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This report focuses on the practical completed on the 4th of July 2024 at the University of Wales Trinity Saint David Swansea campus. The experiment underwent was an investigation into the ratio of Magnesium and Oxygen within the compound Magnesium Oxide. The chemical concepts observed during the practical, the limitations and the relevance to Ordinance, Munitions and Explosives are discussed.
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[bookmark: _Toc172029903]The aim of the Experiment
The purpose of the practical was to observe the combustion of Magnesium and to determine the amount of Oxygen that reacted with the Magnesium. This was done by taking a value of the Magnesium’s mass before the experiment and comparing that to the mass of the product.
[bookmark: _Toc172029904]Hypothesis
Prior to the practical, the hypothesis made was that the mass of Magnesium would stay the same before and after the reaction. This hypothesis was made due to the physical law which dictates that mass is always conserved as matter cannot be created nor destroyed.
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The independent variable was recognised to be the crucible used for heating. This conclusion was made due to the same crucible being used for both experiments, eliminating any possible result skewing related to a change in equipment. Alternatively, the ratio of Magnesium to Oxygen in Magnesium Oxide could also be an independent variable as this never changes however, as this was what was being tested, it would be biased to make this assumption.
The dependent variable was the combustion of Magnesium. The practical was dependent on most of the Magnesium undergoing combustion. If all the Magnesium reacted with Oxygen, the results would naturally be more accurate and less liable to anomalies.

The control variables noted were the heat applied to the Magnesium, as the gas flow could be controlled to ensure a constant heat was experienced by the metal. This was done to decrease any chance of the Magnesium not fully reacting with Oxygen.  Secondly, the amount of Oxygen exposed to the Magnesium. This could be controlled by opening the crucible lid. If a constant exposure to Oxygen was desired, the lid could be left covering only half of the crucible or completely off.

[bookmark: _Toc172029906]Theory behind the Practical
Many Chemical concepts are used every day by Chemists all around the world but the ones that are significant to this experiment are the Conservation of Mass, the Law of Definite Proportions and the Empirical formula. 
Conservation of Mass is a fundamental law throughout science. It governs our universe. The premise of this law is that matter cannot be created nor destroyed. In Thermodynamics, that is why it is impossible to have a 100% efficient system. With regards to this experiment, the Conservation of Mass allows for the Law of Definite Proportions to be used. If the Magnesium’s mass was not conserved throughout the reaction, we would have to use a different method to determine the mass of Oxygen used in the combustion process.
The Law of Definite Proportions outlies that when two elements react to form a compound. Their masses, prior to the reaction, illustrate a ratio of mass within the compound. ‘When an element combines with another to form more than one compound the masses of the second element combining with a fixed mass of the first element bear a simple ratio to one another’ [1] After concluding the experiment, the mass of Oxygen would be found using this law. This would be done by taking note of the Magnesium’s mass before reacting and  measuring the mass of the Magnesium Oxide, from this the amount of Oxygen that reacted with the Magnesium can be calculated. 

The Empirical formula is a method of illustrating the simplest ratio between elements within a compound. ‘The empirical formula of a compound is the simplest whole number ratio of atoms of each element in the compound. It is determined using data from experiments and therefore empirical.’ [2] This formula is the basics for any chemical reactions completed. It is a simplistic way of conveying the ratios of two elements that make a compound to the reader.
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Figure 1
[bookmark: _Toc172029908]Key findings
Relating to Figure 1, the ratio of 3:1 of Magnesium to Oxygen can be seen to emerge from the number of moles. This can also be observed throughout analysing the percentage by mass of each. In both trials, it seems that some of the Magnesium did not react. This results in the skewed observations shown in Figure 1. The results taken show that the Empirical Formula of Magnesium Oxide is Mg3O with a ratio of 3:1. However this is incorrect, it is MgO. As the formula dictates, the ratio of Magnesium to Oxygen is 1:1. 
[bookmark: _Toc172029909]Calculations
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Figure 2
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The general Chemical concepts seen during this experiment are the Conservation of mass and the Law of Definite Proportions. Both laws are utilized in Figure 2. The conservation of mass is used when working out the mass of both the Magnesium and the Oxygen within Magnesium Oxide. The moles are calculated respectively and then compared. Apon comparing both values, it can be concluded, with the results obtained, that the ratio is 3 Magnesium to 1 Oxygen.
However, this ratio value is false. The Empirical Formula of Magnesium Oxide is MgO, this illustrates that the Empirical ratio is 1:1. There are many possible reasons as to why the results gathered have been skewed, the most prominent being that not all the Magnesium combusted. If some of the Magnesium did not react with Oxygen that could cause this major change in ratio. The results observed during both Trials support this theory (see Figure 1) as there was 3 Magnesium atoms for every Oxygen atom in the Magnesium Oxide produced.




