/ % Hz(ﬁ(g) SRS R
- Reverse Reaction: CHa(g) + HzO(g) -% CO(g) +3H:(g)

3. How does tqnhperature affect cobalt chloride equilibrium?

Reaction: Codlz(aq’j + 6H,0 <> [Co(H,0)e]**(aq) + 2CI-(aq)

- At higher temperatures, the equilibrium shifts to the left to favor the formation of CoCl; (blue color,
endothermic direction).

- At lower temperatures, the equilibrium shifts to the right to form the hydrated complex
[Co(H20)6]** (pink color, exothermic direction).




Reversible Chemical Reaction f q«ﬂ&fﬂé@pm
\ VL VD
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The reversible regc&mﬂgf|'bﬁ>p A j}#e)c}‘iforide decomposing into bromine and chlorine is as follows:
\J YU

ion-of Bromine Chloride (BrCl\text{BrCI}BrCl):

AN J
2BrCl&> BrZ-}JﬁQ}(%it{BrCI} \leftrightarrow \text{Br}_2 + \text{Cl} 22BrCl<=>Br2+CI2

Explanation:

1. Forward Reaction: Bromine chloride (BrCl\text{BrCI}BrCl) breaks down into bromine
(Br2\text{Br}_2Br2) and chlorine (CI2\text{CI} 2CI2).

2. Reverse Reaction: Bromine (Br2\text{Br}_2Br2) and chlorine (CI2\text{CI} 2CI2) react to
reform bromine chloride (BrCl\text{BrCI}BrCl).

This reaction is reversible and reaches equilibrium under suitable conditions. Let me know if you'd
like this explanation in a Word file!
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9.1: Reversthe Reactlons and Dynamlc Equilibrium

What are re\ﬁer5|ble reactions?
Reversible reactions can proceed in both forward and reverse directions under the same conditions.
Example: The Haber process: N, + 3H, <> 2NH;.

What is dynamic equilibrium?
Dynamic equilibrium occurs in a closed system when the rate of the forward reaction equals the rate
of the reverse reaction, and the concentrations of reactants and products remain constant.

Does dynamic equilibrium mean the reaction has stopped?
No, dynamic equilibrium means the reactions continue but at equal rates, so no net change occurs in
concentrations.

What factors affect equilibrium?
Factors include concentration of reactants/products, temperature, and pressure (for ga“ﬁes)

[ '-. =
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9.2: Le Chatelier's Pr|nc|p|e o i \(\ 7\'.'\'-{':\.._ \ W\ \ o=
What is Le Chatelier’s Prmt:jpre? v i‘ \ WA~ "

It states that if a dynamic eq[uhb\'lum |s \dhéturb’ed by changing conditions, the system adjusts to
counteract the dLStuThande and restore equilibrium.

ol \J | "\
What happéJ\s if the concentration of a reactant is increased?
The equilibrium shifts to the right (toward the products) to reduce the increased concentration of the
reactant.

What happens if the pressure is increased in a gaseous equilibrium system?
The equilibrium shifts to the side with fewer gas molecules. Example: N, + 3H, € 2NHa; increasing
pressure shifts equilibrium to the right.

What happens if the temperature is increased in an exothermic reaction?
The equilibrium shifts to the left (toward the reactants) to absorb the added heat.

9.3: Equilibrium Constants

What is the equilibrium constant (K)?
It is the ratio of the concentrations of products to reactants at equnlubnun‘r ralsed te the power of
their stoichiometric coefficients. ~ DA Ny ' \ o\~

What does a large value of K mdlcate? LU W\
A large K value means the ethbnqm Jles tow;ard the products (forward reaction is favored).

What does a. srlnqll Malue of K |nd|cate?
A small K valub ‘means the equilibrium lies toward the reactants (reverse reaction is favored).
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Does the equilibrium constant change with temperature? Q| g 2
Yes, K changes with temperature. For an exothk_gmlc\reaqtlgo R{‘debreé (j/w\l% mcreasmg
temperature; for an endotherm{c reactloi\l,\g’l'p\cre(a@s'ﬂ w U
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Explain reversible reqctlo "s and dynamlc equilibrium with examples.
Reversible react'omrs!ére chemical reactions where the products can react to reform the original
reactants under the same conditions.

These reactions are represented by a double arrow (<>).

Example: The Haber process for ammonia synthesis:
N(g) + 3Ha(g) <> 2NHs(g) + Heat.

Dynamic equilibrium occurs in a closed system when the rate of the forward reaction equals the rate
of the reverse reaction.

At equilibrium:

- The concentrations of reactants and products remain constant.

- Both reactions continue to occur, but there is no net change.

Factors Affecting Equilibrium: ~
1. Concentration: Adding more reactants shifts eqwlsbrlum toward tl;ye pl’gductsax :
2. Pressure (for gases): Increasing pressure favmis }:hﬁ srde wﬁ\h‘ fEWer gas olecules.

