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ABSTRACT  

Caffeine (1,3,7-trimethylxanthine) is one of the most commonly consumed dietary 

ingredients in the world. In the present work, extensive quantum chemical 

calculations were carried out on caffeine in gas phase and in different solvents, in 

order to get the insights of its structural, and electronical properties such as (EL-EH) 

energy gap, global chemical reactivity descriptors, dipole moment, Mulliken 

population analysis, and Molecular Electrostatic Potential (MEP). The solvent 

effects have been studied in three different polarity mediums by Using Density 

Functional Theory (DFT) calculations at the B3LYP/6-31++G (d, p) level of theory 

in the combination with the Polarizable Continuum Model (PCM). The whole 

theoretical calculations were achieved via using the Gaussian 09 software. The 

chemical reactivity and stability properties of the investigated molecule was 

evaluated through global chemical reactivity descriptors using Frontier Molecular 

Orbitals (FMOs) energies gap; revealing the stability order of the caffeine as gas 

phase (5.142 eV) > acetone (5.087 eV) > DMSO (5.080 eV) > benzene (5.067 eV). 

In Mulliken Population Analysis (MPA), atomic charge distribution of the caffeine 

compound is studied for better understanding of molecular characteristics. Local 

descriptors such as Fukui Functions (FFs) have been used for determining the active 

site for this compound. The Molecular Electrostatic Potential (MEP) for a compound 

has been determined to check their electrophilic and nucleophilic reactivity sites. The 

thermodynamic parameters were computed in various temperatures and show that 

with rising temperatures all values were increased. 



 

In conclusion, theoretical calculation of quantum chemical parameters has been done 

for the caffeine compound to deeper understanding of the optimized structure and 

electronic properties for physical chemistry and biological physics interest. 

Keywords: Polarizable Continuum Model (PCM) , Frontier Molecular Orbitals 

(FMOs) , Fukui Functions (FFs) , Molecular Electrostatic Potential (MEP) , and 

Caffeine 

  



 

1. Introduction  

Caffeine (1,3,7-trimethylxanthine) is one of the most commonly consumed dietary 

ingredients in the world[1]. It is a naturally occurring plant alkaloid that is consumed in 

common drinks (coffee, tea, soft drinks), in cocoa or chocolate products, and in medications 

[2].  

The physiological effect of caffeine and the lack of nutritional value causes a great interest 

in its health effects [3].  

Emerging research has demonstrated that interindividual differences may impact 

metabolism and sensitivity to caffeine [4]. There is a body of evidence that caffeine improves 

performance through increasing physical endurance, reducing fatigue, and enhancing mental 

alertness. Additionally, caffeine intake has also been recently linked to a number of other 

potential health benefits. Despite all these benefits, the potential adverse effects of high caffeine 

consumption should also be considered, especially in children and pregnant women [5]. 

Computational chemistry is at extreme relevance in the connection between chemistry and 

biology. The chemical structure and the properties of a molecule can be observed as various 

indices of the same underline wave equation or related electron density. So, it is reasonable to 

assume that molecular descriptors could be connected to property, with the amount of the 

correlation depending on the descriptors, and arrangements of molecules, and properties [6-10].  

 This investigation characterizes an attempt to evaluate the chemical reactivity, stability, 

biologically molecular systems and selectivity of the caffeine compound in gas phase and 

solvent phases through the application of the Density Functional Theory (DFT) with (6-31G ++ 

(d, p)). Clarification and calculating the chemical reactivity properties of caffeine is significant 

in their use of Fukui functions, Parr functions, and the Condensed Dual Descriptor to represent 

the caffeine reactivity within the molecular systems in the process for developing new medicine 

required. 

  



 

2. Computational Methods 

 

The molecular structure for the caffeine was optimized by Gaussian view software using 

the Becke, 3-parameter, Lee-Yang-Parr (B3LYP) level of theory, in combination with the 6-

31G++ (d, p) Gaussian basis set utilizing the Gaussian 09 software. 

