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[bookmark: _Toc194565477]The Aim of the Experiment

The aim of the experiment is to determine the melting point of four methyl-3-nitrobenzoate samples synthesised in Cranfield to evaluate the purity.  
[bookmark: _Toc194565478]Hypothesis

Depending on the purity of methyl-3-nitrobenzoate the melting point according to online databases is typically around about 78-80 degrees Celsius. Some of the visual changes that are expected to occur during the melting point determination experiments are: [1]
· Before the melting begins the samples will appear as off-white crystalline solids. Each of the four samples will be slightly different in terms of starting colour and structure as the samples were created by different student groups. [2]
· During the first stages of melting the crystals will begin to turn translucent around the edges and the first droplet of liquid may be visible. [2]
· The solid structure will begin to collapse and more clear liquid droplets will form.
· The sample will become a clear, transparent colour with no left over solid particles available.
Some of the thermal changes that are expected to occur during the melting point determination experiments are:
· There is a steady temperature rise until the temperature reaches closer to the melting point. 
· The sample should increase 2 degrees Celsius per minute.
· As the sample gets closer to the expected melting point around 78 degrees Celsius the first signs of melting will start to occur. [1]
· The sample should be completely melted at around 80 degrees Celsius. [1]

[bookmark: _Toc194565479]Variables

The variables involved in the experiments need to be the same for all four samples. Controlled variables are maintained constant throughout the experiment by the experimenter, Independent variables are manipulated by the experimenter throughout the experiment and finally the dependent variables are the outcomes which are observed and measure as a product of manipulating the independent variables. [3]
[bookmark: _Toc194565480]Controlled Variables

· The amount of sample used
· The type of capillary tube used
· The position of the samples in the heating block
· Laboratory conditions
· The same observer
· The same viewing magnification

[bookmark: _Toc194565481]Independent Variables

· The temperature (increased at a controlled rate)

[bookmark: _Toc194565482]Dependent Variables

· When the first sign of melting occurs
· The final complete melting temperature of the samples
· The visual changes of the melting throughout the whole process
· The physical behaviour of the four samples throughout the whole process

[bookmark: _Toc194565483]Substances & Equipment

· Cole-Parmer M200 Melting Point Microscope (MPM)
· Glass Capillaries
· The four methyl-3-nitrobenzoate samples

[bookmark: _Toc194565484]Theory

This section of the report will describe the method of determining the melting point of methyl-3-nitrobenzoate as well as the applications and importance of this method within the OME industry.

[bookmark: _Toc194565485]Method [4]

· The MPM device setup – Switch on the device so the block temperature and sample chamber light becomes visible. 
· Prepare all of the four samples - Make sure the samples are finely ground into a powder and are a suitable size to fit into the capillary tubes.
· Fill up the capillary tubes - Take a piece of each sample and fill up the capillary tubes, making sure to use around the same amount for each sample.
· Set the plateau temperatures – Press and hold the ‘Plateau set’ button and adjust the temperature with the arrow buttons to around 10 degrees Celsius below the expected melting point temperature. Release the button in order to confirm the selected settings.
· Insert capillary tube – Place the capillary tube into the sample hole on the side of the MPM making sure that it is visible through the lens.
· Start the system – press the start button to quickly heat to the set plateau temperature. Once stabilised the plateau light will turn on.
· Observations – To observe the melting point press the ‘start’ button again to begin slowly ramping up the temperature at a rate of 2 degrees Celsius every minute. Observe the sample through the lens and make note of the temperature when the sample begins to melt.
· Stop – After the recording has completed allow the device to cool down.

Follow the procedure until all four samples have been tested. Then test all the samples again using the same procedure to check.

[bookmark: _Toc194565486]Applications and importance in the OME industry

Melting point determination has many benefits within the OME industry. The process of determining the melting point of certain energetic materials can be valuable for: [5]
· Safety Assessment 
· Quality Control 
· Research & Development 
· Manufacturing Process Control 
· Regulatory Compliance 
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Table 1 - Observations and Data

[bookmark: _Toc194565488]Results and Discussion

Table 1 above shows all of the data obtained from all of the tests. As can be seen the results obtained are very similar from one another with a few subtle differences. The first two samples were a clear colour with a crystal structure however, the last two samples were darker in colour and more of a brown shade. Another difference between the first and last two samples were the melting points. Samples A and B had a much higher melting point than samples C and D. This is down to the crystalline structure from the creation of the methyl-3-nitrobenzoate. 
The hypothesis for determining the melting of methyl-3-nitrobenzoate stated that:
Depending on the purity of methyl-3-nitrobenzoate the melting point according to online databases is typically around about 78-80 degrees Celsius. Some of the visual changes that are expected to occur during the melting point determination experiments are: [1]
· Before the melting begins the samples will appear as off-white crystalline solids. Each of the four samples will be slightly different in terms of starting colour and structure as the samples were created by different student groups. 
· During the first stages of melting the crystals will begin to turn translucent around the edges and the first droplet of liquid may be visible.
· The solid structure will begin to collapse and more clear liquid droplets will form.
· The sample will become a clear, transparent colour with no left over solid particles available.
Some of the thermal changes that are expected to occur during the melting point determination experiments are:
· There is a steady temperature rise until the temperature reaches closer to the melting point. 
· The sample should increase 2 degrees Celsius per minute.
· As the sample gets closer to the expected melting point around 78 degrees Celsius the first signs of melting will start to occur.
· The sample should be completely melted at around 80 degrees Celsius.

As proven from the tests it is clear that all of the melting points fell just outside of the expected melting points according to online databases. This could be down to impurities in the sample or sample preparation problems. As the samples were not created by qualified chemists there were always going to be slight imperfections. Two out of the four samples started off as an off-white crystalline solid and each sample were slightly different in colour as stated in the hypothesis. 

[bookmark: _Toc194565489]Conclusions

Although the melting temperatures of methyl-3-nitrobenzoate didn’t fall within the expected range that was expected from online databases the results obtained aren’t a million miles away. Under the circumstances of how and who created the four samples the results are as accurate as they possibly could be. All in all, the tests were a success and the methyl-3-nitrobenzoate melted at a good temperature to deem the tests successful. 
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