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Aims and Objectives
The aim of this experiment is to determine the formula of magnesium oxide by analysing the mole to mass ratio of the product after magnesium (Mg) has undergone combustion in oxygen (O). The masses were recorded prior and post heating and then compared in order to complete the required calculations. The mass of the product is the dependent variable; the crucible and cover are the controlled variable and the mass of magnesium is the independent variable. 
Theory & Hypothesis
Magnesium is an alkaline earth metal in group 2 of the periodic table. It is a silvery-white metal that is easy to ignite and burns with a bright light [1]. Due to this property, and its high reactivity within air, its primary use within OME is for flares [1]. Decoy flares, which are used as countermeasures on fighter jets, have a composition made of magnesium, Teflon and a thermoplastic binder [2]. Their aim is to give off a large heat signature quickly so that infrared-guided missiles seek out the flare as opposed to the aircraft [2]. 
Oxygen is one of the 3 requirements in order to produce a flame, the remaining 2 are fuel and heat. Therefore by heating magnesium, when it starts to combust it will react with the oxygen in the air forming magnesium oxide. The formula for the magnesium oxide reaction is as stated below.
Mg(s) + O2(g) → MgO(s)
 “mass is neither created nor destroyed in chemical reactions” [3]
This means that as the product is formed, the additional mass must be obtained from the reactants in the air. Nitrogen gas (N2) can react with magnesium to form magnesium nitrate but it is a less kinetically favourable reaction than with oxygen. Similarly, carbon dioxide (CO2) can react with magnesium but it forms carbon and magnesium oxide as the magnesium takes the oxygen from the carbon dioxide molecules [4]. 
Results[Figure 1] the students results and calculations from the experiment.

	
	Trial 1
	Trial 2

	Mass of crucible and cover (g)
	69.8486
	70.3406

	Mass of crucible, cover and magnesium (g)
	70.8596
	72.3466

	Mass of magnesium before heating (g)
	1.011
	2.006

	Mass of crucible, cover and product after heating (g)
	71.4055
	73.4550

	Mass of product after heating (g)
	1.5569
	3.1144

	Mass of oxygen which reacted with magnesium (g)
	0.5459
	1.1084

	Moles of oxygen (mol)
	0.03412
	0.06928

	Moles of magnesium (mol)
	0.0421
	0.08358

	Mole ratio of Mg to O
	≈1:1
	≈1:1

	Determined formula of the oxide
	MgO
	MgO

	Percent by mass of Mg in the oxide
	64.94%
	64.41%

	Percent by mass of O in the oxide
	35.06%
	35.59%

	Balanced chemical equation
	2Mg + O2 → 2MgO




The results in Figure 1 evidences the hypothesis that the mass of the product should be greater than the original mass of the magnesium within the reaction. This is due to the oxidisation of magnesium as it forms magnesium oxide and the calculations the student made for both of their experiments reinforce this. 

Discussion
From the students’ results, the approximate mole ratio of 1:1 for both experiments abides by the correct formula for magnesium oxide and validates that the results are correct. The mass of magnesium oxide for both experiments is much higher than that of the magnesium before combustion which is due to the reaction the Mg has with O in the air. Atmospheric air contains other elements, not only oxygen, and has a composition of 78% Nitrogen, 21% Oxygen, 1% Argon and 0.04% Carbon Dioxide [5]. The percentage split of Mg and O is almost equal, with the mass percentage of magnesium being higher than that of oxygen. This is because in the balanced chemical equations, there are 2 moles of Mg reacting with 1 mole of O in its diatomic form. Additionally, Mg also has a higher atomic mass of 24 compared to that of O at 16. The experiment could be improved by further analysis of the grey-white MgO powder that was in the crucible as post experiment, it was highlighted that not all of the magnesium had combusted and so the final masses may be slightly inaccurate. To resolve this, using an electric Bunsen burner as opposed to a gas alternative would mean that the heat output could be more controlled and be set at a constant temperature for a set period of time to make sure that all the Mg combusts within the reaction.




 Conclusion
 To summarise, the students’ results are an accurate data set for the formula of MgO as the error tolerance for the results is minute. For further research, combusting Mg in an atmosphere of solely oxygen and comparing it to the results from combusting in air may cause deviation within the results. Additionally, measuring the product using computer-based spectrometry rather than just a balance would form a more complete and accurate data set for the composition of the product. 
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6 Appendix
6.1 Materials and Equipment
· Crucible and cover
· Crucible tongs
· Bunsen burner
· Clay triangle 
· Analytical balance
· Magnesium chips
· Heat resistant mat
· Tripod stand

6.2 Procedure
1. Set up the clay triangle on top of the tripod stand and place the Bunsen burner underneath, all on a heat resistant mat.
2. Weigh the crucible and cover on an analytical balance making sure they are clean.
3. Add approximately 1g of magnesium chips to the crucible and re-weigh to get accurate measurements.
4. Place the crucible on the clay triangle and slide the cover so there is a small gap for air to enter.
5. Light the Bunsen burner and set it to ‘roaring’ with the air flow open all the way until 2 blue cones are visible.
6. Heat the magnesium until it all turns into a grey-white powder.
7. Remove the crucible from the flame using crucible tongs and allow it to cool.
8. Re-weigh the crucible and record the new mass of the product. 
9. Repeat steps 2-8 with a new mass of 2g of magnesium, making sure to weigh the crucible again before adding the chips.
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