
International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2020): 7.803 

Volume 10 Issue 9, September 2021 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

Mechanisms of Benzene 
 

Saranga Varma
1
, Gauri Sharma

2
 

 

 

Abstract: Nitrobenzene is formed when benzene interacts with nitric and sulfuric acids. In this case, the reaction involves an 

electrophilic aromatic substitution. Nitrating benzene substitutes for one hydrogen atom is impactful on the mechanism. Sodium ions 

are formed when nitric acid interacts with sulfuric acid. Benzene - ring delocalized electrons resist chlorine - chlorine bonds when the 

chlorine molecule is approaching the benzene ring, which is a ring of carbon. The chlorine molecule's electrophone is the slightly 

positive end.  
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1. Introduction  
 

For these electrophonic substitution reactions, a two - step 

mechanism has been proposed. A sigma bond is formed 

between the benzene and the electrophone in the first step, 

which determines the pace of the reaction. An additional 

proton is removed from this intermediate in the second, 

faster step, resulting in the formation of a substituted 

benzene ring This bromination reaction process is illustrated 

in the following four - part picture. Carbocation 

intermediates are involved in additional processes of 

electrophilic aromatic substitution, which should be 

examined in conjunction with this mechanism. For example, 

alkyl halide SN1/E1 and Bronsted acid addition reactions are 

examples. A good example for each mode is the SN1 and E1 

reactions. In addition, when an initially unstable carbocation 

is produced, any of these processes may undergo molecular 

rearrangement.  

 

 

 

Topic: Mechanisms of Benzene (“Reaction mechanisms of 

C (3 PJ) and C+ (2 PJ) with benzene in the interstellar 

medium from quantum mechanical molecular dynamics 

simulations. ”) Review  

 

Crossed molecular beam simulation  

Under single collision circumstances, whenever C+ (2 PJ) 

and C (3 PJ) collided with benzene, their collision energies 

were 2, 7, and 12, respectively. A realisation and collision 

stage is required. The standard ensemble of benzene 

molecules is thermalized for one second at 300 K. (0.25 fs 

time step). Benzene bromination is an electrophilic aromatic 

substitution example. When bromine reacts with benzene, it 

produces an intermediate. It is then necessary to remove a 

proton from the intermediate in order to produce a 

substituted benzene ringWith the temperature damping 

constant set at 25 seconds, a Nosé - Hoover chain thermostat 

was employed. In the collision stage that followed, 

simulations were run in the microcanonical ensemble for 2 

ps at 0.25 fs time increments. . At every 100 steps, the 

system's atomic speeds were recorded.  

 
Figure 1: Crossed molecular beam simulation 

(Source: Izadi et al.2021) 
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To obtain statistically diverse beginning configurations and 

atomic speeds for the benzene molecule, initial 

circumstances for each collision energy, 10 states were 

picked from the 3100th to the 4000th step. Using a hybrid 

DFT theory, there are just a few repetitions of each 

condition, which is expensive to use (Izadi et al.2021). A 

doubled number of simulations have little effect on observed 

processes of the supplementary material. The thermalization 

step only affects the benzene molecule's internal degrees of 

freedom; the values are always used for benzene molecule 

and carbon atom/related ion velocity.  

 

Simulations based on the QMMD model  

Born - Oppenheimer QMMD simulations implemented in 

the CP2K software package, including explicit handling of 

the valence electrons are important. GPW pseudopotentials 

were used to characterize using the triple basis set to expand 

Kohn - Sham valence orbitals. It was necessary to increase 

the electron density by 400 Ry using an extra plane - wave 

basis set. To avoid border artifacts, a periodic simulation cell 

was employed. To accurately define the thermochemistry, 

which is crucial to energy - saving models (Elliott et 

al.2020) ? PBE0 with 25% Hartree - Fock exchange (HF) 

and Grimme's D3 dispersion correction (in the Becke - 

Johnson damping form) were employed as hybrid DFT 

functionals in this study. Due to its low thermochemical 

errors compared to its parent GGA functional PBE, PBE0 - 

D3 (BJ) is one of the most transferrable DFT methods, 

according to a recent study. Consequently, the method - 

induced bias created by this particular choice of functional 

should be minimized.  

 

2. Discussion  
 

C (3 Pj) + C6H6 reaction  

 

 

 

 
Figure 2: C (3 Pj) + C6H6 reaction 

(Source: Cavallotti etal.2020) 

 

Two - second simulation of C (3 PJ) colliding with C6H6 in 

the CMB (Cavallotti et al.2020 C3PJ+C6H6 is claimed to 

have a triplet mechanism for most reactions. The energies 

were computed using the PBE0 - D3 (BJ) /ague cc - puts 

level of theory, and ZPVE modifications were also applied. 

When compared to the literature, edge out - of - plane 

impacts likewise show no discernible selectivity. After 

coming into touch with C (3 PJ), Bruce et al. (2010) report 

repulsion or attraction. Repulsion arises between an 

approaching H atom and its carbon counterpart, benzene 

rotates, and a second (potentially reactive) hit occurs. C7H6 

products 9 in edge - plane orientation were produced by this 

method in particular. For all face orientations, C (3 PJ) has a 

repellent interaction when it approaches the benzene COM. 

It is in these circumstances that carbon will shift direction 

and enter into the benzene has a C - C bond or a COOH.  
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Reaction scheme of C (3PJ) + C6H6 system  

It has been shown that barrier less carbon addition to 

benzene's - the system can occur in reaction network C (3 

PJ) + C6H6, leading to an intermediate P1 that is poorly 

stabilized (акланов and аpкер, 2020). It isomerizes to P6 at 

TS6 by passing over a barrier as low as 0.66 kcal/mol. It has 

been documented in the literature before that R P1 TS6 P6 is 

a low - barrier path. Furthermore, researchers discovered 

two new low - barrier routes that were not previously 

known. To begin with, the generation TS5 is the most 

feasible route to the C6H5 - C - H structure, but the putative 

intermediate P1 was not clearly identified (Fernandes et 

al.2017). There is a movie in the accompanying information 

that describes the dynamics of this route. P2 isomerizes to 

P4 or P6 in a few situations, especially when collision 

energy is significant.  

 

3. Conclusion  
 

Cyclic polymerization converts ethyne to benzene. A red - 

hot iron tube is used to transmit Ethyne through in this 

process, which takes place at 873 K. It is subsequently 

converted to benzene by cyclic polymerization of the ethyne 

molecular unit. As a complement to the dynamic 

simulations, static electronic structure calculations were 

performed to establish a precise reaction network and to 

clarify reaction processes. This technique can properly 

replicate C (3 PJ) + C6H6 CMB, as shown by a comparison 

of the results with the existing article review. In reality, the 

same products as previously described were seen. According 

to the results, the reaction schemes not only match those in 

the literature, but also point to unique pathways that are less 

probable to be identified by testing.  
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