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1. Experiment Pretext
1.1. Aim of the Experiment
The aim of the experiment is to determine the melting point of four samples of Methyl-3-Nitrobenzoate, synthesised by the students during the earlier Cranfield University visit. This is done to give a strong indication of the purity of the samples produced, as samples containing a greater number of impurities will have a melting point different to that of a pure substance.
1.2. Hypothesis
It is expected that samples which are visibly of higher quality (greater whiteness, high quality crystals etc) will have a melting point closer to that known for Methyl-3-Nitrobenzoate, which is generally accepted to be in the range of 76-80°C. [1]
Similarly, it is expected that samples that are visibly “dirty” (discoloured, obvious contamination etc) or have poor crystal structure, will have a melting point further away from the expected range.
1.3. Variables
The dependent variable for this experiment will be the melting point of the chemical samples, as this is being recorded to assess the purity of the chemicals produced.
The independent variable will be as the purity of the chemical samples of Methyl-3-Nitrobenzoate being tested, and as such are unknown.
The control variable will be the rate at which the sample is heated by the Melting Point apparatus.


4. Theory
The melting point of a chemical substance is the point at which it transitions from the solid physical state to the liquid one.  At a microscopic level, this is when the substance has absorbed enough energy (in this case heat energy) to break intra-molecular bonds and increased the kinetic energy within molecules of a substance such that they are able to move past each other, rather than being held within a crystalline structure [2]
It is a vital physical property of a substance, as the specific atomic makeup of a chemical molecule will determine its exact melting point due to the bonds and atoms contained within and their respective energies. The presence of impurities, will, therefore alter the melting point, either lowering or raising the melting point of a substance depending on the contaminant molecule(s). the greater the difference between the observed melting point and the sample temperature, the less pure the sample is likely to be. It is important to note that this is purely indicative, and a greater difference does not necessarily always indicate a greater level of impurity. It is not directly proportional. [3],[4]
[image: ]Melting Point is evaluated by heating the sample in a controlled manner on a defined ramp rate (usually either 0.1 or 1°C per minute depending on the required accuracy) utilising a specific apparatus, a Measuring Point Measurement Device. This consists of a heating block within which the sample is placed, an electronically controlled heater to precisely control the temperature of the block, and an eyepiece lens to magnify the sample being heated to allow the operator to easily view and thus record the point at which the individual crystals melt.
Fig. 1 – Cole-Parmer MP-200 Melting Point Apparatus, as used in the experiment. [5]
The samples of Methyl-3-Nitrobenzoate produced by the students during the Cranfield synthesis session are unlikely to be completely chemically pure, as they were produced manually in open conditions, leaving much room for incomplete reactions and human error. Whilst the recrystallisation process of dissolving the Methyl-3-Nitrobenzoate in hot ethanol will have removed much of the unreacted original reactants and acid contamination from the nitration procedure, it is likely that some remained, with possible impurities also being introduced by the recrystallisation stages themselves. [6]
3. Equipment and Chemicals
3.1. Equipment
· Melting Point Apparatus
· Capillary Tubes
· Watch Glasses
· Lab Coat (PPE)
· Safety Eyewear (PPE)
· Nitrile Gloves (PPE)
· Paper towels for cleaning
· Appropriate waste disposal for both chemicals and glass.
3.2. Chemicals
· Samples of chemical for testing (In this report, Methyl-3-Nitrobenzoate)
· Appropriate Cleaning Solution (Ethanol, IPA etc…)


4. Experimental Procedure
4.1. Sample Preparation
1. Ensure that Appropriate PPE (Lab Coat, Eye Protection and Disposable, Nitrile Gloves are worn.
2. Decant a small amount of each sample into a watch glass or petri dish. 
3. Take a capillary tube and, holding it vertically, push it into the substance until a small number of crystals are contained within the end of the tube.
4. Invert the tube so that the crystals are at the top and tap the bottom of the tube gently against the glass/dish/worksurface until the crystals are located approximately halfway along the tube.
5. Repeat steps 2-4 for each required test number and sample. Use a clean watch glass or petri dish for each sample to avoid cross-contamination.
4.2. Test Procedure
1. Ensure that the Melting Point Measurement (MPM) device is on a stable surface and connected to power. 
2. Set the plateau temperature of the MPM device to 10°C below the expected (researched) melting point of the substance being tested.
3. Insert the sample tube into one of the holes in the block and ensure the crystals are visible through the eyepiece.
4. Start the heating cycle and allow the apparatus to reach the set plateau temperature.
5. When ready, start the ramping cycle. When melting of the crystals is observed, record the temperature.
6. Stop the ramping cycle and allow the apparatus to cool back to the plateau temperature required for the next test. Remove the used sample tube, holding it by the end, and place it in a safe location to cool.
7. Once the apparatus has returned to the required plateau temperature, Insert the next sample tube and repeat the test following the steps above.
8. Once all tests are completed, turn off the MPM device and allow it to cool to room temperature in a safe location.
9. Dispose of all used capillary tubes, chemicals and PPE in appropriate waste disposal.


