Lab 3 NC

by Natalie Coplin

Submission date: 12-Dec-2025 02:25PM (UTC+0000)

Submission ID: 270815292

File name: 32223 _Natalie_Coplin_Lab_3_NC_695605_2024141302.docx (372.43K)
Word count: 1920

Character count: 11598



University of Wales Trinity Saint David
Ordnance, Munitions and Explosives

Prifysgol Cymru
% Y Drindod Dewi Sant

" University of Wales
Trinity Saint David

X

Advanced Chemistry of OME - ACDAG6020

Laboratory Report

Preparation of Methy-3-Nitrobenzoate and
Nitroguanidine

Natalie Coplin - 2113351

Date — 12/2025

Lecturer: Ewa Kazimierska




Contents
LISt OF FIBUIES ettt e ettt et et oe et e bt e ee e aas e s aeaeaeaa

[ oL =1 o] (P DTSR PP PP PSURPPTPRIY

LISt OF EQUATIONS ..ttt ettt e e e et e bt e e n et e aa e ae b

BoOW W W

B IR 51 o T [0 o1 4o PPN

1.1. HY PO SIS et e e e

iy

1.2. Key Variables. ... e e 4
1.3. Mechanisms - electrophilic aromatic substitution (EAS) ......c.coiiiiiiiiiiiiiiiiiii 4
1.4. Mechanisms = N=NItration ... e e 4
1.5. Reagentroles and reaction conditions ........cccoovieiiiieii s s s e 5
1.6. Balanced EQUAatIONS.......oi e 5
1.7. Importance of nitration in ENergetics ... 5
2. RESUIS Lo e et r s s ae s as s r s aeaaes O
2.1. Methyl-3-NItroDENZOATE ..oovive e s e e e 6
2.2, NIFOZUANMTAINE ..ot e ettt ettt s ae e e b an e e 6
3. DUSCUSSION .. e e e as bbb e e as s b aeees B
4. CoNClUSION ciiiiiiiic s s se s saeansanes 10
5. References ..o s e aeas 1]

6. Appendix: Methodology
this is a very detailed, well built ToC; all relevant
sections are included and the report is
structured properly




List of Figures

Figure 1 Simplified EAS mechanism [B] ...t e

List of Tables

Table 1 Methyl benzoate Nitration reSULES ...t e e
Table 2 Guanidine nitrate Nitration resuUltS.... ...
Table 3 Potential sources of experimental @rrOr..... ...t e

List of Equations

Equation 1 Balanced equation for methyl benzoate reaction ...
Equation 2 Balanced equation for guanidine nitrate reaction.
Equation 3 Theoretical yield from reaction ............ v s
Equation 4 Percentage yield of methyl-3-benzoate .........o.cviiiiiini s s
Equation 5 Percentage yield of nitroguaniding . ... e

~N o e o>




1.Introduction

The purpose of this experiment is to synthesise methyl-3-nitrobenzoate from methyl benzoate

via electrophilic aromatic substitution and nitroguanidine from guanidine nitrate via n-nitration.

1.1. Hypothesis

In both experiments, crystalline solids are expected to form. Methyl benzoate when nitrated with
nitric acid in concentrated sulphuric acid will form methyl-3-nitrobenzoate with white-to-pale
yellow crystals when nitrated. Nitration of guanidine nitrate with sulphuric acid is expected to
produce nitroguanidine, forming fine white crystalline needles [1] [2]. Under well-controlled

conditions, yields are expected to be near theoretical values.

1.2. KeyVariables

Forthis experiment the variables are:

Independent - not applicablereaction temperature, addition rate of the nitrating mixture, reagent ratios,
) i recrg/sta//_isqtion solvent volume
Dependent —vyield, physical characteristics, purity of products.
Control - reaction temperature, concentration and volume of reactants. ) . )
reaction time, stirring rate, cooling method, starting material identity and purity, glassware and filtration
technique

1.3. Mechanisms - electrophilic aromatic substitution (EAS)
Nitration of aromatic compounds, such as methyl benzoate, is an example of EAS. Concentrated
sulphuric acid protonates nitric acid, producing a nitronium ion and water (NOz' - the

electrophile). The aromatic ring donates an electron pair to the nitronium ion, forming an o bond
with a carbon onthe aromatic ring. This temporarily disrupts ring aromaticity, generating a sigma
complex. Aromaticity is restored when the hydrogen is subsequently removed, and the nitro

aromatic compound is produced. [3] [4] [5].

A simplified EAS reaction is shown in Figure 1, where H represents the proton/hydrogen and E

represents the NOz group.

Oorm @~ Orr

Figure 1 Simplified EAS mechanism [6]

1.4. Mechanisms - N-nitration
N-nitration is a similar process to EAS but rather than substituting a hydrogen molecule onto an

aromatic ring, a nitro group attaches directly to a nitrogen on the guanidine nitrate molecule. A




strong acid, such as sulphuric acid is required to protonate the nitric acid on the guanidine
nitrate, this produces a nitronium ion, which subsequently attacks a nitrogen atom and replaces

a hydrogen, forming an N-NO; bond. [7]

1.5. Reagentroles and reaction conditions

Nitric acid - nitrating agent (in the presence of sulphuric acid).
Sulphuric acid - catalyst and protonating agentdehydrating agent
Ethanol - solvent for the recrystallisation of methyl-3-nitrobenzoate.
Methyl benzoate - aromatic substrate.

