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[bookmark: _Toc219112745]1. Introduction
This lab report details the use of the Melting Point Microscope (MPM) to determine the melting point of 4 samples of a known compound. 
1.1 [bookmark: _Toc219112746]Aim 
To determine the melting point of 4 samples of methyl-3-nitrobenzoate, each sample synthesised by separately to evaluate the purity of each sample. 
[bookmark: _Toc219112747]1.2 Hypothesis 
Based on the appearance of the samples it is expected that samples A and B are expected to be of high purity due to their bight white fluffy appearance, while samples C and D are expected to be of lower quality due to their yellowy and clumpy appearance with D also having an additional strong odor. It is the hypotheses that samples A and B are the purest samples with a melting point close to the literary value while sample D is the least pure, or most contaminated with a melting point much lower than the literary value.  
[bookmark: _Toc219112748]1.3 Variables 
The variables if this experiment consisted of: 
Independent: Sample. This includes the natural variation between humans. Each sample was synthesized by a different group or person. It is this variation and adherence to the procedure or lack of, where the contaminates are introduced. 
Dependent: Temperature of state change, from solid to liquid. Although this could be debated due to again the natural human error of how quickly or consistently the state change is recorded. 
Control: Sample size and temperature range over time. The MPM sample tubes and the MPM correct set up mechanically and physically control both factors. 
[bookmark: _Toc219112749]2. Theory 
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AI-generated content may be incorrect.]The morphology of the explosives examined during this experiment along with the melting point can give an indication of impurities, although to reiterate only an indication, this is due to the many crystallization methods for explosives [1] and it has been shown that mean particle size can also have an effect on both crystalline structure and melting point [2], this can be seen well within RDX when the crystalline structure is a spherical hexagon RDX/TNT vs standard RDX/TNT there are less crystal defects and a melting point increase of 1.57C [3] [4].Figure 3 Spherical hexagon RDX using RAM. Uniformed particle & size distribution of 100–260 μm   [9]
Figure 2 Raw RDX Crystals. Uneven particle & size distribution of about 50–240 μm [9]


Figures 2 and 3 show raw and spherical RDX crystals under scanning electron microscope. Although the crystal structure has be changed using RAM and a solvent the theory of the crystal structure remains the same with a reduction of crystal defects as previously mentioned. Typical phase change of a pure solid to liquid is a sharp point well documented within literature for that particular solid. When impurities are introduced, this reduces the melting point, typically the more impurities there are, the broader the melting point range known as melting point depression [5].  
During the recrystallisation process when synthesizing explosives, commonly the solvents used can be left within the explosive and disrupt the uniformity of the crystal structure. In the regions of impurities, the weaker intermolecular interactions require less thermal energy to break apart, causing the reduction of melting point. These impurities impact mechanical sensitivity, through the formation of hotspots [1]. Therefore, highlighting the importance of testing explosive purity.
[bookmark: _Toc219112750]3. Materials & Method
The materials and method required for this task can be found in Appendix 1.  
[bookmark: _Toc219112751]4. Observations & Data 
	Sample:
	Appearance and crystal structure.
	Trial 1
	Trial 2

	
	
	Melting Point C

	A
	White powder, fluffy short defined crystals. Fat needles 
	77
	76

	B
	White fluffy powder, short defined crystals. 
	77
	77

	C
	Cream solid clumps, crystals much fatter than A&B
	75
	75

	D
	Yellowy large clumps, very wide crystals. Strong Odor 
	72
	71


Table 1Experimental values of melting points
Samples A and B show melting points within 1C of the literature values. While sample C shows a result 3C lower and sample D, 7C lower.

	Substance 
	Melting point C

	Methyl benzoate 
	-12 [6]

	Methyl-3-nitrobenzoate
	78-80 [7]


Table 2 Melting Point: literary values
[bookmark: _Toc219112752]6. Discussion 
As seen in table 1, samples A and B are within 1C of the literature values seen in table 2, this demonstrates samples A and B are pure samples and could be used within an explosive with a high degree of confidence of not impacting safety. Samples C and D show -3C and -7C from the melting point, if being used for explosives a recommendation of either recrystallisation or disposal would be made. As mentioned in section 2, the melting point depression of these two samples indicates a large deviation from the sharp melting point demonstrating a high level of impurities, if used within an explosive these impurities would induce hotspots and negatively impact mechanical sensitivity.
[bookmark: _Toc219112753]7. Conclusion
Overall, the experiment demonstrated that melting point analysis is an effective method for assessing the purity of synthesised compounds. The results highlight the importance of controlled synthesis and recrystallisation, especially poignant for energetic materials where impurities negatively affect mechanical sensitivity and safety.
The observed link between morphology, appearance and melting point is supported by literature, impurities disrupt crystal uniformity and weaken intermolecular bonds resulting in lower melting points. Sample D showed irregular morphology, large fat crystals and a strong odour was confirmed to be the least pure sample, consistent with the hypothesis. 
Bibliography

