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Introduction 

 Due to the global challenge for searching and developing of 

renewable energy source, photovoltaic technologies become a 

topic of interest in the design of solar to electrical energy 

conversion cell. Many multifunction solar cells has been 

successfully performed in the laboratory scale with up to 40% 

conversion efficiency [1].But their high production cost and 

toxicity to environment are problem to use as solar electricity in  

a very large scale[2-10]. 

 The feasibility to develop a solar cell, organic molecules 

and polymers are two of the most alternatives. To investigate the 

electric and optical properties and the most favorite method; 

Density functional theory (DFT) is the method of choice 

according to an accurately describe and less computational cost 

in comparison to other high-level quantum approaches[11]. 

 Time-dependent Density functional theory has been widely 

used to investigate excited state property because the high 

accuracy is reasonable to correlate in this work ,the electronic 

structure and optical properties, electronic transition, oxidation 

potential energy and electron injection force relevant to charge 

of the Luminal dyes were investigated using ab initio with 

computational methods were reported. 

 Luminescence based methods are widely accepted to study 

the biological system. Luminol is one of the most widely used 

chemiluminescent compounds because of its availability and 

low cost. 

 Luminol solutions are highly sensitive to light and 

incompatible with strong oxidizing agents, acids, bases, and 

reducing agents. The chemiluminescene properties of luminol 

are widely used as an analytical tool for environmental 

applications, immuno assay, monitoring of metabolic activities, 

detection of free radicals and forensic identification and 

detection of inorganic substrates. Due to its large number of 

applications, researchers have searched for some luminol 

derivatives to maximize the luminescence intensity and increase 

the range of emission wave length in the visible region. 

 Computational Details  

       DFT calculations were performed to determine geometries, 

electronic structures and electronic absorption spectra of 

Luminol base dyes. All the calculations, both in gas and solvent 

phase, were performed using Gaussian09 package[12]. All 

Calculations were performed by employing HF functions and 6-

311+G basis set. Polarizable continuum model (PCM) was used 

to study solvent effects[13]. 

      The free energy change for electron injection onto a titanium 

dioxide (Tio2) surface and dye’s excited state oxidation potential 

were calculated using mathematical equations. Following 

equation was used to calculate the free energy change for the 

process of electron injection.[14-15]
 
 

 ∆G
inject

 =  -  

     Is the excited state oxidation potential of the dye. 

Is the energy of conduction band of the TiO2 

semiconductor (-4.0 eV).  Was determined using the 

following formula. 

   =  -  

   Where in this equation  is the energy of intermolecular 

charge transfer (ICT). The light harvesting efficiency (LHF) was 

determined by formula
14:

 

      LHE=1-10
-f 

  

Where f is the Oscillator’s strength of the dye. DFT calculations 

provide the oscillator strength directly. 

Results and Discussion  
  The ground state structures for all molecules [fig.1]were 

with DFT/6-311+G (d,p) level. The discussion about 

geometrical parameters of the ground state structures is 

neglected; all molecules have not imaginary frequencies. The 

dipole moments for all molecules are equal to cero. The highest 

occupied molecular orbital energies (EHOMO ) and the lowest 

unoccupied molecular orbital energies (ELUMO) of all dyes 

computed at the DFT/6-311+G(d,p) level in gas phase and 

solvent are liste in Table 1. 

 Effect of Solvent on HOMO-LUMO Energies 

  The distribution patterns of highest occupied molecular 

orbitals (HOMO) and lowest unoccupied molecular orbitals 

(LUMO) are used to study the efficiency of sensitizers. The 

distribution pattern of highest occupied molecular orbitals
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 (HOMO) and lowest unoccupied molecular orbitals (LUMO) of 

new sensitizers are shownin Figure 4.The HOMO energy in 

DMF is greater than HOMO energy in gas phase. The LUMO 

energy in DMF is lesser than LUMO energy in gas phase. The 

DMF is an aortic polar solvent; it decreases the energy of 

LUMO and increases the energy of HOMO. Due these effects 

the energy gap becomes low in solvent phase as compared to gas 

phase, as shown in Table 1. 

     
Figure 1a. Chemical structure of Luminol dye 
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Figure 1b. Chemical structure of Donor Luminol dye 
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Figure 1c. Chemiclal structure of Accepter Luminol dye 

 

 

 

 

         
     L1-Dye-4 (GAS) – HOMO     L1-Dye-4(GAS) – LUMO 

Fig 2. The HOMO and LUMO distribution pattern of dyes 

at DFT/B3LYP/6-3-11+G level theory. 

 
Figure 3. Schematic energy diagram of dyes, TiO2   and 

electrolyte (I-/I3).EHOMO and ELUMO of the dyes are in gas 

phase 

Free Energy Change of Electron Injection and Oxidation 

Potential Energy 
We have used mathematical equations to estimate the dye’s 

excited state oxidation potential and free energy change of 

electron injection to titanium dioxide (TiO2) surface. Λmax, 

∆G
inject  

and  are presented in Table 2. 

The electron injection free energy change ∆G
inject

, ground and 

excited  state oxidation potentials computed in gas phase 

and DMF. 6-311+G basis set was used for all calculation.
  

can be estimated as value  EHOMO.  is calculated based on 

Eq.(2). ∆G
inject 

 was estimated using Eq.(1). Its values are for all 

dyes. In parent molecule ∆Ginject  is 0.174 in gas phase while it is 

0.228 in DMF because of highering of HOMO energy in Solvent 

phase. In all new designed dyes ∆G
inject 

 is higher value in DMF 

phase than that of  ∆G
inject 

 lowering value of gas phase.
 
