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Abstract- The nitration of aromatic compounds is a key
transformation in organic synthesis, traditionally
carried out using hazardous liquid acids and organic
solvents, which pose environmental and safety concerns.
In this study, we report an efficient, eco-friendly, and
solvent-free method for nitrating various aromatic
compounds using solid acid catalysts such as zeolites,
sulfated metal oxides, and supported heteropoly acids.
The reactions proceed smoothly at moderate
temperatures, offering high selectivity and good to
excellent yields of mononitrate products. Catalyst
reusability and ease of product isolation further enhance
the green credentials of this protocol. This approach
aligns with the principles of green chemistry and
presents a sustainable alternative to conventional
nitration methods, minimizing waste generation and
eliminating the need for corrosive acids and volatile
solvents.

L INTRODUCTION

Nitration of aromatic compounds is one of
the most important transformations in organic
chemistry, widely used in the synthesis of dyes,
pharmaceuticals, agrochemicals, and high-energy
materials like explosives. Traditionally, this reaction is
carried out using a mixture of concentrated nitric acid
and sulfuric acid, which serves as both a nitrating
agent and a dehydrating medium. However, this
method poses serious environmental and safety
concerns due to the generation of large amounts of
corrosive and toxic waste in recent years, there has
been increasing focus on creating more
environmentally friendly and sustainable options that
align with the principles of green chemistry. Among
these, solvent-free nitration using solid acid catalysts
has emerged as a promising technique. Solid acid
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catalysts such as zeolites, sulfated metal oxides,
heteropoly acids, and sulfonated resins have shown
good potential in facilitating nitration under milder
and cleaner conditions. These catalysts are
environmentally benign, reusable, and operationally
simple, eliminating the need for harmful solvents and
reducing the risk of handling strong acids. Despite
several reports on solid acid-catalyzed nitration, a
systematic = comparative study evaluating the
efficiency of different catalysts across various
aromatic substrates is still lacking. This study aims to
explore and compare the performance of different
solid acid catalysts in the solvent-free nitration of
aromatic compounds Factors like how long the
reaction takes, the temperature used, the amount of
catalyst added, and the efficiency and preference of the
product formed are closely analyzed." The goal is to
develop an eco-friendly and efficient nitration method
that provides high yield and purity with minimal
environmental impact.

IL. REACTION PART

General Reaction
Ar-H + HNO; == Ar-NO, +H,O
(In presence of solid acid catalyst, under solvent-free
conditions)
o  Substrates used (Ar-H): Benzene, toluene
anisole, chlorobenzene, etc.
e Nitrating agent: Concentrated Nitric Acid
(HNO3)
Catalysts tested:
e Zeolite H-ZSM-5
e Sulfonated polystyrene (Amberlyst-15)
e  Sulfated zirconia
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Heteropoly acids (e.g., H3PW12040)

Conditions:

Solvent-free

Mild heating (typically 60-100°C)

Stirring or grinding depending on catalyst
type

Reaction time: 30 min to 2 hours (depending
on substrate and catalyst)

Sample Reaction:

Toluene + HNO3; == O-nitrotoluene + p-

nitrotoluene (major)

(Catalyst: Sulfated zirconia, 80°C, 1 hour,

solvent-free)

III.

MATERIALS AND METHODS

Chemicals and Reagents:

Aromatic substrates: Benzene, Toluene
Anisole, Chlorobenzene, Nitrobenzene
Nitrating agent: Concentrated Nitric Acid
(HNO3 ~65-70%)

Solid acid catalysts:

Zeolite H-ZSM-5

Amberlyst-15 (sulfonated resin)
Sulfated zirconia (S047/Zr02)
Heteropoly acids (e.g., H3PW2040)

Apparatus and Equipment:

Magnetic stirrer with temperature control.
Oil bath or heating mantle

IR Spectrometer / GC-MS / TLC plates for
product analysis

Mortar and pestle for grinding (if
applicable/used)

General Procedure for Solvent-Free Nitration:

1.

A mixture of an aromatic compound (1
mmol) and concentrated nitric acid (1.2
mmol) is placed in a round-bottom flask.
The solid acid catalyst (100 mg) is then
added.

The mixture is stirred at 80°C (or optimal
temperature depending on catalyst) for 1-
2hours.

Once the reaction is complete, as confirmed
by TLC or GC analysis, the mixture is
allowed to cool.

The catalyst is filtered out and washed.

The organic layer is extracted, dried, and
purified (e.g., by column chromatography).
The products are analyzed by measuring
their melting point, IR spectra, and GC-MS
data.

Iv. RESULTS AND DISCUSSION

Catalyst comparison Table (example):

Catalyst Substrate Temp °C Tin
H-ZSM-5 Toluene 80 1.5
Amberlyst-15 Toluene 70 1.0
Sulfated Zirconia Toluene 90 1.0
Heteropoly Acid Toluene 60 2.0
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V. OBSERVATIONS

Sulfated zirconia gave the highest yield and
selectivity under solvent-free conditions.
Zeolite H-ZSM-5 required slightly longer
reaction times but gave good selectivity
Catalyst reuse was tested — Sulfated zirconia
retained activity over three cycles with
minimal loss.

The nature of the substituent (electron-
donating or withdrawing) affected the
nitration rate.

Reaction Mechanism (Proposed)
The mechanism follows the electrophilic aromatic
substitution (EAS) pathway:

1.
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Nitric acid is activated by a solid acid
catalyst, which produces the nitronium ion
(NO2") in situ.
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HNOs+ Solid Acid == NO,+ =+®©H- (on
catalyst surface)

2. Nitronium ion (NO+) attacks the aromatic
The ring is substituted at the ortho and para
sites, favoring the para position due to
reduced steric crowding.

3. The formed o-complex releases a proton,
allowing the aromatic character of the ring
to be restored.

4. The product is nitroaromatic compound, and
the catalyst remains unchanged
(heterogeneous and reusable)

VL CONCLUSION

This study demonstrates that solvent-free nitration of
aromatic compounds using solid acid catalysts is a
viable and eco-friendly alternative to traditional
nitration methods.
Among the catalysts tested, sulfated zirconia showed
the highest catalytic efficiency in terms of product
yield and para-selectivity. Other catalysts like H-
ZSM-5 and Amberlyst-15 also performed effectively
under optimized
conditions, highlighting their potential for green
chemical transformations.
The advantages of this approach include;

e Reduced generation of hazardous waste

e Elimination of corrosive liquid acids and

solvents

e Simple catalyst recovery and reuse

o Improved atom economy and selectivity
The method aligns well with the principles of green
chemistry and offers a sustainable pathway for
industrial and laboratory-scale nitration processes.

VIL FUTURE SCOPE

e  Catalyst Optimization: Further studies can focus
on modifying the structure of solid acids to
enhance their surface area, acidity, and thermal
stability.

e  Scale-up Studies: Pilot-scale or industrial-scale
trials can be explored to evaluate the commercial
viability of this green nitration method.

e  Substrate Scope Expansion: Nitration of
heterocyclic and polyaromatic systems can be
investigated.
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Mechanistic Studies: Advanced spectroscopic
and kinetic techniques can be used to explore the
detailed reaction mechanism on catalyst surfaces.
Recyclability and Longevity: Extended studies
on catalyst reusability over multiple cycles with
real-time efficiency tracking.
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