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Abstract. As a cornerstone in producing fuels, plastics, pharmaceuticals, and other commodities, 
benzene catalyzes innovation and modern convenience. However, its simultaneous classification as 
a Group 1 carcinogen necessitates a nuanced understanding of its potential detriments alongside its 
benefits. This concise but comprehensive paper explores the complex characteristics and pervasive 
influence of benzene, a compound integral to numerous industries and facets of daily life. This study 
meticulously delineates the adverse health implications of benzene exposure, with a particular focus 
on its role in the onset of various leukemias. Moreover, the research scrutinizes the environmental 
repercussions of benzene dissemination through industrial emissions, vehicular exhaust, and other 
prevalent sources, elucidating its detrimental impact on air, water, soil, and broader ecosystems. In 
light of these pressing concerns, the paper highlights ongoing initiatives striving to curtail benzene-
induced pollution and enhance air quality. These efforts encompass the implementation of stringent 
regulatory frameworks, the development of cleaner fuel alternatives, and the advancement of 
emission control technologies. As people navigate towards a future that is both sustainable and 
health-conscious, the imperative lies in fostering a symbiotic relationship between leveraging 
benzene's utilities and minimizing its potential hazards to both human health and the environment. 
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1. Introduction 

Benzene, the molecular formula C6H6, is an organic compound. Benzene is a planar ring 

comprising six carbon and six hydrogen atoms. The benzene molecule is considered aromatic because 

it has six π-electrons consistent with Huckel's Rule. Hence, there is a continuous π-bond around the 

ring. In 1825, Michael Faraday discovered and separated benzene from the greasy waste left behind 

after producing lighting gas [1]. Benzene is a colorless liquid with a sweet smell, which can also act 

as a natural component of petroleum. Meanwhile, benzene can act as a precursor of lots of complex 

chemicals. Although the molecule has many uses in a variety of fields, it is a volatile and toxic 

compound. Also, numerous experimental animals exposed to benzene via various routes have 

demonstrated that it causes cancer [2]. Therefore, applying benzene to household products is a 

difficult task. On the other hand, benzene has attracted chemists and scientists with its unique 

aromatic properties and versatile reactivity. Benzene can be used as an intermediate in the 

manufacture of other chemicals, such as ethylbenzene and cyclohexane. The conversion of benzene 

into ethylbenzene, a precursor to styrene utilized in the creation of polymers and plastics like 

polystyrene, accounts for more than half of the total benzene output. That means the synthesis of 

benzene is important. Currently, four chemical procedures, catalytic reforming, toluene 

hydrodealkylation, toluene disproportionation, and steam cracking, are used to produce industrial 

benzene. Benzene can also undergo various reactions, the most common of which is electrophilic 

aromatic substitution. The reason is that benzene is nucleophilic enough due to the large electron 

density. Many functional groups can be substituted onto the benzene ring through the substitution 

reaction to form the derivatives. Considering environmental impacts, benzene would lead to many 

problems. For instance, benzene is a volatile organic compound (VOC) that can be released into the 

atmosphere from various sources, including industrial processes, vehicular emissions, and natural 

emissions, leading to air pollution. Also, benzene can reach aquatic habitats through runoff and 
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industrial discharges. It may negatively affect aquatic organisms and people who eat contaminated 

seafood since it can build up in aquatic organisms throughout the food chain. 

2. The Synthesis of Benzene 

2.1. The Molecular Structure and Aromaticity of Benzene 

Organic chemistry places much emphasis on the synthesis of benzene. Six-membered carbon rings 

with alternating double bonds make up benzene's structure, giving it its characteristic aromatic 

properties. Benzene was introduced to two types of structure. One of them was that each carbon atom 

in benzene has three bonds attached to it, and the remaining electron is delocalized. The six π-

electrons form a big π-bond, which causes all six carbons in the same environment (Fig. 1). A planar 

ring molecule will have aromatic features according to Huckel's rule in organic chemistry if it has 

4n+2 π-electrons, the formula for which was first proposed by the physical chemist Erich Hückel in 

1931 [3]. This proved that benzene was aromatic, where n = 1. 

On the other hand, the six carbons of benzene can also be seen as connecting 4 bonds, and there 

are three alternating C=C double bonds around the benzene ring (Fig. 1). The structure was introduced 

to be made up of a ring of six carbon atoms with alternate single and double bonds in 1865 by the 

German chemist Friedrich August Kekulé [4]. If the bond length were studied, it would be discovered 

that the six carbon-carbon bonds in benzene are all the same length at 140 picometers, according to 

X-ray diffraction [5]. Historically, the understanding of benzene structure and synthesis has played a 

key role in the development of modern organic chemistry. 

