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[bookmark: _Toc215822198]1. Aim
The aim of this experiment is to synthesise (in separate reactions) Methyl 3-Nitrobezoate and Nitroguanidine, from methyl benzoate and guanidine nitrate respectively, in Electrophilic Aromatic Substitution (EAS) and N-nitration reactions respectively.  
[bookmark: _Toc215822199]2. Hypothesis
[bookmark: _Toc215822200]2.1 Methyl 3-Nitrobenzoate
If methyl benzoate is reacted with a nitrating mixture of concentrated nitric and sulphuric acid, and the temperature of the reaction is carefully controlled, then methyl 3-nitrobenzoate will be produced – the nitronium ion generated in the reaction acts as an electrophile and will attack the meta position due to the electron-withdrawing effect of the ester group.
[bookmark: _Toc215822201]2.2 Nitroguanidine
If guanidine nitrate is exposed to concentrated sulphuric acid, nitroguanidine will form. The nitronium ion generated in the reaction promotes N-nitration, introducing a nitro group onto the nitrogen atom of the guanidine structure.
[bookmark: _Toc215822202]3. Variables
Dependent:
· Yield of reaction
· Purity of product
Independent: 
Not applicable – no variables were deliberately changed during the synthesis.
Control:
· Concentration and volume of reactants
· Temperature
· Stirring rate
[bookmark: _Toc215822203]4. Theory
[bookmark: _Ref215691515][bookmark: _Toc215822204]4.1 Methyl 3-Nitrobenzoate
Methyl 3-nitrobenzoate forms in an Electrophilic Aromatic Substitution (EAS) reaction. 
Sulphuric acid protonates nitric acid, forming a nitronium ion which is the active electrophile in this reaction [1]:
[image: ]

The π-electrons of the benzene ring in methyl benzoate attack the nitronium ion, forming a new carbon-nitrogen bond. This step breaks the ring and creates a positively charged intermediate called the sigma complex. Because the ester group is electron-withdrawing, nitronium ions are directed to the meta position and this is where the nitro group attaches [1] [2] [3]
The sulphuric acid removes the proton from the sigma complex. This restores the aromatic ring and yields methyl 3-nitrobenzoate.

[image: A diagram of a chemical reaction
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[bookmark: _Toc215822193]Figure 1 - Methyl Benzoate to M3NB [4]

Equation 1 – Balanced Equation for the production of M3NB
Ethanol is commonly used in this reaction – it is a polar protic solvent, dissolving organic compounds easily and allowing for a degree of impurity removal [5]. It also has a moderate boiling point of 78°C [6], allowing it to be evaporated easily by a water bath and the solute recovered. 
The mixture must be kept cool (below 10°C) to avoid a runaway, which could potentially result in over-nitration or complete decomposition – which in extreme circumstances can cause a thermal explosion [7].
[bookmark: _Toc215822205]4.2 Nitroguanidine
The production of nitroguanidine from guanidine nitrate is an example of N-nitration. 
Sulphuric acid protonates the nitrate in the guanidine nitrate, generating the nitronium ion (in much the same way as the nitric acid was protonated in 4.1 Methyl 3-Nitrobenzoate). The nitronium ion attacks the imino nitrogen (=NH), forming an N-NO2 bond [8] [9]. This is called N-nitration because the nitro group bonds to a nitrogen rather than a carbon (aromatic). 
[image: A black arrow pointing to a black arrow
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[bookmark: _Toc215822194]Figure 2 - Guanidine Nitrate to Nitroguanidine [10]

Equation 2 – Balanced Equation for the production of Nitroguanidine
[bookmark: _Toc215822206]5. Results
The full procedures – courtesy of Cranfield University - are given in Appendix 2: Methyl 3-Nitrobenzoate Reaction Procedure and Appendix 3: Nitroguanidine Reaction Procedure.
[bookmark: _Toc215822207]5.1 Methyl 3-Nitrobenzoate
Mass of methyl benzoate: 2.707g
Mass of methyl 3-nitrobenzoate: 3.1g
Molar mass of methyl benzoate: 138.14g/mol
Molar mass of methyl 3-nitrobenzoate: 181.15g/mol


[bookmark: _Toc215822208]5.2 Nitroguanidine
Mass of guanidine nitrate: 4g
Mass of nitroguanidine: 2.466g
Molar mass of guanidine nitrate: 122g/mol
Molar mass of nitroguanidine: 104g/mol


