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1. Introduction and Background

The melting point of a substance is a basic but clear way of demonstrating a
compounds purity. This is because a narrow range of a precise melting point isvhy?
indicative of a pure sample. The lower the melting point and further away it is from
ideal is largely down to the contamination of the compound. [1l/vhy?

There are many different styles of experiment to measure the melting point of a
substance but they all rely on the basic principle of observing the change from a
solid to a liquid as the temperature increases. This change is shown below.

Temperature (T)
A _ Sample Temperoture

mp -->

>
Start of melting End of melfing Time ()

Figure 1 - Temperature Time graph of a melting substance [2]

LRLL

Moistening  Sintering Collapse Meniscus Clear
Point Point Point Point Point

Figure 2 - Melting Point Stages [2]

1.1.Melting Point in OME

The determination of melting point of an energetic material is one piece of critical
information in understanding the initiation criteria, performance and processing
abilities. The melting point is generally not determined separately from other
information but instead is often part of a bigger test. The most common test
conducted that archives the melting point is Differential Scanning Calorimetry (DSC)
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DSC is a method of small scale testing that measures the heat flow in to or out of a
material as it is heated or cooled. This measurement can reveal key events such as
decomposition, melting or glass transition. [3] [4]

Although the capillary method used in this experiment is basic the same principle
can be further improved using an adjustable microscope. Slightly more advanced
method is referred to as Hot Stage Microscopy (HSM). HSM is widely used to
observe a variety of thermal transitions in energetic materials as it enables the
observation of phenomena such as foaming and sintering. [5]

2. Purpose and Aim

The intent of this experiment was to determine the melting point and therefore
indicate purity of the Methyl-3-Nitrobenzoate synthesized by the student on 19th
November 2025.

why this range is so wide? [Ref]
The hypothesis is that a value in the range of 71-78°C will be achieved for the
melting point as the substance is likely to contain some impurities.

3. Setup and Procedure
The full procedure can be found at Annex 1
For this experiment the initial moistening / sintering stage was observed and
recorded as the melting point as this stage is the first point that is easily observable

in the equipment available.

For Methyl Benzoate (MB) the melting point is -12.3°C. [6]
For Methyl-3-Nitrobenzoate (MNB) the melting point is 78°C. [7]

As the likely main contaminant in MNB is MB this is why there would be a reduction
in melting temperature if there is the presence of MB in the sample.

As the samples were expected to be impure a plateau temperature of 70°C was
used. From here the ramp function was initiated until melting was observed.

In addition to determining the melting point the samples were placed under a
microscope to understand the visual appearance, crystal structure and possible
impurities.
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4. Visual Results
4.1.CH/OM

The sample below shows a slightly yellow crystalline structure with a fine and even
crystal size.

¢

Figure 3 - CH/OM Sample

4.2.LB/DG

The sample below shows a slightly yellow structure with even finer crystals of an
even size.

Figure 4 - LB/DG Sample
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4.3.JE/RD

This sample demonstrated the whitest crystals that where the smallest and very
even giving confidence that this was the purest sample.

4.4.LM/NC

Coursework for Advanced Chemistry of OME (ACDA6020)

Figure 5 - JE/RD Sample

This sample showed a significant yellow/ brown hue with significant clumping and
large crystals. There was significant variation in crystal size and the sample exuded
an odour. This provides confidence that this sample was the least pure.

Figure 6 - LM/NC Sample
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5. Results
The summarised visual appearances and melting point data are shown in Table 1 for
the 4 samples. Comparing and contrasting the results the samples can be ordered in
terms of purity below.

MP (°C)

Sample Rank Visual Appearance Trial Trial
1 2

White Fluffy Crystals, Minimal

JE/RD 1 clumping 77 77 77 1.0
LB/DG 2 Eiuz’;’a;ig Viezmy (e e & 76 77 7655 1.5
CH/OM 3 El\Lng;Iy Yellow, Fine Crystals & 75 75 75 3.0
LM/NC 4 Yellow, Clumped & Odorous 72 72 72 6.0

Table 1 - Results Summary
you should have recorded the range of temperatures from the first signs of melting till all sample turned into liquid
The results shown in Table 1 demonstrate a varying level of quality across all the
samples with a top ranked sample coming within 1°C of the ideal value. On the
other end of the spectrum the least pure sample melting point is significantly
different from the ideal value with a delta of 6°C. this is additionally supported by
the change in appearance with the sample containing a brown hue indicating un
nitrated compound.