 

Figure 1. The molecular structures of benzene (Picture credit: Original) 

2.2. The Traditional Methods of Synthesizing Benzene 

The Benzene synthesis has evolved from early attempts to sophisticated modern methods. The 

synthesis of benzene involves the conversion of simpler hydrocarbon precursors into aromatic ring 

structures. Benzene was first produced by Eilhard Mitscherlich in 1833 by distilling lime and benzoic 

acid [6]. Immediately afterward, in 1845, Charles Brackford Mansfield, under the direction of August 

Wilhelm von Hoffmann, isolated benzene from coal tar [7]. Also, some early chemists attempted to 

synthesize benzene using simple aliphatic compounds such as ethyne. In the early attempts to 

synthesize benzene, ethyne was chosen as the starting material. Three ethyne molecules could act as 

both nucleophiles and electrophiles, following three molecules interacting under specific conditions 

to form benzene (Fig. 2). However, early attempts to synthesize benzene from acetylene (ethyne) 

failed because of the acetylene's intrinsic reactivity and bonding properties. Acetylene's highly 

reactive triple bonds between its carbon atoms are the main barrier limiting direct conversion to 

benzene. Controlling the reaction conditions and selectivity necessary to generate stable six-

membered ring structures, like benzene, can be challenging due to this reactivity. Acetylene is 

susceptible to polymerization reactions in which multiple acetylene molecules can react to form 

longer carbon chains or even three-dimensional chain networks. These polymerization reactions are 
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difficult to control and lead to the formation of complex mixtures of products rather than simple 

aromatic ring structures. 

 

Figure 2. The conversion of ethyne to benzene (Picture credit: Original) 

Friedrich August Kekulé's breakthrough introduced the hexagonal ring structure and the resonance 

concept, which explained benzene's stability despite its alternating double bonds. When Kekulé 

discussed the development of this idea, he claimed that while thinking or daydreaming about a snake 

biting its tail, he discovered the ring of benzene molecules [8]. Resonance theory suggests that 

benzene can be represented by multiple equivalent Lewis structures in which the positions of the 

double bonds move around the ring. These structures were called resonance structures (Fig. 3). All 

the carbon-carbon bonds in benzene were identical in length due to resonance, which was 

intermediate between a single bond and a double bond. Despite possessing alternating double bonds, 

the resonance stability contributes to benzene's remarkable stability as an aromatic compound. 

 

Figure 3. The resonance structures of benzene (Picture credit: Original) 

2.3. The Modern Methods of Benzene Synthesis 

2.3.1. The catalytic reforming of hydrocarbons 

Catalytic reforming of naphtha (part of crude oil) is the main industrial method for the production 

of benzene. The process involves breaking down larger hydrocarbons and rearranging them into 

aromatic compounds, including benzene. Catalytic reforming typically uses naphtha as a feedstock. 

Naphtha is a mixture of hydrocarbons with different carbon chain lengths, including straight and 

branched molecules. Selecting a naphtha feedstock with the right characteristics for the desired 

product specification is important. Before entering the reforming process, the naphtha feedstock 

undergoes a pre-treatment step to remove impurities, sulfur compounds, and other contaminants that 

may damage the reactivity of the catalyst used in the reforming process. The nucleus of the process 

is the catalytic reforming reactor in which the hydrocarbons in the naphtha are converted to higher-

octane products. The process mainly involves dehydrogenation, isomerization, and cyclization of 

hydrocarbons. First, selective dehydrogenation of saturated hydrocarbons removes hydrogen atom 

pairs to generate unsaturated hydrocarbons by forming C=C double bonds, which would introduce 

higher reactivity. Subsequently, the branched hydrocarbons are isomerized, meaning their carbon 

skeletons are rearranged to form higher-branched or straight-chain isomers. This increases the octane 

value of the final product. Finally, these dehydrogenated molecules can be cyclized to form a cyclic 

structure. This leads to the formation of aromatic compounds such as benzene and toluene. The 

dehydrogenation reaction in catalytic reforming produces hydrogen as a by-product. This hydrogen 

can be recovered and reused. The products generated by catalytic reforming would be separated by 

fractional distillation according to their boiling points. 

2.3.2. Transalkylation reactions 

Alkyl transfer involves alkyl groups from one molecule to another, usually involving aromatic 

compounds. The reaction often converts higher molecular weight aromatics into more desirable 
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products while producing valuable by-products. An example of a trans alkylation reaction is the 

conversion of toluene to benzene by hydrodealkylation of toluene. In this reaction, toluene is mixed 

with hydrogen at high temperatures and pressure in a solid catalyst to produce benzene and methane 

(Fig. 4). 

