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Abstract 

  Thestructure of molecule was based on Donor-π bridge-Acceptor. From this the different type of 

donor are investigated. This work based on Hartree-Fock (HF) and Density functional theory (DFT), the present 

study analyses the molecular and electronic structures, polarizabilities and hyperpolarizabilities of organic dye 

sensitizer of Bromoanthracene. Ultraviote.  Thestructure of molecule was based on Donor-π bridge-Acceptor. 

From this the different type of donor are investigated. This work based on Hartree-Fock (HF) and Density 

functional theory (DFT), the present study analyses the molecular and electronic structures, polarizabilities and 

hyperpolarizabilities of organic dye sensitizer of Bromoanthracene. Ultraviolet-visible (UV-Vis) spectrum were 

analysed using Time Dependent-Density Functional Theory (TD-DFT). The theoretical results have 

demonstrated that TDDFT calculations using the polarizable continuum model (PCM) were logically capable of 

predicting the excitation energies, the absorption and the emission spectra of the molecules. The prominent 

features of the electronic absorption spectrum in the visible and near-infrared regions were designated based 

upon TDDFT calculations. The bands of absorption are assigned to n →π* transitions. The chemical hardness 

(η), ionization potential (IP), electron affinity (EA), dipole moment (μ), absolute electronegativity (χ) and 

electrophilicity index (ω) are also measured to find the stability of the molecules. 

 

Keywords:  Dye-sensitized solar cells, Density functional theory, Time Dependent-Density Functional Theory, 

Dye sensitizer, Electronic and Absorption spectrum. 

 

1. Introduction 

 Among the metal free organic dyes D- π -A structure molecules are proposed a strong candidates 

because of their geometry, electronic structure, UV-visible region, light harvesting efficiency, NLO property 

and global reactivity are excellent. In this work our molecule also based on D- π -A structure. The D- π -A 

structure consist of Bromoanthracene as π-bridge molecule, amide and methyl group are acts as a donors. Some 

properties of this molecules are given below. In the field of dye sensitized solar cell, Bromoanthracene is 

certainly one of the most extensively investigated organic compounds. The essential role in the investigation of 

photo induced isomerizations is one of the reasonableness for the continuing interest in this molecule.  These 

processes are not only crucial for the understanding of many photochemical transformations and their solvent 

dependence but also for our own view of the external world, as they form a key step in the visual process. 

Bromoanthracene compounds are indeed frequently textbook examples of photochemical isomerization. Their 

reactivity has a significant role as model compound of biological phototropic systems. They also serve as 

building blocks for organic materials, whose properties could be used in optical and electro-optical 

implementations such as optical data storage, laser dyes, nonlinear optics, or photo chemically, cross-linked 

polymers. Significant interest occurs in the form and reinforcement of materials manifesting large second-order 
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nonlinear optical response [1-3] by cause of  the potential applications in telecommunications, optical 

computing, and optical signal processing [1, 3-9]. These implementations require thermally implied materials 

with high nonlinear optical (NLO) response. Depending on the particular application, the use of organic 

materials may offer significant benefits over conventional inorganic crystals. In the past decade, considerable 

effort emphasised on the development of organic materials with large molecular hyper polarizabilities, enriched 

optical transparency, and good thermal stability. The elevated singlet state properties of Trans form is governed 

by fluorescence from the S1 state. This occurrence of photochromism namely, Bromoanthracene photo-

isomerization can be easily observed by a single steady-state fluorescence technique. An essential stage in the 

olefinic photo-isomerization process, in the singlet or triplet excited state, implies twisting of Anthracene 

fragments relative to one another. Symmetric Bromoanthracene derivatives are commonly, thermally and 

chemically stable, and possess immerssion and fluorescence properties that are convenient for examining by 

coherent optical proficiencies [10-19]. Symmetric Bromoanthracene are applied in the manufacture of organic 

dichroic dyes, thin optical polarizers, electronic microscopes, image stabilizers and other optoelectronic 

devices. They play an increasingly vital role in the area of photophysical, photochemical, biophysical and 

technical investigations [20-29].  Bromoanthracene’s symmetric derivatives are of great interest in terms of 

their electronic structure and geometry of the ground and excited state [29]. 

