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[bookmark: _Toc194480635]The Aim of the Experiment

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

[bookmark: _Toc194480636]Hypothesis

From Synthesising methyl-3-nitobenzoate and nitroguanidine through nitration reaction the results that are expected to be produced are:
[bookmark: _Toc194480637]Methyl-3-nitrobenzoate Synthesis

Visual Changes – [1]
· Initial colourless/ clear reactants
· Yellow to pale yellow reaction mixture
· Possible colour deepening during the reaction
· Potential crystal formation during the cooling
Temperature Effects – [2]
· A slight temperature increase during the reaction
· Potential exothermic response
· Formation of condensation on the reaction vessel
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Visual Changes –  [3]
· Initial white/colourless guanidine
· Gradual colour transformation
· Potential effervescence
· Crystal precipitation
Reaction Characteristics – [4]
· Exothermic reaction
· Potential temperature fluctuations
· Possible gas evolution

[bookmark: _Toc194480639]Potential Challenges 

· Precise temperature control [5]
· Minimising side reactions
· Ensuring product purity
· Managing explosive sensitivity
[bookmark: _Toc194480640]Common unexpected Observations

· Side product formation
· Varying reaction rates
· Potential colour variations
· Subtle spectroscopic difference
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For all three tests that were carried out, there were various different variables that were involved which were either independent, dependent or controlled. [6]
[bookmark: _Toc194480642]Independent Variables

· Directly manipulated by the experimenter
· Concentration variations
[bookmark: _Toc194480643]Dependant Variables

· Measured response to nitrating agent concentration
· Quantification methods – percentage yield, product purity, melting point, spectroscopic characteristics
· Directly influenced by independent variable

[bookmark: _Toc194480644]Controlled Variables

· Reactant characteristics: consistent initial mass of reactants, identical purity of starting materials, same chemical grade reagents, uniform source of chemicals
· Reaction conditions: Constant temperature, identical reaction vessel, consistent reaction time, uniform stirring speed, same volume of solvent, identical atmospheric pressure.
· Measurement Parameters: Standardized measurement techniques, consistent data collection intervals, calibrated measuring instruments, uniform analytical methods, identical purification process.

[bookmark: _Toc194480645]Substances & Equipment

· Methyl Benzoate
· Nitric Acid
· Sulfuric Acid
· Sodium Bicarbonate Solution
· Diethyl Ether
· Sodium Sulfate
· Round Bottom Flask
· Erlenmeyer Flask
· Separatory Funnel
· Ice Bath
· Thermometer
· Magnetic Stirrer
· Magnetic Stir Bars
· Buchner Funnel
· Vacuum Filtration Setup
· Rotary Evaporator
· Vacuum Evaporator
· Fume Hood
· PPE
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This section of the report will describe the process of the synthetisation of methyl-3-nitrobenzoate and nitroguanidine in terms of the Electrophilic aromatic substitution of methyl-3-nitrobenzoate and the N-nitration for NQ.

