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[bookmark: _Toc218455750]1. Aim
The aim of this experiment is to determine the melting point (MP) of four samples of Methyl 3-Nitrobenzoate (M3NB). Each sample had been prepared by a different pair of workers, following identical instructions and using identical chemicals. 
[bookmark: _Toc218455751]2. Hypothesis
The published melting point of pure M3NB is 78°C, with some sources giving values between 76°C and 80°C. It is noted that cruder material tends to melt between 74°C and 76°C [1] [2].
The samples each differed considerably in appearance, indicating varying levels of impurity. Consequently, it is expected that the melting point of each sample will vary slightly, with the likely average being mid-70s.
[bookmark: _Toc218455752]3. Variables
Independent: Sample under test
Dependent: Onset of melting
Control: Instrument, ramp rate
[bookmark: _Toc218455753]4. Theory
[bookmark: _Toc218455754]4.1 Melting Point and Purity Theory
When an organic solid is heated, the kinetic energy of its molecules is increased. Once these molecules gain enough energy to overpower the intermolecular forces – which was previously keeping them in the crystal lattice structure – the molecules move around freely. This is the liquid state [3].
Impure substances tend to have a lower and broader melting point range than their pure counterparts. This is called Melting Point Depression [4]. Impurities disrupt the crystal lattice of the substance, weakening the intermolecular forces – causing the melting point to be lowered. Areas of the substance that do not contain impurities still melt at the same temperature. This gives rise to the apparent wider melting point range.
[bookmark: _Toc218455755]4.2 Relevance to OME
Melting point is a key parameter to understand in any explosive for a variety of reasons:
Process Safety
Understanding the MP of an energetic is critical to be able to understand if it can be processed by melt-casting at all – and if it can, it is important to understand the “temperature gap” between melting and onset of decomposition in order to process safely. 
Quality Control
The melting point of an impure sample will typically be broader or lower than a pure sample, so this is a very basic way of examining purity when producing batches of explosive. It can also be used to identify polymorphs of a substance, whereby two chemically identical substances can have different melting points due to having a different crystal structure [5]. These polymorphs may differ in terms of explosive performance. Polymorphs of an energetic substance must be identified, the conditions of their formation understood, and the material characterised. 
An excellent example of this is HMX. Four polymorphs of HMX have been identified, all with considerably different impact sensitivities - yet only one (beta) is permitted in munitions used by British forces [6]. 
Regulatory Documentation
NATO STANAG 4170 and AOP-7 both call for melting point to be determined before a material is qualified for service [7]
Performance and Safety in Service
OME in service environments may see temperatures approaching or potentially exceeding the melting point of certain explosives – for example, a TNT-filled shell sat in a very hot barrel may experience temperatures that cause TNT to melt, potentially resulting in an incident when the shell is fired.
[bookmark: _Toc218455756]5. Observations
[bookmark: _Toc218455770]Table 1 - Melting Point Results
	Sample
	Appearance
	Trial 1
	Trial 2
	Average Melting Point (°C)

	
	
	Melting Point (°C)
	Melting Point (°C)
	

