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[bookmark: _Toc219114816]Aim
This experiment aims to determine the melting point of four methyl-3-nitrobenzoate samples synthesised in a previous laboratory session, enabling evaluation of the purity of each sample.
[bookmark: _Toc219114817]Hypothesis
It is expected the samples will show a degree of variation in their purity. Pure methyl-3-nitrobenzoate will melt between 78 ◦C - 80 ◦C, whereas samples containing impurities will have a melting point below the literature value [1] [2].
[bookmark: _Toc219114818]Key Variables
For this experiment the variables are shown in Table 1.
[bookmark: _Ref218859434][bookmark: _Toc219115708]Table 1 Different variables for the experiment
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[bookmark: _Toc219114819]Melting Point 
The melting point of a substance is the point at which it transitions from a solid to a liquid phase. During transition both phases exist in equilibrium [3]. Pure samples have a sharp melting point, typically with a 1-2 ◦C range of the literature value. Impure samples have a lower melting point and a broader melting range. This difference occurs due to molecules in pure samples being held in a regular crystalline lattice structure, all intermolecular bonds experience the same forces and simultaneously all melt at the same time. Impurities disrupt the lattice structure and molecules experience different intermolecular forces, lowering the melting point and causing much broader melting range – as it takes less energy to break bonds in impure samples [4]. For example, adding salt to ice will lower its melting point [5]. Figure 1 illustrates the process of melting as the temperature of the sample increase, showing melting is complete when all the sample is liquid.
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[bookmark: _Ref218183407][bookmark: _Toc219115699]Figure 1 Melting transition [4]
[bookmark: _Toc219114820]Importance of Melting Point Analysis in Energetics
Melting point determination is a common technique for assessing purity and characterising crystalline substances, in particular organic material. Measurement is simple and reproducible, providing rapid and reliable analysis. As melting points are sensitive to the presence of impurities, the test is used to assess the purity of substances and identity of materials [6] [7].  Melting point testing is routinely performed when scaling up the production of new energetic material, and during routine manufacture. Understanding the thermal behaviour of energetic material is essential for safe handling with testing providing confirmation of purity and that the material is safe to handle [8] [9]. Melting point testing also has considerable in-service safety implications for storage, use and transport. If an energetic material is heated close to its melting point, its mechanical properties and sensitivity may change. For example, trinitrotoluene (TNT) has a melting range of 80 ◦C - 82 ◦C [10]. Poor storage conditions or leaving an item containing TNT in the barrel of a gun in direct sunlight, could result in the item approaching this temperature, partially melting and subsequently affecting performance and safety. Therefore, STANAG 4170 and AOP-7 both require melting point to be determined during characterisation of explosives [11] [12].

[bookmark: _Toc219114821]Results
The observed melting points for all samples are shown in Table 2 and compared literature values [1] [2]. Supporting images are shown in Figure 2 to Figure 5, with examples of impurities highlighted.
[bookmark: _Ref218196992][bookmark: _Toc219115709]Table 2 Melting point temperatures
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[bookmark: _Ref218196523][bookmark: _Toc219115700]Figure 2 Sample A – impurities circled
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[bookmark: _Ref218196580][bookmark: _Toc219115701]Figure 3 Sample B – no obvious impurities
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[bookmark: _Ref218196582][bookmark: _Toc219115702]Figure 4 Sample C – no obvious impurities
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[bookmark: _Ref218196525][bookmark: _Toc219115703]Figure 5 Sample D – impurities circled


[bookmark: _Toc219114822]Discussion
Samples B and C had a melting point one degree below the literature value for methyl-3-nitrobenzoate with identical repeat measurements. This consistency indicates both samples are of high purity, aligning with the hypothesis. In contrast, samples A and D showed a much lower melting point and slight variation in repeated measurements, which is characteristic of the presence of impurities and what would be expected, as highlighted in the hypothesis.
All samples were examined under a Brunel BM-XFCAM1080 microscope, allowing microscopic assessment of the samples. Figure 2 (sample A) and Figure 5 (sample D) show dark areas (circled), which are indicative of impurities, supporting the lower melting point of the two samples.
Visual examination of the samples provided information on colour and texture, noted in Table 2. Methyl-3-nitrobenzoate is typically white, cream or pale yellow [13]. Sample A appeared orange, different from literature descriptions, indicating it might have a lower melting point than literature values. Sample B appeared white, and samples B and C were slightly yellow. White to yellow colouring is to be expected and would not indicate contamination at this stage.
Figure 3 (sample B) and Figure 4 (sample C) do not show any obvious impurities. While this does not confirm the samples are completely pure, the absence of visible impurities, the measured melting points, and consistent results do indicate high purity samples.
[bookmark: _Toc219114823]Sources of Experimental Error
Primary sources of error are identified in Table 3. These are heating rate, sample loading and visual observation of melting point. Mitigation factors are provided for these points; several sources of secondary errors are also identified. 
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[bookmark: _Toc219114824]Conclusion
The experiment determined the melting point of four samples of methyl-3-nitrobenzoate. A single repeat was performed for each sample. The average melting point for each sample was:
A – 71.5 ◦C
B – 77 ◦C
C – 77 ◦C
D – 73.5 ◦C
Observation of samples under the digital microscope supported the melting point data. Sample A and D had lower melting points, indicating the presence of impurities. In contrast, samples B and C were found to be purer, both with a melting point only one degree from the literature value with observation under the microscope showing no obvious impurities.
Melting point microscopy is a quick and simple test, providing an indication of purity. However, the technique can be strengthened when combined with other methods and by following best practice guidelines for laboratory work, such as performing a suitable number of repeats. This is discussed in more detail in Recommendations below.