[bookmark: _Toc194480647]Synthesis of Methyl-3-nitrobenzoate via nitration

The synthesis of methyl-3-nitrobenzoate through nitration is a great example of electrophilic aromatic substitution. The process of the reaction converts methyl benzoate to methyl-3-nitrobenzoate using nitrating agents. The whole mechanism of the process is detailed below: [7]
· Formation of the Electrophile (Nitronium Ion) – Firstly, the reaction begins with the formation of the Nitronium ion (, which acts as the electrophile: Concentrated  protonates nitric acid (), the water leaves the protonated nitric acid, forming the Nitronium ion: .
· Attack on the Electrophile – The pi electrons of the aromatic ring in methyl benzoate attack the electrophilic nitronium ion. The carbonyl group ( on methyl benzoate is electron-withdrawing, which deactivates the ring and directs substitution to the meta position. This forms a resonance-stabilised carbocation intermediate.
· Loss of a Proton (Rearomatisation) – The carbocation intermediate loses a proton to a base (typically  IN THE REACTION MIXTURE. This restores the aromaticity of the ring, yielding methyl-3-nitrobenzoate.
· Regioselectivity – The methyl ester group () directs the nitro group primarily to the meta position because: The electron withdrawing nature of the ester group destabilises the ortho and para positions through resonance. The meta position is less affected by this electron withdrawal. This leads to methyl-3-nitrobenzoate as the major product.
· Reaction Conditions – Temperature: Typically, between 0 and 25 degrees Celsius which is controlled in order to prevent multiple nitration’s. Reagents: Mixture of concentrated  and  also known as mixed acid. Time: Usually between 1-2 hours. [8]
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The synthesis of nitroguanidine occurs through an N-nitration mechanism rather than the electrophilic aromatic substitution we see with aromatic compounds. This process involves nitration of guanidine or a guanidine derivative. The whole mechanism of the process is detailed below: [9]
· Formation of the Nitronium Ion ( – Similar to aromatic nitration, the reaction begins with the formation of the nitronium ion: Concentrated  protonates . This leads to water being eliminated, which forms the nitronium ion: 
· Nucleophilic Attack by Nitrogen – In aromatic nitration, the carbon atoms are the nucleophiles whereas in guanidine a nitrogen atom acts as the nucleophile: The nitrogen atom with the most available density in guanidine attacks the Nitonium ion which forms a N-N bond opposed to a C-N bond. 
· Proton transfer – The positively charged nitrogen intermediate will undergo deprotonation which restores the neutral charge on the nitrogen whilst managing to maintain the formed  bond.
· Tautomerisation – The initial product may shift protons between nitrogen atoms known as Tautomerisation which leads to the most stable form of nitroguanidine possible. The structure: .
· Reaction Considerations – Temperature is critical in order to stop over nitrating or decomposition. Reagents: Guanidine salt: . Concentrated sulphuric acid: . Concentrated nitric acid:
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The balanced chemical equation for the synthesis of methyl 3-nitrobenzoate through nitration of methyl benzoate is:

 = methyl benzoate
 = nitric acid
 = methyl-3-nitrobenzoate
 = water

The balanced chemical equation for the synthesis of nitroguanidine through nitration is: 

= guanidine nitrate
 = sulphuric acid as the catalyst
 = nitroguanidine
 = water

[bookmark: _Toc194480650]Importance of the methods/ materials within the OME industry

The synthesis of methyl-3-nitrobenzoate through nitration doesn’t have a direct relationship with the OME industry however the method does which is clear from the experiment carried out on nitroguanidine. The advantages of the process of synthesising nitroguanidine through nitration is very important in the OME industry due to many different reasons. Nitroguanidine is a great explosive which is widely used, typically in LOVA, low vulnerability ammunition, as well as this it is a key ingredient within triple base propellants. Nitroguanidine is known to produce a significantly less muzzle flash which is a great asset. Nitroguanidine has great thermal stability, improved oxygen balance, increased gas production and less erosion compared to other propellants. [10]
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Observations/Data

For methyl-3-benzoate: 

	Mass of methyl benzoate
	2.715g

	Mass of labelled glass bottle
	8.011g

	Mass of labelled glass bottle + dried sample
	10.800g

	Mass of methyl-3-nitrobenzoate
	2.789g










For Nitroguanidine:

	Mass of labelled bottle
	90.879

	Mass of labelled glass bottle + dried NQ
	93.004

	Mass of NQ
	2.125




	


[bookmark: _Toc194480652]Results and Discussion

[bookmark: _Toc194480653]Methyl-3-nitrobenzoate results

After the synthesis of methyl-3-nitrobenzoate through nitration the notable visual changes that occurred were:
· When the methyl benzoate was added to the cold nitration mixture the solution appeared to be in two separate layers. As the mixing continued the solution started to appear as a colourless solution. As the nitration process proceeded the solution started to become a more yellow colour and heat was generated. Small bubbles started to form, these are nitrogen dioxide bubbles. When the mixture was put into the ice a cloudy white colour formed and the solid started to precipitate. The mixture then appears to be a pale yellow crystalline solid. After filtering and washing the mixture becomes an off-white crystalline solid with sections of pure product appearing a brighter white colour. Finally, after the recrystallization process the pure methyl-3-nitrobenzoate formed a shiny slightly yellow needle structure.

