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Section 1 – Experiment Purpose
The purpose of this experiment was to determine the formula of magnesium oxide. This was done by analysing the mass to mole ratio of magnesium (Mg) and oxygen (O). To carry out this task magnesium chips were heated and the combustion product analysed. The masses recorded before and after the experiment were used in part to make the required calculations.

Section 2 – Hypothesis & Theory
The alkaline-earth metal element, magnesium, is the lightest metal by structure [1]. Mg powders have uses in OME as an ignition source due to their being highly reactive with atmospheric oxygen [2]. It is partly for this reason that it is never found in its metallic form in nature. It is the second richest metallic element in the oceans and occurs in some minerals [3]. 
Oxygen is a colourless, odourless, non-metallic gas, which is essential to most living organisms on the planet. Some of these organism’s breath it in, others excrete it, creating a balanced, symbiotic, ecosystem. In conjunction with catalysts, oxygen can form compounds with other elements [4]. With relevance to OME, 
“the combustion process of propellant and explosive substances can be defined as a self-sustaining, exothermic, rapid-oxidising reaction” [5].
This is when any substance reacts and combines with oxygen (reactant), gaining its atoms, producing an oxide (product). Therefore, when the reactants are magnesium and airborne oxygen, they produce an oxide of magnesium, magnesium oxide. Heat is the catalyst for the reaction. The bracketed letters denote whether the substance is solid, liquid or gaseous. 
 				Mg(s) + O₂(g) → MgO(s)
One would expect that there would be a reduction in the mass of the product, compared to that at the beginning of the experiment. This is from thinking logically about day-today occurrences, for instance, cooking meat on a grille. The longer that a steak is cooked, it will shrink due to water evaporation and fat loss. However, there are a number of factors that can influence this. One of these factors is Conservation of Mass - a principle stating that an object cannot change its mass no matter how the composition is arranged. It implies that matter cannot be created or destroyed [6]. An example of this would be putting sugar in tea. The sugar has dissolved but its mass has been conserved. The amount of tea is constant; mass being calculated; 
				Mass = Volume x Density
Therefore, the density and volume remain constant. The shape may adjust but mass is constant. The total mass of the reactants must equal that of the product.
The Law of Definite Proportions (Proust’s Law) states that every compound has fixed and a constant ratio by mass, of its composition. This law is the groundwork for stoichiometry. This is the correlation between quantities of reactants and products at all stages of a reaction. It is founded on Conservation of Mass.
[image: ]Since atoms beyond microscopic, an amount of a substance is measured in Moles (mol). 1mol contains exactly 6.02214076×10²³ particles. This is Avogadro’s number and also relates to precisely 12g of Carbon12 [3]. This means that 1mol of any substance refers to an established number of particles. 1mol of helium would be the same as 1mol of beryllium. 1mol of an element is equal to its atomic weight (g). The atomic mass/molar mass is found on the periodic table. See figure 1.
[7] Figure 1



The molar mass allows the precise amount of a component for reaction. In OME this allows for production of consistent and reliable compositions. It is then possible to understand yield and potency of an explosive composition, and control the effects of detonation/deflagration. For this a balanced equation is needed. 
[image: ][image: ]Figure 3 (left) shows the calculation for molar mass. In OME mass composition is important for the reason above. It is the fraction of total mass contributed by each element an expressed as a percentage.
The below is an example of a balanced equation for when propane (C3H8) is burned in the presence of oxygen to produce water and carbon dioxide.
	C3H8 + O2 --> H2O + CO2 

	Left side: 3 carbon (C3), 8 hydrogen (H8) and 2 oxygen (O2)
Right side: 1 carbon (C), 2 hydrogen (H2) and 3 oxygen (O + O2)
Use coefficients to balance the other atoms in the equation.

	C3H8 + O2 --> H2O + 3CO2

	C3H8 + O2 --> 4H2O + 3CO2

	C3H8 + 5O2 --> 4H2O + 3CO2


		Table 1
Stoichiometric coefficients are used as they denote the relative number of mol, for reactants and products in the reaction. They can be interpreted by no. of mol.
	C3H8             +             5O2                 -->            4H2O            +             3CO2

