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Introduction

The aim of this investigation is to obtain the melting point of the student synthesised
Methyl 3 nitrobenzoate samples to evaluate the purity of the samples. These samples
were synthesised in lab report 3. The samples which are purer will be within a closer
range to the stated melting point. The stated melting point of Methyl 3 Nitrobenzoate is
78-80 degrees [1]. 4 samples are being used within this report from 4 pairs of students.

Variables

¢ Independent: The different samples.
e Dependent: The observed melting point temperature.

e Controlled: Ramp rate (2°C/min), plateau temperature setting, and the
specific apparatus (Cole-Parmer M200).

Theory

Key theory used in this investigation is the melting point of a material. The
melting point is the temperature where the material changes state from a
solid to a liquid [2]. The melting point is used to determine the purity of the
sample. This is due to the Structure of the substance, a pure chemical like
MNB the molecules pack densely and uniformed lattice, this means that all



the bonds break at the same temperature resulting in a tight melting point
usually. When a substance is contaminated, the molecules aren’t able to
pack densely or uniformed, due to this the forces holding attracting the
molecules together is weaker resulting in a lower melting point.

Purity of samples was dictated in the synthesis process during the
recrystallization step. The samples were recrystallized using hot ethanol.
Ethanolis used because it can dissolve the methyl 3 Nitrobenzoate when itis
hot and the contaminants, however when the ethanol cools the methyl 3
nitrobenzoate is not soluble by ethanol leaving the product behind and
removing contaminants.

Results

The melting point of methyl 3 nitrobenzoate is 78-80 degree Celsius as previously stated

(1]

Group Inspection Trial 1 MP Trial 2 MP Average MP
DG Clumpy 77 77 77

OM White 75 75 75

LM Odour, yellowing | 74 73 73.5

BJ Clear 77 77 77

DG and B + ) samples were the closest to the stated melting point of MNB being just
outside by 1 degree. With LM being the furthest form the melting point 4.5 degree away.
DG was stated to be clumpy which suggests a texture difference but not necessarily an
impurity. LM was observed to have an odour and a yellowing which deviates from the
stated description. OM sample is the closest to the stated sample.

Discussion

DG and B +J had a MP of 77 degrees is the closest to the stated MP of MNB suggesting
they could be the highest percent purity samples. There is evidence to suggest impurity
within the LM sample due to the low melting point of the sample at just 73.5 degrees
average. This is due to the impurities affecting structure of the sample. Adding to this
evidence the odour and yellow stain suggests that the sample is impure. This impurity



may be due to the sample being cooled too rapidly trapping contaminants in the
crystals. Another potential reason for contamination could be inadequate drying which
could suggest the presence of ethanol contamination.

Errors

The Cole-Parmer M200 used as the method of heating the samples and
observing the melting points. The Cole Parmer M200 has a stated accuracy of -
/+1 at20 c and -/+ 2.5 at 300c [3]. Therefore, at 80c could have discrepancy of
1.5c. This range could exacerbate or minimise our results compared to the
stated MP of MNB.

The capillary tubes require being packed correctly to ensure the temperature is
transferred to the chemical effectively. The tube should be filled with material
about 2-3mm wide [4] and packed tightly. The sample should be completely dry
for accurate results.

This experiment is completed by an operator recognising a state change within
the capillary tube. This allows for human error to creep into the results. If the
sample is contaminated by solvent this will create droplets of liquid in the tube
first before the MNB melts. This can create the illusion that the sample is melting
this is called sweating. Sintering is another factor which is where the solid
molecules contract and can be mistaken for “sagging” creating the illusion of
melting.

OME applications

Purity of samples in the OME worlds is critical to product safety and quality.
Contamination of an Energetic material decreases the insensitivity of the
munition. This reduces the safety of the product and will increase
manufacturing, transportation, disposal and firing accidents [5].

Alternatives

Another option of assessing the purity of the sample to confirm the results would
be to use FTIR. FTIR works by measuring the absorption of infrared light by
chemical bonds. This can be used to check the purity of the sample [6].



Conclusion

The samples of DG and B + J are determined to be the purest by this experiment. The
theory of contaminated samples would melt before the stated melting point of MNB. For
more confirmation of this data it would be recommended to complete other methods
stated above like DSC.
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7. Appendix
Materials:
Cole-Parmer M200
glass capillaries

The methyl-3-nitrobenzoate samples from each group.
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