Within this experiment the key sources of error are largely human based, as the
determination of melting point is based upon a visual change when an individual
determines that change can differ between individuals. To best limit this error the
same observer was used each time. The next largest form of error was the quantity
of material placed within the capillary tube.

6. Conclusions

The results achieved support the hypothesis in that all results where within the
expected range of -10% of the ideal melting point 78°C. In general the samples
where all an acceptable purity excluding the LM/NC sample. This sample had a clear
indication of un nitrated base material remaining within the sample. This is what
gave it the brown hue, odour and low melting point. The top-ranking sample
achieved a near pure sample with a melting point of 77°C. This is indicative of a full
nitration and effective recrystallization stages.

To further improve the results of this experiment additional measurements could be
taken across the 4 samples. 2 measurements is not a statistically relevant sample as
an average of 2 is rather meaningless. In automated melting point systems as many
as 6 samples can be tested simultaneously for faster more reliable results. [8]

Lastly if the true aim of measuring the melting point is to determine purity other
methods such as FTIR analysis could be used to fully understand the level of
contamination and what compounds are contaminating the sample. This provide
more information over the ‘is the sample contaminated or not’.
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8. Annex 1 - Methyl-3-Nitrobenzoate Preparation Procedure

Figure 7 - Melting Point Procedure
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Figure 8 - Melting Point Raw Results
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GRADEMARK REPORT

FINAL GRADE

/100

GENERAL COMMENTS
Engagement with Literature 7/15

Relevant literature values for the melting points of
methyl benzoate and methyl-3-nitrobenzoate are
reported and supported by references. There is
evidence of independent reading, including mention of
techniques such as DSC and HSM. However, the depth
of engagement with the literature is limited. Most
sources are online databases or company material,
with very few peer-reviewed journal articles. Literature
is mainly presented in the introduction and is not
consistently used to interpret or strengthen the
discussion of experimental results. Several references
listed are not cited in the text, and there are
inconsistencies in IEEE formatting, including missing
access dates and incomplete reference details.

Knowledge and Understanding 9/20

The aim of the experiment is clearly stated and a
definition of melting point is provided. A basic
connection between melting point and purity is made,
and the presence of melting point depression due to
impurities is recognised. However, this relationship is
not explained in sufficient depth. Key concepts such as
crystal lattice disruption and intermolecular forces are
not discussed, limiting the scientific explanation of the
observed trends. The melting range for a pure
compound is inaccurately described as broad, and
recrystallisation is only implicitly linked to purification
rather than explicitly explained. Overall understanding
is sound at a descriptive level but lacks conceptual
depth.

Cognitive and Intellectual Skills 12/20

The hypothesis is stated, and experimental melting
point values are compared with literature data.
Samples are logically ranked by inferred purity, and
differences in appearance are appropriately linked
to melting behaviour. Claims are generally
supported by the data presented. However, the
hypothesis does not clearly justify the expected
temperature range, and discussion focuses on
melting point midpoints rather than full melting
ranges. Evaluation of uncertainty is limited, with
emphasis mainly on human observational error,
while other factors such as sample quantity and
packing effects are not considered. The discussion
would benefit from deeper evaluation of the
reliability of the conclusions.

Practical Application Skills 15/30



The relevance of melting point testing to the safety
and stability of energetic materials is mentioned, but
this link is not developed in depth. Experimental
measurements were repeated, with excellent
agreement between trials, and sample appearances
are clearly described. However, the experimental
procedure is included as a copied screenshot rather
than a clearly written methodology section, which
reduces professionalism. Instrumental limitations and
heating-rate effects are not explicitly discussed, and
no alternative analytical techniques are proposed to
support or validate the results.

Transferable Skills 10/15

The report follows the required overall structure and
remains within the agreed word count. Tables and
figures are clearly labelled and appropriately
referenced. However, the procedure section is not
placed in an appendix, and some wording is overly
informal for a scientific report (e.g. “rather
meaningless”). While the report is generally readable,
clarity and professionalism could be improved through
more precise language and tighter structuring.
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