The molecular characteristics such as electronic properties, Ionization Potential (IP), 

Electron Affinity (EA), EH, EL, energy gap (Eg), absolute hardness (H), softness (S), 

electronegativity (𝜒), chemical potential (𝜇), and electrophilicity (𝜔), Electrodonating Power 

(𝜔−), Electroaccepting Power (𝜔+), electronic charge (𝑄𝑚𝑎𝑥), dipole moment, Molecular 

Electrostatic Potential (MEP), and Mulliken atomic charge distributions of this molecule were 

calculated by Density Function Theory (DFT) with the (B3LYP/6-31++G (d, p)) basis set  in 

gas phase and solvent medium. As well as, the Fukui functions (FF) and thermodynamic 

parameters were computed.  

3. Theoretical Background 

The Density Functional Theory (DFT) is an effective approach for studying the theoretical 

chemical reactivity mechanism of molecules. The eigenvalues of the Highest Occupied 

Molecular Orbital (HOMO) and Lowest Unoccupied Molecular Orbital (LUMO) energy levels 

represent the ionization potential (IP) and Electron Affinity (EA) with a negative sign, 

respectively, according to Koopmans theory. As a result, the IP and EA can be calculated using 

the following relationships [11-15].  

Equation (1) is the fundamental equation for determining various global chemical reactivity 

characteristics of compounds like energy gap (Eg), global hardness (η), global softness (S), 

electronegativity (χ), chemical potential (μ), electrophilicity (𝜔), Electrodonating Power (𝜔−), 

Electroaccepting Power (𝜔+), and maximal amount of electronic charge (𝑄𝑚𝑎𝑥). These values 

are calculated in terms of the frontier's molecular orbital energies (EH and EL), and are obtained 

by the following equations [16-19].  

IP = -EH    and   EA = -EL    (1) 

𝐸𝑔  =  𝐸𝐿 −  𝐸𝐻  (2) 

𝜒 =  
𝐸𝐻 +  𝐸𝐿

2
 

(3) 

𝜇 =  −
(𝐸𝐻 +  𝐸𝐿)

2
 

(4) 



 

The Fukui Functions (FFs)are a popular local reactivity measure for investigating chemical 

reactivity and site selectivity. According to Parr and Yang, the reactive center of active 

medicinal compounds are identified by the greatest value of the Fukui function. The FFs for 

electrophilic, nucleophilic, and radical attack are (𝑓𝑘
−, 𝑓𝑘

+, 𝑎𝑛𝑑    𝑓𝑘
0 ) , respectively [19]. They 

are calculated using the following equations (11-13). 

 

where N + 1, N-1, N and are the total number of present electrons in the anion, cation, and 

neutral states of the molecule. Furthermore, nucleophilic, electrophilic, and radical attacks are 

signified by +, –, and 0. According to a mathematical study, the dual descriptor (∆𝑓(𝑟)) is a more 

accurate tool than the electrophilic and nucleophilic Fukui functions. The dual descriptor is 

defined via this equation (14). 

∆𝑓(𝑟) =  𝑓𝑘
+ −  𝑓𝑘

− (14) 

when ∆𝑓(𝑟) < 0, the process is driven by a nucleophilic attack; on the contrary, 

when, ∆𝑓(𝑟) > 0  the process is driven electrophilic attack [20, 21]. 

Also, electrophilicity indices (𝜔𝑘
+, 𝜔𝑘

−, 𝜔𝑘
0), local softness (𝑆𝑘

+, 𝑆𝑘
−, 𝑆𝑘

0) are also used to 

illustrate the reactivity of atoms in molecule and are provides by these equations (15-16). 

