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I. Abstract 

The melting points of four methyl-3-nitrobenzoate samples previously synthesised and 

recrystallised from hot ethanol were determined using a Cole-Parmer M200 melting-point 

microscope. Each sample (A–D) was measured twice, giving eight determinations in total 

and allowing mean melting points to be calculated. The nominal melting point of methyl-

3-nitrobenzoate is approximately 78 °C. Samples A–C displayed mean melting points 

between 75.0 and 77.0 °C, whereas sample D melted at 72.0 °C. Visual inspection under 

the microscope showed a clear correlation between crystal appearance and melting 

behaviour. Samples with white, well-formed crystals gave higher melting points, while a 

yellow, clumped and strongly odorous sample gave the lowest value. The data was 

interpreted in terms of impurity levels remaining after the earlier nitration and 

recrystallisation steps. The experiment demonstrated that melting-point determination 

provides a rapid, low-cost method for comparing the purity of organic intermediates 

relevant to energetic-materials manufacture.  
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1. Purpose 

The purpose of the experiment was to determine the melting points of four methyl-3-

nitrobenzoate samples (A–D) and to use these measurements to evaluate their relative 

purity by comparison with the nominal melting point. 

 

2. Hypothesis 

Based on the recrystallisation procedure used [1] (Cranfield Nitration process in appendix 

A), it was expected that: 

• Each sample would melt over a narrow temperature range close to the material 

Nominal value of 78 °C for methyl-3-nitrobenzoate. 

• Samples containing fewer impurities would exhibit higher melting points and 

narrower ranges, while more impure samples would display depressed and 

possibly broadened melting points [2]. 

• Samples with whiter, less clumped crystals would appear purer and therefore 

would melt nearer to the Nominal value than more yellow or clumped samples. 

 

3. Variables 

3.1.Independent variables: 

• Identity of methyl-3-nitrobenzoate sample (A, B, C, D). 

• Trial number for each sample (first or second determination). 
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3.2.Dependent variables 

• Melting point recorded for each trial (°C). 

• Mean melting point calculated for each sample. 

• Qualitative appearance of each sample (colour, clumping, crystal habit, odour). 

 

3.3.Controlled variables 

• Type of melting-point apparatus (Cole-Parmer M200 microscope). 

• Heating rate during the ramp (approximately 2 °C min⁻¹). 

• Capillary tube type and approximate fill height. 

• Number of measurements per sample (two runs, giving eight runs in total). 

• General laboratory conditions and safety measures. 

 

4. Theory 

The melting point of a solid is the temperature at which the solid and liquid phases exist 

in equilibrium. For organic compounds, the melting point is widely used as a simple test 

of identity and purity. Pure solids normally melt sharply within a few degrees of the 

accepted nominal value, whereas the presence of impurities usually leads to a lower 

melting temperature and a broader melting range. This effect arises because foreign 

molecules disrupt the regular crystal lattice and reduce the lattice enthalpy; the solid 

therefore requires less thermal energy to melt [3]. 

 

In the earlier nitration practical, methyl benzoate was nitrated and the product methyl-3-

nitrobenzoate was recrystallised from hot ethanol [3]. During recrystallisation, the impure 
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solid was dissolved in hot solvent, the solution was cooled slowly, and crystals were 

allowed to form. Impurities remained preferentially in the parent solution. After filtration 

and washing, no methyl benzoate was expected to remain in the product [2]. 

 

Reliable melting-point data is important in ordnance, munitions and explosives (OME) 

because they support the quality control of energetic compounds and their precursors [4]. 

Well-defined melting points help to confirm that stable, reproducible materials are being 

handled, which is essential when intermediates may eventually be incorporated into 

energetic formulations [5]. 

 

5. Observations & Data 

5.1.Nominal Data 

The nominal melting point of methyl-3-nitrobenzoate was identified as 78 °C ± 2 °C 

[6]. Methyl benzoate was noted to melt at about –12 °C [7], confirming that any 

residual methyl benzoate would act as a liquid impurity rather than as a separate 

crystalline phase at the temperatures studied [8]. 