3. Temperature: For exothermrc reacnans, |ncrea5'lng temperature shifts equilibrium to the reactants.

/_', \

\ \\
Example: In the dec?mpbkitléqn of calcmm carbonate
CaCOs(s) @Qqé@( )5 COse),

equilibrium is achieved when decomposition and recombination occur at equal rates.

|| -\ D

What is Le Chatelier's Principle? Explain with examples.

Le Chatelier's Principle states that if a dynamic equilibrium is disturbed by a change in concentration,
pressure, or temperature, the system will adjust to counteract the disturbance and restore
equilibrium.

Applications of Le Chatelier's Principle:
1. Change in Concentration:

- Increasing the concentration of a reactant shifts the equilibrium toward the products.

- Example: N(g) + 3H,(g) <> 2NHs(g); adding more N, shifts equilibrium to the right, producing
more ammonia.

2. Change in Pressure (for gases): A (0
- Increasing pressure shifts equilibrium toward the side wlth fewer gas moiecules
- Example: In the same reactjon, there are 4g\aq molecu}es on'the left and 2 on the right. Increasing
pressure shifts equilibrium t@ the rlght

3. Change in Tempﬁr»rhtu#e Gl

- For exothel'mn: reactions, increasing temperature shifts equilibrium toward the reactants.

- Example: For the exothermic reaction N;(g) + 3Hz(g) <> 2NHs(g) + Heat, raising the temperature
shifts equilibrium to the left.




understand how equilibrium systems respond tﬁ changt—:'s )\

What are eqwllbrlum canstants (K) and hrow are they calculated'-’ Provide
examples. . [\

I N | :
The equmbrmfm 'cdhstant (K) is a ratio of the concentrations of products to reactants at equilibrium,

with each raised to the power of its stoichiometric coefficient.

Expression for K:
For a general reaction: aA + bB ¢ cC + dD,

K =[C]"[D]" / [A]"[B]"

Types of Equilibrium Constants:
1. Kc (Concentration-based): Used when concentrations are measured in mol/L.
2. Kp (Pressure-based): Used for gaseous reactions, with pressures measured in atm.

Example Calculation:
For the reaction Ha(g) + l2(g) €2 2HI(g), if [H2] = 0.1 mol/L, [I,] =0.1 moI/L [HI] = 2 nw,J/L
Ke = [HI]? / [Hal[l2] = (0.2)? / (0.1)(0.1) = 4. : :

Significance of K: \ \ 70)
- Large K Value: Indicates thejeachgn Faunrs th\e products
- Small K Value: Indicates tha reac!gbh favérs the reactants.

\ |

| N \\J I | \ |
Tem perature biepe dence of K:
- For exothermic reactions, K decreases with increasing temperature.

- For endothermic reactions, K increases with increasing temperature.




Ql: What is a reverslble -.reactlon?
e aA react}orrtt]alﬁ pr'oeeeds only in the forward direction
* b) Areaction that can proceed in both forward and reverse directions v/

e ) Areaction that stops at completion

e d) Areaction that does not produce products

Q2: What happens at dynamic equilibrium?

® 3a) The forward reaction stops

® b) The reverse reaction stops

e ) Therates of the forward and reverse reactions are equal v/
e d) The concentrations of reactants and products change

Q3: What is required for dynamlcequbllbrium tq occur
* a)Aconstanttemperature” .\ 7\ \q\ R jf
';""' \Tq O L\ N :

e b)Aclosed system J \ ."'-,'\. \\ \ :

\ \ \ e
Wi ‘-\.._ \

¢ C) A Catalyst(\ j | \ | ] | \I\ _l\' __.i' L
e d) Conﬂd&l&ls removal of products

Q4: What does dynamic equilibrium mean?

e a) The reaction stops completely

e b) The forward and reverse reactions occur at the same rate v/
e ) Reactants are completely converted to products

e d) Products are consumed faster than reactants

Q5: Which of the following is a reversible reaction?

e a)N;+3H; ¢ 2NH3 v -
e b) Combustion of methane T2
e ) Decomposition of hydrogen peroxlde m _ \(

e d) Freezing of water

Q6: What does Le Chateller s Principle state?
e a) The reaction rate decreases when disturbed
¢ b) The equilibrium remains unchanged after a disturbance




e ) The system adjusts to counteract the dlsturbance and restore equ'llbrlum \(

e d) The reaction stops upon dlsturbance

Q7: What happens;jf the concentratlon of a reactant is increased?
e a) Eqwhbr{um éhlfts to the left

e D) Eqmllbrlum shifts to the right v/

e ) Equilibrium does not shift

e d) The system remains unchanged

Q8: What happens if the pressure of a gaseous system is increased?
e a) Equilibrium shifts to the side with more gas molecules

¢ b) Equilibrium shifts to the side with fewer gas molecules v

e ) Equilibrium remains constant

e d) No effect on equilibrium

Q9: What happens if the temperature is mcrea,sed in an exothermlc reaction?
e a) Equilibrium shifts to tbe Ieftit()ward Feaotants} 7

¢ b) Equilibrium shifts tc: the rlght (toward products)

e ) Eqwlxbrtumrelrh\ams unchanged

e d)The reaction stops

Q10: What happens if the temperature is increased in an endothermic reaction?
¢ a) Equilibrium shifts to the left

¢ b) Equilibrium shifts to the right v/

¢ ¢) Equilibrium remains constant

¢ d) Reaction rate decreases

Q11: What is the effect of adding a catalyst to a system at eqwllbrlum?

