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1. [bookmark: _Toc186455274][bookmark: _Toc218424978][bookmark: _Toc186455125][bookmark: _Toc186455257]Abstract

1.1. After synthesising four samples of methyl-3-nitrobenzoate at Cranfield, the melting point was determined using a melting point microscope and found that three out of four samples melted prematurely indicating impurities in the sample and one sample melting in the expected range. This implies that there were inconsistencies in following the method correctly or impurities introduced in preparation of the reactants. The lessons learned can be directly read across to the OME environment.  


2. [bookmark: _Toc218424979]Introduction

2.1. The purpose of this experiment is to determine the melting point of four methyl-3-nitrobenzoate samples made at Cranfield to evaluate purity. These four samples were synthesised following a set of instructions to which a melting point microscope was used to melt these samples, and the temperature was captured. This report will capture the method, results and observations when determining melting point.     

2.2. The hypothesis for this experiment is “The samples purity correlates to the temperature to which is melts, the purer samples will melt within the determined temperature range, the impure samples will melt before reaching the defined temperature range.” Through visually inspecting the samples and from reflection of making the samples due to poor adherence to instructions, it is expected that the suspectedly impure samples will melt at a lower temperature compared to the rest.

2.3. Throughout this experiment, there are a number of variables to consider. The dependant variable is measuring the temperature at which the samples melt. The control variables are the methodology to conduct the experiment. The independent variable is the different samples being tested.  

2.4. It is known that impurities in a sample can lower the melting point, as such the more impure samples will melt at a lower temperature than the purer samples created at Cranfield. 

2.5. The background theory is that this experiment provides a practical example of how impurities affect physical properties of substances like melting point. Impurities disrupt crystal structures, creating defects and voids as well as weaken intermolecular bonds, making munitions will be more susceptible to temperatures that exceed its designed service environment leading to increased thermal ageing that can lead to changes in crystal formation, developing cracks and voids as dimensional stability is lost resulting in reduced safety, suitability and performance.

2.6. As per lab #3 where methyl-3-nitrobenzoate was made through nitration of methyl-benzoate as a safer alternative to making Trinitrotoluene (TNT). The same principles can be applied and read across showing how impurities can affect samples with relevance to OME. 

2.7. Through a literature search, product technical specifications indicate that the melting point for methyl-3-nitrobenzoate is 78-80 °C. [1] As such, samples that are tested to melt within this range will be deemed to have insufficient level of impurities to alter physical characteristics of the sample to lower melting point. Samples that melt before this temperature range will be deemed to have high impurity level to alter physical characteristics. 

2.8. Impurities and their effect on explosives are important as crystal shape or morphology is dictated by its preparation and crystallization but can also be influenced to promote faster growth along certain axes by solvents or impurities. This could promote growth of needles shaped crystals which are highly sensitive increasing risk of incident when subject to friction. [2]

2.9. Another example of impurity having an effect on an explosive was observed that RDX impurity decreases the decomposition temperature of HMX explosive from 288.7 to 254.9°C. [3] This is relevant as impurities are lowering the temperature at which the explosive begins to breakdown and so can have massive safety implications when reaching extreme temperatures and performance and reliability issues at moderate temperatures. 

2.10. Studies have shown that impurities lead to spontaneous detonation prematurely as thermal decomposition temperature is reduced resulting in increased risk of thermal runaway when in unsuitable conditions. This was seen as FeS2 reduced the decomposition activation energy from 110.84 to 63.78 kj/mol. [4]

2.11. HMX doped with metal ions have shows that the growth mechanism of crystals was affected which has a significant influence on quality and performance. The results showed that the ions would change nucleation to form dispersed crystalline HMX and Ca2+ and Fe3+ inhibited thermally induced phase transitions but Na+ and Zn2+ promoted it. The ions changed the quality by hindering the growth step of the HMX crystal. [5]    

3. [bookmark: _Toc218424980]Method

3.1. This experiment requires using a melting point microscope with capillary tubes that allows for the user to visually observe the sample being tested to see when it transitions from a solid to a liquid. The gradual increase in temperature allows for the exact temperature to be captured. See annex A for handout. 
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[bookmark: _Toc218424986]Figure 1 - Melting Point Microscope [6]
3.2. Operating procedure is: 

· Set up MPM device.
· Prepare samples using capillary tubes.
· Set plateau temperature to 10°C below expected temperature. 
· Place capillary tube through block of MPM.
· Press start to begin raising temperature. 
· Observe melting point and record temperature.
· Repeat. 