	1 mol
	5 mol
	4 mol
	3 mol

	3 mol
	15 mol
	12 mol
	9 mol

	10 mol
	50 mol
	40 mol
	30 mol

	1 : 5
	4 : 3


Table 2
Section 3 – Chemicals, Equipment & Procedure
	Chemical
	Equipment
	PPE

	Magnesium chips 1 – 1.5g
	Crucible and cover
	Lab coat

	Atmospheric air
	Ring stand
	Safety goggles

	
	Bunsen burner
	Nitrile gloves

	
	Clay triangle
	

	
	Crucible tongs
	

	
	Digital balance
	


Table 3
1. Set up the equipment as per figure 4 below, on a heat-resistant mat. The clay triangle sits atop the ring. Light the Bunsen burner and open the air vent to obtain a two-flame blue cone. The burner must be on a yellow safety flame when not in use.
2. Ensure the crucible and lid, also clay (to withstand high temperatures), is clean and dry. Weigh on the balance recording the data.
3. Add 1 – 1.5g magnesium chips. Record all-up data.
4. Place the crucible so it sits inside the triangle. Set lid so that air may enter but magnesium is contained.
5. Gently heat the entire crucible for 1 minute, then heat strongly from underneath.
6. After approximately 10 minutes the magnesium with turn to a grey-white powder.
7. Allow to cool, then weigh and record.
[image: ]
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Section 4 – Observations, Data & Calculations
Table 4, below, is a recreation of the data record sheet as supplied by UWTSD. 
	Student Name: Ben Palmer-Drury


	Partner’s Name: N/A


	Mass of crucible and cover. 
Variable 1
	72.6g

	Mass of crucible, cover and magnesium. 
Variable A
	73.5g


	Mass of magnesium before heating.
	73.5 – 72.6 = 0.9g

	Mass of crucible, cover and product after heating.
Variable B.
	73.7g

	Mass of product after heating.
	B – 1 = 1.1g

	Mass of oxygen which reacted with magnesium.
	B – A = 0.2g

	Moles of oxygen.
	Mol = 0.2g/16g/mol. Mol = 0.0125

	Moles of magnesium.
	Mol = 0.9g/24g/mol. Mol = 0.0375

	Mole ratio of Mg to O
	Mg=0.0375/0.0125=3  O=0.0125/0.0125=1
Ratio = 3:1

	Determined formula of the oxide
	MgO

	Oxide Mg mass % 
	%=0.2/1.1x100=81.82% 2dp

	Oxide O mass %
	%=0.2/1.1x100=18.18% 2dp

	Balanced chemical equation
	2Mg+O2=2MgO


Table 4

Section 5 – Results discussion & Conclusion
As shown in the results table above, the all-up mass increased after heating. This ran contrary to the initial hypothesis as quoted in section 2. There was a black residue observed at the end of the experiment. This was along with the expected grey-white magnesium oxide. The conclusion for this being, that using a hydrocarbon fuel (atmospheric air) as a reactant has effectively contaminated the experiment. This is more than likely due to atmospheric air being composed of just 21% oxygen. Dry atmospheric air contains 78% nitrogen, 1 % argon and 0.04% other elements. The other elements include carbon dioxide, neon, helium, methane, krypton, hydrogen and xenon, in varying quantities [8].
Therefore, the mole ratio equations will need recalculating for the molar mass of atmospheric air which is 28.9647, rounded to 29 g/mol [8]. These amended calculations are in red in Table 5 below. This will give a new ratio.
	Moles of atmospheric air.
	Mol = 0.2g/29g/mol. Mol = 0.0069

	Moles of magnesium.
	Mol = 0.9g/24g/mol. Mol = 0.0375

	Mole ratio of Mg to O
	Mg=0.0375/0.0069=5.43
AA=0.0069/0.0069=1
Ratio = 5.45:1


The percentage mass value for oxygen will not change as the weights have not. Only the percentage title will change to ‘atmospheric air’. For the theoretical values to be true, pure oxygen would be needed to carry out this experiment again. To fully analyse the remaining product, computer-based spectroscopy would be required. See the appendix for an analysis of two spectroscopy techniques.
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Appendix; Evaluation of FT-IR and Raman
Written with notes made in a lecture given by M. Broadhead – UWTSD. 
There are a number of modern computer-based, stand alone, spectroscopy devices. For the purposes of this paper, FT-IR and Raman will be the focus.
Computer-based spectroscopy is a confirmatory test, rather than a presumptive test, like flame testing. The drawbacks and benefits are outlined below;
	Advantages
	Disadvantages

	Quantitative
	Needs experience

	Gives a compound spectra
	Sample prep can be time consuming

	Hard work automated
	Specialist training required

	Targeted analysis
	Fixed location



FT-IR, or, Fourier transform infra-red, is a method of spectroscopy, where IR radiation is passed through a sample. Differing molecules produce specific spectral ‘fingerprints, where each ‘print is endemic to itself. The detector effectively reads this fingerprint and matches it to those known, where the output is given in an interpretable manner. The devices can be operated in two modes with two different techniques;
· Transmittance – how much IR is given off
· Absorption – how much IR is absorbed
By
· KBr plates (potassium bromide plates)
· UATR (attenuated reflectance) unit
In transmittance, the sample is diluted in carbon tetrachloride so that the IR light can pass through the sample without too much absorption. The substance used for dilution should not absorb at the same frequencies as the sample. Solid samples must be ground down and mixed with another solid, normally potassium bromide. This is because potassium bromide does not absorb IR in the mid-range. This is then pressed into a pellet for analysis.
[image: ]



In absorption, the FT-IR polarises an IR beam, which is shone through a synthetic diamond onto the sample. The chemical bonds get excited and release energy. The organic reference tables are freely available online. The tables reference the frequencies at which chemical compounds can absorb IR radiation, and exciting the molecules so that they vibrate.
[image: ]As an example the frequencies that water (H2O) ‘works’ at is in the range of 2700 to 3700cm-1, while the deformation vibration is at 1650cm-1. The detector will look for the missing, or absorbed, frequencies that water blots. Graphical representation given below.





