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LAB 3

methyl-3-nitrobenzoate and nitroguanidine

ABSTRACT

This report covers both the physical
experiment and the theory of nitration and
electrophilic substitution.
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1. Introduction

This report covers both the physical experiment and the theory of nitration and
electrophilic substitution.

1.1 Aim

The aim of this experiment was to synthesise methyl-3-nitrobenzoate and
nitroguanidine through nitration reactions.

1.2 Hypothesis

These experiments have potential to become contaminated or forimpurities to be left
within the samples. It is known that Nitroguanidine is water soluble [1] as part of the
process the crystals are required to be washed with ice water, this could reduce overall
yield.

2. Theory
2.1 Basic Concepts & Principals

Using an organic molecule, nitration is a chemical process that adds a nitro group to the
original organic molecule [2]. .

. . .qromatic.
Experiment 1 the hydrogen atom is replaced by electrophilic Su%Stltuthﬂ.
An electrophile is a species that seeks out areas of high electron density.
Electrophilic substitution reactions are common in aromatic compounds, during this what is the
reaction the electrophile replaces an atom, commonly a hydrogen atom, this reactionélectrophile here?
can preserve the rings overall aromaticity. This is due to the stability of the aromatic
rings as addition would require breaking the stable bonds of the system [3]. This
reaction can be seen in figure 1. Appendix 1 shows the step-by-step substitution as
drawn in the lab book (figure 4). mecahnism should be shown here
Experiment 2 uses highly concentrated acid to nitrate the guanidine nitrate. During the
reaction, one water molecule is removed from the structure, and a nitro group is
introduced [4], as seen in figure 2.
Reagents and solvents play a vital role in the recrystallisation process after nitration.
Primarily exploiting differential solubility, so essentially the solvent will only dissolve the
impurities and hold them in the solution, leaving the final product free from impurities
[5]. Reagents and solvents have also been shown to play a vital role in facilitating
recrystallisation [6]. It is vital that the nitration process is kept cool. Common nitrations
are exothermic, without controlling the temperature of the reaction the mixture could
progress into an uncontrolled thermal runaway [7]. Thermal runaway could cause fire
and especially relevant in this case, explosions.
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2.2 Chemical equations
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methyl benzoate + nitric acid  ————» methyl-3-nitrobenzoate + water

Figure 1 Formation of Methyl-3-Nitrobenzoate using electrophilic substitution.
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Figure 2 Formation of Nitroguanidine using nitration.

2.3 Applications and relevance to OME.

Nitration in both forms as described in the previous section is a common way to
produce explosives and propellants, for example nitroguanidine is found in triple-based
propellants and the electrophifE%0Hitution in experiment 1 is used in the preparation
of Di-nitrotoluene, a precursor for TNT. For example, had toluene been used as the
starting material for experiment 1, nitro toluene, di-nitrotoluene, and trinitrotoluene
would be the likely products.
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2. Materials & Method

Experiment 1: Synthesis of methyl-3-nitrobenzoate
Label glassware appropriately throughout the practical.

VI

VIL

VIIL

XL

In a recirculation fume cupboard, weight out 2.7g of methyl benzoate into a 25cm?®
conical flask using a Pasteur pipette.

In the ducted fume cupboard, measure out 5 cm® of concentrated sulfuric acid using a
10 cm® measuring cylinder, add to the methyl benzoate.

Swirl the flask gently to mix and cool the mixture by placing the conical flask in ice.

In a separate 5cm®conical flask, prepare the nitrating mixture. Using a 10 cm®measuring
cylinder, measure 2cm?® of conc. sulfuric acid and transfer to the conical flask labelled
mixed acid.

To this add 2 cm®of concentrated nitric acid, you can use the same measuring cylinder
to measure both acids.

Cool the mixed acids to 5°C by placing the conical flask in ice. Turn the water bath on.
During the nitration process make a note of any colour changes.

When the methylbenzoate mixture reaches 5°C add the nitrating mixture drop by drop to
the solution of methyl benzoate using a pipette, ensuring the nitrating mixture does not
get into the rubber teat.

Stirthe mixture with a glass rod keeping the temperature below 10 °C. Allow the mixture
to coolto 5°C between additions.