¢ a) It shifts equilibrium to the right -
e D) It shifts equilibrium to the left \ . \f .
e () Itspeeds up both the forward and reverse reactions equaliy J

= ."'-\ . "_; \ J
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¢ d) It changes the equ:llbrrum constant MY =

|"‘-'_;| N ._I ’

Q12: How does removing a product affect equilibrium?
e a) It shifts equilibrium to the left
e b) It shifts equilibrium to the right v/




e c) No effect on equilibrium I AN
e d) The reaction stops A O 2\ \ \ :

Q13: What hapnens when pressure is decreased in a gaseous equilibrium
system?

e a) Eqmllbrlum shifts to the side with fewer gas molecules

e b) Equilibrium shifts to the side with more gas molecules v

e ¢) Equilibrium remains unchanged

e d) Reaction rate decreases

Q14: What is an example of equilibrium shifting due to pressure change?
e a) Combustion of methane

e b)N;+3H; <> 2NH: v

e ) Decomposition of hydrogen peroxide

e d) Freezing of water _ 1)\ (C

Q15: What happens |f'che temperature is decreased in an exothermic reaction?
e a) Equilibrium sr]tfts th the left-

e b) Ethbrlurn shlfts to the right v/

e ) No change occurs

¢ d) Reaction stops

Q16: What does the equilibrium constant (K) represent?
e a) The ratio of products to reactants at equilibrium v

® b) The speed of the reaction

e ) The total energy change of the reaction

e d) The pressure in the system

Q17: What does a large value of K |nd|cate?

e a) The reaction favors the products \/ :' A\

e b) The reaction favors the reactants
e c)Thereaction is slow " ALV
o d) The reactionis endotﬁ‘ermié“ .

Q18: What does a small value of K indicate?

e a) The reaction is fast




e b) The reaction favors the reactants v/
e c)Thereaction favors the products )
e d)The system is not at equilibrium | \//| \(

Q19: Whatjis the expression for Kc for the reaction Nz + 3H; ¢> 2NH3?
e a) Ke=[Na][Hz]/[NH3]

e b) Kc = [NH3]/[N;][H]

e c)Ke=[NH;]?/ [N][Hz] v

e d) Kc=[Nz][H:]* / [NHs]?

Q20: Which factor changes the equilibrium constant K?

e a)Temperature v’

e b) Pressure
e c) Concentration )
e d) Catalyst o e vXe\

. a) K increases N l'|
e b)K decreaaes N} I\

e )K remains constant
e d) K becomes zero

Q22: What happens to K for an endothermic reaction as temperature increases?
¢ a)Kincreasesv

* b) Kdecreases

e ) K remains constant

e d) Kbecomes zero

Q23: How is K affected by adding a catalyst'-’ AN O W

e a)Kincreases

e b)Kdecreases

e ¢)Kisnotaffected vV

e d)K depends on pressu re
. | [\ Jl A

Q24: What is Kp used for?

e a)Reactions in solution




¢ D) Solid-phase reactions
e ) Gaseous reactions v 0O
e d) Reactions involving catalysts | \//\ \[

Q25: What)is ‘t-H"e! unit of Kc for the reaction 2NO ¢ N, + 0,?
¢ a)mol/L -.

e b)Nounitv

¢ ¢)L/mol

e d)atm

Q26: What is required for equilibrium to be achieved?
e a)Aclosed system v

e b) A catalyst

® ) A high temperature

e d) Continuous removal of products o~

Q27: What is a cha racterlsttc of dynamlc equﬂlbrlum'-’
e a) The rates of forwared and\reverse reactions are equal v

e b) Reac\tants; a#e ﬁo:ﬁpletely converted to products

e ¢) No reaction occurs

e d) Products dominate completely

Q28: What happens if the temperature is decreased in an endothermic
reaction?

e a) Equilibrium shifts to the left

e b) Equilibrium shifts to the right

e ¢) Equilibrium remains constant

¢ d) Reaction stops

\ () YA

Q29: What is the effect of i mcreasmg the temperature ln anexo‘thermu:

reaction?

e a)Kincreases

e b)K decreasesﬁ
e c) NoeffectionK

e d) K becomes infinite
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Q30: Which reaction has an equnlbrlum constantexprgsswn mve}vmh pressure
(Kp)? A -AAN )

* ) 250,(g) + Ozlg) <> 2503(g) «/"\ G
¢ b) NaCl(s) & Na"(aq) + EI*[an

o ) NHyCl(s) ﬁ ijﬁfaq) weF (aq)
e d) HCI(aqi <> H'(aq) + CI(aq)




