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Abstract Article Info. 

The study focused on the thermodynamics characteristics such as (Gibbs 

free energy, heat capacity, entropy and enthalpy) and spectroscopic properties like 

(IR spectra, reduced masses, and force constant) of coronene (C24) and reduced 

coronene oxide (C24OX) where X =1–5 as a function of number of oxygen atoms 

and temperature from (298-398) 
o
K. Density functional theory was used in the 

methodology with the basis sets 6-311G** and the hybrid functional B3LYP 

(Becke, 3-parameters, Lee-Yang-Parr), utilizing the Gaussian 09W program. 

Gaussian view 05 was used as a complementary program to calculate the 

geometrical structures. The Gibbs free energy and enthalpy decrease (negative 

sign) with increased oxygen atoms and temperature, indicating an exergonic 

reaction. The entropy and heat capacity increased with the number of oxygen 

atoms and temperature. The spectroscopic characteristics were compared with 

experimental results, particularly the longitudinal optical modes of vibration for 

graphene and graphene oxide (1585 - 1582) cm
-1

, which were in good agreement. 
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1. Introduction 
Graphite is a crystalline form of carbon where the atoms are set up in a hexagonal 

configuration. It is more stable than diamond at atmospheric temperature and pressure 

[1, 2]. Graphite is a three-dimensional material consisting of millions of graphene layers 

[3]. It has excellent lubricating properties due to weak secondary Van der Waals bonds 

between the graphite layers, leading to easy interplanar cleavage [4, 5]. Graphene is a 

carbon material with two dimensions [6, 7]. Graphene highly unusual physical 

characteristics have attracted attention because of its 2D honeycomb grid-shaped of just 

one layer of atoms of sp
2
-bonded carbon atoms [8-10]. In 2004, two researchers at the 

University of Manchester, Professor Andre Geim and Professor Kostya Novoselov, 

isolated graphene from bulk graphite [11]. It is the basic building block for all graphitic 

forms 0D fullerenes, 1D nanotubes and 3D graphite are all derived from 2D graphene 

[12, 13]. The structure of Graphene can be addressed by transforming it into unique 

forms, such as nanoribbons and quantum dots (QDs), depending on their suitability [14-

16]. Graphene, possessing an exceptional two-dimensional carbon structure, was 

considered a material with promise for gas sensing [17-19] because of its intriguing 

electrical, mechanical, and thermal characteristics in addition to its sizable specific 

surface areas. Lately, graphene has been employed as a promising building block to 

create graphene-based noble metal nanostructures [20]. Graphene oxide (GO) is a 

derivative of graphene that has been oxygenated. It can readily be exfoliated and 

dispersed in a variety of solvents, including water, and it has ample oxygen functional 

groups [21, 22]. Coronene (C24H12), which is composed of seven peri-fused benzene 

rings, is a unique polyaromatic hydrocarbon (PAH) molecule, also referred to as 

superbenzene and cyclobenzene [23-26]. It is naturally present in sedimentary rock and 
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can also be detected during the hydrocracking process in petroleum refining [27]. 

Graphene is often represented by Coronene C24H12 [28-30]. But to replicate the 

actual presence of oxygen in the air rather than the uncommon hydrogen, oxygen 

(C24O-C24O5) instead of hydrogen is used. The resulting substance is a p-type 

semiconductor known as reduced coronene oxide [31, 32]. The electronic, 

optoelectronic, linear and nonlinear optical thermodynamic properties and UV–

Vis spectrum of coronene and coronene substituted with chlorine using Time-

Dependent Density-Functional Theory (TDDFT) were investigated [33]. 

Coronene, through Density Functional Theory (DFT) at the B3LYP (Becke, 3-

parameters, Lee-Yang-Parr) functional with a 6-31G(d) basis set, was also 

investigated to study the effects of substituting carbon atoms with B, N, and O on 

the electronic structure, linear and nonlinear optical properties [34]. In our 

previous study, the electronic and spectroscopic properties of C24, C24O5 and 

their interaction with NO2 gas molecules using DFT with Gaussian 09W software 

program were investigated [35]. In the present work, the effect of temperature 

and the number of oxygen atoms on the geometric, spectroscopic and 

thermodynamics characteristics of coronene (C24) and reduced coronene oxide 

(C24OX), where x=1-5, was studied, which is a very important nanostructure in 

optoelectronics devices. 
 