 If 

∆G
inject 

  improved in new dyes both in gas phase and solvent 

phase as shown in table 2.  

       The values ∆G
inject 

  is an indication of spontaneous electron 

injection from the dye to TiO2.For all newly designed dyes 

∆G
inject 

  is more than luminal. Order of ∆G
inject 

  is L1-Dye3<L1-

Dye4<L1-Dye-2<L1-Dye1<Luminol. This is reflected from 

figures 3 and 4. 
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Table 1. The EHOMO,ELUMO and energy gap (Eg) of dyes in eV at DFT/6-311+G level of theory 

 
 

Table 2. Calculated absorption spectra  
inject  

, oxidation potential, intramolecular charge
    

transfer energy of  dyes 

at  DFT/6-311+G level of energy 

 

 

Table 3. Excitation energy (E), Light Harvesting Efficiency (LHE) and Average Light Harvesting Efficiency (LHFAverage) of 

dyes at DFT/6-311+G level of theory 
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Light Harvesting Efficiency (LHF) and Oscillator Strength. 
      The light harvesting efficiency (LHF) is the efficiency of 

dye to response the light. It is another factor which indicates the 

efficiency of DSSC. The light harvesting efficiency (LHF) of 

the dye should be as high as feasible to maximize the photo-

current response. 

      The Oscillator strength is directly obtained from DFT 

calculations. The Luminol dye has two main absorption peaks 

(258 and 228 nm in gas phase, 260 and 224 nm in solvent phase 

DMF). Higher Oscillator strength of the four new designed 

sensitizers than luminol as shown in Table 3 these dyes will 

convert more light to electrical energy. The Oscillator strength 

and transitions character are given in Table 4. Only the 

transitions with considerable oscillator strengths are given. The 

electronic structures of the three new designed sensitizers are 

quite similar from one another. The HOMO and LUMO 

composition of new sensitizers are depicted in Figure 4. The 

electron distribution of the HOMO orbital is delocalized on the 

π-system with the electron density present on the Benzene Ring 

of the Luminol, In all new designed sensitizers. It is noticed that 

the LUMO orbital always highest compositions on anchoring 

group. Therefore, electron will move from HOMO donator to 

LUMO acceptor excitation resulted by light absorption. 

     Improve ∆Ginject  and LHF of new designed sensitizers as 

compare to Luminol is due to the Replacement of hydrogen 

atom of Luminol at H with (Cl, Se,N,S) In the Benzene Ring 

This can be considerable by the distribution pattern of HOMO 

and LUMO of Luminol dervaties.It encourages the promotion of 

the electron injection. 

Electronic absorption spectra 
TD/DFT/6-311+G (d, p) methods were employed to 

simulate the optical property of the dyes. The computed vertical 

excited singlet states, transition energies and Oscillating strength 

of all dyes in gas phase and solvent medium are tabulated in 

table 4.The Graph plotted Wave length Vs Oascillator Strength 

are shown in figures 5 and 6. 

 

 
Figure 4.  Schematic energy diagram of dyes, TiO2   and 

electrolyte (I
-
/I3).EHOMO and ELUMO of the dyes are in DMF 
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Figure 5. Simulated absorption spectra of dyes calculated in 

Gas phase at DFT/6-311+G level of theory 

Table 4. Oscillator strength (f) and Transition character of dyes (H=HOMO, L=LUMO, L+1=LUMO+1,etc) at DFT/6-311+G 

level of theory (Major contribution in Paranthesis) 

 



S.Mohan Kumar et al./ Elixir Materials Sci. 74 (2014) 26871-26875 

 

26875 

180 200 220 240 260 280 300 320 340 360

-0.02

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0.22

0.24

O
s
c
ill

a
to

r 
s
tr

e
n

g
th

W ave leng th,nm

 Lum ino l

 L1 dye-1

 L1 dye-2

 L1 dye-3

 L1 dye-4

 
Figure 6.  Simulated absorption Spectra of dyes calculated in 

DMF at DFT/6-311+G level of theory 
The vertical excitation energies of the dyes are increasing 

 its value by the substitution. According transition to 

the character most of the dyes show the HOMO     LUMO 

transition as the first singlet excitation except for Luminol.    

The major contribution of the transition characters in gas phase 

differs from those solvent due to the effect of polar environment 

on the electronic energy level. The maximum (  ) wave 

length for UV-visible absorption spectra of all the dyes 

simulated in various media are shown in table (4). The 

calculated ( ) in gas phase and solvent medium is 

different by approximately red shift were found for all the dyes 

from gas phase and solvent phase. 

Conclusions 
 Each of the molecules was theoretically analyzed. 

According to thermodynamic, the spontaneous charge transfer 

process from the  dye in excited state to the conduction band of 

metal oxide, need that LUMO energy of the dye be more 

positive potential than conduction band energy of metal oxide, 

while the HOMO energy of the dye most be more negative than 

reduction potential energy of the I
-
/I3

-
 electrolyte. The 

calculations show that all dyes can work for DSSC with TiO2, 

because all have LUMOS less negative than TiO2 LUMO, while 

no one have less negative HOMO than the redox potential 

energy of electrolyte. L1-Dye-2 dye have the higher LHE of this 

dyes, which one recommended for DSCC with TiO2 we expect 

that these dyes will be tested for DSSC. 
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