Amide derivatives are well-known as a superior properties and has been used due to its thermal stability, 

chemical resistance, and mechanical properties. [30] Since polyamide was developed as an aerospace polymer 

by NASA in the 1970s, it has been applied to various industries [31, 32] and has been extensively studied. The 

utilization of Amide derivatives are actively used in electronic materials, similarly semiconductors and 

integrated circuits, for the continued development of the IT industry. However, an Amide derivative has a 

immensely combined aromatic structure and a high glass transition temperature; therefore, it shows high 

residual stress and poor workability. [33]. recently, the detailed binding mechanisms to saturated and 

unsaturated light hydrocarbons has been rationalised in a hydroxyl-functionalised Metal Organic Frame work 

[34]. Within the field of carbon capture, materials functionalised with amines (-NH2), imines (-NH), and amides 

(-CONH) dominate, largely due to their potential to form specific interactions with CO2, leading to highly 

selective CO2 uptakes. Although high CO2 consumption has been examined in a number of amine-, imine-, and 

amide-functionalised Metal Organic Frame work,[35] molecular insight into the direct binding between 

adsorbed CO2 molecules and porous host (especially towards these functional groups) is overall inadequacy. 

Lately, direct H2N(δ-)∙∙∙(δ+)CO2 binding has been observed in a Zn(II) Metal Organic Frame work 

incorporating amine groups that protrude into the pore, providing structural insight into the observed high CO2 

adsorption in this material [36]. The incorporation of pendent amide (-CONH-) and/or amine groups into Metal 

Organic Frame work is thus regarded generally as a promising approach to enhance CO2 uptake because of the 

formation of hydrogen bonds with amides serving as both hydrogen bond acceptors (via C=O) and donors (via 

N-H). A sequence of amide functionalised MOFs have been synthesised and demonstrated to exhibit high CO2 

uptakes and selectivities [35,37] Likewise, computational studies attribute this to the specific binding and 

formation of hydrogen bonds between adsorbed CO2 molecules and free amide or amine groups as a result of 

enhancing adsorption affinity and selectivity for CO2 [35c,37c,38]. However, to date there is a few physical 

investigations on the precise role of amides in CO2 binding in Metal Organic Frame work. Besides, the 

challenge of such investigations is increased in Metal Organic Frame work systems insisting open metal sites 

owing to the inevitable competition for guest binding between the open metal sites and the organic functional 

group(s) in the pore. Here, the  synthesis of the report, structure and gas adsorption properties of an amide 

functionalised pyrimidyl Cu(II)-carboxylate Metal Organic Frame work, MFM-136, which shows a high CO2 

adsorption capacity (12.6 mol /g at 20 bar and 298 K). 

Fluorine plays a conspicuous and increasingly essential role within pharmaceuticals and agrochemicals, 

together in materials science, because one or a few fluorine atoms substituted at specific sites in organic 

compounds can severely alter their chemical and biological properties, such as solubility, metabolic and 

oxidative stability, lipophilicity, and bioavailability. Further, Tsuzuki and his co-workers investigated F- and 

CF3-substituted oligomers and examined the electron mobility to be up to 0.55 cm2/ V sec, considering the 
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single crystal transistors exhibited high electron mobilities up to 3.1 cm2/ Vsec. In furtherance of achieving high 

air stability and developing a high performance n-type organic semiconductors, a series of oligomers containing 

-CF3and -CNgroups were synthesized by Shoji et al.  Besides, Yu and co-workers also experimentally 

developed two air stable n-type CF3-triphenodioxazines. The present paper has investigated the influence of 

trifluromethyl (- CF3) on the charge transport properties of napthalene. 