[bookmark: _Toc172029911]Relevance to Ordinance, Munitions and Explosives
The reaction that Magnesium undergoes with Oxygen to produce Magnesium Oxide is called combustion. Combustion is the rapid Deflagration of a substance, releasing gases and heat. ‘The atoms are conserved… molecules are not conserved… Reactant molecules are rearranged to become product molecules, with simultaneous release of heat.’ [3] Combustion is used throughout the Defence Industry with the most notorious use being the process that propels a projectile through a weapon system. Examples of this include: small arm rifles such as the SA80 and large calibre rounds such as a 120mm High Explosive Squash Head (HESH). The gases expelled during the combustion process have been made more effective in recent history, with the use of semi-automatic weapons. Taking the SA80 as an example, once the trigger is pulled, the firing pin hits the percussion cap which ignites the propellant inside of the round. Some of the gas produced during combustion is lost, however, the remaining gas goes through the barrel and up the gas cylinder. This gas then forces the cocking handle back, the magazine then automatically feeds the next round up into the weapon, then finally the cocking handle comes back, loading the round into the chamber. This process perfectly illustrates how previously ‘wasted’ gases from combustion could be utilised.

[bookmark: _Toc172029912]Limitations
The main limitation of both trials was that not all the Magnesium combusted. This has resulted in the observations being skewed from the Empirical Formula widely accepted throughout the Scientific community. If the practical was to be done again, the Magnesium would be heated at a lower constant heat. In theory, this would ensure that all the Magnesium is systematically heated to flash point, ensuring combustion. 




[bookmark: _Toc172029913]Conclusion
The practical’s completed suggested that the Empirical formula for Magnesium Oxide is Mg3O with a ratio of 3:1. In reality, the Empirical formula is MgO with a ratio of 1:1. The reason for this drastic proportionality is thought to be due to some of the Magnesium within the crucible not undergoing combustion. Future testing could focus on the most efficient way of heating Magnesium to its flash point and ensuring that all Magnesium, no matter the mass, reacts with Oxygen to form Magnesium Oxide with the correct ratio.
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Materials and Equipment used for this experiment:
· Lab coat
· Safety goggles
· Sterile gloves
· Crucible
· Crucible cover
· Ring stand
· Heat-resistant mat
· Bunsen Burner
· Clay triangle
· Crucible tongs (Furnace tongs were used instead)
· Analytical balance
· Magnesium chips 1g and 2g respectively
The procedure carried out during this experiment was as follows:
· [bookmark: _Toc172029916]Set up the ring stand and Bunsen burner on the surface of the heat-resistant mat. Place clay triangle on top of the ring.
· Light the Bunsen burner and open the air vent to obtain a non-luminous flame with two blue cones.
· Make sure that the crucible and cover are clean and dry, then weigh them on the analytical balance and record the value.
· Add approximately 1 – 2 g of Magnesium chips to the crucible, weigh it and record the combined mass of the crucible, cover and the Magnesium.
· Place the crucible on top of the clay triangle. Set the cover slightly off-centre on the crucible to allow air to enter but to prevent the Magnesium Oxide from escaping.
· Start gently heating the crucible, cover and the Magnesium by brushing the bottom of the crucible with the flame for about 1 minute; then, place the Bunsen burner under the crucible and heat strongly.
· Heat until all the Magnesium turns into grey-white powder.
· Allow the crucible to cool and then record the mass of the crucible, cover and the product of the reaction.


The above was conducted twice through with the only variable changing was the amount of Magnesium heated, 1g and 2g’s respectively.
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Trial 1 Trial2
Mass of crucible and cover 64.0822¢ 64.2357g
Mass of crucible, cover and Mg 65.0872¢ 66.2407g
Mass of Mg before heating 1.005¢ 2.005¢
Mass of crucible, cover and productafter heating 65.6733¢ 67.3147¢
Mass of product after heating 0.5861g 1.074g
Mass of O which reacted with Mg 0.4189g 0.931g
Moles of O 0.0131 mol 0.0291 mol
Moles of Mg 0.0413mol 0.0825 mol
Mole ratio of Mg to O 03:01 2.8:01
Determined formula of the Oxide Mg30 Mg30
9 by mass of Mgin the Oxide 28.53% 13.31%
9 by mass of O in the Oxide 71.47% 86.69%
Mg30

Balanced chemical equation
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