	A
	Pale, orange-ish, clumped particles
	72
	71
	71.5

	B
	Small white crystals, fluffy
	77
	77
	77

	C
	Small yellow-ish crystals, fluffy
	77
	77
	77

	D
	Small yellow-ish crystals, fluffy
	73
	74
	73.5



Average MP across all samples: 74.75°C
Literature MP (pure): 76°C - 80°C
Literature MP (crude): 74°C - 76°C
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[bookmark: _Toc218455765]Figure 1 - Sample A Microscope Image
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[bookmark: _Toc218455766]Figure 2 - Sample B Microscope Image
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[bookmark: _Toc218455767]Figure 3 - Sample C Microscope Image
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[bookmark: _Toc218455768]Figure 4 - Sample D Microscope Image
[bookmark: _Toc218455757]6. Discussion
[bookmark: _Toc218455758]6.1 Discussion
Samples B and C fell within the expected bounds for a reasonably pure substance, with samples A and D being slightly under. This is unsurprising in relation to sample A due to the appearance, but sample D was a good visual match to sample C so the difference here is not expected.  
Samples B and C appear reasonably good, with a melting point falling within the literature range for a reasonably pure sample. This is reinforced by the narrow melting point at exactly 77°C.
Sample A and D both have wider melting point ranges (+/- 1°C), and a depressed melting point – sample D slightly less so. Both fell slightly under the literature values for a crude product, indicating a reasonable degree of impurity. 
In the crystal images, sample A and D include a number of small black flecks (impurities) which gives confidence in the depressed melting point result and aligns with the theory. Samples B and C do not contain any notable impurities. 
[bookmark: _Toc218455759]6.2 Sources of Error
Efforts were made to minimise the sources of error. The same person made the observations each time, and the capillary tubes were loaded in the same manner (although this was virtually impossible to do with any form of consistency, and opportunities for additional repeats would have been useful). The magnifying lens in the microscope was not exceptionally clear, and occasionally made identifying the exact onset (as the sharp edges of the crystals start to lose their shape) difficult. A higher quality instrument may have solved this. 
[bookmark: _Toc218455760]7. Conclusion
The melting point of the four M3NB samples was determined with reasonable accuracy. Two of the samples were comfortably within the bounds for a pure substance, with sharp melting points – indicating a good level of purity. The two remaining samples exhibited a depressed and wider melting point temperature range, indicating the presence of impurities.
[bookmark: _Toc218455761]8. Further Work
Further work should involve more precise methods of ascertaining MP and purity, and performing additional repeats of this experiment. An easy method for purity would be to perform Fourier Transform infrared Spectrometry analysis (FTIR) on each sample, then comparing the generated spectra to a library source. This may also give an insight into what exactly the impurities in samples A and D could be, when the method and equipment used to make them is also considered. 
Differential Scanning Calorimetry (DSC) can be used to accurately determine both MP and onset of decomposition – an example of this for nitroguanidine is shown in Figure 5. 
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[bookmark: _Ref218007113][bookmark: _Toc218455769]Figure 5 - Nitroguanidine DSC Results
Additional further analysis could also include more detailed microscopic analysis of the samples to examine in greater detail any inclusions and/or differences in crystal structure. 
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[bookmark: _Toc218455763]Appendix A: Chemicals and Equipment
Chemicals and Equipment:
Cole-Parmer M200 Melting Point Microscope (MPM)
Glass capillaries
Samples of methyl-3-nitrobenzoate synthesised and purified at Cranfield.
PPE:
Lab Coat
Safety Glasses
Latex Gloves



















[bookmark: _Toc218455764]Appendix B: Procedure
The below procedure is an extract from a hand-out provided by laboratory management on the day of the experiment. Ensure PPE is donned before beginning the experiment. 
1. Set up the MPM device by placing it on a stable surface, connecting to power, and switching it on. The display will show the block temperature, and the sample chamber light will activate.
1. Prepare samples for the analysis by filling a capillary tube with each sample . 
1. Set Plateau Temperature:
0. Press and hold the 'Plateau Set' button; adjust the temperature with arrow keys to 10°C below the expected melting point.
0. Release the button to confirm the setting.
1. Place the capillary tube into a sample hole in the block and make sure that it is visible through the lens.
1. Press 'Start' to heat quickly to the plateau temperature. The plateau light will turn on once stabilized.
1. To observe melting point, press 'Start' again to begin slow ramping (2°C/min). Observe through the lens and record the temperature at the first sign of melting.
1. Press 'Stop' after observation is completed. Allow the device to cool before the next use.
Safety Notes:
· Handle with care; the block becomes very hot and the glass capillaries can break.
· Use correct PPE.
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