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1. [bookmark: _Toc219046093]Introduction
Four samples of methyl 3-nitrobenzoate were prepared by the nitration of methyl 3-benzoate at Cranfield University. The samples were recrystallised to remove contaminants but the purity of the final product had not been assessed. Therefore the samples’ crystal shape and melting point were investigated to assess how pure each sample was.

2. [bookmark: _Toc219046094]Hypothesis
Impurities in a substance can affect its physical properties due to the chemical and physical interactions between the bulk substance and the impurities. This interrupts the structure of the substance resulting in a change to the crystallinity [1] of the sample and a depression and widening of the melting point temperature of the sample [2]. Hence for the samples under investigation, the most pure should have the most consistent crystal shape and a sharp  melting point that agrees with the literature value.
3. [bookmark: _Toc219046095]Experimental
The samples were examined using a digital microscope to observe the crystal shape and consistency. A small amount of each sample was loaded into a capillary tube that was sealed at one end and then the tube was loaded into a Cole-Palmer M200 melting point microscope to determine its melting point. Each sample was tested twice so that each operator could determine the melting point, and an average taken.
4. [bookmark: _Toc219046096]Results and discussion

	Sample
	Appearance
	Melting point from test 1/ oC
	Melting point from test 2/ oC
	Average melting point / oC

	Literature [3]
	White-Yellow crystals
	N/A
	N/A
	78

	A
	Off-white needle-like crystal powder.
Appears wet
	76-77
	77-78
	77

	B
	Fine white powder
	78
	78-79
	78

	C
	Off-white needle-like crystal powder.
	77
	78
	78

	D
	Yellow irregular crystals. Forms clumps.
	73-74
	74
	74
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Of the samples, samples B and C appear to be the most pure as they match the literature values the most, followed by sample A. Sample A to have not been fully dried before testing, as it exhibits caking and visibly appears wet, this would explain the depressed melting point across a range, as it is effectively an impurity that disrupts the solid and hence affects the melting point whilst the appearance of the crystals remains unaffected [4]. The difference between the literature value and the measured value could be a consequence of the melting point microscope only measuring in whole numbers of temperature, leading to an uncertainty between the higher and lower half values of a temperature that would result in values that round to better match the literature value. 
The most impure is sample D, as it is very yellow and has the lowest melting point, both indicative of the presence of impurities. Yellowing is indicative of the presence of nitric oxides from the nitration process where the nitration was not adequately controlled leading to side products that are less stable and decompose over time [5]. Discussion with the producers of Sample D confirmed that the nitration was allowed to heat up beyond the controlled temperature, leading to the production of side products.
5. [bookmark: _Toc219046097]OME relevance
Purity is important in OME as the presence of impurities can affect the behaviour of energetics, which may result in accidents. Trinitrotoluene, a common explosive, is produced by the nitration of toluene and as such numerous side products are produced which remain in the bulk material [6]. The consistency of TNT’s melting point is important as it is used in the melt casting of explosive shells, and hence any deviation in melting point can cause premature melting of the explosive during the manufacturing process which could lead to accidents [7].
6. [bookmark: _Toc219046098]Conclusion
This work shows that purity affects the melting point of methyl 3-nitrobenzoate and that the purity of a substance can be determined by the visible appearance of the solid and that impurities affect the melting point of a substance. This in turn can be used to determine how successfully methyl benzoate was nitrated, with poor reaction control leading to a more impure sample, and hence a lower melting point. It also shows the importance of fully drying samples, as the presence of remaining solvent has the same effect as an impurity in depressing the melting point and stretching it into a range rather than a single point. 
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