[1] 	L. Zhai, X. Zhao, J. Rui, S. Qiu and Y. Li, “Molecular Dynamics Simulation of β-HMX Crystal Morphology Induced by Polymer Additives,” MDPI, 24 01 2022. [Online]. Available: https://www.mdpi.com/2073-4352/12/2/164. [Accessed 07 1 2026].
[2] 	R. Kumar, P. Soni and P. F. Siril, “Engineering the Morphology and Particle Size of High Energetic Compounds Using Drop-by-Drop and Drop-to-Drop Solvent–Antisolvent Interaction Methods,” ACS, 19 03 2019. [Online]. Available: https://pubs.acs.org/doi/10.1021/acsomega.8b03214#:~:text=X%2Dray%20diffraction%20and%20Fourier,©%202019%20American%20Chemical%20Society. [Accessed 7 01 2026].
[3] 	X. Zhao, R. Jingyao and S.-S. Feng, “Effects of RDX physical morphology on properties of RDX base melt-cast explosive,” Journal of Nanjing University of Science and Technology , 10 2011. [Online]. Available: https://www.researchgate.net/publication/287007700_Effects_of_RDX_physical_morphology_on_properties_of_RDX_base_melt-cast_explosive. [Accessed 7 1 2026].
[4] 	D. Liao, M. Li, J. Wang, M. Zhang, M. Qiu and C. An, “A review on the preparation and characterization methods of spherical explosive crystals,” ELSEVIER, 12 2023. [Online]. Available: https://www.sciencedirect.com/science/article/pii/S2238785423025954#:~:text=Explosive%20crystals%20with%20spherical%20morphology,quasi%20spherical%20explosive%20crystals%2C%20etc.. [Accessed 12 01 2026].
[5] 	L. Nichols, “Melting Point Theory,” [Online]. Available: https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Organic_Chemistry_Lab_Techniques_(Nichols)/06%3A_Miscellaneous_Techniques/6.01%3A_Melting_Point/6.1C%3A__Melting_Point_Theory. [Accessed 07 01 2026].
[6] 	Sigma Aldrich, “Methyl benzoate,” Merric , [Online]. Available: https://www.sigmaaldrich.com/GB/en/product/aldrich/m29908?srsltid=AfmBOopIRqnA5oWDuIH7YKKDDMLVwTwLf0uYrecaF3TIv-6BtcOmBBSh. [Accessed 2 1 2026].
[7] 	Sigma Aldrich, “Methyl 3-nitrobenzoate,” Merric, [Online]. Available: https://www.sigmaaldrich.com/GB/en/product/aldrich/155977. [Accessed 2 1 2026].
[8] 	Cole-Parmer®, “Cole-Parmer® MP-200 Series Digital Melting Point Apparatus,” [Online]. Available: https://www.coleparmer.co.uk/p/cole-parmer-mp-200-series-digital-melting-point-apparatus/59844. [Accessed 6 1 2026].
[9] 	D. Liao, Q. Liu, C. Li, N. Liu, M. Wang and C. An, “RDX crystals with high sphericity prepared by resonance acoustic mixing assisted solvent etching technology,” KeAi, 10 2023. [Online]. Available: https://www.sciencedirect.com/science/article/pii/S2214914723000107. [Accessed 12 1 2026].





[bookmark: _Toc219112755][image: A paper with text and words

AI-generated content may be incorrect.]Appendix 1. Figure 4 Materials & Method




1

image4.png




image5.png
PROCEDURE

Put on the lab coat, safety goggles, and gloves. Make sure that long hair is tied.

IMPORTANT: Record all your observations, calculations, and conclusions in the data sheets
at the end of this script.

Lab tools and supplies:

Cole-Parmer M200 Melting Point Microscope (MPM)

Glass capillaries

Samples of methyl-3-nitrobenzoate synthesised and purified in Cranfield.

Operating procedure will be discussed in the lab however the main points are:

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.
Prepare samples for the analysis by filling a capillary tube with each sample .
3. Set Plateau Temperature:
i. Pressand hold the 'Plateau Set' button; adjust the temperature with arrow keys to
10°C below the expected melting point.
ii. Release the button to confirm the setting.
4. Place the capillary tube into a sample hole in the block and make sure that it is visible
through the lens.
5. Press 'Start' to heat quickly to the plateau temperature. The plateau light will turn on
once stabilized.
6. 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.
7. Press 'Stop' after observation is completed. Allow the device to cool before the next use.

N

Safety Notes:

« Handle with care; the block becomes very hot and the glass capillaries can break.
* Use correct PPE.
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