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1. Introduction:
Prior to this experiment, students had visited Cranfield University to conduct synthesis of Methyl 3-nitrobenzoate. Samples were transferred to University of Wales Trinity Saint David (UWTSD) to conduct tests and identify the melting point of each of the samples.
In relation to organic compounds, melting point has been defined as the temperature range where the phase change occurs in a material, where a solid turns into a liquid [1].
Melting point has been used to gauge the purity of organic solids, with pure samples demonstrating a sharp melting point (typically over a range of 1-2) and impure examples of the same compound may melt at lower temperatures (4-5°C lower than the pure sample) over a wider range (3-5°C) [2] [1]. 
Additional factors affecting the melting point of an organic compound include the crystal lattice and structure (purity), surface-to-volume ratio (size and shape) and intermolecular forces (IMFs) [3] [4] [5]. Where impurities present in the crystal structure are attributed to lower melting temperatures, the presence of imperfections and impurities can be removed through the melting and recrystallisation process [6].
The strength and types of bonds of  IMFs present in the crystal structure have an impact on the melting temperature of the sample. Stronger bonds require more energy to be broken and result in higher melting temperatures, whereas weaker bonds require less energy to break them, resulting in lower melting temperatures [7] [8]. These include London Dispersion Forces (LDF), Hydrogen bonding and dipole-dipole bonds, each of which vary according to molecule size, elemental constituents, polarity and molecular structure.
Nitrobenzoates have been used in a variety of applications, including in the food, cosmetics and pharmaceutical industries, as well as in the manufacture of explosive materials [9]. Where the previous experiment used methyl benzoate to produce Methyl-3-nitrobenzoate through the process of electrophilic aromatic substitution, the technique was open to a number of variables. From the samples obtained from this process, a pure(r) sample of methyl-3-nitrobenzioate should melt between 76-80°C (depending on purity) and should have a sharp melting point (a variation of 1-2°C).
A full method for the experiment is included in section 6: Appendix.
2. [bookmark: _Toc218254252]Aim:
Determine the melting point of four samples of methyl-3-nitrobenzoate to evaluate the purity.






3. [bookmark: _Toc218254253]Results and Discussion:
The experiment was run twice for each sample, and the results were recorded in tabular format. A description was written for each sample relative to its appearance and crystal structure.
	Sample
	Appearance
	Trial 1
	Trial 2

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

	A
	White crystalline Structure. Long, thin and needle like appearance of crystals. 
	77
	77

	B
	White crystalline structure. Needle like appearance with some irregularities.
	76
	77

	C
	White crystalline structure. Needle like appearance of some crystals, comparatively shorter in length to other samples.
	77
	78

	D
	Pungent smelling sample – crystalline structures visible, however no evidence of needle like structures. Crystals were amorphous in shape where identifiable. Browner in colour than other samples.
	72
	73



[bookmark: _Toc218254472]Table 1 - Observed Melting Temperatures for Samples obtained.
Images were captured for Samples B, C and D, and are shown below in Figures 1, 2 and 3.
[bookmark: _Toc218254525]Figure 1- Sample B - Methyl-3-nitrobenzoate Crystal Structure.
Image shows the needle like appearance of the crystal structure, along with some irregularities.

[bookmark: _Toc218254526]Figure 3 - - Sample D - Methyl-3-nitrobenzoate Crystal Structure.
Image shows the crystalline structure of this specific sample, however there was no evidence of needle like structures present in the sample itself. Crystals present as amorphous in shape. Colouration of sample was not captured in detail due to differences in lighting, however, was of a browner hue than the other samples present.
[bookmark: _Toc218254527]Figure 2 - - Sample C - Methyl-3-nitrobenzoate Crystal Structure.
Image shows the needle like appearance of the crystal structure, compared to other samples this shows that the crystals formed are comparatively shorter (and marginally broader) in length.