𝜔𝑘
+ =  𝜔 𝑓𝑘

+  ,  𝜔𝑘
− =  𝜔 𝑓𝑘

−  ,  𝜔𝑘
0 =  𝜔 𝑓𝑘

0 (15) 

𝑆𝑘
+ =  𝑆 𝑓𝑘

+  ,  𝑆𝑘
− =  𝑆 𝑓𝑘

−  ,  𝑆𝑘
0 =  𝑆 𝑓𝑘

0 (16) 

  

𝜂 =  
𝐸𝑔

2
       (5) 

𝑆 =  
1

2𝜂
 

(6) 

𝜔 =  µ2  ∗  𝑆 (7) 

 (𝑄𝑚𝑎𝑥)  =  
−𝜇

𝜂
 (8) 

ω+ =  
(𝐸𝐻𝑂𝑀𝑂 + 3𝐸𝐿𝑈𝑀𝑂)2

16 (𝐸𝐿 −  𝐸𝐻 )
 

(9) 

𝜔− =  
(3 𝐸𝐻𝑂𝑀𝑂+ 𝐸𝐿𝑈𝑀𝑂)2

16 (𝐸𝐿 − 𝐸𝐻 )
 

(10) 

𝑓𝑘
+ =  𝑞 (𝑁 + 1) − 𝑞(𝑁) (11) 

𝑓𝑘
− =  𝑞(𝑁) − 𝑞 (𝑁 − 1) (12) 

 𝑓𝑘
0 =  

𝑞(𝑁 +  1) − 𝑞 (𝑁 − 1)

2
 

(13) 



 

4. Results and Discussion  

4.1. Frontier Eenergy Gap (EL- EH) 

The frontier energy gap, EH, and EL energy of caffeine compound in the gas phase and 

solvent phases were determined by Density Functional Theory with the basis set (B3LYP/6-

31++G (d, p)). The Lowest Unoccupied Molecular Orbital (LUMO) prefers to accept electrons, 

whereas Highest Occupied Molecular Orbital (HOMO) prefer to give them.  

The energy gap between HOMO (EH) and LUMO (EL) orbitals measures the chemical 

reactivity and kinetic stability of the title molecule. The highest value of energy gap (EL-EH) 

infer that the molecule is less chemical reactivity and more kinetic stability and vice versa. As 

can be seen in Table 1, caffeine has a lower energy gap in benzene (5.067 eV) than gas phase 

and other solvents. Therefore, the electron transfer from HOMO to LUMO of the molecule in 

Benzene is higher than that in the gas phase and other solvent phases. caffeine has a higher 

bandgap energy in gas phase (5.142 eV) than in the rest of the solvent phases. Thus, the electron 

transfer from HOMO to LUMO of the molecule in gas phase is harder than that in solvent 

phases as shown in Table 1 and Figure 1.  

Table 1. Ionization potential, Electron affinity, HOMO, LUMO, and energy gap of caffeine in the 

gas phase and in solutions 

Parameters  𝐼𝑃

𝑒𝑉
 

𝐸𝐴

𝑒𝑉
 

𝐸𝐻

𝑒𝑉
 

𝐸𝐿

𝑒𝑉
 

𝐸𝑔

𝑒𝑉
 

Gas phase  5.968 0.826 -

5.968 

-

0.826 

5.142 

DMSO 6.326 1.246 -

6.326 

-

1.246 

5.080 

Acetone  6.362 1.275 -

6.362 

-

1.275 

5.087 

Benzene  6.332 1.265 -

6.332 

-

1.265 

5.067 
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Figure 1. Frontier Molecular Orbitals energy in gas phase and in different solvent 
  



 

4.2. Global Reactivity Descriptors  

Energy gap (Eg), absolute hardness (H), softness (S), electronegativity (𝜒), chemical 

potential (𝜇), electrophilicity (𝜔), Electrodonating Power (𝜔−), and Electroaccepting Power 

(𝜔+) are the global chemical reactivity descriptors indicated by Koopman’s theorem. Theses 

parameters are calculated from Highest Occupied Molecular Orbital (EH) and Lowest 

Unoccupied Molecular Orbitals (EL) energy in the gas phase and solvents medium and are given 

in by the equations (2-10)  

The influence of solvents is one of the most important components in these theoretical 

calculations, which reveals that the rate of chemical reaction differs on the polarity. The 

chemical structure of caffeine compound is correlated with changes in the values of global 

chemical reactivity descriptors in the solvent phases.  

