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I. Abstract 

Methyl-3-nitrobenzoate was prepared by nitration of methyl benzoate with a mixed 

nitric–sulfuric acid system. Nitroguanidine was prepared from guanidine nitrate in 

concentrated sulfuric acid. Procedures in the Cranfield instruction pack were followed. 

Methyl-3-nitrobenzoate was purified by recrystallisation from ethanol; both products 

were dried in a vacuum desiccator and weighed. From 2.694 g of methyl benzoate an 

80.0 % yield of methyl-3-nitrobenzoate was obtained. From 4 g of guanidine nitrate a 

68.4 % yield of nitroguanidine was obtained. Mechanisms, roles of reagents, relevance to 

ordnance, munitions and explosives (OME) and major sources of experimental error are 

discussed. 
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1. Purpose 

The experiment was carried out to prepare methyl-3-nitrobenzoate and nitroguanidine on 

a small scale, to calculate percentage yields using the equations in the Cranfield 

instruction pack (Appendix A), and to relate the nitration chemistry to energetic-material 

synthesis used in OME. 

 

2. Hypothesis 

It was expected that nitration of methyl benzoate in a cold mixed nitric–sulfuric acid 

medium would give predominantly methyl-3-nitrobenzoate because the ester group is 

deactivating and meta-directing [1]. It was also expected that guanidine nitrate, when 

treated with cold concentrated sulfuric acid and then hydrolysed, would be converted to 

nitroguanidine [2]. Yields below 100 % were anticipated due to mechanical loss of 

product, incomplete conversion and minor side reactions if temperature control were 

imperfect. 

 

3. Variables 

3.1.Independent variables: 

• Reaction temperature during addition of the mixed acid to methyl benzoate. 

• Reaction temperature during addition of guanidine nitrate to concentrated sulfuric 

acid. 

• Reaction time before quenching (methyl-3-nitrobenzoate) or before hydrolysis 

(nitroguanidine). 

• Volume of ethanol used during recrystallisation of methyl-3-nitrobenzoate. 
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3.2.Dependent variables: 

• Mass of methyl-3-nitrobenzoate obtained. 

• Mass of nitroguanidine obtained. 

• Percentage yield of each product, calculated from the measured masses and the 

equations in the Cranfield instruction pack. 

• Physical appearance of the products (colour, crystal form). 

 

3.3.Controlled variables: 

• Identity and concentration of reagents (concentrated HNO₃, concentrated H₂SO₄, 

guanidine nitrate, ethanol). 

• Stoichiometric ratios and volumes specified in the Cranfield instruction pack. 

• Use of an ice bath for all strongly exothermic stages. 

• Use of vacuum filtration and vacuum desiccation for drying solid products. 

• Use of clean, labelled glassware for weighing and product storage. 

 

4. Theory 

In the mixed acid, nitric acid is protonated and dehydrated by sulfuric acid to generate the 

nitronium ion: 

𝐻𝑁𝑂3 + 2𝐻2𝑆𝑂4  →  𝑁𝑂2 +  𝐻3𝑂 +  2𝐻𝑆𝑂4 

The nitronium ion acts as an electrophile in electrophilic aromatic substitution [1]. Attack 

of NO₂⁺ on the benzene ring of methyl benzoate forms a σ-complex, which then loses a 

proton to restore aromaticity [3]. The –COOCH₃ group is strongly electron withdrawing 
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and directs substitution to the meta position, so methyl-3-nitrobenzoate is produced as the 

major isomer: 

𝐶6𝐻5𝐶𝑂𝑂𝐶𝐻3 + 𝐻𝑁𝑂3  →  (𝑁𝑂2)𝐶6𝐻4𝐶𝑂𝑂𝐶𝐻3 +  𝐻2𝑂 

The nitration mixture is kept cool to control the rate of NO₂⁺ formation, limit over-

nitration and oxidation and prevent a runaway exotherm [4]. 