 

Figure 4. The trans alkylation reaction of toluene to benzene (Picture credit: Original) 

2.3.3. Aromatization of cyclohexane and other precursors 

Aromatization is a chemical process involving the conversion of saturated aliphatic hydrocarbons 

to aromatic compounds, such as cyclohexane to benzene, by dehydrogenation (Fig. 5), which 

introduces the formation of heterocyclic systems [9]. Converting cyclohexane into benzene and 

hydrogen, or "aromatization," involves high temperatures, and particular catalysts are needed to 

initiate and facilitate the reaction. Breaking the carbon-carbon single bonds in cyclohexane and 

rearranging the atoms to produce an aromatic benzene ring are the typical steps in the procedure. 

Because the reaction is heat-absorbing, heat must be introduced for it to progress. There are numerous 

various methods to make benzene. For instance, benzoic acid and its salts are decarboxylated to form 

benzene, phenol, and halogenated benzene can be reduced with metals, and so forth. But none of 

these approaches makes sense from a business standpoint. 

 

Figure 5. The aromatization of cyclohexane to benzene (Picture credit: Original) 

3. The Application of Benzene 

3.1. The Diverse Industrial Applications of Benzene 

Benzene is a versatile compound with many industrial applications in various fields. Its unique 

aromatic properties and reactivity make it a valuable component in the production of a wide range of 

products. 

3.1.1. Use in the manufacturing of plastics, synthetic fibers, and rubber 

As a vital raw element for the creation of numerous polymers and plastic materials, benzene plays 

a significant role in the plastics and polymer industries. It is a starting material for creating polymers 

and has many characteristics that make it appropriate for various uses. Benzene acts as a substrate 

which can be converted into various derivatives. These derivatives can be used as monomers for 

polymerization to produce plastics. For instance, benzene is a feedstock to produce terephthalic acid 

(TPA), a key monomer in PET (polyethylene terephthalate) synthesis. TPA is then polymerized with 

ethylene glycol to form PET. One of the most widely used thermoplastic polymer resins, PET is 

utilized in engineering resins, garment fibers, liquid and food containers, thermoforming, and 

thermoforming for manufacturing [10]. Benzene is also used in the synthetic fiber manufacturing 

industry. Cyclohexane, a precursor for synthesizing adipic acid, a crucial component in nylon 

manufacturing, can be made from benzene by hydrogenating it. Textiles, apparel, industrial uses, and 
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other things use nylon and synthetic fibers. In addition, benzene derivatives can be used as additives 

in rubber synthesis to improve elasticity, durability, and other properties. 

3.1.2. role as a solvent in various chemical processes 

Benzene is widely used as a solvent in various chemical processes because of its excellent solvency, 

low volatility, and ability to dissolve a wide range of organic and inorganic compounds. Its role as a 

solvent is particularly prominent in research, laboratory work, and industrial applications. Benzene 

can dissolve many organic compounds because of its aromatic structure and nonpolar nature. Its 

solubility properties in organic synthesis and analysis make it suitable for recrystallization, extraction, 

and other purification techniques. 

3.1.3. Contribution to the pharmaceutical industry 

Benzene-derived chemicals are essential as intermediates in synthesizing numerous medications 

despite their carcinogenic qualities preventing their direct usage as a starting material in drug 

synthesis. These chemicals serve as the structural foundation for numerous pharmacologically active 

drugs. For instance, the manufacture of non-steroidal anti-inflammatory medicines (NSAIDs) and 

pain relievers uses certain benzene derivatives. These medications lower inflammation and alleviate 

pain by targeting certain metabolic processes. And even though benzene is a carcinogen in and of 

itself, several anticancer medications still contain benzene-derived compounds that could interact 

with cancer cells or block particular cellular processes. 

3.2. The Importance of Benzene-Derived Products in Everyday Life 

Benzene derivatives play a vital but often overlooked role in shaping every aspect of our daily 

lives. From consumer goods to essential materials, these products bring convenience, comfort, and 

progress to a wide range of industries. Benzene derivatives can produce flavors and flavor additives 

to enhance the taste and aroma of food and beverages. Also, benzene-derived plastics and polymers 

manufacture various automotive components, including dashboards, bumpers, and interior trim. 

There are also many materials used in daily life that are made from benzene derivatives. Most 

chemicals contain at least one benzene ring.  

