
Lab – A Combustion Reaction and the Energy it Releases 
 
In a combustion reaction an element or a compound reacts with oxygen.   Many combustion reactions 
involve hydrocarbon compounds – they are made up of carbon and hydrogen.   When a hydrocarbon 
compound reacts with oxygen, the chemical products are usually carbon dioxide and water.  (If the 
supply of oxygen available for the reaction is limited, carbon monoxide and ordinary carbon (soot) may 
be additional products).  But the most useful product of a combustion reaction is energy.  
Methane (CH4), propane (C3H8), butane (C4H10), octane (C8H18), glucose (C6H12O6), ethyl alcohol 
(C2H5OH), and paraffin wax (C25H52) are some common fuels that are burned for the energy they 
release. The pattern for a combustion reaction is represented as: 
 

 CxHy  +  O2  -->  CO2  +  H2O  +  heat      (unbalanced...) 
  
The energy produced during a combustion reaction comes from the difference in energy stored in 
the bonds of the products, compared to the energy stored in the bonds of the reactants. Energy 
cannot be measured directly.  It is not matter, so you cannot weigh it or collect it by water 
displacement as you have done for the chemical products in other reactions.  You cannot see it, or 
smell it.  Energy is not expressed in the familiar mole unit.  However, the energy produced in a 
chemical reaction does have a direct quantitative relationship with the rest of the materials in the 
balanced equation.  The method for collecting this information requires you to “trap” the energy in 
something that is measurable - like water – and to measure the effect that the energy has on the 
water. There is a simple formula we can use to calculate the amount of heat absorbed by water. We 
express the energy in a common SI unit, joules. 
 
In this experiment you will determine how much heat energy is released during a simple combustion 
reaction. Everyone knows the flame of a candle is a form of energy.  The way atoms and bonds are 
arranged determines the amount of chemical energy stored in a molecule. When wax burns in the 
presence of oxygen, chemical bonds break and new bonds form.  The products are simpler 
compounds – and they store less energy than the original reactants did.  The “leftover” energy is 
released to the surroundings as radiant energy (light) and thermal energy (heat).  You will measure the 
temperature increase in a known amount of water when it is heated by a burning candle.  A calculation 
that involves the temperature change and the amount of water heated will allow you to determine the 
amount of energy absorbed by the water. We then make the assumption that the energy absorbed by 
the water is the same energy that was released by the wax as it burned.  According to the Law of 
Conservation of Energy, energy gained  = energy lost .  
 
Procedure: Set-up according to the illustration…  
 

1. Attach a candle to a can lid.  Weigh the candle and lid together.  
Record the mass.  
 

2. Set up the apparatus as shown in the diagram.  Fill the small  
 can about 2/3 full with cold water. Adjust the height of the small 
 can so that the bottom of the can is about 2 inches above the  
 tip of the wick. Record the temperature of the cold water.  

 
3. Light the candle and quickly place the can of water above it as  
 shown… 
 

Heat the water, stirring gently with the thermometer, until the 
temperature of the water reaches about 35.0°C.  Carefully  
blow out the candle. Continue to stir the water, while watching  
the thermometer. Record the highest consistent temperature of 
of the water. 

 
4. Weigh the candle and lid.  Record the mass.  

 
      5.   Measure the volume of water that was heated to the nearest ml. 
  



 Data:  Mass of candle and lid before burning _______ g 
 
  Mass of candle and lid after burning _______ g 
 
  Temperature of water before heating _______ °C 
 
  Temperature of water after heating _______ °C 
 
  Volume of water heated   _______ ml = _____ g 
 
Analysis:   Show calculations neatly in the space provided.  Include appropriate units. 
 

 
1.  Determine the mass of water (m) heated.  Remember, the density of water is 1.0 g/mL.  

 

2.  Determine the temperature change of the water (T) during the combustion.  
 

 
Different units can be used to express heat. One common unit is the calorie (or the kilocalorie, if 
the number of calories is very large).  By definition, “1 calorie is the amount of heat required to 
raise the temperature of 1 gram of water by 1 °C”.  This means that each gram of water that 
increases by 1 °C absorbs 1 calorie of heat energy. This value is a constant, and is referred to as 
the “specific heat constant”.   In chemistry, the preferred unit of heat energy is the joule.  The 
relationship between calories and joules is 1 calorie = 4.18 joules.   But the meaning is the same:    
4.18 joules of energy will cause the temperature of 1 gram of water to increase 1 degree.  
 
The calculation of energy measured in a reaction involves three factors:  
   
  Energy (joules)  =  mass of water used (g)     x   temp. change of water (°C)  x   4.18 joules/g ·°C 
 

        The symbol form of this equation is:     q   =   m  ·  T ·   c   
  (where c = the specific heat constant of water,  4.18 joules/g ·°C) 
 
3.  Calculate the quantity of heat (q  means #joules) absorbed by the water in the can. Since  
 heat gained = heat lost, we can assume this is the quantity of heat lost by the paraffin as it  
 burned.  
 
5.  Calculate the “heat of combustion” of paraffin in terms of “joules per mole” of wax  
 burned. Remember, “per” means divided by…  so divide number of joules produced by the  
 number of moles of wax burned. And because the number will be large, it makes sense to  
 change it to kilojoules per mole. 

 
6.  How efficient was the equipment you used?  Do you think your calculated value for the  
 heat of combustion of paraffin is higher or lower than the theoretical value?  What factors  
 would need to be considered in order to improve accuracy?  

 
7.  Balance the chemical equation for the combustion of paraffin.  Write in the heat value that  
 you calculated in the appropriate space.  This is now called a thermochemical equation  
 because it shows how much heat is involved along with the chemical change.  

 ____ C25H52   +     ___O2    ---->    ____CO2  +  ____ H2O   +  ____kJ 
 

 The heat coefficient can be used in equation ratios when solving stoichiometry-type problems.  
 

8.  Use the ratios in the balanced equation to solve the following problems. (Make the # of kJ  
 part of the ratio!) 

a. How much heat (kJ) would be released in the burning of 5.0 grams of paraffin wax? 
b. How much wax would you need to burn in order to produce 3.5 x 10

4 
kJ of heat? 


