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 In this work, two organic materials as dyes, namely, methylene blue (MB) and methyl red (MR), 
have been proposed to play the role of the electron donor in organic photovoltaic (OPV) cells. 
We use the PCBM as a well-known electron acceptor. The density functional theory (DFT) 
method has been used to determine the electrostatic potential and the frontier molecular orbitals 
(FMO), of the methylene blue (MB) and the methyl red (MR) compounds. Nonlinear optical 
(NLO) descriptors have been determined for the two compounds. The potential energy surface 
analysis has been performed by the DFT method using the exchange and correlation of Becke, 
Lee, Yang, and Parr Gradient Corrected Functional (B3LYP) with the standard 6-31G(d) base. 
We have performed another theoretical study using quantum time-dependent density functional 
theory (TD-DFT) on both MB and MR as organic dyes to determine their UV-Vis spectra. The 
results of the energy gap, chemical hardness, dipole moment, and hyperpolarizability show that 
MB may be chemically more reactive Than MR. The present work has proposed a bilayer organic 
photovoltaic (OPV) cell to contribute to the valorization of the two dyes as solar materials. The 
developed photovoltaic cell project has used electrical and energetic parameters that can describe 
the OPV cell based on ([MB or MR]: PCBM). Open-circuit voltage (Voc), excitation energy, 
and oscillator strength have been theoretically determined. The results of the present work 
showed a remarkably high open circuit voltage, especially in the case of methyl red (1.55 V) 
more than in the case of the methylene blue (0.84 V) so that both of the two dyes can be a good 
candidate for organic solar cells. 
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1. Introduction  
 

 
      Solar energy is the safest, most reliable, and cleanest natural energy by far. As a renewable energy it is obtained from 
the use of electromagnetic radiation from the Sun. Man has used the solar radiation that reaches the Earth since ancient 
times, thanks to different technologies that have evolved, and Photovoltaic (PV) power generation is one of the most 
essential ways of utilizing solar energy in the world. In the face of the crisis on global energy and the environment today, 
PV power generation has apparent advantages in resource sustainability and environmental friendliness.1 The Photovoltaic 
industry has been explosively developed based on the combination of semiconductor technology and new energy 
requirements, and has been taken as an important development direction of China's strategic emerging industries.2 Silicon 
solar panels are currently the most popular; but this technology presents a very high cost. Organic photovoltaic materials 
can be an alternative solution, since the manufacturing of these compounds are much less expensive and does not require a 
higher initial investment.3,4 In addition, organic devices can be elaborated on flexible or semi-transparent substrates and can 
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benefit from new applications, such as solar textiles that wrap for easy transport, solar tinted windows.5,6 Scharber and al. 
have proposed a semi-empirical model in 2006 to explain the operation of the organic devices and provide an efficiency 
maximum of 11% based on this model.7 The so-called ab-initio calculations methods, that have been used in this model to 
solve Schrödinger equation, are not based on experimental data. In fact, an interesting technique to resolve the Schrödinger 
equation is the density functional theory.8 

       Organic semiconductors have become very interesting to both theoreticians and experimentalists in recent years, thanks 
to their excellent optical and electronic properties.9 These materials can be used for producing such diverse devices as 
photovoltaic cells, field effect transistors, and light emitting diodes.10,11–13 Most research of new conjugated molecules with 
specific applications has been one of the attractive topics in the fields of physical and chemical materials.14–16 A necessary 
understanding of the relationship between structure and properties of these materials is desired to exploit their properties 
for photovoltaic cells. It is well known that organic photovoltaic (OPV) cells have recently provided considerable attention, 
thanks to the inexpensive manufacturing and wide variety of functionalities of organic materials.17–19 Their characteristics 
of implementation could ensure new applications such as to allow the development of mobile technologies like those applied 
in the cases of telephones and computers. The performance of organic cells is dependent essentially on the active layer made 
of organic materials between the electrodes. Over the past two decades, two types of organic solar cells have been 
remarkably studied: The monolayer OPVs that present a single layer and bilayers ones that are constituted by a stack 
containing two organic layers. The conduction of these materials is ensured thanks to the presence of the system of π 
electrons as delocalized electrons over the compound. This endows original properties to the conjugated systems compared 
to the saturated ones. 