2. Methodology 
The DFT is the most dependable theory for comprehending the characteristics and 

structure of molecules and nanostructures. DFT has gained a reputation because of its 

strong match to experimental data. Among the most often used DFT methods is B3LYP 

[36-41]. It was discovered that B3LYP was better than other functional, which 

encouraged its utilization. Energy from exchange-correlation sources is combined with 

HF exchange in the hybrid functional B3LYP [42]. For light atoms such as C and O, 6-

311G** basic states were adopted in this investigation [43, 44]. Scaling factors with a 

value of 0.967 were employed to account for the frequency of vibration [45, 46]. The 

geometric analysis was carried out using Gaussian View 05 software, while the 

computations were carried out using Gaussian 09W software [47, 48], as illustrated in 

Fig. 1. 

Figure 1: Geometrical optimization of (a) Coronene C24 and (b, c, d) reduced Coronene oxide 

(C24O, C24O3, C24O5). 

 

(a) C24 (b) C24O 

(c) C24O3 (d) C24O5 
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3. Results and Discussion 
3.1. Thermodynamics Characteristics   

Figs. 2 and 3 and Table 1 illustrate the variation of Gibbs free energy, enthalpy, 

entropy and heat capacity with the number of oxygen atoms at room temperature 

(298
o
K). Figs. 4 and 5 and Table 2 show the thermodynamic properties of coronene C24 

and reduced coronene oxide C24O-C24O5 as a function of temperature between (298-

398) 
o
K. It was found that with increasing oxygen atoms, Gibbs free energy and 

enthalpy decreased in negative sign due to the increase in the size of the system and the 

increased interactions between the atoms. Increasing the temperature, Gibbs free energy 

change (∆𝐆) decreased according to Eq. 1, this behaviour is an exergonic reaction. 

Entropy and heat capacity increased with the increased number of oxygen atoms and 

temperature; this leads to increased disorder in the system with high temperature of the 

material, as shown in the following Eqs. 1 and 2 [49, 50]: 

∆G = ∆H − ∆S . T                                                                                                                         (𝟏) 

where: 

ΔH: Change in the enthalpy.  

ΔS: Change in the entropy.  

T: Temperature. 

C =
Q

m . ∆T
                                                                                                                                     (𝟐) 

where: C is the heat capacity (J/(kg·K), Q is the amount of heat (in joules), m is the 

mass of the sample, and ΔT is the change between the starting and end temperatures. 

Figure 2: The thermodynamic properties of reduced Coronene oxide (C24O-C24O5) compared 

with Coronene (C24) for (a) Gibbs free energy and (b) enthalpy as a function of oxygen atoms. 
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Figure 3: The thermodynamic properties of reduced Coronene oxide (C24O-C24O5) compared 

with Coronene (C24) for (a) entropy and (b) heat capacity as a function of oxygen atoms. 

 

Figure 4: The thermodynamic properties of reduced Coronene oxide (C24O5) for (a) Gibbs 

free energy and (b) enthalpy as a function of temperatures. 
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Figure 5: The thermodynamic properties of reduced Coronene oxide (C24O5) for  

(a) entropy and (b) heat capacity as a function of temperatures. 

 

Table 1: the thermodynamic properties of C24 and C24O-C24O5. 

Thermodynamics 

properties 
C24 C24O C24O2 C24O3 C24O4 C24O5 

∆G (a.u) -913.97 -989.20 -1064.41 -1139.62 -1214.85 -1290.07 

∆H (a.u) -913.92 -989.14 -1064.35 -1139.55 -1214.79 -1290 

∆S (Cal/Mol-K) 117.25 122.91 127.76 133.57 138.86 143.20 

CV (Cal/Mol-K) 61.92 65.25 68.74 72.74 76.20 79.19 

 

Table 2: The thermodynamic properties of C24O5 at different temperature from (298-398) ⁰K. 
Thermodynamics 

properties 
298 ⁰K 323 ⁰K 348 ⁰K 373 ⁰K 398 ⁰K 

∆G (a.u) -1290.070 -1290.076 -1290.082 -1290.089 -1290.095 

∆H (a.u) -1290.002 -1289.999 -1289.996 -1289.992 -1289.988 

∆S (Cal/Mol-K) 143.20 149.90 156.50 162.97 169.30 

CV (Cal/Mol-K) 79.19 84.22 88.98 93.46 97.65 

 