5. Observations and Data
The samples of Methyl-3-Nitrobenzoate produced at Cranfield University by the authors’ group were retrieved. This totalled 4 samples, each produced by a pair of students. Each sample was assigned a reference letter A-D, by which each sample will be referred to throughout the remainder of this report.
Prior to undertaking any testing, each sample was inspected visually and also utilising a microscope to record its colour, crystal structure and other physical characteristics, as these could provide an indicator of purity prior to the main testing. The observations are shown below.
	Sample
	Colour
	Physical Description

	A
	White
	Small Distinct Crystals

	B
	Off-White
	Long Crystals

	C
	Yellow
	Mixture of large, rough crystals and amorphous “blobs”

	D
	Off-White
	Long, well-formed  acicular needle-like crystals


Table 1. – Initial Sample Observations
The testing was carried out according the procedure described in part 6, as well as the manufactures specific instruction for the MP-200 device used. [5]
The results collected for each sample can be seen in Table 2. Two tests were undertaken for each sample to reduce experimental errors and provide verification of the recorded results.
	Sample
	Melting Point, °C

	
	Experiment 1
	Experiment 2

	A
	77
	78

	B
	76
	76

	C
	74
	73

	D
	76
	76


Table 2. – Recorded Melting Points

6. Results and Discussion
To assess the results against a known figure, the Royal Society of Chemistry (RSC)’s chemical database, Chemspider, was consulted. The database had 6 referenced melting points for Methyl-3-Nitrobenzoate between 76 and 80°C, which were averaged to give a figure which the measured results would be assessed against. These can be seen below.
	Source
	Minimum Melting Point (°C)
	Maximum melting Point (°C)
	Average Melting Point (°C)

	OU chemical Safety data
	76
	80
	78.0

	Oakwood
	76
	80
	78.0

	Alfa Aesar
	77
	80
	78.5

	TCI
	78
	78.0

	Indofine
	78
	80
	79.0

	Parchem
	78
	80
	79.0

	Aggregated Average MP (°C):
	78.4


Table 3 – Values of MP for Methyl-3-Nitrobenzoate [1]
As expected, the visually lower quality samples displayed a greater difference between the observed melting point and the reference melting temperature of 78.4°C. 
Sample A, which was suggested to be the purest by colour was observed to have a melting point closed to the averaged reference temperature at 77 and 78°C, with samples B & D, which were thought to be of a generally “good” quality not far behind with both melting consistently at 76°C. Whilst this is further from our averaged reference temperature, it is important to note that 76°C is still within the range of the reference data collected, so in theory could still be interpreted as completely pure depending on which source of reference temperature is consulted.
Sample C, which was visibly discoloured with poorly formed crystals, was observed to melt at notably lower temperatures of 73 and 74°C, which is consistent with the assumption that it was less pure.




7. Conclusion
This experiment demonstrated to students how measuring the melting point of a chemical sample could be used to provide a good indication of that sample’s chemical purity. By comparing it to a known reference figure and measuring the difference in temperatures, the sample can be assessed as to whether it is likely to be reasonably pure or as to whether it is likely to contain a higher proportion of impurities.
It is important to note, however, that melting point measurement is by and large a mostly qualitative test. The difference between a given sample’s melting point and that of a known reference is not proportional to an amount, or percentage, impurity, and can at best provide an indication only of the chemical purity, and thus quality of a synthesised chemical. As such, when used commercially, melting point testing is likely to be used in conjunction with other analytical methods to define a chemical’s purity, particularly so in hazardous and safety-critical environments such as energetics.
That said, the experiment was useful for the students to appreciate the quality of the samples they had synthesised themselves in the prior lab session at Cranfield, how this related to the visual characteristics of the chemicals produced and provided an insightful angle for them to reflect on the process they undertook during the synthesis session, how contaminants may have been introduced and how they could improve their technique.
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