[image: ]ATR is now the primary method for this type of analysis as it is not destructive and has minimal sample prep. The sample is placed on a crystal (diamond, germanium or zinc selenide) and the light is transmitted through the sample to the detector. This light is partially absorbed by the sample. The light normally only interacts with the first few sample microns, producing high quality spectra. It should be noted that the spectra differ to the other techniques, arising due to the way IR wavelengths are absorbed during partial absorption. The software corrects this, making life easier for the user. Reflectance spectroscopy can be carried out in difference ways depending on the sample being analysed. 




· [bookmark: _GoBack]Transflectance shines IR though very thin samples. Used for tissues or coatings.
· Specular reflection analyses IR bounced from a reflective surface. Polymers, gems and art. This technique is used for analysing paint so that older pieces of art can be restored or checked as forgeries.
· DRIFTS, or Diffuse Reflectance Infrared Fourier Transform Spectroscopy, requires careful sample prep, but gives measurable results when soils, concretes and catalysts require analysis. 
[image: ]


FT-IR is a powerful technique for reading chemical spectral fingerprints, and analysing substances in a sample. As well as uses in labs, it has a place in plastic recycling, failure analysis, quality control and, with relevance to OME, forensics. It is a valuable tool in identifying explosive products and components after the fact, giving investigators evidence of the chemical makeup of a device. It can also provide evidence to manufacturers on how differing batches have been mixed, so they can make consistent products.
Raman spectroscopy differs from FT-IR in that it uses laser to illuminate a substance. The instrument then analyses the light that is scattered from the surface of the substance. Raman spectroscopy is a type of inelastic scattering of light. It occurs when scattered light has a different energy to the light that has caused scattering. This means the frequency, wavelength [image: ]and colour will differ from the original beam of light.



The inelastic scattering of light in Raman spectroscopy bounces a laser from the vibrating bonds of the molecules in the substance. Some light from the laser will be absorbed, but the rest will hit the detector at different frequencies and colours from the original. This frequency shift is how the instrument determines what the sample is composed of.
[image: ]



Normally a green laser is used, because the frequency of the original beam is continually emitted at the same wavelength and frequency. It is very rare to be analysing single samples like caesium or aluminium on their own. Many compounds are complex containing chemical bonds of different elements, and their own vibrations. Like with FT-IR libraries, many compounds have already been mapped and catalogued. 
Because Raman uses visible laser light, Raman spectrum can be analysed through any packaging that visible light can penetrate. In pharmacology this is useful so that bottles don’t need to be opened to get samples. In OME this could be useful in instances where IED’s have been packaged in suitable containers. It is also a non-contact technique requiring little sample prep, therefore being non-invasive. This is good for analysing art and antiquities as well, particularly in the field. The instruments themselves are quite simple instruments, making the technique handheld and portable.
However, there are limitations with Raman spectroscopy. Chiefly, with the strength of the Raman effect itself. Raman scattering accounts for 0.0000001% of light scattered. An easy way round this is to increase the laser power, but this may damage the sample. SERS (Surface Enhanced Raman Spectroscopy) is designed to get round this however. 
Sometime the detector can’t differentiate between Ramen scatter and fluorescence. This is when a substance absorbs light, and then emits it at a lower energy. The wavelength of the laser needs to be changed to avoid this. This means that to avoid fluorescence, an FT-Ramen spectrometer must be used, which also uses IR.




Conclusion.
Small scale Raman handheld devices can provide quality, quick, data when in the field, for analysing chemical compositions in the event of IED strikes and during investigations of suspect materials. Being non-invasive these portable Raman scanners are a great tool for in the field hen investigating art and antiquities crimes. But, due to their limitations, these samples can then be returned to the lab for more detailed chemical analysis, using FT-IR. In both OME and murder investigations the lab based instrumentation can be used to identify residues left behind from weapon discharges. GSR, or gun shot residue, is left behind when a weapon discharges. The instruments look for a primer and propellant mix, and other inorganics like copper, from shell casings.
Together they are valuable tools for analysing the chemical makeup of many different compounds in OME. 


Additional references.
FTIR | FTIR Spectroscopy Academy | Thermo Fisher Scientific - US
Guide to FT-IR Spectroscopy | Bruker
Guide to Raman Spectroscopy | Bruker
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