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1. [bookmark: _Toc186455274][bookmark: _Toc215834249][bookmark: _Toc186455125][bookmark: _Toc186455257]Abstract

1.1. This report captures the method, results and observations when carrying out the process of nitration. At Cranfield university, the chemistry was explained, and the process of N-nitration and electrophilic aromatic substitution was followed to create Methyl-3-Nitrobenzoate and Nitroguanidine. This yielded poor results initially but after carrying out the process once, refinement of the process yielded exceptional results for Nitroguanidine only limited by reagents involved.   


2. [bookmark: _Toc215834250]Introduction

2.1. The purpose of this report is to capture the method, results and observations when carrying out the process of nitration to create Methyl-3-Nitrobenzoate and Nitroguanidine. This will be done in a safe lab environment and by following the correct method will yield nitroguanidine which is subsequently used in TNT demonstrating how nitration is important in the manufacture of explosives. 

2.2. By nitrating methyl benzoate with nitric acid, the principle of nitration can be demonstrated by creating methyl-3-nitrobenzoate and water which is a similar reaction to creating Di-nitrotoluene (DNT). To further demonstrate this principle, nitration can be used to make nitroguanidine used in triple-based propellants which valued for its insensitivity and power. [1] The method is captured in Annex A. 

2.3. The hypothesis of this experiment “When nitrated, methyl benzoate through electrophilic aromatic substitution will create methyl-3-nitrobenzoate and guanidine through direct N-nitration will form nitroguanidine.”

2.4. Throughout this experiment there are different variables that need to be considered. Dependant variable is what is being measured, which is the % yield of the products Methyl-3-nitrobenzoate and Nitroguanidine. Control variables are what must remain the same, the preparation of substances and de-prep, steps to operate equipment and mixing substances. Independent variable will be the substances used to make Methyl-3-nitrobenzoate and Nitroguanidine, respectively.  

2.5. Nitration is the process where a nitro group is added to organic molecules, more specifically in this instance into an aromatic ring. Typically, the nitrate group comes from Nitric acid that in part of the reaction in combination with concentrated sulfuric acid. [2]

2.6. Methyl benzoate, through electrophilic aromatic substitution, can have its hydrogen on the aromatic ring can be substituted with an electrophile, in this instance a nitronium. Nitronium is the active nitrating agent generated from the reaction between nitric and sulfuric acids. This differs from N-nitration as substitution modifies the carbon atoms on the aromatic ring. [3] [4]
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2.7. N-nitration is where the nitro groups attach to the nitrogen, not carbon. As guanidine nitrate already contains the required nitrogen, in the sulphuric acid one of the nitrogens protonates and this nitromium ion attacks the nitrogen of the guanidine forming a nitrogen to nitro group bond. [5] [footnoteRef:2] [2:  A different approach is using a nonacidic N-nitration through electrocatalysis radical coupling reactions. With the correct set up, certain compounds can be nitrated using electrolysis using different radical reaction pathways allowing for preferential activation of N-H bonds providing higher selectivity of regions. [9]] 


2.8. The following reagents were used in accordance with the method provide in Annex A due to their properties that facilitate the reaction.

· Methyl Benzoate – The primary reactant. Compound being nitrated. Does not contain nitrogen so must obtain from nitric acid. 
· Nitric Acid (HNO3) – Electrophile that attacks benzene ring. 
· Sulphuric Acid (H2SO4) – Acid that protonates the nitric acid. 
· Ethanol – Methyl-3-nitrobenzoate is insoluble when cold but has ability to be soluble when heated. 
· Water – Used to precipitate product from solution. 
· Guanidine Nitrate – Primary reactant, contains its own nitrogen. 

2.9. Reaction conditions are important as any uncontrolled variables can have an adverse effect on yield, quality and overall performance of the product. This could then affect whatever it is made into and in the OME space that could impact safety, stability and performance. 

2.10. One of the conditions is keeping the nitration mixture cold, specifically below 10°C. The reason for this is that nitration is exothermic so produces heat when adding the nitric acid to the methyl benzoate. If this goes unchecked, a runaway reaction could occur raising the temperature very high leading to:

· Impurities will begin to form as further reactions can occur at higher temperature creating undesirable products that reduce yield. 
· Temperature affects crystal size formation.
· Affects the nitric and sulphuric acid leading to oxidising the methyl ester group destroying the desired product. 