       The main objective of this work is to carry out a quantum study of methylene blue (MB) and methyl red (MR) dyes 
(Fig. 1) in the fields of physical and chemical materials in order to exploit their properties for photovoltaic cells. Methylene 
blue is a phenothiazine-related heterocyclic aromatic compound (C16H18N3SCl). It is a solid, odorless, dark green powder 
at room temperature that yields a blue solution when it is dissolved in water.20,21 Methylene blue is used in a wide variety 
of settings and for many purposes; for example, as a redox indicator or as a dye/stain.22,23 Is a selective inhibitor of guanylate 
cyclase, a second messenger involved in nitric oxide-mediated vasodilation.24,25 Methyl red is a color indicator of pH and 
is an indicator of acid-base titrations. The acid form of methyl red exists in zwitterionic (protonated form) as HMR, whereas 
in its basic form. It is in the anionic form (deprotonated acid) as MR.26 According to the work of Jasiński et al. we observed 
that the structures of MB and MR can be considered as zwitterions that would present a lengthening of multiple bonds and 
a shortening of the delocalization of electrons along the so-called push-pull system. 27 

      In this work, we are interested in studying the structural properties of methylene blue and methylene red. We have used 
the method of quantum density functional theory (DFT) to calculate: several descriptors such as: optimizing geometries, 
energies and densities of the HOMO- and LUMO frontier molecular orbitals, electronic chemical potential, 
electronegativity, chemical hardness, global softness, global electrophilic index, global nucleophilic index, nonlinear 
magnetic optical properties and potential molecular electrostatics. In order to be able to verify the capacity of the MB and 
MR molecules to allow a photovoltaic application. By determining these quantum descriptors, we found that the MB dye 
has good conductivity and is an excellent semiconductor. The current results of this current work have led us to a candidate 
molecule MB for the application of organic solar cells as a means of utilizing green energy.28,29 So, the OPV cell model that 
we present in the present work is based on the conduction by electrons and holes, as well as the presence of a HOMO band, 
a LUMO band, a forbidden band.18 In the present work we propose, using calculations by DFT and TD-DFT methods, to 
determine performances of MB and MR as materials for PVO cell. The technique considers that Donor/Acceptor 
heterojunction cell contains a (MB or MR) molecule which constitutes an organic donor semiconductor and the [6,6]-
phenyl-C(61)-butyric acid methyl ester (PCBM) which constitutes an acceptor organic semiconductor. 
 

                                  
                                   (A)                                                                                                                   (B) 
 

Fig. 1. Expanded chemical formulas: (A) Methylene blue and (B) Methyl red 
 

2. Constitution and principles of proposed organic photovoltaic cells 
 
2.1. Structure of the proposed organic photovoltaic cells  
 

     The structure that the present work proposes as an organic photovoltaic (OPV) bilayer cell is shown in Fig. 2. This OPV 
cell is constituted of a metallic cathode (Al), an active bilayer, an anode that is made of ITO (Indium-doped Tin Oxide) and 
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glass substrate. In fact, being highlighted by the results of previous work30, we suggest that this bilayer consists of two 
organic semiconductors of different types. The first layer is a “D” electron donor and the second one is an “A” electron 
acceptor. One can observe that such a cell develops a D/A interface which can separate charges. So, the donor and acceptor 
are chosen so that the HOMO and LUMO levels ensure the transfer and transport of the charges.31 In fact, the donor layer 
(D) is constituted from a dye as conjugated system (methylene blue (MB) or methylene red (MR)) and the A layer is from 
a large acceptor molecule (PCBM). This choice of molecule or compound is made to have difference in energies between 
the LUMO of the donor and acceptor leading to a performance. The electrodes that we suggest are chosen so that we can 
obtain ohmic contacts with the organic films. So, the cathode should be in contact with the electron acceptor while the anode 
is so with the electron donor and the cathode with the electron acceptor. One can use Indium-doped tin oxide (ITO) as a 
semi-transparent electrode, thanks to its high transmittance on the one hand and its ohmic contact with hole-carrying 
materials, on the other hand. Finally, we note that to ensure an ohmic contact with n-type materials the suggested rear 
electrode is made of metals such as Al, Ag or Mg-Ag alloys. 

 

Fig. 2. Proposed structure of the MB- or MR OPV cell. 