The global chemical hardness and softness are basically defined as the resistance to 

deformation or polarization of the electron cloud of atoms or molecules. Hard molecules have 

high energy gaps, whereas soft molecules have small energy gaps. As a result, soft molecules 

are more suited for simple reactions. As seen in Table 1, this molecule in gas phase is harder 

(2.154 eV) than other results, but softer in benzene (0,198 eV-1). 

The electronic chemical potential and the absolute electronegativity are significant 

parameters in the quantum chemical reaction. In addition, the chemical potential represents the 

tendency of electrons to escape from a stable system. The higher the chemical potential, the 

less stable or reactive the molecule. As shown in Table 1, caffeine has a higher chemical (more 

reactive) potential than other findings in benzene. On the other hand, the capacity of atoms or 

molecules to attract electron termed the electronegativity. It can be seen from the data in Table 

2, the order of electronegativity as benzene < gas phase < DMSO < acetone. This molecule in 

gas phase possesses lower electronegativity value (3.397 eV) compared to other results, as a 

result; it is the highest electron donor. 

The electrophilicity (𝜔), Electrodonating Power (𝜔−), and Electroaccepting Power (𝜔+) 

index are used as a chemical structural descriptor for the investigation of the chemical reactivity 

of molecules. More reactive nucleophile has a lower value of (ω), whereas a strong electrophile 

has a high value of (ω). The results, as shown in Table 2, indicate that caffeine in gas phase is 

a more reactive nucleophile. A higher Electroaccepting Power (ω+) value is connected with a 

greater ability to accept change. A lower Electrodonating Power (ω−)  value, in contrast, 



 

signifies that the system is improving as an electron donor. caffeine molecule has a greater (ω+) 

in acetone, but a lower (ω−)  in gas phase, according to the findings in Table 2. 

The most quantity of electronic charge (𝑄𝑚𝑎𝑥) describes the system's propensity to get an 

extra electronic charge. The (𝑄𝑚𝑎𝑥)  shows that the title molecule in acetone is more likely than 

the other findings to receive extra electronic charge as displayed in Table 2. 

 

Table 2. Molecular properties of caffeine compound in gas phase and different solvent 

Parameters η

𝑒𝑉
 

𝑆

𝑒𝑉−1
 

𝜒

𝑒𝑉
 

𝜇

𝑒𝑉
 

𝜔

𝑒𝑉
 

ω+

𝑒𝑉
 

ω+

𝑒𝑉
 

𝑄𝑚𝑎𝑥 

Gas phase 2.571 0.185 3.397 -3.397 2.245 0.867 4.264 1.321 

DMSO 2.540 0.196 3.786 -3.786 2.824 1.246 5.032 1.337 

Acetone 2.544 0.197 3.819 -3.819 2.873 1.275 5.094 1.501 

Benzene 2.534 0.198 3.799 -3.799 2.858 1.265 5.064 1.499 

 

4.3. Dipole Moment 

The polarity of molecules refers to the distribution of partial electric charge in molecules. 

Moreover, the polarity and reactivity of molecules indication both provided by the dipole 

moment. Additionally, total dipole moment is an essential descriptor in reaction mechanism 

and expresses the capability of the molecule to interact with its surroundings [10, 22-24]. 

As presented in Table 3, the results showed that the studied compound have a dipole 

moment of 5.312 Debye (DMSO), 5.253 Debye (Acetone), 4.707 Debye (benzene), and 3.828 

Debye (gas phase), indicates high reactivity to interact with surrounding environment. 

