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AMMONIA AMMONIA 
 
Ammonia has the chemical formula NH3.  
 
In the aqueous form, ammonia is a weak alkali that partially 
dissociates in water to produce low concentration of OH– ions. 

 
  

NH3 (g) + H2O (l) ⇌ NH4
+ (aq) + OH- (aq) 

 
 

Reversible reactions never go to completion. Even when the 
reaction is over, there will still be some reactants left. Hence, it 
is a weak alkali as it produces a low concentration of OH– ions. 
 
 
 
Displacement of ammonia from its salts 
  
An alkali can displace the ammonia from an ammonium salt.  
  
For example, potassium hydroxide displaces ammonia from 
ammonium carbonate when the solution is gently warmed: 
  
 

2KOH (aq) + (NH4)2CO3 (aq) K2CO3 (aq) + NH3 (g) + 2H2O (l) 
  
 
This reaction is commonly used as a test for ammonium salts. 
 
*Chemical reaction for alkali (acid & bases)! 
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Raw materials 
  
Nitrogen and hydrogen are the raw materials used in the manufacturing 
of ammonia in the Haber process. 
  
Nitrogen is obtained from fractional distillation of liquid air. 
 
Hydrogen is obtained from catalytic cracking of hydrocarbons/crude 
oil. 
  
Iron act as a catalyst to increase the rate of forward reaction between 
hydrogen and nitrogen. 
  
 



HABER PROCESS 
HABER PROCESS 
 
As can be seen from the graph, the yield increases at higher 
pressures and lower temperatures. 
 
Theoretically, to maximise the yield of ammonia, the pressure should 
be increased and the temperature should be reduced.  
 
However, conditions are kept at 450°C, a pressure of 200 atm. 
 
 
This is because: 
  
- Pressures higher than 200 atm would be more costly due to the 
additional work done by the machines. In addition, there will be 
greater safety risks at higher pressures. 
  
- Temperatures lower than 450°C will result in very slow rates of 
reaction. It is more cost efficient to use a higher temperature that 
increases the rate while lowering the percentage yield. The 
unreacted gases will be recycled into the chamber again. 
  
- Even at these conditions, only 15% of the reactants are converted 
into ammonia. However, due to the recycling of reactants, 98% of 
the reactants are eventually converted into ammonia. 
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Haber process 
 

N2(g) + 3H2(g) ⇌ 2NH3 (g) 
  
  
Nitrogen and hydrogen gases are mixed together in the ratio of 1:3. 
  
Conditions 
 
The Haber process is commonly carried out at a temperature of 450°C, a 
pressure of 200 atm and in the presence of finely divided iron catalyst. 
  



HABER PROCESS 
HABER PROCESS 
 
• Nitrogen and hydrogen gases are mixed together in the ratio of 

1:3. 
 

• The mixture is passed through a compressor, which applies a 
pressure of 200 atm to the gas. 
 

• The compressed gases are then passed over iron catalyst at 
450°C to speed up the rate of reaction. 
 

• Ammonia gas is condensed into a liquid, while unreacted 
nitrogen and hydrogen gases are recycled. 

  
• The Haber process is efficient and relatively cheap, as the 

starting materials (nitrogen, hydrogen and iron) are readily 
available at a low cost to produce great quantities of ammonia. 
There are also no harmful by-products. 
 

• The leftover reactants are recycled and re-introduced to the 
reaction chamber. 
 

• Heat is given out during the reaction (exothermic). It is used to 
keep the catalyst hot and to maintain the temperature of the 
catalyst chamber. 
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Haber process 
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things 
to 
note 

Higher yield is not important in the Haber Process 

Temperatures lower than 450°C will result in very slow rates of reaction. It is more 
cost efficient to use a higher temperature that increases the rate of reaction. 
  
Only 15% of the reactants are converted into ammonia. However, 98% of the 
reactants are eventually converted into ammonia. 
 

Recall how ‘pressure’ increases rate of reaction 

At a higher pressure, the reactants are brought closer together.  There are more 
reactants per unit volume.  
 
As a result, there are more collisions between reactants and thus a higher frequency 
of effective collisions. This causes the rate of reaction to increase. 

Recall how ‘temperature’ increases rate of reaction 

A higher temperature of a system means that: 
 
1) Reactants have higher kinetic energy and move faster 
2) The fraction of reactant particles in the system that have energy more than or 
equal to the activation energy is higher 
  
These two factors increase the frequency of effective collisions and essentially 
result in an increase in the rate of reaction. 

ADVANCED  
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‘O’ levels crash course program 
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Join our telegram 
channel: 
@overmugged 

Need help? 
 
Darrell Er 
(Private tutor with 8 
years of experience) 
 
8777 0921 
(Whatsapp) 
 
@DarrellEr 
(telegram username) 

Professionally designed crash course to help you get a condensed revision before your ‘O’ Levels! 
 
The 4 hour session focuses on going through key concepts and identifying commonly tested 
questions! 
 
Our specialist tutors will also impart valuable exam pointers and tips to help you maximise your 
preparation and ace your upcoming national exam! 
 
The crash courses will begin in June 2021 and last till Oct 2021. 
 
Pre-register now on our website and secure your slots! 
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