2.2. Principles of operation of an organic photovoltaic (OPV) cell 

       We describe the general operating principle of a D/A OPV bilayer cell by the three steps that are photon absorption, 
exciton diffusion and charges separation. When light passes through the active layer of the photovoltaic cell, a photon is 
absorbed by this layer so that an electron – hole pair (exciton) is produced. It is known that such an exciton corresponds to 
the electron transition from the HOMO energy level of a molecule to its LUMO one. In fact, such a transition is carried out 
thanks to the contribution of energy of the absorbed photon. The exciton diffuses towards the interface (electron 
donor/electron acceptor) between the organic materials. If the excitons are generated at a 5 to 20 nm distance that is less 
than the so-called the exciton diffusion length, they can diffuse to the interface, otherwise they recombine.32-34 The 
dissociation of the excitons, when they join the D/A junction, takes place at the interface between the two materials. So, a 
pair of polarons is then obtained: appositive charge (hole) in the electron donor and a charge negative (electron) in the 
acceptor. 35 The determining factor for dissociation is the difference in energy levels between the LUMO level of the electron 
donor and the LUMO one of the electron acceptors. If the difference between these two levels is not at least 0.30 eV, the 
dissociation is likely. However, beyond this value, the charge transfer takes place normally so that the exciton will be 
dissociated.  

2.3. Equivalent electric diagram of the proposed OPV cell 
 
        If we consider the simple case of an ideal cell with a donor-acceptor OPV subjected to a light flux, it functions as a 
current generator. Its equivalent diagram (Fig. 3) is represented by an ideal diode connected in parallel with a current source. 
Rs is a series resistance related to volume resistivity and impedance of electrodes and materials. It is known that the slope 
of the I(V) curve at the point Voc represents the inverse of the series resistance (1/Rs). The Rsh term corresponds to a parallel 
resistance related to edge effects and volume recombination. The slope of the I(V) curve at the Icc point represents the 
inverse of the shunt resistance (1/Rsh). So, in order to minimize losses, decrease Rs and increase Rs, the ideal case is 
represented by Rsh equal to infinity and Rs equal to zero.36 So the equivalent electric circuit is shown in Fig. 3. The single 
diode model has been proposed by B. Mazhari to model organic photovoltaic cells.37 The equivalent electric circuit of the 
model that we propose for the present photovoltaic cell is shown in Fig. 3. This model contains a photo-current generator 



 190

Iph, a diode that represents the Shockley diffusion current (Id), with its saturation current I0 and its ideality factor n, two 
parasitic resistances: the series resistance Rs and the parallel resistance Rsh.  

 

Fig. 3. Equivalent circuit scheme for the proposed organic photovoltaic cell, with: Iph: photo-current, Id: Shockley diffusion 
current, Rs: series resistance, Rsh: series resistance and V: voltage. 
 
3.   Computational methods   
 
      All the calculations in this study have been performed thanks to the Gaussian 09 software. The optimized geometry of 
methylene blue and methylene red has been calculated using the B3LYP/6-31G(d) base. So, the lengths of the chemical 
bonds and their connection angles have been fully optimized by the DFT method. The following quantum chemical indices 
have been taken into account: the energy of the highest occupied molecular orbit (EHOMO), the energy of the lowest 
unoccupied molecular orbit (ELUMO), the energy band gap (ΔE = EHOMO-ELUMO), electron affinity (A) and ionization potential 
(I). Moreover, the UV spectrum has been studied using the time-dependent density functional theory (TD-DFT) method. 
 
4. Results and Discussion 
 
4.1 Quantum chemical calculation 
 
      According to the litterature the two habitually orbitals that are involved in chemical stability are the LUMO (lowest 
unoccupied molecular orbital) and the HOMO (highest occupied molecular orbital). The LUMO represents the capacity to 
gain an electron while  the HOMO represents the capacity to yield an it. The LUMO and HOMO energies have been 
calculated thanks to the B3LYP/6-31G(d) method.38 The transition from the ground state to the first excited one represents 
the electronic absorption. Such a transition is described by an electronic excitation from the HOMO to the LUMO in the 
optimized structures of the two compounds (Fig. 4). 

 

 

 
Fig. 4. HOMO and LUO of methylene blue and methylene red. 

