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[bookmark: _Toc216370575]Aim
The aim of the experiment was to prepare methyl-3-nitrobenzoate (M3NB) and nitroguanidine (NQ) using nitration reactions.
[bookmark: _Toc216370576]Hypothesis
The nitration of methyl benzoate under controlled acidic conditions will result in the formation of methyl 3‑nitrobenzoate as the major product, due to electrophilic substitution.
The preparation of guanidine nitrate with concentrated sulfuric acid under controlled cooling will cause dehydration, forming crystals of nitroguanidine.

[bookmark: _Toc216370577]Variables
Independent Variables:  Acid concentration and temperature 
Dependent Variables: Percentage yield and formation of products
Controlled Variables:  Concentrations of reagents (guanidine nitrate, methyl benzoate, sulfuric acid, nitric acid), reaction time and equipment.

[bookmark: _Toc216370578]Theory

[bookmark: _Toc216370579]Preparation of Methyl-3-Nitrobenzoate (M3MB):
Nitration of methyl benzoate involves an aromatic electrophilic substitution, see Figure 1. The hydrogen from the aromatic ring is substituted with an electrophile. The electrophile is the nitronium ion generated by the reaction mixture of concentrated sulphuric acid and concentrated nitric acid, see Figure 2 and the chemical equations below. Ethanol acts as a solvent and dissolves methyl benzoate [1] [2].
Nitration of methyl benzoate (MB) and mix acid reagents to produce M3MB and water:




Role of mixed acid reagents: Sulphuric acid (H2SO4) and Nitric acid (HNO3) react to generate a nitronium ion (NO2+), used for the electrophilic substitution:
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[bookmark: _Toc216369606]Figure 1 The aromatic electrophilic substitution during to form methyl-3-nitrobenzoate [1].

[bookmark: _Toc216370580][image: A diagram of chemical reaction
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Preparation of Nitroguanidine (NQ): [bookmark: _Toc216369607]Figure 2 Generation of electrophile, nitronium ion [2].

Guanidine nitrate is mixed with concentrated sulphuric acid to produce NQ and water:



Role of acid reagent: Concentrated sulphuric acid acts a strong dehydration agent and proton donor [4] [5], see Figure 3 and the chemical reaction below.
[bookmark: _Toc216369608]Figure 3 Synthesis of guanidine nitrate with concentrated sulphuric acid [2].
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[bookmark: _Toc216370581]Reaction Conditions 
For both preparation reactions, the reactants, mixed acids reagents, distilled water and glassware were all cooled in an ice bath during the experiment to reduce the reactions temperature. 
During the M3NB recrystallisation procedure ethanol is heated as M3NB is soluble in hot ethanol [1].
During the NQ recrystallisation procedure the distilled water was heated and added to the crude product to dissolve it.



[bookmark: _Toc216370582]Importance of methods and materials in OME
The nitration reaction of methyl benzoate is like that of the preparation of Di-nitrotoluene, DNT, which can be further nitrated to produce Tri-nitrotoluene, TNT, see Appendix 3. Both of which are high explosives used in the OME industry [6] [7].
The feather like crystal form of NQ enables the crystals to interlock mechanically to fill voids or spaces. This gives NQ mechanical properties which means it does not flake or fall apart at low pressing densities. NQ is used as the major ingredient in triple-based (TB) propellants [8].

[bookmark: _Toc216370583]Calculations
Final yield calculations shown in Figure 4. Full yield calculations, see Appendix 1.
[image: A math equations and formulas
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[bookmark: _Toc216369609]Figure 4 Yield calculations

[bookmark: _Toc216370584]Observations and Data

[bookmark: _Toc216370585]Methyl-3-Nitrobenzoate:
The reactant solutions were clear until combined. During the addition of the mixed acids to the methyl benzoate the solution turned a light orange. Further additions turned the solution a darker orange.
The initial 30 mins of the nitration reaction was very exothermic, every addition increased the temperature. The additions were paused when the temperature spiked to allow the surrounding ice to cool the solution back to 5°C.
Table 1 contains the mass of the methyl benzoate sample and the final product methyl-3-nitrobenzoate. 

[bookmark: _Toc216369617]Table 1 Mass of methyl-3-nitrobenzoate.
	