A methyl derivative endeavours the advantages of good solubility in organic solvents, high electron mobility 

and high electron affinity. Methyl derivatives has also become the most important and broadly utilized as 

electron acceptor or electron donors in solar cells. Solar Cells based on methyl derivatives demonstrate 3–5% 

power conversion efficiency (PCE) under an illumination of AM 1.5G [39, 40]. However, a methyl derivative 

illustrates disadvantages such as weak absorption in the visible region and a low level energy at the lowest 

unoccupied molecular orbital (LUMO). Weak absorption in the visible region combines the contribution of 

methyl derivatives to illuminate harvesting in photovoltaic conversion. Ten years ago, numerous methyl 

derivatives analogues with modified substitution groups have been reviewed as electron acceptors [41–45]. 

After all, most of these analogues exhibit poor photovoltaic performance [41–45]. In order to improve the PCE 

of Solar Cells, considerable research has been devoted to analyse a new acceptor material with a broader 

absorption spectrum, higher LUMO energy level and electron mobility, and an appropriate electron energy 

level than those of existing materials. One of the adequacy means of modifying fullerene derivatives via bi-

addition or multi-addition is to increase the LUMO level of fullerene derivative electron acceptors; further, 

many fullerene bis-adducts and multi-adducts with high LUMO energy levels have been developed as acceptors 

in Solar Cells [46–65].  

 

2. Computational Details   

The density functional theory (DFT) was used to acquire the minimum energy molecular structure (geometry 

optimization), chemical reactivity, and the highest occupied molecular orbital (HOMO) and lowest unoccupied 

molecular orbital (LUMO) energy levels. The parameters of calculated chemical reactivity were obtained using 

the formulae reported by Parr and Pearson [66] and Gázquez et al. [67] using the ionic and neutral states energy 

values. The above calculations were obtained by the B3LYP density functional theory [68] and the 6-311++G 

(d, p) basis set [69-70]. The energy of the vertical excitation, the oscillator strength  and the transitions all 

corresponding to the UV–Vis absorption spectra were obtained with time-dependent DFT (TD-DFT), using the 

B3LYP time dependent density functional theory [68] with the above-mentioned basis set. The non-equilibrium 

calculation protocol [71-72] was used for obtaining the UV–Vis spectrum; meanwhile, the considerations for 

the effect of the solvent (aniline) were through integral equation formalism polarizable continuum model 

(PCM) [73]. The UV–Vis spectrum graphics, the oscillator strength and the electronic transitions were 

processed [74-75] using the Gaussian model. All calculations were implemented with Gaussian 09 Revision 

D.01 [76]. 

 

3. Results and Discussion 

3.1 Molecular Structure 

The optimized molecular structure of the dyes BTA1, BTA2 and BTA3 determined by B3LYP/6-311++G (d, p) 

are shown in Figure 1.Some selected bond length, bond angle and dihedral angle are listed in the Table 1. In all 

the dyes most of the bond length, bond angle and dihedral angle are same only some different value is found. 

 
Table 1. The selected bond length (angstrom), bond angle (degree) and dihedral angle (degree) of the dyes BTA1, BTA2 and BTA3. 

Dye Atoms Value 

BTA1 

C11-H26 1.0863 

C6-C5-C10 123.5833 

C7-C8-C11-C12 179.985 
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BTA2 

C5-C10 1.4071 

C5-C10-Br15 118.4809 

C8-C9-C14-H29 180.0139 

BTA3 

C11-H24 1.0867 

H27-C16-H29 107.8901 

C8-C11-C12-C16 179.994 

 
BTA 1 

 

 
BTA 2 

 
BTA 3 

Figure 1. The optimized molecular structure of the dyes D1, D2 and D3 

 

http://www.ijcrt.org/


www.ijcrt.org                                        © 2018 IJCRT | Volume 6, Issue 1 March 2018 | ISSN: 2320-2882 

IJCRT1802811 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 907 

 

3.2 Electronic Structure 

It is very important to determine the distribution pattern of the frontier molecular orbitals (FMO) because it 

provides the charge distribution of the atoms. The highest occupied molecular orbitals (HOMOs) and the lowest 

unoccupied molecular orbitals (LUMOs) of the dye BTA1, BTA2 and BTA3 obtained at the optimised 

electronic structure using B3LYP/6-311++G (d, p) are demonstrated in Figure 2. 

