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[bookmark: _Toc215834168]Purpose
The purpose of the following two separate experiments was to replicate the nitration of suitable reactants to produce methyl-3-nitrobenzoate and nitroguanidine respectively. The production of methyl-3-nitrobenzoate was conducted to mimic the preparation of di-nitrotoluene (DNT)[footnoteRef:2], which is an important intermediate in the production of the high secondary explosive trinitrotoluene (TNT).  [2:  DNT – this substance is an important insensitive energetic plasticiser, used in single-base propellants such as M1 and OD6320. Therefore, it should not be viewed as merely an intermediate in the formation of the more widely known TNT. ] 

[bookmark: _Toc215834169]Hypothesis
Temperature and time are critical parameters when considering the quantity and quality of the products: methyl-3-nitrobenzoate and nitroguanidine. It is hypothesised that the reactions will generate the greatest yields when conducted at a slow rate and <10°C. 
[bookmark: _Toc215834170]Variables
The following variables were seen to be altered within the experiments:
· Temperature: a critical parameter in the generation of energetic products and must be kept within a strict temperature range to ensure the threat of thermal runaway was not encountered. 

· Time: the rate at which the experiment will take place is critical to the amount of product produced. 
[bookmark: _Toc215834171]Theory
The preparation of nitroguanidine (CH4N4O2) is an example of the formation of an N-nitro compound, or nitramine[footnoteRef:3] as depicted in Figure 1. It can be seen that the process involves the removal of a single mole of H2O, in the presence of concentrated sulphuric acid: a process of dehydration. This is conducted in a controlled manner at between 5-10°C (278-283K).  [3:  Nitramine – a chemical group where the sub-group -NO2 is attached to a nitrogen atom. ] 

[bookmark: _Ref214622250]Figure 1 - Dehydration of guanidinium nitrate to nitroguanidine [1]
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This reaction can be extended to encompass the starting materials which precede the above reaction, and depicted in Figure 2. This process begins by utilising dicyadiamide and ammonium nitrate as the initial, raw materials. The result of this reaction produces guanidium nitrate, the raw material utilised in the practical experiment conducted at Cranfield. 
[bookmark: _Ref214621644]Figure 2 - NQ preparation from dicyadiamide and ammonium nitrate via guanidinium nitrate [1]
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The role of sulphuric acid in the nitration of nitroguanidine and methyl benzoate, is to act as a catalyst which promotes the formation of nitronium cations. The nitric acid is ‘activated’ by the presence of concentrated sulphuric acid, producing a stronger electrophile[footnoteRef:4] in the form of the nitronium cations. Figure 3 demonstrates the chemical pathways which generate the nitronium cations, which are reversible in nature.  [4:  Electrophile: an electron-poor species that can accept a lone pair of electrons to form a new bond.] 

[bookmark: _Ref214628889]Figure 3 - Sulphuric acid activation of nitric acid [3]
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It can also be written in a simplified stoichiometric equation form [4]: 
[image: ]
From Figure 4 it can be seen that nitration is a substitution reaction which involves the removal of a hydrogen atom which is replaced by an NO2 group. More specifically, this reaction can be termed, electrophilic aromatic substitution [5]. The nature of the benzene ring makes this process possible. The p-orbitals within the benzene ring overlap creating a delocalized ring of electron density - π bonds. The electron rich region of the benzene ring attracts the nitronium cation produced by the reaction between sulphuric acid and nitric acid. 
Due to the presence of the ester group (-COOCH3), the nitronium cation is directed to the ‘meta’ position, which can be viewed as the third carbon on the benzene ring relative to the ester group. It can be seen from Figure 4 that an unstable intermediate is generated which results in the release of an electron deficient hydronium cation. The resultant product is methyl m-nitrobenzoate, where ‘m’ stands for meta. 
[bookmark: _Ref214880535]Figure 4 - Electrophilic attack of methyl benzoate by a nitronium ion [5]
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The use of ethanol to ‘wash’ the methyl-3-nitrobenzoate was necessary due to the substance being insoluble in water. It’s necessary to removed impurities and improve the quality of the resultant product.
Nitroguanidine is used to form a triple-based propellant along with nitrocellulose (NC) and nitro-glycerine (NGL) or diethylene glycol dinitrate (DEGN). Its addition results in the reduction of flammable combustion products (C + H2) and a raised level of nitrogen, thus reducing muzzle flash and additionally acting as a coolant, resulting in a reduction in gun barrel erosion [4]. 
[bookmark: _Toc215834172]Observations and Data
The following data was captured for methyl-3-benzoate:
Table 1 - Results for methy-3-nitrobenzoate
	Appearance
	Initially a light brown solution which gradually turned to a ‘burnt’ brown appearance. 

	Mass of methyl benzoate 
	2.692 g

	Mass of labelled glass bottle 
	8.499 g

	Mass of labelled glass bottle + dried sample
	11.615 g

	Mass of methyl-3-nitrobenzoate
	3.116 g










The following was captured for nitroguanidine:
Table 2 - Results for nitroguanidine
	Mass of labelled bottle
	83.32 g

	Mass of labelled bottle + dried NQ
	85.489 g

	Mass of NQ
	2.169 g




 = 63.61%
[bookmark: _Toc215834173]Results and discussion 
The use of ethanol to aid the ‘washing’ of methyl-3-benzoate (due to its insolubility in water) was rushed. It is assumed that this resulted in a poorer product and potentially the loss of product due to wastage. 
It was noted that during the reaction between methyl benzoate and nitric acid, it was necessary to ensure the temperature was kept to a low temperature of <10°C. with reference to literature [6], the reaction is exothermic. Therefore, by ensuring a low temperature it would shift the temperature dependent equilibrium towards the product direction (exothermic direction) and promoting the production of methyl-3-benzoate. This is consistent with the principles of Le Chatelier’s principle. However, the temperature exceeded this value on a number of occasions which may help to explain the poor yields.  
Poor technique is also to blame i.e. the ‘human element’ – residual products were not sufficiently extracted resulting in wastage. 
[bookmark: _Toc215834174]Conclusion
The purity/quality of the products in both experiments could, potentially, have been improved by the use of a solid nitrate salt dissolved in concentrated sulphuric acid [4]. This anhydrous form, where water has been removed could be investigated further. However, given the nitric acid used in the experiments was highly concentrated, it is assumed that this will be of limited benefit.  
Reducing the temperature further could potentially increase the products of reaction due to the reactions being exothermic in the forward direction i.e. towards the products. This would require additional time due to the reduction in reaction kinetics – potentially making this impractical. 
However, the rushed washing process is seen as having the greatest impact on the resulting poor yields: the greatest loss of products occurred at this point. 
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