	Mass in grams (g)

	Mass of methyl benzoate
	2.7

	Mass of labelled glass bottle
	8.378

	Mass of labelled glass bottle + dried sample
	10.293

	Mass of methyl-3-nitrobenzoate
	1.915

	Theoretical Yield
	3.593

	% Yield
	53.298






[bookmark: _Toc216370586]Nitroguanidine:
During the recrystallisation process, once all the products had dissolved and was cooling, crystal-like structures formed in the beaker. The crystals were white and feather like, see Figure 5.
The sample was dried using the vacuum flask, then a vacuum oven to remove the water (impurities). Mass of product and yield in Table 2. 

[bookmark: _Toc216369618]Table 2 Mass of nitroguanidine.
	Nitroguanidine (NQ)
	Mass in grams (g)

	Mass of labelled bottle
	90.9

	Mass of labelled glass bottle + dried sample
	92.92

	Mass of NQ
	2.02

	% Yield
	59.24
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[bookmark: _Toc216369610]Figure 5 Nitroguanidine sample from JE and RD


[bookmark: _Toc216370587]Results 

The results of the nitration reaction show the formation of methyl 3‑nitrobenzoate as the major product as the percentage yield is more than 50 %. The chemical equations show that this happens by electrophilic substitution.
The results of the preparation of nitroguanidine with concentrated sulfuric acid under controlled cooling caused the dehydration reaction which formed crystals of nitroguanidine, these crystals are seen in Figure 5. The percentage yield shows, NQ was the majority product with 59.24 % yield. To ensure a higher yield quantity, very little to no distilled water was used to clean the product at the end of the recrystallisation process. Too much distilled water would have dissolved the product reducing the yield quantity.
To improve the yield, loss of reactants and intermediates must be reduced. By reducing material left in beakers and left remaining on filter paper. The temperature management could also be improved by using a digital read out thermometer.

[bookmark: _Toc216370588]Discussion

The main and most likely impurity of the crude product during the nitroguanidine reaction is unreacted guanidine nitrate [9] [3].
For NQ to be used in TB gun propellants to reduce muzzle flash, it must be ground into a powder. Grinding is essential for achieving a uniform particle size and consistent reactivity. Finely ground particles increase surface area, promotes reliable ignition, and reduces sensitivity compared to the unprocessed feather like crystals. This also ensures safer handling and reproducible energetic performance [9]. 
In the dehydration of NQ, there are several sources of experimental error. Temperature control is critical; temperatures above 20C causes decomposition reactions resulting in the formation of undesired products [5]. Addition rate also can cause errors in the experiment; adding guanidine nitrate too quickly can lead to temperature spikes and uneven reaction progress [5]. Residual water in the reagents or left in equipment can dilute the concentrations of acids thus alter the reaction kinetics [5] [1].




[bookmark: _Toc216370589]Conclusion

In conclusion, the dehydration of nitroguanidine is highly sensitive to experimental conditions with temperature, reagent addition rate and residual water identified as examples of experimental errors.
The experiment showed levels of impurities present due to experimental errors as the actual percentage yields of M3NB and NQ around 50% to 60%. This percentage yield can be increased however would never meet that of the theoretical yield, or 100%, as there will always be some form of experimental error.
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[bookmark: _Toc216370591]Appendix 1: Yield Calculations
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[bookmark: _Toc216369611]Figure 6 Handwritten yield calculations for NQ
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[bookmark: _Toc216369612]Figure 7 Handwritten yield calculations for M3NB



[bookmark: _Toc216370592]Appendix 2: Stepwise Nitration Reaction


The stepwise reactions and chemical equations for the nitration of methyl benzoate. 

1. Nitric acid is converted into an electrophile using sulphuric acid:


[image: A diagram of a chemical reaction
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[bookmark: _Toc216369613]Figure 8 Nitration of benzene, Step 1 [10]

2. The nitronium ion then reacts with the aromatic ring structure in methyl benzoate [10].
[image: A diagram of a chemical structure
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[bookmark: _Toc216369614]Figure 9 Nitration of benzene, Step 2 [10]

3. The hydrogen, H, is substituted with NO2. The hydrogen forms a bond with the sulfonate ion (HSO4-) [10].
[image: A diagram of a chemical formula
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[bookmark: _Toc216370593]Appendix 3: Applied OME - Preparation of TNT 
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[bookmark: _Toc216369616]Figure 11 Triple nitration reaction to produce TNT [10]
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The nitration of methyl benzoate is an example of electrophilic substitution.
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Nitration of benzene
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Step 2: Attack of eIectrophiIe by the aromatic ring (rate-determining step)
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Prepara!ion of 2,4,6-trinitrotoluene (TNT) via triple nitration of toluene
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