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clear and detailed ToC; report follows the required structure

1. Introduction and Background

This report details the preparation and results of nitration to create methyl-3-
nitrobenzoate and nitroguanidine conducted by the student on 19th November 2025.
This report is broken down into 2 stages the first is the preparation of Methyl-3-
Nitrobenzoate and the second is the preparation of Nitroguanidine.
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2. Methyl-3-Nitrobenzoate
2.1.Introduction
Methyl-3-Nitrobenzoate is an intermediate chemical compound used in the
formation of several dyes, pesticides and pharmaceutical medication/Ref]

2.2.Experiment Purpose

The purpose of the preparation of Methyl-3-Nitrobenzoate (MNB) was to
demonstrate the process of aromatic ring nitration, this is that same process as that
used to form DNT an primary precursor to TNT. In addition, it introduced and
demonstrated the procedure of nitration whilst controlling temperature and acting in

a safe manner for the later preparation. This allowed for the safe practice of the
later N-Nitration to form the explosive compound nitroguanidine.

If toluene was used instead of Methyl benzoate there would be three likely

formations, 2 types of Nitrotoluene and dinitrotolurene (DNT) these are pictured
below.
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Figure 1 - MNT and DNT formationgRef]
2.3.Predictions

The experiment involved the nitration of Methyl-3-Nitrobenzoate by using the
electrophilic substitution of N, ,this is detailed below.the lack of charge on NO2 is a significant omission
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Figure 2 - Electrophilic Substitution of Methyl-3-nitrobenzoate [1]

It was predicted that a low yield would be observed due to the inexperience of the
students in these procedures. Despite this the demonstrative purpose of the
experiment would be realised.
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2.4.Procedure

The full setup and procedure can be found at Annex 1.
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Figure 3 - Overall Reaction 1 [1]

During the nitration Sulphuric and nitric acid was used as the reagent as it acts @nly H2504 is the
catalyst for the reaction. During this process of nitration it is critical to keep the cqtgfyst, HNO3 is the
mixture cool to ensure a proper rate of reaction and an even nitration of the reactant
constituent parts. It also prevents a runaway reaction that is uncontrolled and couf’
lead to initiation in an energetic material.

The full balanced chemical equation for this reaction can be seen in Equation 1

Equation 1 - C¢HsCOOCH; + HNO3 — CgHy(NO3)COOCH; + H, 0

At the recrystallization stage Ethanol was used as Methyl-3-Nitrobenzoate is not
soluble in water.

2.5.Results
Quantity Name S:g:zd Mass (g)
Mass of methyl benzoate MB 2.694
Mass of labelled glass bottle 8.639
Mass of labelled glass bottle 11.504
+ Dried sample
Mass of methyl-3-nitrobenzoate NB 2.865
Molar Mass of methyl benzoate Mr (MB) 136.1%/mol
Molar Mass of methyl-3-nitrobenzoate Mr (NB)  181.1%/mo/
Theoretical Yield 3.58 g fig . . )
Actual Yield 2.865 inconsistent units
My (NB)

Equation 2 - Theoretical Yield = MB X
My (MB)

Using Equation 2 a theoretical yield of 3.58g can be calculated for this preparation

Equation 3 - % yield = _Acmalyield 09 [2]

Theoretical yield

Using Equation 3 a percentage Yield of 80.02% is achieved.
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3. Nitroguanidine
3.1.Introduction
Nitroguanidine (NQ) is a secondary explosive primarily used in large calibre gun
propellants. These propellants are referred to as triple base and the addition of NQ

cools the deflagration reaction which in turn reduces stress and wear on the gun
barrels. [3] [4]

The guanidine nitrate produced in this experiment is likely to be long crystals. These
would need to be ground down into a powder for further use in double based
propellant. This would create a uniform grain size and therefore a uniform reaction
rate. [5]

3.2.Experiment Purpose

The purpose of the preparation of NQ was to demonstrate the synthesis of explosive
and further expand the students understanding of the chemical procedures of N-
nitration.

3.3.Predictions

The experiment involved the N-nitration of Guanidine Nitrate to form Nitroguanidine.
The nitration used sulfuric acid to facilitate the reaction with the biproduct of water.
It was predicted that a low yield would be observed due to the inexperience of the
students in these procedures. Despite this the demonstrative purpose of the
experiment would be realised.

