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[bookmark: _Toc215134848]Introduction and Background

This report details the preparation and results of nitration to create methyl-3-nitrobenzoate and nitroguanidine conducted by the student on 19th November 2025. This report is broken down into 2 stages the first is the preparation of Methyl–3–Nitrobenzoate and the second is the preparation of Nitroguanidine.  



[bookmark: _Toc215134849]Methyl–3–Nitrobenzoate
[bookmark: _Toc215134850]Introduction 
Methyl–3–Nitrobenzoate is an intermediate chemical compound used in the formation of several dyes, pesticides and pharmaceutical medication.

[bookmark: _Toc215134851]Experiment Purpose

The purpose of the preparation of Methyl–3–Nitrobenzoate (MNB) was to demonstrate the process of aromatic ring nitration, this is that same process as that used to form DNT an primary precursor to TNT. In addition, it introduced and demonstrated the procedure of nitration whilst controlling temperature and acting in a safe manner for the later preparation. This allowed for the safe practice of the later N-Nitration to form the explosive compound nitroguanidine.

If toluene was used instead of Methyl benzoate there would be three likely formations, 2 types of Nitrotoluene and dinitrotolurene (DNT) these are pictured below. 

[image: A black background with red and blue letters

AI-generated content may be incorrect.]
Figure 1 - MNT and DNT formations

[bookmark: _Toc215134852]Predictions

The experiment involved the nitration of Methyl–3–Nitrobenzoate by using the electrophilic substitution of ,this is detailed below. 

[image: A diagram of a molecule

AI-generated content may be incorrect.]
Figure 2 - Electrophilic Substitution of Methyl-3-nitrobenzoate [1]

It was predicted that a low yield would be observed due to the inexperience of the students in these procedures. Despite this the demonstrative purpose of the experiment would be realised. 



[bookmark: _Toc215134853]Procedure

The full setup and procedure can be found at Annex 1. 

[image: A diagram of a chemical formula
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Figure 3 - Overall Reaction 1 [1]

During the nitration Sulphuric and nitric acid was used as the reagent as it acts a catalyst for the reaction. During this process of nitration it is critical to keep the mixture cool to ensure a proper rate of reaction and an even nitration of the constituent parts. It also prevents a runaway reaction that is uncontrolled and could lead to initiation in an energetic material. 
The full balanced chemical equation for this reaction can be seen in Equation 1

[bookmark: _Ref215053997] Equation 1 -  

At the recrystallization stage Ethanol was used as Methyl–3–Nitrobenzoate is not soluble in water. 

[bookmark: _Toc215134854]Results

	Quantity Name
	Shorted Name
	Mass (g)

	Mass of methyl benzoate
	MB
	2.694

	Mass of labelled glass bottle
	
	8.639

	Mass of labelled glass bottle 
+ Dried sample
	
	11.504

	Mass of methyl-3-nitrobenzoate
	NB
	2.865

	Molar Mass of methyl benzoate
	Mr (MB)
	136.15

	Molar Mass of methyl-3-nitrobenzoate
	Mr (NB)
	181.15

	Theoretical Yield
	
	3.58

	Actual Yield
	
	2.865



[bookmark: _Ref215054838]Equation 2 - 

Using Equation 2 a theoretical yield of 3.58g can be calculated for this preparation

[bookmark: _Ref215054949]Equation 3 -  [2]

Using Equation 3 a percentage Yield of 80.02% is achieved.

[bookmark: _Toc215134855]Nitroguanidine 
[bookmark: _Toc215134856]Introduction 
Nitroguanidine (NQ) is a secondary explosive primarily used in large calibre gun propellants. These propellants are referred to as triple base and the addition of NQ cools the deflagration reaction which in turn reduces stress and wear on the gun barrels. [3] [4]

The guanidine nitrate produced in this experiment is likely to be long crystals. These would need to be ground down into a powder for further use in double based propellant. This would create a uniform grain size and therefore a uniform reaction rate. [5]

[bookmark: _Toc215134857]Experiment Purpose

The purpose of the preparation of NQ was to demonstrate the synthesis of explosive and further expand the students understanding of the chemical procedures of N-nitration. 

[bookmark: _Toc215134858]Predictions

The experiment involved the N-nitration of Guanidine Nitrate to form Nitroguanidine. 
The nitration used sulfuric acid to facilitate the reaction with the biproduct of water. It was predicted that a low yield would be observed due to the inexperience of the students in these procedures. Despite this the demonstrative purpose of the experiment would be realised. 

[bookmark: _Toc215134859]Procedure

The full setup and procedure can be found at Annex 2. 

[image: Details are in the caption following the image]
Figure 3 - Overall Reaction 2 [6]

During the nitration only Sulphuric acid was needed as the catalyst as the guanidine nitrate already has the nitrate group to use. During this process of nitration it is critical to keep the mixture cool to ensure a proper rate of reaction and balanced nitration of the constituent parts. It also prevents a runaway reaction that is uncontrolled and could lead to initiation in an energetic material. 

The full balanced chemical equation for this reaction can be seen in 

[image: ]
Equation 4 -  [7]



[bookmark: _Toc215134860]Results

	Quantity Name
	Shorted Name
	Mass (g)

	Mass of labelled glass bottle
	
	92.090

	Mass of labelled glass bottle 
+ Dried sample
	
	94.242

	Mass Guanidine Nitrate
	MGN
	4.000

	Mass of Nitroguanidine
	MNQ
	2.334

	Molar Mass Guanidine Nitrate
	MrGN
	122.08

	Molar Mass Nitroguanidine 
	MrNQ
	104.07

	Actual Yield
	
	68.45



[bookmark: _Ref215129558]Equation 6 - 

Using Equation 6 a percentage Yield of 68.45% is achieved.

[bookmark: _Toc215134861]Conclusions

The two experiments where largely a success, demonstrating the synthesis methods and developing practical skills.  The ideal colour of both substances is a brilliant white. The two samples where both slightly off coloured, this is likely due to the main contaminant being methyl benzoate and guanidine nitrate respectively. 

The percentage yields for each nitration where 80.02 and 68.45% respectively. This shows a significant decrease in yield for the second experiment. This demonstrates that the inexperience of the student is not a likely cause of the decrease. 

The final recrystallization stage for the NQ was tricky as the final crystals clumped and stuck to the funnel and could not be washed at this stage. Consequently, this meant that a small proportion of the final crystals where lost to contamination of the glassware. 

The key methods to improve these yields would be to further control the temperature of the reaction, reducing the quantity of the recrystallization solute and ensuring a complete nitration of the base products. 
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[image: A piece of paper with black text

AI-generated content may be incorrect.]
Figure 4 - Methly3nitrobenzoate Procedure Page 1
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Figure 5 - Methly3nitrobenzoate Procedure Page 2

[bookmark: _Toc215134864]Annex 2 – Nitroguanidine Preparation Procedure
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Equation 7 – Nitroguanidine Preparation Procedure 
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