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المزيد من مادة
كيمياء:  

التواصل الاجتماعي بحسب الصف الحادي عشر المتقدم  

صفحة المناهج
الإماراتية على

فيسببوك

الرياضيات اللغة الانجليزية اللغة العربية التربية الاسلامية المواد على تلغرام 

المزيد من الملفات بحسب الصف الحادي عشر المتقدم والمادة كيمياء في الفصل الثاني

حل تجميعة صفحات الكتاب وفق الهيكل الوزاري منهج بريدج 1

شرح درس الخلايا الفولتية من قسم الكيمياء الكهربائية 2

خطوات وزن معادلة الأكسدة والاختزال 3

تجميعة أسئلة وزارية وفق الهيكل الوزاري الخطة C باللغتين العربية والانجليزية 4
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Chemical Equilibrium             Grade 11  
Section 1:  
           N2 (g)   +   3H2 (g)     ⇌     2NH3 (g) 

 

 

 

 

 

 

 

 

 

 

 

 

The concentration of the product, NH3, is zero at the start and gradually increases 
with time.  
The reactants, H2 and N2, are consumed in the reaction, so their concentrations 

gradually decrease.  

After a period of time, however, the concentrations of H2, N2 , and NH3 no longer 

change. All concentrations become constant.  

The concentrations of H2 and N2 are not zero, so not all of the reactants were 

converted to product 

How does reversibility affect the production of ammonia? 

Decreases in the concentrations of N2 and H2 cause the reaction to slow. 

                                          
 

The reaction reaches equilibrium in figure ………………. 

 



A reversible reaction is a chemical reaction that can occur in both the forward and 

reverse directions, such as the formation of ammonia. 

Forward:                   N2 (g)    + 3H2 (g)       →   2NH3 (g) 

Reverse:                   N2 (g)    + 3H2 (g)       ←   2NH3 (g) 

Reversible reaction  N2 (g)   +   3H 2 (g)     ⇌     2NH3 (g) 

 

What is equilibrium?  

• Chemical equilibrium is a state in which the forward and reverse reactions 

balance each other because they take place at equal rates. 

• Equilibrium is a state of action, not inaction. 

Example:  

 

 

 

 

 

 

 

The dynamic nature of equilibrium: The reaction doesn’t stop but continue in 

equilibrium state 

 

 

 



Which describes a system that has reached chemical equilibrium? 

A. No new product is formed by the forward reaction. 

B. The reverse reaction no longer occurs in the system. 

C. The concentration of reactants in the system is equal to the concentration of 

products. 

D. The rate at which the forward reaction occurs equals the rate of the reverse 

reaction. 

 
 

 
 

 

 



 

 

 

 
 

 

 

 

 

 

 



Equilibrium Expressions: Some chemical systems have little tendency to react, 

others go to completion. 

 The law of chemical equilibrium: at a given temperature, a chemical system might 

reach a state in which a particular ratio of reactant and product concentrations has 

a constant value. 

                           aA + bB ⇌ cC + dD                     

 

The equilibrium constant, Keq, is the numerical value of the ratio of product 

concentrations to reactant concentrations, with each concentration raised to the 

power equal to its coefficient in the balanced equation. 

Keq > 1: Products are favored at equilibrium  

Keq < 1: Reactants are favored at equilibrium 

 

• The value of Keq is constant only at a specified temperature. 

 

 

 

 
 



Homogeneous equilibrium 

All the reactants and products are in the same physical state. 

H2(g) +I2(g) ↔ 2HI(g) 

 

 

 

2. Challenge Write the chemical equation that has the equilibrium constant expression  
                                   K eq =   [CO]2 [O2] 
                                                    [CO2]2 
 

 

 

What happens to Keq for an equilibrium system if the equation for the 

reaction is rewritten in the reverse? 

 

 

 



Heterogeneous equilibrium 

The reactants and products are present in more than one physical state. 

 

 

• Ethanol in a closed flask is represented by 

C2H5OH (l) ⇌ C2H5OH (g). 

 

 

 

Why solids and liquids are not mentioned in Keq expression? 

Solids and liquids are pure substances with unchanging concentrations 

 

Write equilibrium constant expressions for these heterogeneous equilibria. 
C10H8(s) ⇌ C10H8 (g) 

 

C(s) + H2O(g) ⇌ CO(g) + H2 (g) 

 

H2O(l) ⇌ H2O(g) 

 

FeO(s) + CO(g) ⇌ Fe(s) + CO2 (g) 

 

CaCO3 (s) ⇌ CaO(s) + CO2 (g) 

 

2NaHCO3 (s) ⇌ Na2CO3 (s) + CO2 (g) + H2O(g) 
 

 
 



 

 
 



 

 
 

 

 



Equilibrium Constants 

For a given reaction at a given temperature, Keq will always be the same regardless 

of the initial concentrations of reactants and products. 