[bookmark: _Toc215822209]6. Discussion
[bookmark: _Toc215822210]6.1 Methyl 3-Nitrobenzoate
The result was in line with the hypothesis, methyl 3-nitrobenzoate was successfully produced in an EAS reaction. The yield was good (given the basic lab methods used), although the purity was relatively poor judging by the colour and some inclusions in the crystals when viewed under a microscope. These photos will be published in future work. 
[bookmark: _Toc215822211]6.2 Nitroguanidine
The result was in line with the hypothesis, NQ was successfully produced in the N-nitration reaction. The yield was satisfactory, but the product looked good visually, with white crystals being present and no obvious areas of discoloration or inclusions. Unfortunately no microscope photos of the crystals were provided, which would have made a basic judgement as to the purity of the crystals (any particulate inclusions would have been seen, like they were in the methyl 3-nitrobenzoate).
The nitroguanidine would require grinding before use. Grinding reduces the particle size and increases the surface area of the particles, and improves uniformity therefore leading to more consistent propellants (etc). The small particle size also allows the NQ to mix more evenly in formulations and become properly encapsulated in binders, helping to prevent any migration of materials over time. Larger crystals can also have local stress points, which potentially increase shock and friction sensitivity, along with promoting negative mechanical properties. 
[bookmark: _Toc215822212]6.3 Sources of Error
The sources of error were similar in both reactions:
· Reactants were weighed by hand, in a fume cupboard that was switched on – making it difficult to get a stable reading
· Stirring was done by hand
· Quantities of reactants measured by eye
· Amount of water used to wash the crystals was not controlled
· Amount of time spent in the buchner filter was not controlled
· Temperature was measured by eye using only a simple thermometer (which the bulb was not fully immersed)
· Reactants were dropped in and stirring was conducted by different people, meaning a different technique
[bookmark: _Toc215822213]7. Nitration in OME
Nitration, in all its forms (including EAS and N-nitration) are the cornerstone of modern explosives production. The majority (but not all) of the explosives in service rely on nitration chemistry. Tolulene is nitrated into TNT, in an EAS reaction. Cellulose is nitrated into nitrocellulose, the building block of every single modern gun propellant, in an O-nitration (nitrate ester formation) reaction. Hexamine is nitrated into RDX (an N-nitration reaction), etc etc. 
[bookmark: _Toc215822214]8. Conclusion
Both syntheses successfully demonstrated the principles of nitration: electrophilic aromatic substitution for Methyl 3-Nitrobenzoate and N‑nitration for Nitroguanidine. Despite basic lab conditions, yields were respectable (85.9% and 72.3%), confirming the hypotheses. Purity control and measurement accuracy remain key challenges to be addressed in the future. 
[bookmark: _Toc215822215]9. Further Work
Further work should focus on the repeating of these experiments under more controlled conditions and ensuring tighter process control, focussing on achieving a greater purity and yield. This can be achieved partly by slower mixing, accurate measurements, and better temperature control. Purity should be analysed using specialist lab equipment (such as FT-IR) rather than by visual examination alone. This should ensure a higher final quality of product and better yield. 
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[bookmark: _Toc215822217]Appendix 1 – Chemicals and Equipment
Chemicals:
· Methyl benzoate
· Conc. Sulphuric acid
· Conc. Nitric acid
· Ethanol
· Guanidine nitrate
· Distilled water

Equipment: 
Glassware & Containers
· Conical flasks (25 cm³, small for mixed acid)
· Beakers (50 cm³, 100 cm³, 150 cm³)
· Measuring cylinders (10 cm³)
· Weighing bottle
· Buchner funnel
· Buchner flask
· Rubber collar (for Buchner setup)
· Labelled sample bottle
Filtration & Recrystallisation
· Filter paper (clean and damped)
· Vacuum line with tubing
· Thick rubber hose (for vacuum)
· Clamp (to secure Buchner flask)
· Hot water bath / boiling water bath
· White ceramic tile
Handling & Mixing
· Pasteur pipette
· Glass rod
· Spatula
Safety & Temperature Control
· Recirculation fume cupboard
· Ducted fume cupboard
· Ice bath
· Thermometer




