DYE HOMO LUMO 

BTA 1 

  

BTA 2 

 
 

BTA 3 

  

Figure 2.  Electronic structure of the dyes BTA 1, BTA 2 and BTA 3. 

 

 To create an adequate charge-separated state by photo absorption, it is prepared that the HOMO is localised on 

donor and the LUMO on the acceptor. Then the dyes BTA1, BTA2 and BTA3 are based on D- π -A structure. 

From the structure the HOMOs are mainly present in donor and π-bridge region and the LUMO are present in 

acceptor regions. From the figure it is clearly pointed that the charge-separated state is created by the transition 

from HOMO to LUMO; in these dyes, the HOMO–LUMO excitation can be assign to intramolecular charge-

transfer transition from donor to acceptor. The electron density in frontier molecular orbital is imbricate 

between the HOMO and LUMO, it submit that good induction and electron- withdrawing properties for the 

donor and acceptor [77]. Therefore, one could conclude that strong overlap between donor and acceptor, it 

subsequently toward conduction band of TiO2.  

The diagram of energy level HOMO and LUMO molecular orbitals of the dyes BTA1, BTA2 and BTA3 are 

shown in Figure 3. The LUMO level was distinguished with the conduction band of the anatase phase of TiO2 

because it is considered the most sufficient phase for photovoltaic applications, and the measurements have 

shown that the lifetimes of photoexcited carriers are longer in anatase [78]; according to experimental results, it 

has considered a conduction band of TiO2 at −4.0 eV versus the vacuum level (this value is commonly accepted 

in the DSSC literature) [79-82]. The HOMO level is compared with the redox potential of an electrolyte; I−/I3
− 

has agreeable penetration ability into the porous semiconductor film, fast dye regeneration and relatively slow 
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recombination with injected photoelectrons. Moreover, I−/I3
− is the only redox couple which has been analysed 

to have long-term stability [83]. 

  

 
Figure 3.The energy level diagram of the dyes BTA, BTA2 and BTA3 

. 

All the molecules fulfil the energy levels required for their potential use as photo sensitizers; viz, the LUMO 

level is above the conduction band of the metallic oxide TiO2, which allows the charge transference from the 

dye to the semiconductor, the level of HOMO is below the redox potential of the electrolyte I−/I3
− (−4.8 eV) 

[84] which allows the regeneration of the dye [85]. In this study, all the molecules have quite parallel energy 

levels and as a result one cannot determine which one will present a better electron transfer to the oxide. 

However, we can remark that the BTA1 dye are the closest to the TiO2 conduction band with a LUMO of −2.76 

eV.  

 

3.3 HOMO LUMO Band Gap 

 The HOMO LUMO energy gap were calculating using B3LYP/6-311++G (d, p) and CAM B3LYP/6-

311++G (d, p) and the calculated results are outline in the Table 2. The HOMO-LUMO was studied and the 

values decrease from 3.23eV to 3.06 eV for the dyes BTA1 to BTA3.  The study also examined this HOMO-

LUMO gap in CAM B3LYP, then the values of band gap decrease from 5.72eV to 5.54eV. The HOMO-LUMO 

gap decreases as a few donor increases.  However replacing the methyl group instead the amide group the band 

gap decrease from 3.23eV to 3.06 eV. From changing the donor we get the band gap difference is 0.17eV. 
 