For nitroguanidine, guanidine nitrate (CH₆N₄O₃) is dissolved in cold concentrated 

sulfuric acid. In this highly acidic and dehydrating medium, protonation, rearrangement 

and N-nitration occur, converting the guanidinium salt into the nitramine nitroguanidine 

(CH₄N₄O₂) with loss of water [5]: 

𝐶𝐻6𝑁4𝑂3  →  𝐶𝐻4𝑁4𝑂3 +  𝐻2𝑂 

The mechanism centres on formation of an –N–NO₂ group. Low temperature is necessary 

to prevent decomposition of intermediates and of nitroguanidine itself  [1]. 

 

Concentrated sulfuric acid therefore acts as both strong acid and dehydrating agent in 

both experiments. Concentrated nitric acid provides the nitro group in the aromatic 

nitration. Ethanol is used as recrystallisation solvent because methyl-3-nitrobenzoate is 

soluble in hot ethanol but sparingly soluble in cold ethanol–water mixtures, allowing 

purification by crystallisation on cooling. Ice and water are used to quench the reactions, 

precipitate products and remove heat [6]. 

  

These methods are important to OME because aromatic nitration provides the primary 

industrial route for introducing nitro groups onto aromatic rings and thereby enabling the 

large-scale synthesis of high-energy nitroaromatic explosives such as TNT, DNT and 
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TATB. While nitroguanidine is itself a widely used energetic material in triple-base 

propellants and insensitive munition formulations [7]. 

 

5. Observations and Data 

Procedures in the Cranfield instruction pack (Appendix A) were followed. Methyl 

benzoate appeared as a light tangerine liquid; the mixed acid was clear. After quenching 

onto ice, a cloudy suspension containing solid was observed. Following recrystallisation 

from hot ethanol and cooling, an off-white crystalline product was collected and dried 

under vacuum. 

 

Nitroguanidine was obtained as a fine white to off-white crystalline, “fluffy” solid after 

dilution of the sulfuric-acid mixture into ice-water, filtration, washing and drying. 

 

5.1.Methyl-3-nitrobenzoate 

Quantity Value (g) 

Mass of methyl benzoate 2.694 

Mass of labelled glass bottle 8.639 

Mass of bottle + dried sample 11.5036 

Mass of methyl-3-nitrobenzoate 2.8646 

Table 1 - Methyl-3-nitrobenzoate Results 

The theoretical yield was calculated using the Following expression: 

𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑦𝑖𝑒𝑙𝑑 = 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑚𝑒𝑡ℎ𝑦𝑙 𝑏𝑒𝑛𝑧𝑜𝑎𝑡𝑒 𝑥 
𝑀𝑟(𝑚𝑒𝑡ℎ𝑦𝑙 − 3 − 𝑁𝑜𝑡𝑟𝑜𝑏𝑒𝑛𝑧𝑜𝑎𝑡𝑒

𝑀𝑟(𝑚𝑒𝑡ℎ𝑦𝑙 𝐵𝑒𝑛𝑧𝑜𝑎𝑡𝑒)
 

so that 
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𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑦𝑖𝑒𝑙𝑑 = 2.694𝑔 𝑥
181.1

136.1
= 3.58𝑔 

The actual yield corresponded to the isolated product mass: 

𝐴𝑐𝑡𝑢𝑎𝑙 𝑌𝑖𝑒𝑙𝑑 = 11.5036 − 8.639 = 2.8646𝑔 

The percentage yield was then calculated as: 

%𝑦𝑖𝑒𝑙𝑑 =  
𝐴𝑐𝑡𝑢𝑎𝑙 𝑦𝑖𝑒𝑙𝑑

𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑌𝑖𝑒𝑙𝑑
 𝑥 100 =  

2.8646

3.58
 𝑥 100 = 80.0% 

5.2.Nitroguanidine 

Quantity Value (g) 

Mass of labelled bottle N 92.09 

Mass of bottle N + dried nitroguanidine 94.424 

Mass of nitroguanidine 2.334 

Table 2 – Nitroguanidine Results 

 

Using the yield expression for 4g guanidine nitrate: 