3.2. Spectroscopic Properties  

It can be noted from Fig. 6 and Table 3 that when the temperature was increased 

between 298 and 398 ⁰K, the number of excited atoms increased according to Maxwell 

Boltzmann distribution, therefore the intensity of the IR spectra of the reduced coronene 

oxide (C24O5) increased accordingly. Fig. 7 exhibits the force constant and the reduced 

mass of the reduced coronene oxide (C24O5) as a function of frequency. Comparison 

with experimental data of Longitudinal Optical (LO) modes of vibration for graphene 

oxide 1582 cm
-1

 is included in the figures [51, 52]. The force constant as a function of 

frequency was represented by a parabola shape, while the reduced mass decreased with 

the increase of frequency according to Eq. 3 [53]: 

 =
 

  
√
 

 
                                                                                                                                     (𝟑) 
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Figure 6: IR spectra for reduced Coronene oxide C24O5 as a function of frequency at (a) 298 

⁰K and (b) 398 ⁰K compared with experimental value of graphene oxide. 

 

Figure 7: (a) Force constant and (b) Reduce mass for reduced coronene oxide C24O5 as a 

function of frequency compared with the experimental value of graphene oxide. 
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Table 3: The IR intensity and frequencies values of C24O5 at different temperature (298 and 

398) ⁰K. 

 

 

 

 

 

 

4. Conclusions 
This work presented a theoretical study of coronene molecule C24 and reduced 

coronene oxide (C24O-C24O5) using density functional theory with basis set 6-311G** 

and the hybrid functional (B3LYP). To calculate the thermodynamics properties, it was 

observed that Gibbs free energy decreased (in the negative sign) with the increase of 

temperature and number of oxygen atoms; this allows the conclusion that the material is 

exergonic. The spectroscopic properties of C24O5 were studied, and the intensity of IR 

absorption spectra of C24O5 increased with the increased temperature because there 

were more excited atoms. When the frequency of C24O5 increased, the reduced mass 

decreased while the force constant increased. These results were compared with 

experimental longitudinal optical modes of vibrations. 
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 باستخذام كذالة لأعذاد الاوكسجين والحرارةللكورونين  الطيفيةو الحرارية دراسة الخصائص

  نظرية دالية الكثافة

 

طيف طالب خلف
1
محمد تقي حسينو 

1 

 قغى انفيضياء، كهيح انعهىو، جايعح تغذاد، تغذاد، انعشاق 1

 

 الخلاصة
 تالإضافح ، انغعح انحشاسيح، الإنرشوتي والإنثانثي(انحشج سكضخ انذساعح عهى انخصائص انحشاسيح يثم )طاقح جيثظ ،انثحثفي هزا 

وانكىسونين اوكغايذ  C24نهكىسونين  انكرهح انًخرضنح وثاتد انقىج( ،اطياف الاشعح ذحد انحًشاء انى انخصائص انطيفيح انًرضًنح )

 (398-298).رساخ الاوكغجين ودسجح انحشاسج ين  كذانح نعذد X=1–5حيث   C24OX انًخرضل
o
K  ذغرخذو انًنهجيح انحانيح نظشيح

 **311G-6ويجًىعح الاعاط  B3LYP (Becke, 3-parameters, Lee-Yang-Parr)انهجينح يع انذانح  DFTدانيح انكثافح 

ذرناقص طاقح جيثظ  Gaussian view 05.ذكًيهي . ذى حغاب انرشاكية انهنذعيح تأعرخذاو تشنايج Gaussian 09Wتأعرخذاو تشنايج 

يع صيادج عذد رساخ الاوكغجين ودسجح انحشاسج يًا يذل عهى وجىد ذفاعم تاعث نهطاقح، تينًا يضداد انحشج والانثانثي )في اشاسج عانثح( 

ذًد يقاسنح انخصائص انطيفيح يع اننرائج انعًهيح وذحذيذا  وكغجين ودسجح انحشاسج.الإنرشوتي وانغعح انحشاسيح يع صيادج عذد رساخ الا

cm (1582 - 1585)الانًاط انثصشيح انطىنيح نلاهرضاص نهكشافين وانكشافين اوكغايذ 
     .كاند يرطاتقح تشكم جيذ وانري 1-

 

 .DFT وانطيفيح، انكىسونين، انكىسونين اوكغايذ، انخصائص انحشاسيح، الكلمات المفتاحية:

 


