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1. SECTION 01 – AIM OF THE EXPERIMENT AND GENERAL DESCRIPTION

The aim of the experiment is to determine the formula of magnesium oxide.  This will be achieved by burning magnesium in air, and analysing the mass/mole ratio. 

This experiment was carried out in July 2023, by the UWTSD HNC OME Course, as a group activity, in pairs.

The main tasks were to measure out approximately 1g to 1.5g of magnesium chips.  This substance would be added to a crucible, and together with the lid, crucible and magnesium, record the total weight.  The crucible would then be heated to a point where the magnesium combusted and left behind a grey powder.

The crucible, containing the grey powder would then be weighed, again with the lid on, and the new weight recorded.

Through analysis of mole/mass ratio and chemical equations, calculate the difference in mass, and confirm theoretical hypothesis.


HYPOTHESIS

Chemistry follows a set of fundamental laws, such as the Law of the Conservation of Energy [3], stating that energy cannot appear from nowhere, or disappear into nothingness.  Energy can be neither created, nor destroyed.  
Energy exists as Potential energy, including chemically stored Energy; or Kinetic Energy, for example thermal energy, which is energy that comes from movement within atoms and molecules in substances. 

Magnesium will require a heat source, and oxygen in order to react and combust.
Therefore, magnesium will react with the moles of oxygen, in its gas form.  This reaction will form magnesium oxide.  
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[image: ]

Figure 01 – Periodic Table of Elements (highlighting magnesium and oxygen) 


Molar mass of magnesium 	= 24.305 g/mole  (Or 1x Mole)
Molar mass of oxygen		= 15.999 g/mole  (Or 1x Mole)

However oxygen in its gas form requires two molecules, represented as O2

Magnesium oxide or MgO will be the product of the combustion.

Therefore to balance the equation the hypothesis is that to create MgO, a coefficient of 2x will be required in the amount, in moles of magnesium, shown below:
2x Mg + O2        2x MgO

Mg 	= 1 x2=2	Mg 	= 1 x2=2	
O 	= 2		O 	= 1 x2=2


Mg 	+   O2        MgO

Mg 	= 1		Mg 	= 1		SO:
O 	= 2		O 	= 1


Or,  2Mg 	+   O2        2MgO  

And, therefore the hypothesis is that the magnesium oxide product would weight more than the original mass of magnesium, as it gains oxygen molecules, to create a new product.


2. SECTION 02(a) – THEORY AND BACKGROUND INFORMATION

BASIC CONCEPT

As above, chemistry is set out in fundamental laws, stating that energy cannot appear from nowhere, or disappear [3].  Energy can be neither created, nor destroyed. 

In order for a product to be formed from two elements interacting, energy must be spent, or converted to a new form.  So oxygen existing in gaseous form, in O2, to create magnesium oxide, in solid form, and will require stimulation, to bond with the magnesium.  This stimulation is in the form of thermal energy.

DEFINITIONS

Chemical reaction and Products: 
The process through which substances are converted into other substances.  The substances are referred to as reactants, and can be chemical elements or compounds.  A chemical reaction re-arranges atoms of the reactant substances, to create new substances, referred to as “products” [5]

Activation energy:
In it’s solid, metal form, magnesium burns easily in air.  In order to begin the reaction, in this case for testing and the report, combustion, the magnesium requires a source of energy to be applied [6].  The minimum amount of energy required is for a chemical reaction to occur is the activation energy.  

Compound:
The material that is formed from atoms of different periodic elements being bonded together, such as magnesium oxide.      

Exothermic Reaction:
When in it’s solid form, magnesium burns in reaction with the air, to form the compound, magnesium oxide.  When the magnesium and oxygen form together in a chemical reaction, a grey or white powder product forms, this is the magnesium oxide compound.  The release of heat during this process is an exothermic reaction [8].      

Stoichiometry: 
A chemical reaction where different quantities of reactants react with each other to form products [8].      

Empirical Formula:
Formula of a compound or product of a chemical reaction.  Written in the simplest form, as a whole number ratio of atoms, including each element [9]. 
For example, the molecular formula of glucose is C6H12O6, and this is simplified to CH2O as the empirical formula.

Air:
Because air made up of various elements [12], some in gas form, it is not allocated a chemical symbol, but can contain nitrogen (N2), oxygen (O2), argon (Ar), and carbon dioxide (CO2).




CHEMICAL EQUATION 

Magnesium + Oxygen 	Magnesium Oxide:

2Mg 	+   O2        2MgO

Magnesium can also react with the trace amounts of nitrogen in the air, which will produce a small amount of magnesium nitride:

3Mg 	+   N2        2Mg3N2


3. SECTION 02(b) – APPLICATIONS IN OME

The burning properties of magnesium are utilised in munitions both to produce bright light, or dense smoke, but also in an offensive capability.  Incendiary bombs have been used in many forms throughout military history [11], due to the intense burning effect, in conjunction with thermite.  This can be used as a large scale bomb, in an anti-building capacity (the largest, regularly used named the “Grand Slam” during World War II, weighing 10,000kg [11]), or in grenade form against vehicles.  The grenade use is intended to “deny” a vehicle, for example if it has become incapacitated, thereby destroying it so it cannot be used or exploited by the enemy.  
Of course, both forms have been used as an anti-personnel capability, due to the massive damage it can cause to the human body.  Human Rights Watch has damned its use, due to the depth and severity of damage it causes to human tissue [12].  As recently as 2023, the use of magnesium based incendiary weapons was noted as a possibility in the war in Ukraine.
Besides the harmful effect of burning, magnesium based weapons are also toxic in the long-term [13].  
As a point of note:  Operationally in the UK, Explosives Ordnance Disposal (EOD) Operators are still taught the safe drills, in order to safely dispose of magnesium based weapons, if legacy munitions are discovered by the public, and reported to the police. 



