
CHEMICAL EQUILIBRIUM 

A system is the part of the universe that is being studied and anything outside the 
system is called the environment.




Consider the graph relating rate of reaction and time. 





Now consider the graph between amount (mol, mass or concentration) and time.





Le Chatelier's principle: When the equilibrium in a closed system is disturbed, the 
system will re-instate a new equilibrium by favouring the reaction that will oppose 
the disturbance. 


Definitions 

Open system : A system that continuously interacts with its environment.

Closed system: A system that is isolated from its surroundings. 

Reversible reaction: A reaction in which products can be converted back to 
reactants. 

Chemical equilibrium: It is a dynamic equilibrium when the rate of the forward 
reaction equals the rate of the reverse reaction. 


When the forward reaction rate and the 
reverse reaction rate are equal the 
system is in equilibrium.

At equilibrium the amount of reactants 
and products remain constant.



Factors affecting the equilibrium 

1. Effect of concentration 

According to Le Chatelier’s principle, increasing the concentration of the reactant 
(adding additional reactant) to a system will favour the forward reaction (shift the 
equilibrium position to the right, towards the side of the products ). 

Hence reducing the concentration of any product will also do the same. 


2. Effect of temperature 

If we picture heat as a reactant or a product, we can apply Le Chatelier’s principle 
just like we did in our discussion on raising or lowering concentrations


In an endothermic reaction, heat is absorbed by the reactant so we can picture 
heat as being a reactant:


   heat + A⇌B        ΔH=+   


If we raise the temperature on an endothermic reaction, it is essentially like adding 
more reactant to the system, and therefore, by Le Chatelier’s principle, the 
equilibrium position will shift the right. Conversely, lowering the temperature on an 
endothermic reaction will shift the equilibrium position to the left, since lowering the 
temperature in this case is equivalent to removing a reactant. 


For an exothermic reaction Heat is released in the reaction, so heat is a product, 
and the value of ΔH is negative:


   A  ⇌  B + heat    ΔH=−  


For an exothermic reaction, heat is a product. Therefore, increasing the temperature 
will shift the equilibrium position to the left, while decreasing the temperature will 
shift the equilibrium to the right.


3. Effect of pressure 

If the pressure is increased by decreasing the volume of a reaction mixture, the 
reaction shifts in the direction of fewer moles of gas. 


Summary 
Change Effect on equilibrium

Increase of temperature Favours endothermic reaction

Increase of concentration Increase in concentration of the reactants favours 
forward reaction.

Increase in temperature favours the endothermic reaction.



Increase the pressure  Shifts the equilibrium to the less molar side. 
If the total number of moles is the same on both sides, 
no effect.

Increase in volume Can be considered as the decrease in concentration.  
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Equilibrium constant (Kc) 

Consider the following hypothetical equilibrium:

aA(aq) +bB(aq)⇌ cC(aq)


Equilibrium constant is defined as 











Eg: For the equilibrium  S(s)  + O2(g) ⇌ SO2(g)


                                                      

If Kc > 1,  [products] > [ reactants]


If Kc < 1,  [products] < [ reactants]


Graphs of equilibrium 

For the equilibrium:     A(g)  +  B(g) ⇌  AB(g)   ∆H< 0  (exothermic reaction) see how 

the shape of the graph changes for the different changes (T/[ ]/P)
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When writing a Kc expression for an equation, only use species that are either 

Temperature was 
increased 

[A] was increased Pressure was increased

The square bracket show 
concentrations in mol∙dm-3

Equilibrium constant

The indices are the numbers 
in front of each substance in 
the chemical equation

Right-hand side of the 
equation on top; lefet hand 
on the bottom.



Summary of the graphs:

• If all changes are gradual it means that the TEMPERATURE is changed.


When a system adjusts due to a temperature change, there are no sudden changes in 
the concentration of any species, so there are no vertical lines on the graph


• If one concentration shows a sudden increase or decrease it means 
CONCENTRATION has changed.

When a concentration is changed (or a substance is added or taken away), there will 
be a vertical line on the graph because there is a sudden increase or decrease in 
concentration.


• If all species show a sudden increases or sudden decrease it means a 
PRESSURE change.