H2 (g) + I2 (g)    ⇌  2HI(g) 

 
 

Determine the value of Keq at 400K for this equation: PCl5(g) ⇌ PCl3(g) + Cl2(g)  

if [PCl5 ] = 0.135 mol/L, [PCl3 ] = 0.550 mol/L, and [Cl2 ] = 0.550 mol/L. 

 



 

 

 

The table below shows the value of the equilibrium constant for a reaction at three 

different temperatures. At which temperature is the concentration of the products 

the greatest? Explain your answer. 

 

 

 

 

 

 

 

 

 

 

 



Section: 2 Factors Affecting Chemical Equilibrium (Le Chatelier’s Principle) 

Le Chatelier’s Principle: If stress is applied to a system at equilibrium, the system 

shifts in the direction that relieves the stress. 

Stress is any kind of change in a system that upsets the equilibrium. 

 
 

1. Concentration: 

Adjusting the concentrations of either the reactants or the products puts 

stress on a system in equilibrium. 

 
• Adding reactants increases the number of effective collisions between molecules 

and upsets the equilibrium. 

The equilibrium shifts to the right to produce more products. 

• Removing reactants decreases the number of effective collisions between 

molecules and upsets the equilibrium 

The equilibrium shifts to the left to produce more reactants. 

Stress is relieved by shifting to the left, converting products to reactants. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2. Pressure: (volume)  

Affects gasses only 

It works only if the number of moles of gaseous reactants is different from 

the moles of gaseous products. 

 

 

• Increasing pressure shifts the system to the left, and more products are 

formed. 

• If the number of moles is the same on both sides of the balanced equation, 

changes in pressure and volume have no effect on the equilibrium. 

 

 

c. N2 (g) + 3H2 (g) ⇌ 2NH3 (g) 

 



 

 

 



3. Temperature 

Affects Keq value 

If heat is added to an equilibrium system, the equilibrium shifts in the direction in 

which the heat is used up. 

 

 

Removing Heat (Cooling): 

 

 

 

 

 

 

 



 

 

 

 

 



Adding Catalyst: 

catalyzed reaction reaches equilibrium more quickly, but with no change in the 

amount of product formed. 

 

 Assessment: 

1. How would each of the following changes affect the equilibrium position of 

the system used to produce methanol from carbon monoxide and hydrogen? 

CO(g) + 2H2 (g) ⇌ CH3OH(g) + heat 

a. adding CO to the system 

b. cooling the system 

c. adding a catalyst to the system 

d. removing CH3OH from the system 

e. decreasing the volume of the system. 

 

 

PCl5 (g) ⇌ PCl3 (g) + Cl2 (g) + heat                (DISCUSS the effect on Keq value) 

a. temperature increases. 

 

b. some of the chlorine gas dissolves. 

 

(effect of removing Cl2 on [PCl3]) 

 

 

2. EFFECT of cooling on 

a. 2O3 (g) ⇌ 3O2 (g) + heat 

b. heat + H2 (g) + F2 (g) ⇌ 2HF(g) 

 

 

 



 

 

3. Whether higher or lower temperatures will produce more CH3CHO in the 

following equilibrium.       C2H2 (g) + H2O(g) ⇌ CH3CHO(g)         ∆H° = -151 kJ 

 

4. Use Le Châtelier’s principle to explain how a shift in the equilibrium 

H2CO3(aq) ⇌ H2O(l) + CO2 (g) causes a soft drink to go flat when its container is left 

open. 

 

5. The following endothermic reaction at equilibrium at room temperature. 

Co(H2O)6
2+ (aq) + 4Cl-(aq) ⇌ CoCl42– (aq) + 6H2O(l) 

Given that Co(H2O)6
2+ (aq) is pink and CoCl42– (aq) is blue, what visual change 

would you expect to see if: 

a. the flask were placed in an ice bath? Explain. 

 

b. 10 g of solid potassium chloride were added and dissolved? Explain 

 

 

6. The table below shows the concentrations of Substances A and B in two 

reaction mixtures. A and B react according to the equation 2A ⇌ B; Keq= 200.  

              Are the two mixtures at different equilibrium positions?  

 



 

 

 

 

 

 



 

 

 