[bookmark: _Ref219029487][bookmark: _Toc219114825]Recommendations
Given the quantity of material available of the samples, further work for this experiment should initially focus meticulous sample preparation, drying samples overnight in a desiccator as moisture can lower melting points; and increasing the number of repeats for each sample to improve confidence in the results.
Using an automated melting point microscope, such as the Mettler Toledo MP30 noted in Table 3, reduces observer bias during phase change. Complimentary methods, such as Differential Scanning Calorimetry, could determine the melting point and analyse the purity of samples more objectively as data is produced rather than the relying on the observer [14] [15]. Thermogravimetric Analysis measures the moisture content of samples, providing more detailed results [16]. Thorough sample analysis is important for energetic materials to allow confidence in the results for safe handling, use and storage. 
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Appendix 1 – Materials and Methodology
[bookmark: _Toc219114828]Materials and equipment
· Methyl-3-nitrobenzoate
· Cole-Parmer M200 melting point microscope
· Glass capillaries
· Brunel BM-XFCAM1080 microscope
· Glass plates for Brunel BM-XFCAM1080 microscope
[bookmark: _Toc219114829]Methodology
Melting point microscope – see Figure 6 below for a labelled image of the microscope:
1. Set up the melting point microscope by placing it on a firm flat surface. Connect it to a power supply and switch on the microscope. The microscope will show the temperature of the block, and the sample chamber light will activate.
2. Set the plateau temperature on the microscope. To do this, press and hold the “plateau set” button and adjust the temperature with the arrow keys to 10 °C below the expected melting temperature of the material. Release the button to confirm the temperature.
3. To prepare a sample for analysis, take a capillary tube, noting the open end and gently tap this into the sample. A small amount of sample will stick to the tube. Ensure 1-2mm of sample has been collected.
4. Invert the tube so the sealed end is now pointing down, tap it lightly onto the bench. The sample will then slide further into the tube. Repeat this action until the sample is in the centre of the tube.
5. Place the capillary tube in to the sample hole in the block, ensuring it is visible through the lens.
6. Press “start” to quickly heat to the plateau temperature. Once stabilised, the plateau light will turn on.
7. To observe the melting point, press start again and watch the sample through the lens. The temperature will begin to slowly ramp up at 2 °C/minute. Record the temperature when melting is first observed.
8. Press “stop” after observation is completed and allow the device to cool before the next use.
Note – the equipment will cool faster if it is switched off rather than just pressing stop. Both are valid methods, depending upon the time available.
9. Clean the workspace after the experiment is finished, including disposing of any waste.
10. Ensure the melting point microscope is switched off and all samples have been removed.
[image: ]
[bookmark: _Ref219036262][bookmark: _Toc219115704]Figure 6 Cole Parmer melting point microscope [17]
Brunel BM-XFCAM1080 microscope:
1. This microscope will already be set up ready for use.
2. Place a small amount of a sample on a glass plate. Label the glass plate with the sample identifier.
3. Place the glass plate on the bed of the microscope, adjust the focus using the dials on the reverse of the microscope to observe the crystals clearly.
4. Move the glass plate slowly to examine other areas of the sample.
[bookmark: _Toc219114830]Safety
Appropriate personal protective equipment must be worn:
1. Laboratory coat
2. Gloves
3. Googles
Long hair must be tied back.
Clean any spillages immediately and dispose of waste through the correct routes. Ask if this is not clear.
Sharps – glass capillary tubes can break and must be handled with care. Inform a technician if a breakage does occur and clean fragments with caution. Dispose on any broken glass in the glass wate bin.
Burns – the heat block on the microscope will become very hot. The block is isolated; however samples will be hot when removed from the equipment. Handle with caution and do not pick up the tube from the centre immediately after removing it from the microscope.
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