[bookmark: _Toc194480654]Nitroguanidine results

After the synthesis of nitroguanidine through nitration the notable visual changes that occurred were:
· When the guanidine nitrate was added to the cold sulphuric acid it started to gradually dissolve with a cloudy appearance. As the reaction starts to take place the solution becomes less cloudy and changes to a more yellow tint appearance. The mixture then started to become slightly warmer due to the exothermic reaction. Just like the previous experiment small bubbles started to form, these are NO gases. When placed into the ice water the colour changes to a white colour with a fluffy texture and almost looks milky in colour. The mixing looks like a cotton texture. After the filtration process the product appears to be a off white coloured solid yet again still with a fluffy texture. After the drying process the pure nitroguanidine appears as a white crystalline powder with a much smaller volume than the initial mixture.

Comparing the final results to the hypothesis it is clear that both experiments met the expectations. 
The hypothesis for the synthesis of methyl-3-nitrobenzoate stated that:
Visual Changes – [1]
· Initial colourless/ clear reactants
· Yellow to pale yellow reaction mixture
· Possible colour deepening during the reaction
· Potential crystal formation during the cooling
Temperature Effects – [2]
· A slight temperature increase during the reaction
· Potential exothermic response
· Formation of condensation on the reaction vessel

The hypothesis for the synthesis of methyl-3-nitrobenzoate stated that:
Visual Changes – [3]
· Initial white/colourless guanidine
· Gradual colour transformation
· Potential effervescence
· Crystal precipitation
Reaction Characteristics – [4]
· Exothermic reaction
· Potential temperature fluctuations
· Possible gas evolution

Both experiments met the expectations from the hypothesis in both the visual changes as well as the reaction characteristics. The changes in colour throughout the nitration were aligned with what was expected and the reactions to the nitration aligned with what were expected too.
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In order to improve on the results obtained if the experiment was conducted again the following improvements could be made.
For Methyl-3-nitrobenzoate – the temperature could be controlled better making sure to maintain a temperature between 0 and 5 degrees Celsius throughout. As well as this the addition rate could be improved by adding the methyl benzoate over a period of 30-60 minutes with thorough mixing throughout whilst constantly monitoring. Extend the reaction time to 2-3 hours to ensure complete conversion to methyl-3-nitrobenzoate. A sodium bicarbonate solution could have been used instead of water for neutralisation. [11]
For Nitroguanidine – use high purity guanidine nitrate. Use 98% sulphuric acid as a minimum. Start the reaction at 0-5 degrees Celsius. Allow extended precipitation time (4-6 hours) at a low temperature. During the drying process use air drying then move onto using vacuum drying. [12]
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For military applications the nitroguanidine used must have a clarity of a minimum of 99.5%. There are also impurity limits on the content of the nitroguanidine, it must not contain more than 0.05% of sulphate, no more than 0.1% nitrate and have less than 0.02% ammonia/ammonium compounds. 
Pre-grinding will be an advantage to improving reactivity, enhancing the performance as well as helping with manufacturing. [13] [14]

[bookmark: _Toc194480657]Conclusions

Both of the experiments conducted were successful. They both achieved the expectations that were laid out in the hypothesis. The theoretical and percentage yields were calculated. If the experiments were to be conducted again extending the reaction time to 2-3 hours will be beneficial to achieve the best results, whereas for the tests conducted there was minimal time which could lead to inaccurate results.








































