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[bookmark: _Toc217925156][bookmark: _Toc217926116]Purpose
The aim of this laboratory assignment was to determine the melting point of four different methyl-3-nitrobenzoate samples, which were synthesised at Cranfield University. The melting points are indicative of the purity of the product and therefore its effectiveness with regards to its performance.  
[bookmark: _Toc217925157][bookmark: _Toc217926117]Hypothesis
Those samples with the highest melting points over a narrow temperature range will possess the greatest level of material purity and desired crystalline properties. Conversely, the samples which possess relatively low melting temperatures over a greater range, will possess greater material impurities and a less defined crystalline structure. 
[bookmark: _Toc217925158][bookmark: _Toc217926118]Variables
· The temperature applied to the samples.
[bookmark: _Toc217925159][bookmark: _Toc217926119]Theory
When detailing the basic theory underpinning the practical exercise, it is worth defining what is meant by a crystalline structure: which refined levels of solid methyl-3-nitrobenzoate:

‘Crystalline solids are those solids in which the molecules or ions in the particles of the solid are arranged in a small repeating volumetric unit, referred to as the unit cell, throughout the whole of the particle. The possible arrangements of the structural elements (molecules or ions) within the unit cell are characterized by the shape of the unit cell and the symmetrical relationships between the molecules or ions within the unit cell.’ [1] 

By analysing the temperature at which crystal samples melt (transition temperature), the purity of the substance can be determined: the greater the purity, the greater the transition temperature.  
The reason for an impure crystalline substance possessing a lower melting point relative to its more refined counterpart, can be thought of and expressed mathematically using the Gibbs Free Energy equation*. The melting point of a material is an equilibrium between its solid and liquid state, where the change in free energy for the process is zero [2]. An impure substance has a greater level of disorder, or entropy, once melted than a pure substance. Therefore, from the rearranged equation below, it can be seen that a greater entropy value in the denominator results in a lower melting temperature:
;
;
where  is zero at the melting point (equilibrium between solid and liquid); 
melting = 
Crystallography forms a critical aspect of energetic materials and influence aspects such as:
a. Sensitivity – aspects such as hot spot generation due to the friction generated by the interaction between crystals can raise the sensitivity of the energetic material.
b. Performance – aspects such as crystal density can influence the velocity of detonation (VoD) of a high energetic. The orientation of the crystal face can influence the detonation process and VoD.
c. Processibility – is dependent on crystal size and morphology.
d. Aging – the underlying molecular nature of the energetic crystal, and the form it takes (polymorph) can alter over time.
[bookmark: _Toc217926120][bookmark: _Toc217925160]Procedure
The analysis utilised a melting point measurement (MPM) device, which heated a small amount of each sample captured in a capillary tube. The MPM device was set to a desired ‘plateau’ temperature to speed up the process, then when measurement was taken it could be activated to a slow ramping temperature of 2C/min. When melting began to occur, the temperature at which it took place was recorded and replicated twice overall for each sample. 
This procedure was heavily dependent on the ability of the individual carrying out the experiment and was restricted to a statistically insignificant number of repeated observations (two per sample).  
[bookmark: _Toc217926121]Observations & Data
A record of the appearance and melting points of the samples has been presented in Table 1. It is clear that Sample A had the lowest melting points, with the coarsest crystal grain. When magnified (Figure 1) it can be seen that the resulting morphology was amorphous with no clear repeatable pattern. In contrast, Sample B and D had the highest melting points and possessed the clearest crystalline structures, with both exhibiting a white acicular form.  
[bookmark: _Ref217327597]Table 1 - Physical characteristics and melting points of the samples
	Sample
	Appearance
	Trial 1
	Trial 2

	
	
	Melting point, °C
	Melting point, °C

	A
	Coarse crystals and when viewed under magnification were seen to be amorphous[footnoteRef:1] in nature. There appeared to be a high degree of ‘coagulation’ as opposed to a powdery-like material.  A cream / yellow colour tone.  [1:  Amorphous – an undefined structure/shape.] 

	74
	73

	B
	Fine needle structure (acicular[footnoteRef:2]) which was white in colour, similar to that of caster sugar.  [2:  Acicular – needle-like crystals. ] 

	77
	78

	C
	Again, an acicular structure which was white in colour, similar to that of caster sugar.
	75
	76

	D
	A fine acicular structure and the most powder-like of all the samples. White in colour. 
	77
	77



[bookmark: _Ref217329729]Figure 1 - Sample A
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Figure 2 - Sample D
[image: A close-up of a blue surface
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[bookmark: _Toc217925161][bookmark: _Toc217926122]Results & Conclusion
With reference to Table 2 [3], a selection of physical properties pertaining to methyl-3-nitrobenzoate are presented. The melting temperatures of those samples which had the finest crystalline forms, correlate strongly to that found in literature for a percentage purity greater than or equal to 98% methyl-3-nitrobenzoate.
The reason for Sample A possessing a relatively low and broader range of melting temperatures can be explained by the presence of impurities due to the incomplete washing of ethanol. It is presumed that this explains why Sample A possessed a different colour to all of the other samples analysed. The greater level of impurities resulted in a greater level of entropy when it was melted: melting =  , thus explaining the lower melting temperature in a concise mathematical form. 
With reference to the physical structure of the samples in Table 1, it is theorised that the steps relating to nucleation[footnoteRef:3] and crystal formation were conducted at a greater temperature during the formation of methyl-3-nitrobenzoate, and its subsequent washing. This could explain the amorphous morphology of Sample A relative to the acicular nature of the other samples. The raised kinetics due to the raised temperature experienced by Sample A during formation, would explain the poor nucleation and crystal formation steps, both critical in the formation of a regular crystalline structure. Incomplete washing and rate of recrystallisation were also critical factors in the poor quality of Sample A.  [3:  Nucleation – initial stage where molecules begin to cluster together around a nucleus/initiation point. ] 

[bookmark: _Ref217321179]Table 2 - Properties of Methyl-3-nitrobenzoate [3]
	Melting point
	78C

	Colour
	White / yellow

	Boiling point
	279C

	Quantity
	25g

	Formula weight
	181.15

	Physical form
	Crystalline powder

	Percent purity
	 98%

	Physical form
	Crystalline powder



Figure 3 - Crystal formation steps [4]
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