Guanidine nitrate - substrate.

Nitration reactions are exothermic, generating significant heat until equilibrium is reached.
Elevated temperatures increase the likelihood of multiple substitutions. Maintaining a reaction
temperature, below 10°C, minimises unwanted byproducts [8] and improves safety by reducing

the risk of thermal runaway and explosions [9].

1.6. Balanced Equations
Methyl benzoate reaction:
H,50,
C¢H;CO0CH; + HNO; — C4H,COOCH5(NO,) + H,0

Equation 1 Balanced equation for methyl benzoate reaction
Guanidine nitrate reaction:

H,50,
CH5N3 'HNO3 - CH4N402 + Hzo

Equation 2 Balanced equation for guanidine nitrate reaction

1.7. Importance of nitration in Energetics

Nitration methods are fundamental synthesis routes for producing energetic materials.
Introducing nitro groups into compounds produces valuable energy dense material [10] [11].
Many explosives including RDX, HMX, nitroglycerine, and nitrocellulose are all produced by
nitration [12] [13]. As nitro groups contain oxygen, their addition improves the oxygen balance of

the material, allowing for a more complete combustion [14].




2.Results

2.1. Methyl-3-nitrobenzoate

The results from the nitration of methyl benzoate are shown in Table 1. Calculations shown for
clarity.

Table 1 Methyl benzoate nitration results

Mass of methyl benzoate (g) 2.707

Formula weight |Molecular weight of methyl benzoate 136.15 |g/mol
Mass of methyl-3-nitrobenzoate (g) 3:1
Molecular weight of methyl-3-nitrobenzoate | 181.15
Theortical yield (g) 3.6 o
Actual yield (g) 31 | S8fies
Percentage yield (%) 86

The theoretical yield for the methyl benzoate reaction was calculated as shown in Equation 3.

Mr (methyl 3 nitrobenzoate)
Mr (methyl benzoate)

theoretical yield = mass of methyl benzoate X

Equation 3 Theoretical yield from reaction

Where:

Mr =molecular weight

81.15
theoretical yield = 2.707 x 13615~ 3.60g
Calculate the percentage yield using Equation 4:
P . iold = actual yield % 100
ercentage yteld = eortical yield

Equation 4 Percentage yield of methyl-3-benzoate
, 3.1
Percentage yield = 36 x 100

Percentage yield = 86%

2.2. Nitroguanidine

The results from the nitration of guanidine nitrate are shown in Table 2 with calculations below.




Table 2 Guanidine nitrate nitration results

Mass of guanidine nitrate (g) 4
Molecular weight of guanidine nitrate 122

mass of NQ |Mass of methyl-3-nitrobenzoate (g) 2.466
Molecular weight of nitroguanidine 104
Theortical yield (g) 3.4 gjgfigs
Actualyield (g) 2.466
Percentage yield 73

Calculate the percentage yield using Equation 5.

mass of NQ Mr guanidine nitrate

% 100
mass of guanidine nitrate  Mr nitroguanidine

Percentage yield =

Equation 5 Percentage yield of nitroguanidine

2. 122
Percentage yield = —— 100

X —X
4 104

Percentage yield = 72%




3.Discussion

The hypothesis predicted that actual yields would approach theoretical values under ideal
conditions. Results showed differences of 13.9% for methyl-3-nitrobenzoate and 28% for
nitroguanidine. The differences are not unexpected as ideal conditions could not be perfectly
replicated. The methyl-3-nitrobenzoate difference suggests better control, however, both yields

could be improved.

Yield and purity may be improved by slower mixing, better temperature controlin both reactions
and thorough washing of the sample to remove residual acids and prevent further reactions. All
labware must be clean and dryto limit contamination, including from water, which may influence
nitronium formation and regioselectivity [15]. During recrystallisation using the minimum solvent
necessary avoids over-diluting the product, easily increasing yield. Ensuring complete transfer

of material between containers provides maximum product recovery — maintaining a good yield.

The performance of nitroguanidine is greatly influenced by its purity. For example, the sensitivity
of the explosive may be affected by changes in its crystal structure. Irregular shapes are more
prone to hot spot formation and may initiate more readily. However, studies have shown that
changing the morphology of nitroguanidine crystals can improve its mechanical and physical
performance, and thermal stability, so there is a balance to be struck [16][17] [18]. The melting
point may be lower with the inclusion of impurities, therefore ensuring a high purity of

nitroguanidine provides predictable behaviour and allows for safe handling.