3.4.Procedure

The full setup and procedure can be found at Annex 2.
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Figure 4 - Overall Reaction 2 [6]

During the nitration only Sulphuric acid was needed as the catalyst as the guanidine
nitrate already has the nitrate group to use. During this process of nitration it is
critical to keep the mixture cool to ensure a proper rate of reaction and balanced
nitration of the constituent parts. It also prevents a runaway reaction that is
uncontrolled and could lead to initiation in an energetic material.

The full balanced chemical equation for this reaction can be seen in

Equation 4 - CH,N,0, - CH,N,0, + H,0 [7]
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3.5.Results
Quantity Name S:g:zd Mass (g)

Mass of labelled glass bottle 92.090
Mass of labelled glass bottle 94.242
+ Dried sample

Mass Guanidine Nitrate MGN 4.000
Mass of Nitroguanidine MNQ 2.334
Molar Mass Guanidine Nitrate MrGN 122.08
Molar Mass Nitroguanidine MrNQ 104.07
Actual Yield 68.45

Equation 5 - % yield = % X ;‘:;iz x 100

Using Equation 5 a percentage Yield of 68.45% is achieved.
4. Conclusions

The two experimentswv%eere largely a success, demonstrating the synthesis methods
and developing practical skills. The ideal colour of both substances is a brilliant
white. The two samples where both slightly off coloured, this is likely due to the
main contaminant being methyl benzoate and guanidine nitrate respectively.

The percentage yields for each nitration where 80.02 and 68.45% respectively. This
shows a significant decrease in yield for the second experiment. This demonstrates
that the inexperience of the student is not a likely cause of the decrease.

The final recrystallization stage for the NQ was tricky as the final crystals clumped
and stuck to the funnel and could not be washed at this stage. Consequently, this
meant that a small proportion of the final crystals where lost to contamination of the
glassware.

The key methods to improve these yields would be to further control the
temperature of the reaction, reducing the quantity of the recrystallization solute and
ensuring a complete nitration of the base products.
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6. Annex 1 - Methyl-3-Nitrobenzoate Preparation Procedure

Figure 5 - Methly3nitrobenzoate Procedure Page 1
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Figure 6 - Methly3nitrobenzoate Procedure Page 2
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7. Annex 2 - Nitroguanidine Preparation Procedure

Equation 6 - Nitroguanidine Preparation Procedure
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GRADEMARK REPORT

FINAL GRADE

/100

GENERAL COMMENTS
Engagement with Literature 7/15

A number of relevant sources have been consulted,
mainly online technical and reference materials. These
sources support the general background to nitration
chemistry and the applications of methyl-3-
nitrobenzoate and nitroguanidine. However,
engagement with the literature is largely descriptive,
with limited critical use. References are not
consistently used to justify reaction conditions or to
benchmark experimental yields, and there are several
formatting and completeness issues in the reference
list. References which confirm that M3NB is an
intemediate comound in different areas are missing.

Knowledge and Understanding 10/20

You demonstrate a basic understanding of the two
nitration processes and the intended products. The
distinction between aromatic nitration and N-nitration
is recognised, and overall reaction equations are
mostly correct. However, explanations of key concepts
such as electrophile formation, the role of nitric versus
sulphuric acid, and meta-directing effects are
sometimes inaccurate or insufficiently explained.
Mechanistic detail is limited, and the chemical
reasoning behind product selectivity and reaction
control needs to be developed further.

Cognitive and Intellectual Skills 8/20

The report includes aims and predictions, but these
are not developed into clear, testable hypotheses.
Experimental variables are not explicitly identified or
discussed. While some reasons for reduced yield are
mentioned, the analysis remains largely descriptive
and would benefit from stronger links to reaction
mechanisms, temperature control, and purification
efficiency.

Practical Application Skills 15/30

It appears that you carried out the experimental work
competently, and yield calculations are correct.
However, there are inconsistencies in units and data
presentation, and comparison of yields between
different compounds is not chemically justified.
Discussion of OME relevance, including the need to
grind nitroguanidine before use, is appropriate but
could be explained in greater technical depth.



Transferable Skills 9/15

The report follows the required structure and
includes the expected sections. However, clarity and
academic presentation require improvement. Some
tables contain inconsistent units, referencing is not
fully consistent, and written expression is
occasionally unclear. More concise writing, clearer
data presentation, and improved referencing
accuracy would strengthen the overall quality of the
report. Word count is within the limits.
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