3.3. The Role of Benzene in Fuel Production, Especially in Gasoline 

Gasoline is a complex mixture of hydrocarbons whose composition affects combustion efficiency 

and engine performance. Benzene, as a component of petrol, affects the energy content and quality 

of the fuel. Petrol's octane rating is raised by the addition of benzene, making it appropriate for use 

in high-performance engines. Benzene is often used in gasoline blending to achieve the desired octane 

rating and performance characteristics. Gasoline with a higher-octane rating, such as benzene-

enhanced gasoline, can improve fuel economy. This improves mileage and reduces fuel consumption. 

However, excessive amounts of benzene in gasoline can produce higher emissions of hazardous air 

pollutants (HAPs) and VOCs, impacting air quality and human health. According to studies, 51.33% 

of petrol station workers are at high risk of adverse health effects, and 70.67% are at lifetime risk of 

cancer [11]. 

4. The Environment Impacts of the Benzene 

Benzene is a hazardous compound with clear health and environmental risks. Exposure to benzene 

can have adverse health effects, including blood disorders and cancers such as leukemia. In addition, 

benzene may contaminate soil, water bodies, and aquatic ecosystems, thus affecting various species 

in the food chain, thus posing ecological risks. Benzene is classified as a Group I carcinogen by the 

International Agency for Research on Cancer (IARC) [12]. This classification means that there is 

sufficient evidence of carcinogenicity in humans. Aplastic anemia, leukemia, and multiple myeloma 

may develop over time as a result of exposure to benzene [13]. 
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For benzene, there is no safe level of exposure; even very small levels can be harmful. Benzene 

enters the environment through various sources, including industrial emissions, vehicle exhaust, and 

natural sources such as forest fires and volcanic activity. Environmental pollution comes mainly from 

industrial emissions, vehicle exhaust, and various combustion processes. Industries such as petroleum 

refining, chemical manufacturing, and vehicle emissions significantly impact benzene levels in the 

atmosphere. Benzene is a natural constituent of crude oil and is inevitably produced during the 

petroleum refining process. Industries producing chemicals, plastics and solvents use benzene as a 

raw material or intermediate, leading to emissions during production and storage. Benzene is present 

in petrol and is emitted as a component of exhaust gases when vehicles burn the fuel in the combustion 

process. These emissions can lead to potentially far-reaching effects by causing benzene to be present 

in the surrounding air, soil, and water. In response to these concerns, efforts are being made to reduce 

benzene-related pollution and improve air quality. Stringent regulations are in place to limit industrial 

and vehicle emissions and to promote the adoption of cleaner technologies and alternative fuels. For 

instance, it is recommended that all 28 of Europe's member states adhere to the Directive 2008/50/EC 

on ambient air quality and cleaner air for Europe's 5 g/m3 (annual) benzene limit [14]. In addition, 

monitoring systems and air quality management strategies are used to assess benzene concentrations 

and mitigate its impact on public health and the environment. 

5. Conclusion 

This comprehensive study has elucidated the intricate duality of benzene, a compound integral to 

modern industry and everyday life. Key findings underscore benzene's pivotal roles in fuel production, 

plastics manufacturing, pharmaceuticals, and more, revolutionizing society through innovation and 

convenience. However, these benefits are counterbalanced by its classification as a Group 1 

carcinogen, highlighting its grave health risks, particularly associated with leukemia and immune 

system suppression. Furthermore, the environmental implications of benzene are undeniable, with 

industrial emissions, vehicle exhaust, and other sources contaminating air, water, soil, and ecosystems 

necessitating rigorous attention. Implications of this study reverberate across various sectors. 

Stringent regulations are imperative to mitigate benzene-related pollution, preserve air quality, and 

safeguard public health. The transition to cleaner fuels and innovative emission control technologies 

exemplifies the pathway toward sustainable fuel production and transportation practices. Public 

awareness campaigns and education initiatives are instrumental in fostering responsible benzene use. 

Nevertheless, this study is not without limitations. The scope primarily centers on characterizing 

benzene's role in industry, health risks, and environmental impacts. Future research avenues beckon 

exploration into alternative compounds, green chemistry solutions, and the ongoing evolution of 

benzene-related regulations. In conclusion, as society continues its pursuit of progress and comfort, 

the challenge remains to harness benzene's potential while managing its inherent risks. This study 

serves as a testament to the delicate equilibrium required to navigate this dual nature. By embracing 

cleaner technologies, prioritizing safety, and fostering international collaboration, we embark on a 

journey toward a more sustainable, healthier future where the benefits of benzene are maximized and 

its potential harm is minimized. 
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