The computed outcomes reveal that caffeine has the highest value of dipole moment in 

DMSO with respect to other results 

Table 2. Effects of solvent polarity on the value of dipole moment of caffeine 

Dipole moment 

(Debye) 

Gas phase DMSO  Acetone Benzene 

X -3.746 -5.165 -5.109 -4.588 

Y 0.786 1.239 1.220 1.053 

Z 0.013 -0.001 -0.000 -0.001 

Total  3.828 5.312 5.253 4.707 

 



 

4.4. Mulliken Population Analysis (MPA) 

 The Mulliken Population Analysis (MPA) has vital role in the application of the molecular 

system for quantum chemical computation. In addition, the Mulliken population analysis 

produced the values of atomic charge [25-27].  Mulliken Population Analysis was carried out 

for caffeine molecule by using the Density Functional Theory (DFT) calculation technique with 

a 6- 31++G (d, p) basis set. The charge variations are most likely caused by the polarity of the 

solvents. The Mulliken atomic charges of caffeine in gas phase and solvent phases are tabulated 

in Table 5. All the hydrogen atoms have a net positive charge. The charge on the carbon atom 

(2C) is higher than on other carbon atoms, because it is linked to electronegative (3N, 11N, and 

1O) atoms. Also, entire nitrogen and oxygen atoms (1 O, 14 O, 3 N, 7 N, 10 N, 11 N, and 1 O) 

are the most negatively charged ones, indicating that these centres have the highest electron 

density and can easily interact with the positively charged part of the receptor. 
 

Table 3: Mulliken atomic charges distribution on caffeine in the gas phase and different types of 

solvents 

Atoms  
Atomic charges 

Gas phase DMSO Acetone  Benzene 

1 O -0.527 -0.596 -0.595 -0.554 

2 C 0.787 0.633 0.632 0.595 

3 N -0.607 -0.240 -0.239 -0.256 

4 C -0.177 -0.229 -0.229 -0.226 

5 C 0.477 -0.069 -0.070 -0.089 

6 C 0.219 -0.084 -0.084 -0.055 

7 N -0.512 -0.215 -0.216 -0.237 

8 C -0.174 -0.307 -0.306 -0.303 

9 C 0.284 0.307 0.306 0.299 

10 N -0.522 -0.425 -0.424 -0.381 

11 N -0.591 -0.303 -0.303 -0.316 

12 C -0.170 -0.235 -0.235 -0.229 

13 C 0.636 0.461 0.460 0.431 

14 O -0.542 -0.608 -0.607 -0.572 

15 H 0.141 0.193 0.192 0.191 

16 H 0.151 0.184 0.183 0.187 

17 H 0.141 0.193 0.193 0.191 

18 H 0.122 0.165 0.163 0.153 

19 H 0.161 0.201 0.201 0.203 

20 H 0.156 0.201 0.200 0.203 

21 H 0.126 0.206 0.204 0.190 

22 H 0.136 0.192 0.191 0.191 

23 H 0.151 0.186 0.185 0.193 

24 H 0.136 0.192 0.191 0.191 



 

4.5. Calculation of Local reactivity descriptors  

Fukui Functions (FFs), electrophilicity indices, and local softness for a number of atomic 

regions in the caffeine molecule are presented in Table 5 and Table 6.  

The dual descriptor for nucleophilic attack in the following order 3 N> 6 C > 1 C. On the 

other hand, the negative dual descriptor for electrophilic attack is 13 C > 9 C > 5C as shown in 

Table 5. 

As can be seen in Table 6, the highest values of local electrophilic reactivity descriptors 

(𝜔𝑘
+, 𝑆𝑘

+) at atoms (21 H and 1 O) indicate that these sites are likely to nucleophilic attack. 

Similarly, the greatest values of the nucleophilic reactivity descriptors ( 𝑆𝑘
−, 𝜔𝑘

− ) at atoms (13 

C and 14 O) indicate that these sites are more susceptible to electrophilic attack.  

