
In rocketry, understanding energy transformations during chemical reactions is essential for 
designing efficient propulsion systems. Two key reactions that illustrate these transformations 
are the combustion of hydrogen with oxygen, which is used as a rocket propellant, and the 
reverse reaction, the electrolysis of water. 
 
Understanding the energy level diagrams of these reactions provides insights into the energy 
transformations that are fundamental to rocket propulsion. The diagrams highlight the difference 
between the energy required to produce the propellants through electrolysis and the energy 
released during their combustion, thus illustrating the efficiency and power of rocket fuels. 
 
These diagrams provide a visual representation of the energy changes involved in these 
reactions, emphasizing the fundamental principles that enable rockets to have and to achieve 
the powerful thrust needed for space exploration. 
 
Combustion of Hydrogen with Oxygen, as in propellant: 
The combustion of hydrogen with oxygen is an exothermic reaction that releases a significant 
amount of energy. When hydrogen and oxygen combine to form water, they release energy, 
which can be harnessed to produce thrust in rocket engines. The energy level diagram for 
combustion shows that the energy of the reactants (hydrogen and oxygen) is higher than the 
energy of the products (water), demonstrating a net release of energy. 
 
The chemical equation for the combustion of hydrogen with oxygen is: 
2𝐻2(𝑔)+𝑂2(𝑔)→2𝐻2𝑂(𝑙) 
ΔH = -571.6 kJ/mol 
 
This negative enthalpy change indicates that the reaction is exothermic, meaning it releases 
energy as it proceeds. This released energy is harnessed to generate thrust, propelling rockets 
upwards by rapidly expelling exhaust gases and thereby lifting the rocket off the ground. 
 

 



 
 
Water Electrolysis, as in a system to create hydrogen gas and oxygen gas: 
Water electrolysis involves splitting water molecules into hydrogen and oxygen gases using 
electrical energy. This endothermic process requires energy input to break the chemical bonds 
in water. The energy level diagram for electrolysis shows that the energy of the products 
(hydrogen and oxygen) is higher than that of the reactants (water), indicating that an external 
energy source is needed for the reaction to occur. 
 
The chemical equation for the electrolysis of water is: 
2𝐻2𝑂(𝑙)→2𝐻2(𝑔)+𝑂2(g) 
ΔH = +571.6 kJ/mol 
 
This positive enthalpy change indicates that the reaction is endothermic, meaning it requires an 
input of energy to proceed. 
 

 
Key Points to Notice About the Reverse Reactions 
 

1.​ Equal but Opposite Energy Changes: 
a.​ Both the electrolysis of water and the combustion of hydrogen and oxygen 

involve the same overall energy change, but in opposite directions. 
b.​ Electrolysis: Energy is absorbed (+571.6 kJ/mol) to split water into hydrogen and 

oxygen. 
c.​ Combustion: Energy is released (-571.6 kJ/mol) when hydrogen and oxygen 

combine to form water. 
2.​ Energy Input vs. Energy Release: 



a.​ In the electrolysis of water, energy is required to break the bonds in water 
molecules, which is an endothermic process. 

b.​ In the combustion of hydrogen, energy is released as new bonds form in water 
molecules, which is an exothermic process. 

3.​ Activation Energy Differences: 
a.​ The activation energy for electrolysis is the energy needed to reach the transition 

state where water molecules can be split into hydrogen and oxygen. This is 
typically high because it requires a significant energy input to initiate the reaction. 

b.​ The activation energy for combustion is also the energy required to reach the 
transition state, but once initiated, the reaction releases energy and proceeds 
rapidly. 

c.​ The large difference in activation energies highlights why electrolysis requires a 
continuous energy supply to proceed, while combustion, once started, is 
self-sustaining and releases a large amount of energy, which is the basis for 
generating thrust in rockets. 

 
The typical solid rocket propellant reaction between Aluminum and ammonium perchlorate is 
highly exothermic, more so than the combustion of hydrogen gas in oxygen gas. This type of 
reaction is used in solid rocket motors, where aluminum acts as the fuel and ammonium 
perchlorate serves as the oxidizer.  
 
The enthalpy change (ΔH) for the reaction between aluminum and ammonium perchlorate is 
approximately -8054.2 kJ/mol. This indicates that the reaction is highly exothermic, releasing a 
large amount of energy, which is typical for solid rocket propellants, and the energy diagram 
would look as follows: 



 
 
Things to Notice When Comparing the Reaction Energy Diagram of Solid Propellant 
Reaction with Combustion of Hydrogen 

1.​ Activation Energy: 
a.​ Solid Propellant Reaction: Typically has a high activation energy. This high 

activation energy ensures that the reaction does not spontaneously ignite, and 
requires an external source of heat or spark to initiate. 

b.​ Combustion of Hydrogen with Oxygen: While also high, it can be lower than that 
of some solid propellant reactions, particularly when catalysts are used. 

2.​ Energy Change (ΔH): 
a.​ Solid Propellant Reaction: Highly exothermic with a large negative ΔH (e.g., 

-8054.2 kJ for the aluminum and ammonium perchlorate reaction), indicating a 
substantial release of energy, which is used for generating thrust. 

b.​ Combustion of Hydrogen: Also highly exothermic with a negative ΔH (e.g., -571.6 
kJ/mol for the formation of water), releasing energy used to produce thrust in 
more precise adjustments. 

3.​ Reaction Duration: 
a.​ Solid Propellant Reaction: Typically designed to burn quickly but steadily once 

ignited, providing a continuous thrust over a shorter duration. 



b.​ Combustion of Hydrogen: Can be controlled more precisely, allowing for 
adjustments in thrust and the ability to start and stop the reaction as needed, 
which is ideal for variable thrust applications. 

4.​ Byproducts and Efficiency: 
a.​ Solid Propellant Reaction: Produces solid byproducts such as aluminum oxide 

(Al₂O₃) and other compounds, which can affect the overall efficiency and specific 
impulse of the propulsion system. 

b.​ Combustion of Hydrogen: Produces water (H₂O) as the main byproduct, which is 
a gas at high temperatures and generally results in a cleaner and more efficient 
reaction with a higher specific impulse. 

5.​ Storage and Handling: 
a.​ Solid Propellant: Generally more stable and easier to store, as the fuel and 

oxidizer are combined in a solid form. 
b.​ Hydrogen and Oxygen: Require careful handling and storage, especially in liquid 

form, where cryogenic conditions are needed to keep hydrogen and oxygen in a 
liquid state. 

6.​ Practical Applications: 
a.​ Solid Propellant: Commonly used in booster rockets, military missiles, and other 

applications where simplicity and reliability are crucial. 
b.​ Hydrogen Combustion: Preferred in main engines of launch vehicles and 

applications requiring high efficiency and precise control over thrust. 

 
 