 

Methylene Blue 

Methyl Red 

4.84 eV-= HOMO E 

2.90 eV-= LUMO E 

5.55 eV-=  HOMOE 

eV 2.49-= LUMO E 
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      The extracted energies of HOMO, LUMO, and the energy gap ΔE of MB and MR molecules are presented in Table 1. 
Hence, lower absolute value of ∆E = (EHOMO-ELUMO) gaps correspond to better chemical reactivity of the compound. This 
gap is considered as the main factor controlling the physicochemical properties of π-conjugated systems. In fact, the mobility 
of the π electrons means that large aromatic systems have, like MB and MR, promotes good conductivity as in the case of 
semiconductors having a lower conduction band gap. In fact, the movement of electrons, in the studied compounds, could 
generate an electrical current.39  
 
The following quantum descriptors have been calculated from the two obtained optimized structures.  
 

Ionization potential:    IP = -EHOMO   (1) 

Electronic affinity: EA = -ELUMO    (2) 

Absolute electronegativity: x = IP + EA2  (3) 

Global hardness: η = IP − EA2  (4) 

Global softness:    𝜎 = ଵ஗ = − ଶ୉ౄో౉ోି୉ై౑౉ో (5) 

Electronic chemical potential: µ = − (IP + EA)2  
(6) 

Maximum charge transfer: ΔNmax = − µη (7) 

Global electrophilicity index: ω = µ𝟐2ɳ 
(8) 

Global nucleophilicity index: N = EHOMO – EHOMO (TCE) (9) 

 
      EHOMO (TCE) = -9.37 eV is calculated by DFT/ B3LYP/6-31G(d). The theoretical values of the open circuit voltage VOC 
have been calculated according to the following expression. 
 

VOC = (1/e) |EHOMO (donor) |-|ELUMO (acceptor) |-0.3 V (10) 
 
where the 0.3 Volt term, in equation (10), represents the empirical factor proposed by Scharber and collaborators.7 
 
Table 1. Quantum theoretical descriptors of compounds calculated using B3LYP/6-31G(d). 

Parameters (eV) HOMOE (eV) LUMOE ∆E (eV) IP (eV) EA(eV) µ (eV) χ (eV) 
MB -4.84 -2.90 -1.94 4.84 2.90 -3.87 3.87 
MR -5.55 -2.49 -3.06 5.55 2.49 -4.02 4.02 

 
Parameters η (eV) )1-σ (eV ω (eV) N (eV) (eV)max ΔN (V)OC V 

MB 0.97 1.03 7.73 4.52 3.99 0.84 
MR 1.53 0.65 5.28 3.81 2.63 1.55 

 
       The ionization potential (IP) is defined as the amount of energy required to remove an electron from a molecule. That 
is to say that a high ionization energy indicates a high stability hence a chemical inertness. On the other hand, a low 
ionization energy shows that the molecule tends to be more reactive. Electron affinity (EA) is defined as the energy released 
when an electron is added to a neuter molecule. That is, a large value (EA) indicates that the molecule tends to retain its 
electrons. A negative chemical potential (μ) shows that the molecule is stable, i.e., it is difficult for the molecule to break 
down into its own elements. The hardness (η) of a molecule characterizes the resistance of its electron cloud to deformation 
when the molecule undergoes small disturbances. A large HOMO-LUMO energy gap indicates that the molecule is hard 
and exhibits low polarizability and low chemical and biological activities but high kinetic sensitivity, while a small HOMO-
LUMO energy gap indicates that the molecule is soft and exhibits high polarizability and chemical and biological activities 
but low kinetic sensitivity. 

      According to the Table 1 the two compounds studied have shown calculated values of the ionization potential (I), the 
electron affinity (A), the chemical potential (µ), the hardness (η) and the electrophilicity (ω) that are respectively 4.84, 2.90, 
-3.87, 0.97 and 7.73 eV, in the case of the MB compound. Comparing the calculated values of these five quantum global 
descriptors (I, A, µ, η and ω) of the MB compound, in the one hand, to those of the MR compound that are respectively 
5.55, 2.49, -4.02, 1.53 and 5.28 eV, on the other hand, one can observe that the MR compound is the stable compound and 
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that the MB is the chemically reactive one. In fact, a large absolute value of HOMO-LUMO gap implies high kinetic stability 
and low chemical reactivity, because it is energetically unfavorable to extract electrons from a low-lying HOMO, to add 
them to a high-lying LUMO, and so to form the activated complex of any potential reaction.40  