Grinding of nitroguanidine prior to its use can help improve performance through uniform crystal
sizes and smaller particle sizes, lowering its sensitivity to impact[19]. Packing density and burn
rate will change depending upon the size of crystals — fine compact particles burn more
consistently. When dispersed within mixtures such as in propellant compositions, fine particles

will produce a more homogeneous blend with known properties, increasing its safety.

Both experiments were subject to sources of error; these are discussed in Table 3.




Table 3 Potential sources of experimental error

Potential sources of error

Problem

Solution

Weighing scales

Scales in fume cupboard affected by
airflow, making accurate measurement
difficult - affecting yield

Scales better isolated from airflow

Thermometer

Difficult to accurately read, unable to
observe if bulb was always fully submersed -
limits temperature control affecting yield

If possible use a probe thermometer - check
compatibility of probe with reagents

Stoichiometry

Incorrect ratios of reactants can lead to
impure products

Accurate measurements and mixing

Temperature of reaction

Exothermic reaction exceeds ideal
temperature range leading to over nitration
and unwanted products

Slow addition of reactants, allow temperature to
drop and remain within required range before
adding further reactants

Dehydration

Incomplete dehydration of product,
remaining liquid affects crystal structure
and physical properties

Measure moisture content of product to ensure
full dehydration has occurred

Stirring of reaction mixture

Incomplete addition of solids leading to
lower yield

Slow addition of reactants ensuring all solids are
fully incorporated before adding more, do not add
clumps

Impure reactants

Contamination of final preduct affecting
purity and properties

Ensure reactants are of the required purity for the
application

Dirty labware

Contamination of final product, unwanted
byproducts

Ensure labware is fully cleaned before use




4.Conclusion

Electrophilic aromatic substitution and N-nitration reactions were successfully performed,
producing methyl-3-nitrobenzoate and guanidine nitrate respectively. Manual processes and
limited control over laboratory conditions likely influenced the yield and purity of products, yet

the obtained yields of 86% and 72% are encouraging for first attempts at this process.

Further work includes refining laboratory technigues and improved control of the reaction
temperature. Explore methods for automation to increase both purity and yield. Proper
confirmation of the products and variants would be advantageous. This could be performed
using techniques such as Fourier Transform Infrared Spectroscopy or Nuclear Magnetic
Resonance [20] [21]. The purity could be analysed using High Performance Liquid
Chromatograph or by observing the melting point. Pure products have a narrow band with a sharp

melting point - however, this only provides a tentative indication of purity [22] [23].
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GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS
Engagement with Literature 12/15

You have used a wide and appropriate range of
sources, including textbooks, peer-reviewed journal
articles and authoritative databases relevant to
nitration chemistry and energetic materials. The
literature is clearly used to support explanations of
mechanisms, temperature control, recrystallisation

/ 1 O O and OME relevance. Referencing is generally accurate
and consistently applied in IEEE style. However, the
literature is used mainly to support explanations
rather than to critically benchmark your experimental
results (for example, % yields are not compared with
literature values), which limits the depth of
engagement.

Knowledge and Understanding 15/20

This report demonstrates a strong understanding of
the underlying chemistry. EAS and N-nitration are
correctly distinguished and explained, including the
formation and role of the nitronium ion, and the
importance of temperature control in highly
exothermic nitration reactions. meta-directing effects
of the ester group not mentioned. Mechanisms are
clearly described but not supported with diagrams.
Balanced equations are correctly presented. Main area
for improvement includes presentaion of detailed
mechanisms for both types of reactions.

Cognitive and Intellectual Skills 15/20

The aim is clearly stated and the hypothesis is logical
and chemically justified. You demonstrate good
reasoning when interpreting yields and discussing how
temperature control, mixing and recrystallisation affect
outcome and product quality. However, the treatment
of variables is weaker: independent variables are
described as “not applicable,” which is not fully correct
for this type of experiment, and results would benefit
from more explicit comparison with expected or
literature values to strengthen evaluation.

Practical Application Skills 22/30



Experimental data are clearly presented in tables,
theoretical and % yields are calculated correctly, and
chemical equations are balanced. Units are mostly
correct. You provide a thoughtful discussion of
experimental error and realistic methods for
improving yield and purity. Discussion of NQ grinding
and its relevance to performance in energetic
formulations is accurate and well linked to OME. Marks
are limited slightly by the absence of some raw
balance data (e.g. container + sample masses in all
cases) and by limited quantitative comparison with
published yields.

Transferable Skills12 /15

The report is well structured with a clear ToC and
logical section flow. Tables are clearly titled and
integrated into the text. Scientific language is generally
formal and appropriate. The experimental procedure
would normally be expected in an appendix.
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Text Comment. this is a very detailed, well built ToC; all relevant sections are included and
the report is structured properly
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Text Comment. reaction temperature, addition rate of the nitrating mixture, reagent
ratios, recrystallisation solvent volume
Strikethrough.
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Text Comment. reaction time, stirring rate, cooling method, starting material identity and
purity, glassware and filtration technique

PAGE 5

Text Comment. dehydrating agent
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g/mol

sig figs

excellent yield! it should be compared with literture values.
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