[bookmark: _Ref215774791][bookmark: _Toc215822218]Appendix 2: Methyl 3-Nitrobenzoate Reaction Procedure
Methyl 3-Nitrobenzoate Reaction Procedure
ALL HANDLING OF ACIDS IS TO BE CARRIED OUT IN A FUME CUPBOARD (FC).
Label glassware appropriately throughout the practical.
1. In a recirculation fume cupboard, weigh out 2.7 g of methyl benzoate into a 25 cm³ conical flask using a Pasteur pipette.
2. In the ducted fume cupboard, measure out 5 cm³ of concentrated sulphuric acid using a 10 cm³ measuring cylinder, add to the methyl benzoate.
3. Swirl the flask gently to mix and cool the mixture by placing the conical flask in ice.
4. In a separate 5 cm³ conical flask, prepare the nitrating mixture. Using a 10 cm³ measuring cylinder, measure 2 cm³ of conc. sulphuric acid and transfer to the conical flask labelled mixed acid.
5. To this add 2 cm³ of concentrated nitric acid, you can use the same measuring cylinder to measure both acids.
6. 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.
7. When the methyl benzoate 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.
8. Stir the mixture with a glass rod keeping the temperature below 10 °C. Allow the mixture to cool to 5 °C between additions.
9. 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 ~1 hr (due to the exothermic nature of the reaction) until equilibration when addition generates a lot less heat and addition is much faster.
10. During the 15-minute waiting period weigh out ~25 g of crushed ice and place in a 100 cm³ beaker.
11. 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
12. Move the filtration equipment from your bench into the ducted fume cupboard. Fit the Buchner funnel into 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.
13. 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.
14. Transfer the crystals to a 50 cm³ beaker.
15. Place 15 cm³ of ethanol into a small conical flask and stand on the hot water bath to warm the ethanol to 50 °C.
16. 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.
17. 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.
18. 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.
Give the sample to a technician who will dry it in a vacuum desiccator over lunchtime. After lunch reweigh bottle and contents to calculate amount of product obtained. Carry out melting point investigation.

Disposal of Materials
· Spent acid from the nitration step must be placed at the back of the ducted FC for a technician to dispose of.
· Residual solvent from the purification step must be decanted into the waste solvent residue bottle supplied.
· Methyl-3-nitrobenzoate to be handed to a technician for drying in the vacuum desiccator.










[bookmark: _Ref215774794][bookmark: _Toc215822219]Appendix 3: Nitroguanidine Reaction Procedure
Nitroguanidine Reaction Procedure
1. In the fume cupboard, carefully measure out 5 cm³ of concentrated sulphuric acid using the measuring cylinder. Pour into a 50 cm³ 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.
2. While the acid is cooling, weigh out 4 grams of guanidine nitrate into the weighing bottle.
3. 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.
4. 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.
5. After 2–3 minutes, pour out the mixture into a second 50 cm³ beaker containing 30 cm³ of water with a little ice and mix well with the glass rod. Ensure the product has fully precipitated by repeatedly pouring between the beakers.
6. Open the vacuum up and pour the contents of the beaker slowly into the funnel. Use a spatula to remove as much of your product from the beaker as possible.
7. Wash the crude product with a little cooled distilled water, then remove the water by vacuum filtration.

Recrystallisation Procedure
1. Transfer the crude product into a 150 cm³ beaker. Add hot distilled water until the solid just dissolves, with stirring and heating on the boiling water bath.
2. When all the product has been dissolved, remove the beaker from the heat, allow it to cool to room temperature, then place the beaker in the ice. Crystals of the product will begin to form as the solution cools.
3. Clean the Buchner flask and funnel and place a clean filter paper into the funnel.
4. 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.
5. Transfer the partially dried product into a weighed labelled bottle.
6. Give your product to a member of staff, who will dry it under vacuum for the next practical class.
7. When the material is completely dried (next practical class), reweigh the bottle with its contents to calculate the amount of product obtained.


Disposal of Materials
· Diluted acid residues are to be washed down a fume cupboard sink.
· Bottled nitroguanidine is to be handed to a technician for disposal.

image2.png
H;CO_ O HCO O
H,S04/HNO3

=  [(Ofno,

methyl benzoate methyl nitrobenzoate





image3.png
HaN. NHz « HNO3 HoN

504
E—

NH NH





image1.png
HNO3 +2H,S0, - NO," +H3;0" +2HSO,~