 

5.2.Experimental Data 

Each of the four samples A–D was examined under the microscope, and the melting 

point was measured twice. Table 1 shows the collected results. 
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Sample Appearance 

under 

Microscope 

Trial 1 °C Trial 2 °C Mean °C 

A Slightly yellow, 

fine crystals, 

glossy white 

overall 

75 75 75.0 

B Slightly yellow, 

some clumping, 

glossy white 

76 77 76.5 

C White, glossy 

crystals, 

minimal 

clumping 

77 77 77.0 

D Yellow, 

clumped, heavy 

odour, flat 

poorly defined 

crystals 

72 72 72.0 

Table 1 – Sample Data 

 

5.3.Calculations 

For each sample, the mean melting point 𝑇̄ was calculated from the two 

measurements: 

𝑇̄ =  
𝑇1 + 𝑇2

2
 

For example, for sample B: 

𝑇𝐵̄ =  
76 + 77

2
= 76.5 °C 

 

Deviations from the central nominal value of 78 °C were then considered 

qualitatively (A: –3.0 °C; B: –1.5 °C; C: –1.0 °C; D: –6.0 °C). 
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6. Results and Discussion 

The experimental results show that all four samples melted at temperatures at or 

below the nominal value, as expected when trace impurities are present. However, 

substantial differences between samples were observed. Samples below are ordered 

by expected purity. 

 

Sample C displayed the highest mean melting point, 77.0 °C, only 1 °C below the 

central nominal value. The two measurements agreed exactly, indicating excellent 

reproducibility. Under the microscope, the sample appeared white with glossy, well-

formed crystals, and almost no clumping. These observations are consistent with a 

sample of relatively high purity [9], in which the earlier recrystallisation and washing 

steps removed most of the coloured by-products and residual solvent [1]. 

 

 

Figure 1 – Sample C Microscope view 
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Sample B showed a mean melting point of 76.5 °C. The small difference of 1 °C 

between trials lies within the typical uncertainty associated with visually observed 

melting points. Slight yellowing and some clumping were noted, although the crystals 

remained glossy. This behaviour suggests that sample B was slightly less pure than 

sample C but still of good quality. 

 

 

Figure 2 – Sample B Microscope view 

 

Sample A had a mean melting point of 75.0 °C, around 3 °C below the nominal value. 

Again, the two trials gave identical readings, indicating that the depression arises 

from the composition of the sample rather than from random error. The appearance 

was slightly yellow but fine and glossy. The lower melting point implies a higher 

impurity level than in B or C, which may have resulted from less efficient 

recrystallisation or incomplete removal of the parent solution. 
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Figure 3 – Sample A Microscope view 

 

Sample D was clearly the least pure. A mean melting point of 72.0 °C was recorded in 

both trials, representing a substantial depression of approximately 6 °C relative to the 

nominal value and lying well below the 78 °C ± 2 °C range. The sample appeared 

yellow and strongly clumped, with a pronounced odour and flat, poorly defined 

crystals. Such features are typical of material containing significant amounts of 

residual solvent, unreacted starting material or decomposition products [10]. The 

heavy odour and colour strongly suggest that volatile side-products or traces of 

nitrating acids remained trapped in the solid. 
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Figure 4 – Sample D Microscope view 

 

Primary sources of experimental error must also be considered. Determination of 

melting points using a microscope relies on visual judgement of the point at which the 

last crystals disappear; such judgement typically introduces an uncertainty of 1–2 °C. 

Minor differences in the height and packing density of the sample in the capillary can 

lead to small variations in heat transfer and thus in apparent melting temperature [11]. 

Instrument calibration and thermal lag between the thermometer and the sample can 

also affect the recorded values, although these systematic effects would influence all 

samples similarly and therefore do not account for the large differences between A–C 

and D. The close agreement between duplicate measurements for each sample 

indicates that random errors were small relative to the observed differences in melting 

point. 
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7. Conclusion 

The melting-point determination of four methyl-3-nitrobenzoate samples 

demonstrated clear differences in purity between preparations. Sample C, with a mean 

melting point of 77.0 °C and white, well-formed crystals, appeared to be the purest, 

followed by sample B, which showed a slightly lower mean melting point of 76.5 °C 

but still laid within the expected nominal range. Sample A, with a mean melting point 

of 75.0 °C, was judged to be moderately impure, while sample D, with a markedly 

depressed mean melting point of 72.0 °C and yellow, clumped, poorly crystalline 

material, was identified as the least pure. 

 

Overall, the data supported the original hypothesis. Purer samples exhibited higher 

melting points closer to the nominal value and better-defined crystalline appearance, 

whereas more impure material was characterised by yellow coloration, clumping and 

significantly depressed melting points. The strong correlation between microscopic 

appearance and melting behaviour, together with the good repeatability between 

duplicate measurements, showed that melting-point determination is a sensitive and 

practical tool for assessing the relative purity of methyl-3-nitrobenzoate samples 

derived from different synthetic runs. In an OME context, this approach is therefore 

well suited to rapid quality control of solid precursor and intermediate materials prior 

to their use in further energetic-material development. 
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