Table 4. Theoretical calculation ofFukui functions for caffeine compound 

Atoms q(N) q(N-1) q(N+1)    fr 

1 O -0.527 -0.592 -0.416 0.111 0.065 0.088 0.046 

2 C 0.787 0.754 0.825 0.038 0.033 0.036 0.005 

3 N -0.607 -0.6 -0.554 0.053 -0.007 0.023 0.06 

4 C -0.177 -0.154 -0.212 -0.035 -0.023 -0.029 -0.012 

5 C 0.477 0.385 0.531 0.054 0.092 0.073 -0.038 

6 C 0.219 0.201 0.308 0.089 0.018 0.053 0.07 

7 N -0.512 -0.519 -0.51 0.002 0.007 0.005 -0.005 

8 C -0.174 -0.14 -0.204 -0.03 -0.034 -0.032 0.005 

9 C 0.284 0.176 0.349 0.065 0.108 0.086 -0.043 

10 N -0.522 -0.564 -0.472 0.05 0.042 0.046 0.008 

11 N -0.591 -0.58 -0.6 -0.009 -0.011 -0.01 0.002 

12 C -0.17 -0.145 -0.194 -0.024 -0.025 -0.024 0.002 

13 C 0.636 0.504 0.686 0.05 0.132 0.091 -0.083 

14 O -0.542 -0.652 -0.445 0.097 0.11 0.104 -0.012 

15 H 0.141 0.097 0.202 0.061 0.044 0.052 0.017 

16 H 0.151 0.127 0.195 0.044 0.024 0.034 0.019 

17 H 0.141 0.097 0.202 0.061 0.044 0.052 0.017 

18 H 0.122 0.068 0.171 0.049 0.054 0.051 -0.005 

19 H 0.161 0.117 0.2 0.039 0.044 0.042 -0.005 

20 H 0.156 0.107 0.199 0.043 0.049 0.046 -0.007 

21 H 0.126 0.021 0.207 0.081 0.105 0.093 -0.025 

22 H 0.136 0.086 0.175 0.039 0.05 0.045 -0.011 

23 H 0.151 0.122 0.183 0.032 0.029 0.031 0.002 

24 H 0.136 0.086 0.175 0.039 0.05 0.045 -0.011 

  



 

Table 5. Local softness and electrophilicity indices of the caffeine molecule. 

Atoms 𝑆𝑘
+ 𝑆𝑘

− 𝑆𝑘
0 𝜔𝑘

+ 𝜔𝑘
− 𝜔𝑘

0 

1 O 0.021 0.012 0.016 0.238 0.139 0.188 

2 C 0.007 0.006 0.007 0.082 0.072 0.077 

3 N 0.010 -0.001 0.004 0.113 -0.015 0.049 

4 C -0.006 -0.004 -0.005 -0.075 -0.049 -0.062 

5 C 0.010 0.017 0.013 0.115 0.197 0.156 

6 C 0.016 0.003 0.010 0.189 0.039 0.114 

7 N 0.000 0.001 0.001 0.005 0.015 0.010 

8 C -0.005 -0.006 -0.006 -0.063 -0.073 -0.068 

9 C 0.012 0.020 0.016 0.138 0.230 0.184 

10 N 0.009 0.008 0.008 0.106 0.089 0.097 

11 N -0.002 -0.002 -0.002 -0.020 -0.024 -0.022 

12 C -0.004 -0.005 -0.005 -0.050 -0.054 -0.052 

13 C 0.009 0.024 0.017 0.106 0.282 0.194 

14 O 0.018 0.020 0.019 0.208 0.234 0.221 

15 H 0.011 0.008 0.010 0.130 0.094 0.112 

16 H 0.008 0.004 0.006 0.093 0.052 0.073 

17 H 0.011 0.008 0.010 0.130 0.094 0.112 

18 H 0.009 0.010 0.009 0.104 0.115 0.110 

19 H 0.007 0.008 0.008 0.083 0.094 0.089 

20 H 0.008 0.009 0.009 0.091 0.105 0.098 

21 H 0.015 0.019 0.017 0.172 0.225 0.198 

22 H 0.007 0.009 0.008 0.084 0.107 0.096 

23 H 0.006 0.005 0.006 0.068 0.063 0.065 

24 H 0.007 0.009 0.008 0.084 0.108 0.096 

4.6. Molecular Electrostatic Potential (MEP) Map 

In this investigation, the three-dimensional (3D) plots of the Molecular Electrostatic 