      In fact, the HOMO-LUMO gap is related to the chemical hardness (η) of a molecule. The MB shows its absolute value 
of the energy gap (1.94 eV) lower than that of the MR (3.06 eV) and its global softness (σ) higher (1.03 eV-1) than that of 
the MR (0.65 eV-1). However, the MR electronic chemical potential (-4.02 eV) is slightly lower than the MB one (-3.87 
eV). These values may contribute to higher chemical reactivity of the MB compared to the MR case. In fact, lowering the 
band gap is an interesting approach to improve the absorption of light, which leads to higher currents for the purpose of 
converting the power of a higher way. The maximum open-circuit voltage (VOC) of the solar cell is related to the energy 
difference between the highest occupied molecular orbital (EHOMO) of the electron donor and the lowest unoccupied 
molecular orbital (ELUMO) of the electron acceptor. Electron acceptor, taking into account the energy lost during the 
generation of photo-charges.41 

        In fact, in the case of organic materials, and by analogy with inorganic semiconductors, the highest occupied molecular 
orbital (HOMO for Highest Occupied Molecular Orbital) is assimilated with the valence band (BV) and the lowest 
unoccupied molecular orbital (LUMO for Lowest Unoccupied Molecular Orbital) with the conduction band (BC) (Fig. 5). 
The HOMO is made up of the π bonding electronic levels, while the LUMO is made up of the vacant π* antibonding 
electronic levels. As it is illustrated by the HOMO and LUMO bands thus established then make it possible to define the 
oxidation energy of the molecule or ionization potential (Ip), the electron affinity (EA) and the width of the forbidden band 
or band gap (Egap) as being the energy difference between the allowed bands. The PCBM is an -n-type semiconductor, with 
energy levels at -3.70 eV for LUMO and -6.10 eV for HOMO. Similarly, methylene blue and methyl red are a p-type 
semiconductor. Their energy levels are -2.92 eV for LUMO and -4.84 eV for HOMO in the case of methylene blue and -
2.49 eV for LUMO and -5.55 eV for HOMO in the methyl red one. So, the value of the open circuit voltage (Voc) can be 
easily determined from the difference between the two levels: LUMO of donor and HOMO of acceptor. 

      By following the theoretical value of the Voc of the studied compounds as shown in Table 1, one can observe that the 
voltage of MR (1.55 V) is higher than that of MB (0.84 V). The two compounds that have been studied in the present work 
are endowed with Voc values comparable to those reported, in the literature 42-44, on organic materials. According to such a 
result both of the MR and MB compounds may be applied, as conjugated aromatic systems, in photovoltaic organic cells, 
thanks to the π electrons of the two compounds structures. 
 

 

Fig. 5. Donor/acceptor materials energy diagram for the proposed OPV Cell: Donor is methyl red (MR) or methylene blue 
(MB). 

4.2 Non-linear optical properties 

       Intermolecular interactions in such organic compounds as MB and MR are broadly understood by the dipole moment 
and the energy terms of first- and second order hyperpolarization. The dipole moment is an important parameter that 
describes the interaction among atoms. It is the product of the magnitude of charges and the distance between them. The 
values for the distribution of charges in x, y, and z-directions are listed in Table 2.45 The dipole moment (μ), polarizability 
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(α), first hyperpolarizability (β), and second hyperpolarizability (γ) have been calculated by the DFT method using the 6-
31G(d) base. The equations for calculating the magnitude of μ, α, β and γ, using the x, y, z components of the Gaussian 
output 09W, are as follows.46 

 

𝜇 = (𝜇௫ଶ + 𝜇௬ଶ + 𝜇௭ଶ)ଵ ଶൗ  (11) 

α = (α௫௫ + α௬௬ + α௭௭)3  (12) 

𝛽 = (𝛽௫ଶ + 𝛽௬ଶ + 𝛽௭ଶ)ଵ ଶൗ  (13) 
    
with:          
 
 
 𝛽௫ = β௫௫௫ + β௫௬௬ + β௫௭௭ 𝛽௬ = β௬௬௬ + β௫௫௬ + β௬௭௭ 𝛽௬ = β௬௬௬ + β௫௫௬ + β௬௭௭ 𝛽௭ = β௭௭௭ + β௫௫௭ + β௬௬௭  

  ,      

γ = 15 (γ௫௫௫௫ + γ௬௬௬௬ + γ௭௭௭௭ + 2 ൣγ௫௫௬௬ + γ௬௬௭௭ + γ௫௫௭௭൧ (14) 

 
 The results of descriptors related to the nonlinear optic properties (NLO) of the two compounds are shown in the Table 2. 
 