%𝑦𝑖𝑒𝑙𝑑 =  
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑁𝑄

𝑀𝑎𝑠𝑠 𝑜𝑓𝑓 𝐺𝑢𝑎𝑛𝑖𝑑𝑖𝑛𝑒 𝑁𝑖𝑡𝑟𝑎𝑡𝑒
 𝑥 

𝑀𝑜𝑙𝑎𝑟 𝑀𝑎𝑠𝑠 𝐺𝑢𝑎𝑛𝑖𝑑𝑖𝑛𝑒 𝑁𝑖𝑡𝑟𝑎𝑡𝑒

𝑀𝑜𝑙𝑎𝑟 𝑀𝑎𝑠𝑠 𝑁𝑖𝑡𝑟𝑜𝑔𝑢𝑎𝑛𝑖𝑑𝑖𝑛𝑒
 𝑥 100 

the nitroguanidine yield was calculated as: 

%𝑦𝑖𝑒𝑙𝑑 =  
2.334

4
 𝑥 

122

104
 𝑥 100 = 68.4%  

 

6. Results and Discussion 

The theoretical yield for methyl-3-nitrobenzoate represented the maximum product mass 

expected if all of the methyl benzoate had reacted completely with no losses or side 

reactions [8]. The actual yield was smaller because some material was inevitably lost 

during transfers, filtration and recrystallisation, and because a small fraction of the 
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starting material was likely to remain unreacted or to form minor by-products. These 

kinetic and mechanical limitations meant that the experimental yield approached, but did 

not reach, the theoretical value [9]. 

 

The 80.0 % yield indicates that the nitration procedure in the Cranfield instruction pack 

operated efficiently. The formation of a crystalline solid after recrystallisation is 

consistent with production of a single major aromatic nitro-ester, as predicted for meta-

directed nitration of a deactivated ring. Yield could be improved further by more precise 

temperature control around 5 °C, slower addition of the mixed acid and use of the 

minimum effective volume of hot ethanol to reduce solubility losses [10]. 

 

The nitroguanidine yield of 68.4 % is lower, reflecting the greater sensitivity of that 

synthesis to conditions. Losses may have arisen from incomplete conversion of guanidine 

nitrate in the viscous sulfuric-acid medium, partial decomposition when local overheating 

occurred and loss of very fine crystals through the filter paper during washing. Improved 

stirring, closer temperature control and selection of a finer filter medium would be 

expected to raise the yield. 

 

Impurity is particularly important for nitroguanidine. Residual sulphate, nitrate and 

moisture can remain after work-up and can lower decomposition temperature and alter 

burning behaviour. In practical OME manufacture, nitroguanidine is therefore further 

purified, carefully dried and then ground and classified to obtain a controlled particle-size 

distribution. Grinding is required because a defined size range improves packing density 
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and ensures more predictable burning rates, while oversized particles can give uneven 

burning and excessive fines can increase sensitivity and handling difficulties [10]. 

 

In both syntheses, the dominant experimental errors are judged to have arisen from 

temperature control, measurement uncertainty and mechanical product loss [10]. The 

strongly exothermic nature of both reactions means that small deviations in temperature 

can significantly change reaction rate and selectivity. Weighing and volume-measurement 

errors affect the calculated theoretical yield directly. Losses during transfer and filtration 

reduce the actual yield and cannot be fully avoided in small-scale glassware operations. 

 

7. Conclusion 

Methyl-3-nitrobenzoate was prepared from methyl benzoate by electrophilic aromatic 

nitration using a mixed nitric–sulfuric acid system and purified by recrystallisation from 

ethanol, giving an 80.0 % yield. Nitroguanidine was prepared from guanidine nitrate in 

concentrated sulfuric acid and isolated in 68.4 % yield. The difference between 

theoretical and actual yield for methyl-3-nitrobenzoate arose from incomplete conversion 

and unavoidable product losses during handling and purification. Both experiments 

illustrated the importance of temperature control, solvent choice and careful work-up 

when preparing energetic or energetic-related compounds relevant to OME. 

 

WORD COUNT  ≈ 1150 not including Title, Abstract, Table of contents, Tables, 

References, Appendix. 
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