When all the nitrating agent is added, leave the mixture to stand at room temperature for
15 minutes. This will be a very slow process for the first half of the mixed acid addition
which will take about 1 hour until equilibrium when addition generates less heat and
addition is much faster.

During the 15 min wait weigh out 25g of crushed ice and place into 100 cm® beaker.

Pour the reaction mixture from the conical flask onto the ice stir until all the ice has
melted and crystalline methyl-3-nitrobenzoate has formed.

Recrystallisation procedure

XIIL.

X,
XIV.

XV.
XVI.

XVIIL

XVIIIL

XIX.

Move the filtration equipment from your bench into the ducted fume cupboard. Fit the
Buchner funnelinto a Buchner flask and clamp it to prevent it falling over. Place the filter
paper in the Buchner funnel and damp with a little chilled, distilled water. Connect the
flask to the vacuum line with the tubing supplied.

Gently open the vacuum, pour the contents of the beaker into the filter funnel.

Wash the crystals thoroughly with cold distilled water and remove excess water using the
vacuum on high for 5 minutes.

Transfer the crystals to a 50em®beaker.

Place 15 cm?® of ethanol into a small conical flask stand on the hot water bath to warm
the ethanolto 50°C.

Place the beaker containing the sample on the water bath and pour small portions of the
hot ethanol onto the crystals, stirring with a clean glass rod until the solid just dissolves.
Remove the beaker from the water bath and place onto a white ceramic tile. Leave the
solution to cool to room temperature then immerse the beaker in ice water to allow the
crystals of pure methyl nitrobenzoate to form.

Place the used Buchner funnel & flask at the back of the fume cupboard. Set up a clean
Buchner funnel and flask, with a clean filter paper in the funnel. Damp the filter paper
with a small portion of ethanol before turning on the vacuum. Filter the product under
vacuum, dry the product by leaving the vacuum on for a few minutes. Transfer the product
into a labelled, weighed sample bottle.

Sample is then dried in a vacuum desiccator.
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Experiment 2: Synthesis of Nitroguanidine

VL

VIL

In the fume cupboard, carefully measure out 5cm® of concentrated sulphuric acid using
the measuring cylinder. Pour into a 50cm?® beaker and place into the ice on the bench,
taking care not to spill any acid. Using the thermometer wait for the temperature to fall
below 5°C.

While the acid is cooling, weigh out 4 grams of guanidine nitrate into the weighing
bottle.

When the acid has cooled, add small portions of guanidine nitrate with stirring to break
up any solid lumps, ensuring that the temperature does not exceed 10°C.

When all the solid has been added, allow the mixture to stand for 2-3 minutes
Meanwhile place a filter paper into a Buchner funnel and damp it with a little distilled
water. Clamp the Buchner flask, to prevent it falling over, and then fit the funnel to the
flask using a rubber collar. Connect the flask to the vacuum line using the thick rubber
hose.

After 2-3 minutes, pour out the mixture into a second 50cm?® beaker containing 30 cm?
of water with a little ice and mix well with the glass rod. Ensure the product has full
precipitated by repeatedly pouring between the beakers.

Open the vacuum up and pour the contents of the beaker slowly into the funnel. Us a
spatula to remove as much of your product from the beaker as possible.

Wash the crude product with a little cooled distilled water. then remove the water by
vacuum filtration

Recrystallisation procedure

Transfer the crude product into a 150cm? beaker. Add hot distilled water until the solid
just dissolves, with stirring and heating on the boiling water bath.

When all the product has been dissolved remove the beaker from the heat, allowitto
cool to room temperature, then place the beaker in the ice. Crystals of the product will
begin to form as the solution cools.

Clean the Buchner flask and funnel and place a clean filter paper into the funnel.

When recrystallisation is complete filter the product under vacuum. Wash the material
with a little cool distilled water and dry the product by maintaining the vacuum in the
filter apparatus.
V.  Transfer the partially dried product into a weighed labelled bottle.
VI. Sample is then dried in a vacuum desiccator.
3. Results

The results of the final mass:

Mass of methyl benzoate 2.700g
Mass of labelled glass bottle 8.378g

Mass of glass bottle & dried sample 10.293¢g
Mass of Methyl-3-nitrobenzoate 1.915g
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Figure 3 Nitroguanidine Crystals

4. DI scussion what happened to your NQ

Unfortunately, the final yield of Nitroguanidine could not be weighed. This issample?
disappointing as the sample could have been weighed pre and post final wash as this
could provide some data to the original hypothesis of the water-soluble NQ being lost
during the final wash. To collect data on the volume of impurities in the samples further
experiments would be required, for example the determination of melting point as this
shows if the samples have a lower melting point, they contain more impurities.