Table 2. Calculated electric dipole moment and first- and second polarizability by method DFT of (A) methylene blue, (B) 
methyl red using B3LYP/6-31G(d). 

 Parameters MB MR 
 
 
Dipole moment (Debye) 

xµ -8.92 -8.46 
yµ -0.93 -5.25 
zµ -7.47 0.00 

µ 11.67 9.96 
 
Polarizability 
(Debye) 

xxα -89.10 -79.39 
yyα -125.89 -120.12 
zzα -158.62 -118.60 
α -124.54 -106.04 

 
First 
Hyperpolarizability 
(Debye) 

xxxβ -237.77 -219.04 
xyyβ -0.89 -61.83 
xzzβ -61.21 0.23 
yyyβ -8.64 -47.46 
xxyβ -24.67 -85.91 
yzzβ 0.14 9.59 
zzzβ -35.05 -0.000 
xxzβ -127.20 0.04 
yyzβ -3.97 0.01 
β 344.47 306.72 

 
 
Second 
Hyperpolarizability 
(Debye) 

xxxxγ -9315.13 -7999.78 
yyyyγ -1369.49 -1584.55 
zzzzγ -812.58 -128.12 
xxyyγ -1962.02 -1914.52 
yyzzγ -371.22 -283.95 
xxzzγ -2425.64 -1742.15 
γ -4202.98 -3518.74 

 
      According to Table 2 the magnitude of the dipole moment of the MB compound is globally relatively higher than that 
of the MR one. However, the magnitude of the first order hyperpolarizability of the MB compound is globally higher than 
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that in the case of the MR compound. This is due to intramolecular charge transfer (ICT) between the electron donor and 
acceptor, which plays a crucial role in the nonlinear behavior of a molecule. The magnitude of the second-order 
hyperpolarizabily obtained for the MB molecule is also higher than that of the case of the MR compound. These results 
corroborate with these of HOMO-LUMO gap that have just shown that larger is the last gap lower should be the magnitude 
of polarisability and hyperpolarisabilies. All these results confirm that the MR compound is more stable than the MB one 
so that the first compound can better resist any degradation caused by its environment during a possible photovoltaic use. 

4.3 Molecular electrostatic potential  

      The 3D plot of the MEP and contour electrostatic potential for the MB and MR compounds exhibited in Fig. 6 has been 
obtained at the DFT/B3LYP/6-31G(d) base. The electrostatic potential at the surface of the two compounds are shown by 
three different colors. The red color parts indicate the regions that present negative electrostatic potential, the blue sites 
correspond to the regions that present positive electrostatic potential and the parts marked in green color represent the zones 
of zero potential. The MEP map shows the negative potential sites on chlorine as well as the positive potential sites around 
the hydrogen atoms.47 For the two compounds the values of the local electrostatic charges at the level of the atoms have a 
magnitude that does not exceed almost the 9.10-2 C order. One can easily observe, in the Fig. 6 at left, that the red color 
large zone represents the negative parts around the chlorine of MB compound (electrophiles active zones), the blue color 
represents the positive parts (the nucleophilic zones) and the green color represent the zones with zero electrostatic potential. 
In the Fig. 6 at right, the red zone corresponds to the environment of the oxygen atoms in the MR compound. 

 

 

  

(A) (B) 
Fig. 6. Electrostatic potential maps and contour electrostatic potential around the molecule of (A) methylene blue, (B) 

methyl red. 

4.4. UV-visible spectra of the methylene blue and methylene red 

      This work has been carried out by the TD DFT B3LYP/6-31G(p) method, absorption, and emission properties of the 
two optimized molecular structures. Effectively, we have calculated the UV-Vis spectrum of the studied MB and MR 
compounds using TD-DFT method. As illustrated in Table 3, we can observe that the values of calculated wavelength 
λmax, oscillator strength (f), in the case of excitation to the S1 state, correspond almost exclusively to the promotion of an 
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electron from the HOMO to the LUMO orbital. The electronic transitions, excitation energies, wavelength, and oscillator 
strengths for the three excited states of the MB and MR molecules are presented in the Table 3: 

Table 3. Data absorption spectra obtained by TD/DFT method ON the MB and MR molecules studied in the optimized 
geometries at B3LYP/6-31G(d).  