4. [bookmark: _Toc218424981]Observations

4.1. Two samples were taken and placed under a microscope, figure 2 shows a sample that is suspected to have high level of impurities as the method to creating the sample was not followed as well as it should have been resulting in amorphous and large crystals that are yellow colour.

4.2. However, figure 3 is believed to have less impurities as the method was followed with stricter adherence and is reflected by the acicular long crystal shards that are white. When compared to figure 4, the physical characteristics are similar supporting the observation that this second sample is more desirable as it should be purer. 
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[bookmark: _Toc218424987]Figure 2 - Amorphous Crystals
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[bookmark: _Toc218424988]Figure 3 - Acicular Crystals
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5. [bookmark: _Toc218424982]Results and Discussion

5.1. After carrying out the method to use, observe and record the various samples and their melting temperature, the results were captured in figure 5. 
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5.2. It can be seen that 3 out of the 4 samples tested melted before reaching the determined melting point suggesting that these samples had high enough impurity levels that would lower their melting point similar to munitions as discussed above. 

5.3. There could be a number of reasons for why the recorded temperature could be incorrect. A primary source of error could be the observer; the same individual was used to observe and record the temperature where they could have done it wrong. There can be many reasons for why results are lower than expected, such as contamination of the samples either at manufacture, storage or when testing.

5.4. It can be seen that the results collected differs from that of reference data from the literature search. There can be many reasons for this, such as contamination of the samples either at manufacture, storage or when testing and lack of verification of the sample’s purity. This means that there is no assurance that the sample contains exactly what is being tested. This relates to OME as contamination can be introduced at these steps and verification of the energetic is important to know that the munition is produced correctly and can provide assurance through testing that it is safe and suitable for service. 

5.5. The effect of impurities can have a range of effects on explosives, but they all lead to safety concerns. One example is TNT; it has been used in a range of munitions around the world for decades and continues to be a primary component of energetic chemistry. During manufacture isomeric dinitrotoluene and trinitrotoluene impurities form lower melting eutectics of around 37°C. As such when undergoing thermal cycling which occurs during normal in-service conditions, these eutectics can exudate a liquid which increases sensitivity and can lead to premature detonation. [8]

5.6. This directly relates to this experiment as the impurities created as part of nitration process to create methyl-3-nitrobenzoate also creates isomers like Methyl 2-nitrobenzoate (ortho isomer) and Methyl 4-nitrobenzoate (para isomer). Which can be seen as eutectics that have lowered the melting temperature. 

5.7. In addition, dimensional instability is dependant on crystal growth which can be affected by impurities eutectic melting temperature as recrystallisation effects intercrystalline stresses. [9]
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6. [bookmark: _Toc218424983]Conclusion

6.1. From the 4 samples tested, only 1 melted within the determined melting point, confirming the hypothesis that the other samples contained sufficient levels of impurities that lowered samples melting point. This has affected physical characteristics of the samples and if these were explosives would have a knock-on effect to an explosive’s safety, stability and performance through its lifecycle. 

6.2. If this experiment were to be conducted again it would be essential to repeat it a number of times to obtain more reliable results and ensure that the method was followed correctly. However, the melting point could be verified by another observer, and the results could be captured by a data logger. [10]

6.3. The next steps would be to determine the quantities of impurities through an independent methodology using High-Performance Liquid Chromatography (HPLC) to identify the exact quantity of impurities present in the sample. [11]
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Annex A – Lab Handout
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