To improve the yield and reduce experimental errors from both nitration processes there
are a few options available.

Optimize reaction conditions- lower and consistent control of temperature [8].

Control of reagent ratios. Systems to control flow or stirring. These measures can
optimize the process, but they are not always practical or financially viable.

Some post processing of nitroguanidine is required to use it in propellants, figure 3
shows the crystalline structure of nitroguanidine, needle like crystals. These NQ
crystals have a low packing density around 0.30 g/cm? [9]; this poor density leads to the
formation of hotspots within the propellant. This can be negated by grinding the needles
into a powder, there are more recent studies showing a more complex recrystallisation
method forming spherical particles known as high bulk density nitroguanidine (HBNQ)
with a packing density of 0.81 to 0.97 g/lcm® [9].
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5. Conclusion

As previously mentioned, the next step to collect data on the volume of impurities in the
samples further experiments would be required, for example the determination of
melting point. There was a good overall yield of 1.915g of methyl-3-nitrobenzoate, this
could be improved with better cooling and mixing systems in the future.
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Figure 4: Appendix 1. Lab Book Substitution




Lab 3 ACDA6020 RD

GRADEMARK REPORT

FINAL GRADE

/100

GENERAL COMMENTS
Engagement with Literature 8/15

A reasonable range of sources is used, and most
references are presented in broadly correct IEEE
format. However, the literature is mainly descriptive
and not used to support or challenge the
experimental results which are not provided. Key
claims (e.g. expected yields, reaction limitations, or
safety considerations) would benefit from clearer
linkage to published values or authoritative sources.
Greater critical use of literature, rather than citation
alone, is needed to strengthen this section.

Knowledge and Understanding 7/20

There are significant conceptual issues in the
explanation of the chemistry. The electrophilic
aromatic substitution mechanism is not correctly
represented, with errors such as hydrogen and NO,
appearing bonded to the same carbon in the
aromatic ring. Key terms including nitronium ion and
sigma complex are not mentioned nor explained.
Temperature control is discussed mainly in terms of
reaction rate, rather than selectivity and prevention
of over-nitration. The distinction between
electrophilic aromatic substitution and nitrogen-
centred nitration is not clearly articulated, which
limits the accuracy of the theoretical discussion.

Cognitive and Intellectual Skills 7/20

The overall aim of the experiment is clearly stated;
however, the hypothesis is largely irrelevant to the
experimental outcomes. Variables are not explicitly or
correctly identified, which weakens the experimental
framing. While there is some awareness of safety and
process considerations, the analysis lacks structure
and chemical justification. More focused reasoning,
supported by theory and literature, is required to
demonstrate higher-level critical thinking.

Practical Application Skills 6/30

The mass of methyl-3-nitrobenzoate is calculated
correctly; however, the actual and % yields are not
reported. No yield calculations are presented for NQ
and it's claimed that the product could not have been
weighted. Without these calculations, it is not possible
to evaluate experimental performance or compare
outcomes meaningfully. This represents a major
omission in a laboratory report and significantly limits
the marks available in this criterion.



Transferable Skills 10/15

The report includes a clear and detailed table of
contents, and the overall structure follows the
required format. Figures are numbered, titled, and
referenced in the text, which is good practice.
However, large copied-and-pasted inserts reduce
clarity and presentation quality. Key mechanisms
should be integrated into the main body of the report
rather than placed in the appendix. The methodology
section was expected in the appendix.
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PAGE 2
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Text Comment. this is a detailed, well built ToC; all relevant sections are included (except
Methodology in Appendix) and the report is structured properly
PAGE 3
Text Comment. aromatic
Text Comment. what is the electrophile here?
Text Comment. mecahnism should be shown here
PAGE 4
Text Comment. aromatic
PAGE 5
PAGE 6
PAGE 7
Text Comment. what happened to your NQ sample?
PAGE 8
PAGE 9
Text Comment. lower case
PAGE 10
Text Comment. X

Text Comment.

hydrogen is eliminated otherwise carbon would have to form 5 bonds.