When the volume of a closed container is DECREASED, the TOTAL PRESSURE 
increases. When this happens THE CONCENTRATION OF ALL GASES IN THE 
CONTAINER INITIALLY INCREASES.


Exercise 

QUESTION 1 

Brown NO2 gas is placed in an empty glass container of volume 2 dm3. After 
a few minutes the gas in the container turns colourless. The following 
equilibrium is established after some time.


                          2 NO2(g)     ⇌       N2O4(g)        ΔH<0

                           brown             colourless  

1.1 What change, if any, can be made to the temperature of the flask and 
its contents so that the contents in the flask becomes brown? Write 
down only INCREASE, DECREASE or KEEP THE SAME. (2)

1.2 Using Le–Chatelier’s principle, explain how this change in temperature 
in QUESTION 7.1, if any, affects the equilibrium of the contents in the 
flask.

(3)

1.3 What colour change, if any, would be observed when the volume of 
the container is decreased, if the temperature is kept constant?

(2)



 
 
 

1.4 1,5 mol of NO2(g) is sealed in a 2 dm3 container and an equilibrium is 
established at a specific temperature as shown in the above equation. 
At equilibrium it is found that the concentration of N2O4(g) is 0,25 
mol.dm-3.

Calculate the equilibrium constant (KC) for this equilibrium.

(8)



Solution: 
STEP 1 
Before starting the problem check what type of reaction is that. (Endothermic or 
exothermic)

Check the phase(s) as pure (s) and (l) is not part of the Kc expression.

STEP 2 
Analyse the question. Learners need to read the question at least 3 times. Let us 
start with QUESTION 1.1. The thought process is written in red.


REMEMBER: This is not a simple process. To get this answer the learner already did 
the QUESTION 1.2. In 1.2 they have to just write the ANSWERS for the thought 
process.


Kc calculation is not always the same. What makes it difficult is filling the (ICE) 
table. Sometimes we fill from the top and sometimes from bottom. This all depends 
on what we have in the question. PLEASE do this problem with table ONLY. I am 
repeating the tables to show how we progress.


1.1 What type of reaction is this?!forward reaction is exothermic as ΔH is 
negative.

Immediately learner should understand that (refer the table) increase in 
T here will favour the reverse reaction(endothermic) and the decrease 
in temperature favours the forward reaction.

What is the question asking?! what must happen to the temperature 
so that the content of the flask is brown?

What is the meaning of that ! What must happen to the temperature 
to favour the reverse reaction which is endothermic?.

Now the answer is

Increase the temperature OR keep the flask in hot water bath.✓ ✓ (2)

1.2 An increase in temperature favours the endothermic reaction. ✓

The reverse reaction is endothermic. ✓

The equilibrium will shift to the left/reactants side. ✓  (3)

1.3

(2)

What is happening to the volume? !decreased


So what will happen to the pressure? !Increase as 

What will happen to the equilibrium when the pressure is increasing?
!shifts to the less molar side.(refer the table)

Less molar side is the product side and becomes colourless.

So the answer is

Brown to colourless✓✓
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1.4
 STEP 1  
What is given in the question? Initially there is 1,5 mol of 2NO2 (g)  

                                                   At equilibrium[ N2O4] =0,25 mol.dm-3.


Fill that first


	    2NO2 (g)  ⇌     	 N2O4(g)


No. of moles present initially/

Aantal mol aanvanklik teenwoordig 
	   

    1,5	 

 

Change in moles 
verandering in konsentrasie	 

       	 

    

No. of moles at equilibrium/

Aantal mol by ewewig 
	 

        	 

 

Concentration at equilibrium/

Konsentrasie by ewewig 
 c = n/V	 

           0,25	 

      


STEP 2 
Now fill the number of moles of  N2O4 initially as 0

Consider the number of moles react or form as  x . Then the change in  
moles of NO2   is -2 x (negative because  NO2 is reacting and the 
amount is decreasing)  and  N2O4 formed is +x (positive because  N2O4 
is producing and the amount is increasing)  . This is because of the 
ratio(2:1)

    


	    2NO2 (g)  ⇌     	 N2O4(g)


No. of moles present initially/

Aantal mol aanvanklik teenwoordig 
	   

    1,5	 

   0