Methyl-3-Nitrobenzoate formula:

C6H5COOH3 + HNO3  C6H4(NO2)COOH3 + H2O

C8H8O2 + HNO3  C8H7NO4 + H2O
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Nitroguanidine formula:

CH6N4O3   CH4N4O2 + H2O
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3. [bookmark: _Toc215834251]Results

3.1. After following the correct processes set out, the following results were collected, and formulas were used to determine theoretical and actual yields that can then be used to find the percentage yield representing how well the products were created:

Methyl-3-Nitrobenazoate

	Mass of methyl benzoate
	2.7g

	Mass of labelled glass bottle
	8.499g

	Mass of labelled glass bottle and dried sample
	11.191g

	Mass of methyl-3-nitrobenzoate
	2.692g

	Mr Methyl Benzoate (C8H8O2)
	(12x8)+(1x8)+(16x2)=136

	Mr Methyl-3-Nitrobenzoate
	(12x8)+(1x7)+(14)+(16x4)=181








Mr is the molecular weight.





Nitroguanidine

3.2. Results from nitroguanidine were collected independently after the experiment was carried out. See Annex B.  

	Mass of labelled glass bottle
	83.32g

	Mass of labelled glass bottle and dried sample
	85.489g

	Mass of Nitroguanidine
	2.169g







 
4. [bookmark: _Toc215834252]Discussion

4.1. Throughout the experiments, observations were made to record how the mixtures change as the method and reaction progresses. The methyl benzoate changed colour from clear/transparent to an orange/brown colour as more of the nitrating mixture was added, drop by drop.

4.2. From the results it can be seen that the %yield of methyl-3-nitrobenzoate was higher than nitroguanidine by 11.31%. On reflection, this result is unexpected as the nitroguanidine experiment was conducted with far greater procedural accuracy compared to methyl-3-nitrobenzoate. A different method could be to use NQ as a nitration agent instead; this has been found to obtain yields of ~90%.[8]

4.3. There can be many reasons for why results are lower than expected, such as contamination of the samples either at manufacture, storage or when testing and lack of verification of the sample’s purity. This means that there is no assurance that the sample contains exactly what is being tested. This relates to OME as contamination can be introduced at these steps and verification of the energetic is important to know that the munition is produced correctly and can provide assurance through testing that it is safe and suitable for service.  

4.4. If toluene has been substituted for methyl benzoate, the product would have been varying levels of 2-nitrotoluene, 3-nitrotoluene, 4-nitrotoluene depending on the temperature range they form in. 

4.5. The main likely impurity in NQ is guanidine nitrate as it may not have all reacted or side reaction lead to its formation and can persist as a crude product. 

4.6. On reflection, yield can be improved by better controlling the temperature of the reaction mixture by staying under 10°C. This can be done by slower addition of the nitration mixture to better control reaction rate and reducing the exothermic reaction preventing impurities forming. Another is by minimising loss during production, ensuring that every gram is gathered and reducing loss during transfer of containers. Ensuring that every compound is measured to the correct volumes and mass. Lastly, dry out the finished product properly as remaining water can affect the proper yield. 

4.7. Impurities that form as part of the product are due to the reaction exceeding the temperature of 10°C. This leads to side reactions where over nitration and oxidation occur reducing the creation of the desired product and create undesirable ones instead. 

4.8. Nitroguanidine is used all over the explosives sector, in defence it is used in triple-based propellants and can be used as a modifier for pyrotechnics like delay agent and high explosives like flash suppressor to obtain more desirable properties which provides greater capability, stability and performance. 

4.9. The reason nitroguanidine requires grinding when made into propellants because in its natural form after production they have long sharp crystal formation which makes it prone to increased friction thus sensitivity and lead to hazards. By grinding into a powder allows for improved homogeneity when mixed with other substances, improved performance as the decomposition can occur over a greater area. Reduces the risk of physical degradation like cracks and voids.  

4.10. Nitration is important in OME as nitro groups are oxidisers providing the fuel for rapid decomposition allowing for the evolution of gas, heat and explosive power. Oxygen makes the explosive more powerful as its electronegative making bonds weaker and easier to break to release that energy. 
5. [bookmark: _Toc186455138][bookmark: _Toc186455270][bookmark: _Toc215834253]Conclusion

5.1. In conclusion, this experiment was a success. Through following the prescribed method, methyl-3-nitrobenzoate and nitroguanidine have been produced proving the hypothesis that electrophilic substitution and N-nitration are the mechanisms used in nitration. 

5.2. This experiment is important at replicating what is required to safely and effectively manufacture explosives used in the defence industry. The method, materials and lessons learned can be applied to various other explosives and activities. 

5.3. In future experiments, greater effort should be taken to increase yield by minimising loss of work product or by reducing the formation of impurities through proper temperature control, with additional equipment more efficient in temperature regulation. 
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Annex A – Lab Handout 


Annex B – Email Results
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6. Describe and draw the stages of electrophilic substitution.
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Here are the results for NQ:

Student Tare Tare + dried sample
JE/RD 90.96 92,923
LM/NC 83.136 85.602
MF/EK 83.307 85.190
LB/DG 83.73 85.399
CH/OM 92.09 94.424
QD/LS 84.034 85.994
SH/I 83.32 85.489
BL/G 90.919 93.252
TA/AL 83.854 85.732
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