4. SECTION 03 – CHEMICALS, PROCDURE AND EQUIPMENT

· LAB TOOLS AND EQUIPMENT
· Bunsen burner
· Heat resistant mat
· Matches
· Crucible and cover
· Ring stand 
· Clay triangle , 
· Crucible tongs 
· Analytical balance
· Magnesium chips x 1g - 1.5 g

· FURTHER EQUIPMENT
· Laptop
· Calculator

POTENTIAL HAZARD
	Chemical
	Hazards

	Magnesium
	[image: A red and black sign with a flame

Description automatically generated]
Flammable solid, 
Flammable gases generated when in contact with                  water w water



PROCEDURE
1. Apparatus set-up: 

[image: ]


1. Set up the ring stand and Bunsen burner on the surface of the heat-resistant mat. Place the clay triangle on top of the ring. 
1. Light the Bunsen burner and open the air vent to obtain a non-luminous flame with two blue cones. Ensure that the safety yellow flame is on when the Bunsen burner is not in use.
1. Make sure that the crucible and lid are clean and dry, then weigh them on analytical balance and record the value in your data table.
1. Add approximately 1 – 1.5 g of magnesium chips to the crucible, weigh it and record the combined mass of crucible, lid and magnesium. 
1. Place the crucible on the clay triangle.  Set the lid slightly off-centre on the crucible to allow air to enter but to prevent the magnesium oxide from escaping.
1. Start gently heating the crucible, cover and magnesium by brushing the bottom of the crucible with the flame for about 1 x minute; then, place the burner under the crucible and heat strongly.
1. Heat until all the magnesium turns into grey-white powder (approx. 10 minutes).
1. Allow the crucible to cool and then record the mass of the crucible, cover and product of the reaction. 
[bookmark: _GoBack]

SECTION 04 – OBSERVATIONS
DATA SHEET to RECORD OBSERVATIONS, CALCULATIONS and RESULTS
Date 07 July 2023
	STUDENT’S NAME: KRIS BHUDOYE MIExpE
PARTNER’S NAME: KIERAN WUSTHOFF



	Mass of crucible and cover (g)
	66.7

	Mass of crucible, cover and magnesium (g)
	67.8

	Mass of magnesium before heating  (g)
	1.1

	Mass of crucible, cover and product after heating (g)
	68.8

	Mass of product after heating (g)
	68.8 – 67.8 = 1

	Mass of oxygen which reacted with magnesium (g)
	1g Oxygen + 1.1g Magnesium
= 2.1g Magnesium Oxide

	Moles of oxygen
	 1
16  =  0.0625 Moles

	Moles of magnesium
	 1
24  =  0.0458333 Moles

	Mole ratio of Mg to O
	Mg  0.0458 Moles  (4dp)
0     0.0625 Moles
=     458:625      OR
=     1.36 : 1

	Determined formula of the oxide
	
Mg 1.36 : O1  =  Mg0  

	Percent by mass of Mg in the oxide
	Mass % =   1g   x100  =  47.61%
                  2.1g

	Percent by mass of O in the oxide
	Mass % =  1.1g  x100  =  52.38%
                  2.1g

	Balanced chemical equation
	2Mg 	+   O2        2MgO  (theoretical)
                      
                            1.36MgO  (experimental                              test test test test test test test test)




Figure 02 : TABLE 01


5. SECTION 07 – RESULTS AND DISCUSSION

When the magnesium combusted with the air, it reacted due to the addition of heat energy, sufficiently to combust and form the product, magnesium oxide.  By this chemical reaction, magnesium gives up two electrons to the oxygen atoms.

2Mg 	+   O2        2MgO
[image: ]
Figure 03 : Balanced equation [6]

However in the amounts used in the test carried out for this report, the actual balanced equation resulted in:

1.36MgO

In actuality the amount of magnesium oxide may have been greater, but due to none perfect lab conditions, the crucible was knocked over during heating.  It is theoretically possible that the actual balanced ratio and formula would have resulted in 2MgO, but without repeating the test, it is not possible to 100% confirm this.

It is also possible that some gas is lost during heating, as the crucible lid is deliberately ajar.

The mass of magnesium chips is lesser than the mass of magnesium oxide (see Table 01) product.  This is entirely to be expected, as the chemical reaction causes the oxygen to bond to the magnesium, adding it’s own mass to the final mass of the product.  In this regard, the conservation of the law of mass is adhered to.


6. SECTION 06 – CONCLUSION

The activity was carried out by the HNC Course group, in pairs.  

Throughout the group, the expected result was achieved, in that the law of conservation of mass was demonstrated.  Four tests were independently carried out, but of the four, one of the crucibles, that referred to in Table 01, was knocked over in heating.  However, all four tests demonstrated the same increase in mass, as shown above.

Ideally, to repeat the test, all four crucibles would remain upright.  





































APPENDICES
APPENDIX A1 – DATA SHEET
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APPENDIX A2 – EVALUATION OF SPECTRAL METHODS FT-IR AND RAMN
During conflicts such as Afghanistan, spectral methods for analysing high energy materials would prove essential in targeting terrorist bomb makers.
These methods are still vital in targeting existing terror and extremist groups, but can also be deployed in a more pedestrian manner, in identifying military explosives, or any explosive signature that has led to an accident, rather than a terrorist incident.
For example identifying the cause of a mass explosion event, such as the Beirut explosion.  Another example could be for domestic crime, such as the breaching of cash machines in the USA, using high energy materials [14].
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