From manufacturer and providers information, the melting temperature of methyl-3-nitrobenzoate ranges between 76°C and 80°C, based on a purity of >97.5%; and 78°C and 80°C based on a purity of 99% [10] [11]. Samples A, B and C all demonstrated a melting temperature falling within this range, with results showing a mean temperature of 77.0°C, 76.5°C and 77.5°C respectively. Sample D demonstrated a lower melting point, with a mean temperature of 72.5°C. 
Examination of the melting points of the samples there is evidence to suggest that Sample D contained more impurities (based on the depression of the melting point) and that crystal morphology (relating to surface-to-volume ratio) has an impact on the melting temperature [12]. The associated melting temperature of 72-73°C is 5°C lower than that of the other samples, as well as the amorphous crystalline structure associated with it.  This is reflective of observations in literature relative to melting points of materials containing higher levels of impurities.
With regards to the Ordnance Munitions and Explosives field, purity of ingredients has been associated with adverse increases in sensitivity, influence physical and mechanical properties, with certain impurities having a direct effect on oxidation and hydrolysis pathways [13].  Differences in purity (product quality) and yield are also attributed to manufacture process and technique, which suggests that there was some variance in the manufacture of Sample D that was a contributing factor [14]. 
Stanford Research Systems  (USA) have suggested that a “rule of thumb” whereby an impurity of 1% equated to a 0.5°C depression in melting point [15]. This would (loosely) enable comparison of samples when applied and would suggest that Sample A would possess a high level of purity as the temperatures were identical, and that Samples B and C would equate to a 98+% purity, with Sample D somewhere in the 90-92%. Where the mean temperature was calculated from the 2 results obtained for each sample, this could be improved by gathering more data for each sample and to provide a broader data set and provide a more accurate mean temperature.
Alternatives to the process and equipment used in this experiment could include the use of the micro bomb calorimeter and the use of Differential Scanning Calorimetry (DSC) to obtain a higher degree of accuracy and would likely provide more information on phase transitions of the material [16].







4. [bookmark: _Toc218254254]Conclusion:
Samples A, B and C demonstrated melting points within the acceptable range of temperatures for methyl-3-nitrobenzoate, with each melting at 77°C (+/- 1°C), indicative of a >97.5% purity. Sample D presented a much lower melting point, typically associated with greater levels of impurity. Further exploratory work and discussion with the team involved in its manufactured would need to take place to identify differences in methodology and contributory factors to this.
Crystal structures shared key characteristics across samples A,B and C, with similar coloration and needle-like structures present in all three samples. Sample D presented darker colouration and amorphous crystal structures, contrasting the other samples. Any future replication would benefit from detailed imagery and from the use fo scale markers, so that direct comparison of crystal morphology can be conducted.
Further exploratory work should be conducted relative to the synthesis process, and how this contributed to sample quality, alongside a broader range of samples to broaden the data set. Alternative techniques could also be employed in relation to phase change of samples, which may also improve accuracy when capturing information associated with the melting point of methyl-3-nitrobenzoate.
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5. [bookmark: _Toc218254256]Appendix
Before commencing work, ensure that suitable Personal Protective Equipment is worn throughout the experiment. This should include a long sleeved lab coat, eye-protection/goggles, and nitrile gloves.
Used glassware should be disposed of in suitable glass/sharps box.

Materials and Equipment:
· Cole Parmer M200 Melting Point Microscope (MPM)
· Glass Capillary tubes
· Samples of methyl-3-nitrobenzoate synthesised and purified at Cranfield University previously.
Method:
1. Set up MPM device by placing it on a stable surface, connecting it to a power outlet, and turning it on. The display will chow the block temperature, and sample chamber light will activate.
2. Prepare samples for analysis – fill the capillary tube with each sample. Fill a section approximately halfway down the tube covering a length of 1-2mm.
3. Set plateau temperature:
a. Press and hold “Plateau Set” button; adjust the temperature with arrow keys to 10C below the expected melting point.
b. Release the button to confirm the setting.
4. Place the capillary tube into the sample hole in the block and make sure that it visible through the observation lens.
5. Press ‘Start’ to heat quickly to the plateau temperature. The plateau light will turn on once stabilised.
6. To observe the melting point, press ‘Start’ again to begin slow ramping (2C/min). Observe through the lens and record the temperature at the first indication of signs of melting.
7. Press ‘Stop’ after observation is completed. Allow the device to cool before removing sample/capillary, and to allow cooling before the next use.
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