Transition state Molecule Eex (eV) λ (nm) OS (eV) 
First MB 1.36 909.49 0.00 

MR 2.69 460.99 0.00 

Second MB 1.38 895.39 0.00 

MR 2.98 416.66 0.92 

Third MB 2.09 592.14 0.39 

MR 3.48 356.49 0.00 

 
 
     It is known that the photovoltaic performance of a material crucially depends on its carrier transfer dynamics and that 
they are closely related to the oscillator strength (OS). Effectively, the larger the oscillator strength of the electronic 
transition, the larger the carrier transfer in the photovoltaic cell. Fig. 7 illustrates the predicted UV-Vis spectrum of the MB 
and the MR compounds. Generally, the absorption wavelengths increase progressively with the increasing of conjugation 
lengths. It should be prudent to convert a set of calculated transition energies and intensities into an absorption profile. We 
have compared globally the results of the present work, in terms of calculated maximum wavelengths in the two cases of 
MB and MR that we carried out on the two compounds to those of experimental works that are quoted in the literature 
where the each one of these two compounds was in a solvent 48,49. Fig. 7 and Table 3 show that the polarity of the solvent 
used in two previous experimental studies 48,49 on MB and MR had a bathochromic effect on the two calculated spectra, 
without solvent, in the present study. In fact, Fig. 7A shows that the maximum absorption band of MB, predicted by the 
solvent-free calculation in the present work, at 592.14 nm was experimentally detected to be around 660 nm. 48 Fig. 7B also 
shows that the maximum absorption band of MR, predicted by the solvent-free calculation in the present work, at 416.66 
nm was experimentally detected to be around 540 nm. 48 The oscillator strength corresponding to the MB maximal 
absorption band is 0.39, whereas it is 0.92 in the case of MR. 
 

  
(A) (B) 

 
Fig. 7. UV-Vis spectrum of compounds: (A) methylene blue and (B) methyl red. 

 
      This work confirms the high importance of organic molecules in different applications and there are a lot of published 
papers confirms this point. 50-56 

5. Conclusion 
 
       All the obtained calculations in the present work on the methylene blue and methyl red compounds have been carried 
out at the B3LYP levels and a 6-31G(d) base. We have ensured the optimization of gradient geometry and used both these 
levels and base that are included in the Gaussian package 09 as depending parameters on the density functional theory 
(DFT). After having avoided any constraint in the surface potential energy at the Hartree-Fock level, the generated initial 
geometry from the standard geometric parameters has been optimized. The UV-Vis spectrum has been studied using the 
time-dependent density functional theory (TD-DFT) method. In order to reach a cost-effective approach for the calculation 
of the molecular structure, electrostatic potential, Non-linear optical (NLO) and optimized structure energies one can used 
the theory gradient corrected density function with three hybrid functional parameters (so-called B3) for the exchange part 
and the Lee-Yang - Parr correlation function (so-called LYP). The first results of the present study have shown an important 
photovoltaic performance of both methylene blue and methyl red dyes. Thus, we are exploring the carrier transfer dynamics 
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of the methylene- red and blue molecules by means of measuring, based on Marcus' theory, the rate of charge transfer and 
charge recombination processes. Through the present work, we have been interested to propose an organic photovoltaic cell 
of ITO/((MB or MR):PCBM)/Al configuration using results of DFT and TD DFT calculations The one-diode model of the 
D/A junction has been chosen to characterize performances of the organic solar cell. The developed photovoltaic cell project 
has used energetic and electrical parameters that can describe the PVO cell based on ([MB or MR]: PCBM). The results of 
the present work had shown an important circuit voltage, especially in the case of methyl red, more than that case of the 
methylene blue. The values that are obtained in terms of oscillator strength corresponding to each of the two dyes at the 
maximum absorption band favor their application in organic photovoltaic cells. These obtained results are in an agreement 
with the literature results that have been previously published. So, such results of the present work could allow to ensure 
better performances of the organic photovoltaic cells based on MB and MR molecules. The results of the present work 
should be confirmed by experimental studies on methylene blue and methyl red compounds in order to be able to ensure 
their use in solar cells application. 
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