
 

 

CHEMICAL EQUILIBRIUM CALCULATIONS    12 MAY 2015 

Section A: Summary Notes  

Chemical Equilibrium is a state in a reversible reaction when the rate of the forward reaction equals 
the rate of the reverse reaction. 

 Open system: Both matter and heat (thermal energy) can enter and leave the system 

 Closed system: Only heat (thermal energy) can enter or leave the system. Matter is NOT able 
to enter or leave the system 

 Reactions that take place in both the forward and reverse directions simultaneously are 
called reversible reactions. This process is shown by double arrows,  

 Observable macroscopic changes stop, while microscopic changes continue as reactants 
change to products, and products change back into reactants. 

 When the rate of the forward reaction equals the rate of the reverse reaction in a closed 
system, we say a state of dynamic equilibrium has been reached. 

Factors which influence the position of an equilibrium 

 An equilibrium may be disturbed by changing any one (or more) of the following factors: 

 Temperature of the system 

 Concentration (gases and aqueous solutions) 

 Pressure (gases only) 

Equilibrium Constant 

If we look at the following GENERAL equation 

 

The expression for the Equilibrium constant – Kc will be as follows: 

𝐾𝑐 =
 𝐶 𝑐 𝐷 𝑑

 𝐴 𝑎 𝐵 𝑏
 

If A, B, C or D are solids or pure liquids, they must be LEFT OUT of the Kc expression. 

 When Kc has a high value, there will be proportionally more of the substance on the product 
side - we say the equilibrium lies to the product side (vice versa for a low value).  

 Only temperature alters the Kc value for a specific reaction 

 If pressure or concentration are changed, the system adjusts the product and reactant 
concentrations in such a way that Kc stays exactly the same (on condition the temperature 
does NOT change) 

Example 1 

Consider the following equilibrium reaction: 

N2 (g) + 3 H2(g)⇌  2NH3(g) H< 0 

9 mol of N2 and 15 mol of H2 are pumped into a 500cm
3
 container at room temperature. 

The temperature of the gas mixture is now raised to 405°C resulting in 8 mol NH3 being present at 
equilibrium. 

Calculate the value of Kc at 405°C 

  

aA + bB  cC + dD 



 

 

Solution 

 N2 H2 NH3 Notes 

Ratio 1 3 2 
These values are from the 

balanced chemical reaction 

Initial (mol) 9 15 0 
The initial amount of the 

products is zero as product 
needs to be made 

Change (mol) 4 12 8 
This row needs to in the same 

ratio as the initial ratio row 

Equilibrium (mol) 5 3 8 
Reactants get less but products 

increase 

Equilibrium 
concentration (mol.dm

-3
) 

10 6 16 

Use the equation:  

𝑐 =
𝑛

𝑉
 

𝐾𝑐 =
[𝑁𝐻3]2

[𝑁2][𝐻2]3 
 

=
 16 2

 10  6 3
 

= 0,12  

Section B: Practice Questions
 

Question 1 (Taken from DoE Exemplar 2008) 

William wants to determine the equilibrium constant for the decomposition of calcium carbonate 
(CaCO3).  He seals 2,0 g of CaCO3 in an evacuated 1,0 dm

3
 metal flask and connects a pressure 

gauge to the flask.  The flask is placed in an oven and heated to a temperature of 800
o
C at which 

equilibrium was reached according to the following equation: 

𝐶𝑎𝐶𝑂3 𝑠 ⇌ 𝐶𝑎𝑂 𝑠 + 𝐶𝑂2 𝑔               ∆𝐻 > 0 

The graph obtained for pressure versus time for the decomposition of calcium carbonate is shown 
below: 

 

1.1. How does the rate of the reverse reaction change from to to  t1?    (2) 

1.2. What is the reason for the horizontal line between t2 and t3?    (1) 

1.3. Draw a sketch graph to show how the mass of CaCO3 changes for the period to to t3. (4) 

1.4. When equilibrium was established at 800
o
C, the concentration of CO2 present in the flask was 

1,4 x 10
-2

 mol.dm
-3

.  Calculate the equilibrium constant (Kc) at 800
o
C for this reaction.  (2) 

  



 

 

Question 2 

The following equation represents a reversible reaction that has reached equilibrium at 470
o
C in a 

closed container.  