Potential (MEP) for caffeine molecule in gas phase and solvent medium by using DFT at the 

B3LYP/6–31++G (d, p) level are displayed in Figure 2. As well as, MEP is generally seen by 

mapping its values to the surface that reflects the boundaries of the molecules. Moreover, the 

MEP shows the net electrostatic influence and corresponds with chemical reactivity, partial 

charges of molecules, and dipole moments. Furthermore, the different molecular electrostatic 

potential levels are shown by different colours.  Blue, red, and green colours signify sites of the 

greatest electro positive, greatest electro negative, and zero potential, respectively[8, 20, 28, 

29]. In fact, it is obvious that in the caffeine compound, all oxygen and nitrogen atoms (red 

area) in gas phase and in solutions react with electrophilic regions, whereas, all hydrogens 

atoms (blue area) react with nucleophilic regions. 
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Figure 2. Molecular Electrostatic Potential (MEP) map of caffeine in gas phase and in 

various solvents 

 



 

4.7. Thermodynamical Parameters  

The significant thermodynamic parameters for caffeine molecule such as thermal energy 

(E), entropy (S), and molar heat capacity (Cv) was estimated by DFT with the 6-31++G (d, p) 

basis set in various temperatures (298.15-750 K). Also, Thermodynamic data derived from 

theoretical approaches is significant for comprehending chemical processes[30-32]. The 

thermodynamic parameters are tabulated in Table 7 and illustrated inFigure 2. It was observed 

that, as seen in Figure 3, entropy, molar heat capacity, and enthalpy increase as temperature 

rises. The results show that this molecule has high thermal and chemical stability. 

Table 6. Thermodynamic properties of caffeine with temperatures  

Temperature 

(T) 

Kelvin 

E (Thermal) 

Kcal/Mol 

Molar heat capacity 

(CV) 

Cal/Mol-Kelvin 

Entropy 

(S) 

Cal/Mol-

Kelvin 

298.15 126.293 47.201 112.449 

350 129.423 53.555 123.693 

450 135.372 65.217 139.081 

550 142.414 75.338 153.577 

650 150.384 83.794 167.204 

750 159.125   90.814 179.985 
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Figure 3. thermodynamic parameters of caffeine with temperatures 

  



 

5. Conclusion 

In the present study, the solvent influences on (EL-EH) energy gap, global chemical 

reactivity parameters, dipole moment, Mulliken Population Analysis (MPA) were investigated 

and interpreted via using Gaussian 09 program with the (B3LYP/6-31++G (d, p)) basis sets.  

The energy gap calculations showed that electron transport from HOMO to LUMO is 

difficult in the gas phase than in the rest of solvent phases. 

The global softness (S), electronegativity (χ), chemical potential (μ), electrophilicity (𝜔), 

Electrodonating Power (𝜔−), Electroaccepting Power (𝜔+), and maximal amount of electronic 

charge (𝑄𝑚𝑎𝑥) have a higher value in solvent medium than gas phase, despite the fact that 

hardness is lower in the solvent medium. 

The caffeine molecule has a higher dipole moment in solvent phases compared to gas phase. 

The reactive sites are expected by using Mulliken Population Analysis (MPA) for 

nucleophilic and electrophilic. 

The Fukui Function (FFs) is useful for determining the nucleophilic and electrophilic 

properties of a given area inside a molecule. 

Thermodynamic properties such as thermal energy and molar heat capacity increase as the 

temperature increase. These thermodynamical properties provide a significant information for 

the future study on caffeine compound. 

The molecular descriptors used to quantify the chemical reactivity and bioactivity of 

caffeine, and this reveals some correlation between bioactivity (reactive sites) with estimated 

global chemical reactivity decriptors. The kinetic reactions of these solvents with this 

compounds could be studied expermentally.    
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