𝑁2 𝑔 + 3𝐻2 𝑔 ⇌ 2𝑁𝐻3 𝑔          ∆𝐻 < 0 

A change was then made to the NH3 in the equilibrium mixture at t2.  A graph showing the effect of 
this change is draw below.  (The graph is not drawn to scale) 

 

2.1. What is the meaning of the horizontal lines between t1 and t2?    (1) 
2.2. Explain how the change mentioned at t2 affected the concentration of H2 and N2  

gases as shown in the graph.         (3) 

2.3 1,5 mol of N2(g) and 2 mol H2(g) were injected into a 0,5 dm
3
 closed reaction vessel and 

allowed to reach equilibrium at 470
o
C.  When equilibrium was reached it was found that 1 mol 

NH3(g) was present.  

Calculate the equilibrium constant (Kc) at 470
o
C.  Show ALL your calculations.  (8) 

Question 3 

A fertiliser company produces ammonia on a large scale at a temperature of 450
o
C.  The balanced 

equation below represents the reaction that takes place in a sealed container.  

𝑁2 𝑔 + 3𝐻2 𝑔 ⇌ 2𝑁𝐻3 𝑔          ∆𝐻 < 0 

3.1. To meet an increased demand for fertiliser, the management of the company instructs their 
engineer to make the necessary adjustments to increase the yield of ammonia. In a trial run, he 
engineer now injects 5 mol N2 and 5 mol H2 into a 5 dm

3
 sealed empty container.  Equilibrium is 

reached at 450
o
C.  Upon analysis of the equilibrium mixture, he finds that the mass of NH3 is 

20,4g.   Calculate the value of the equilibrium constant (Kc) at 450
o
C.   (9) 

Question 4 

HI is a colourless gas that reacts with oxygen to give water and iodine.  With moist air, HI gives a mist 
(or fumes) of hydrochloric acid.  It is exceptionally soluble in water, giving hydroiodic acid.  

8 mol HI is placed in an empty reaction vessel containing 2 mol I2 and no H2.  The reaction chamber is 
at a temperature of 130

o
C and has a volume of 500 cm

3
.  When equilibrium is reached, there are 4 

moles of HI left.  

𝐼2 𝑔 +  𝐻2 𝑔 ⇌ 2𝐻𝐼 𝑔        ∆𝐻 > 0 

4.1. Calculate the equilibrium constant for the reaction at 130
o
C.     (8) 

4.2. What does the value of the equilibrium constant suggest about the equilibrium?   (2) 

  



 

 

Section C: Solutions 

Question 1 

1.1. It starts at zero at toand increases to time t1 (2) 
1.2. Equilibrium is reached  (1) 
1.3. 

  
 Criteria for graph 

 Axes labelled correctly  

 Gradient of graph initially high  

 Gradient decreases with time  

 Graph ends parallel to x-axes to represent equilibrium  (4) 
1.4

 
 Kc = [CO2]  

     = 1,4 x 10
-2
  

Question 2 

2.1. The system is in equilibrium  (1) 
2.2. The concentration of H2 and N2 increased  (1) 
2.3  N2 H2 NH3 

Ratio 1 3 2 

Initial (mol) 1,5, 2 0 

Change (mol) 0,5 1,5 1 

Equilibrium (mol) 1 0,5 1 

Equilibrium concentration 
(mol.dm

-3
) 

2 1 2 

 

 
 

𝐾𝑐 =  
[𝑁𝐻3]2

 𝑁2 [𝐻2]3
 

=  
 2 2

(2)(1)3
 

= 2     

 

Question 3 

3.1 𝑛 𝑁𝐻3 =
𝑚

𝑀
 

=
20,4

17
 

= 1,2 𝑚𝑜𝑙   
  N2 H2 NH3 

Ratio 1 3 2 

Initial (mol) 5 5 0 

Change (mol) 0,6 1,8 1,2 

Equilibrium (mol) 4,4 3,2 1,2 

Equilibrium concentration 
(mol.dm

-3
) 

0,88 0,64 0,24 
 

 

  



 

 

 
𝐾𝑐 =  

[𝑁𝐻3]2

 𝑁2 [𝐻2]3
 

=  
 0,24 2

(0,88)(0,64)3
 

= 0,25     

Question 4 

4.1.  I2 H2 HI  

Molar ratio 1 1 2  

Initial (mol) 2 0 8  

Change (mol) 2  2  4  

Equilibrium (mol) 4 2 4  

Equilibrium concentration (mol.dm
-3

) 8 4 8  

 
𝐾𝑐 =  

[𝐻2][𝐼2]

[𝐻𝐼]2
 

=
 4  8 

 8 2
 

= 0,5  (8) 
4.2. The equilibrium lies towards the reactant side.   

There are more reactants presents than product  (2) 
 

 