Table 2. The HOMO and LUMO energy in eV obtained in B3LYP/6-311++G (d, p) and CAM B3LYP/6-311++G (d, p) 

 

 

 

3.4 UV-Visible Absorption Spectra 

Dye 

B3LYP CAM/ B3LYP 

HOMO (eV) LUMO (eV) 
HOMO-

LUMO (eV) 
HOMO (eV) 

LUMO 

(eV) 

HOMO-

LUMO (eV) 

BTA1 5.92 2.65 3.27 6.14 1.57 4.57 

BTA2 6.15 2.80 3.35 6.16 1.49 4.67 

BTA3 5.64 2.31 3.37 6.80 1.22 5.58 
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The electronic absorption spectra of the dyes BTA1, BTA2 and BTA3 are evaluated in vacuum and aniline 

solvent were performed using TD-DFT/B3LYP/6-311+G (d, p) and the calculated results are shown in the 

Figure 4. It is observed that the visible region in the absorption is on the UV region for the dyes BTA1, BTA2 

and BTA3. For all the three dyes the results of TD-DFT have an ample red shift in vacuum and solvent 

(aniline).   

The distinctness between the vacuum and solvent effects in TD-DFT calculations may result from two senses. 

The first sense is smaller gap of materials which produce smaller excited energies. Another one is solvent 

effects. Empirical measurements of electronic absorptions are consistently calculated in solution. Specifically 

polar solvent, could affect the geometry and electronic structure as well as the molecules’ properties through 

the long-range interaction between Solute molecule and solvent molecule. For this motive, the TD-DFT 

calculation is harder to make consistent with quantitatively, so TD-DFT calculation with polar solvent 

calculated. Though the difference exists, the TD-DFT calculations are capable of explain the spectral features 

of the dye BTA1, BTA2 and BTA3, because of the acceptance of line shape and relative strength as 

distinguished with the vacuum and solvent.[86]. From the figure 4.4, the absorption spectral regions of dyes 

BTA1, BTA2 and BTA3 were located at 432 nm, 447 nm and 455 nm respectively. The molecular orbital 

analysis demonstrated that the dominant absorption bands of all the three dyes were in the region n→π* 

transition. 

 

 

 
BTA1. 
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BTA2. 

 

 
BTA 3 

Figure 4.The electronic absorption spectra of the dyes BTA 1, BTA 2, BTA 3. 

 

3.5 Light Harvesting Efficiency 

Generally, efficiency of the DSSCs depends on the photosensitizers. Photosensitizers are categorizing into two 

types. They are metal complex and metal-free organic sensitizers. The basic structural substance of metal-free 

dyes is donor-pi-spacer-acceptor (D- π -A). The photovoltaic properties of such dyes can be adjusted by 

selecting perfect groups within the D-π-A structure. Therefore, TD-DFT is used in this study which is a 

successful tool for finding the ground and agitated state properties of photo sensitizer aggregates as related to 

other high level quantum approaches because it determine the orbitals are perfect for the typical MO-theoretical 

survey and interpretations. 
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The structural modifications which enhance the electron injection efficiency of Bromoanthracene based DSSCs 

are explained. Of course, all conversions are theoretically realizable and a large panel of new structure can be 

analysed. The light harvesting efficiency (LHE) of the dye sensitizer should be as large as possible to maximize 

the photocurrent reaction and can be calculated by the following equation 

LHE = 1-10-f      (1) 

Where f is the oscillator strength of the dye with the corresponding wavelength associated to the peak 

absorbance through intramolecular charge transfer. The LHE is the efficiency of dye in responding to light 

which point out the efficiency of DSSC also. All values of the calculated LHE are collected in Table 3. It is also 

examined that exchange of acceptor and donor atoms can enrich the properties of Bromoanthracene and these 

derivatives can be used in DSSC.  

 
Table 3. Absorption wavelength (in nm), oscillator strength (f in a.u.), orbital transitions and light harvesting efficiency (LHE) of the 

dyes BTA1, BTA2 and BTA3. 

Dye Wavelength(nm) F LHE Major Contributions 

BTA1 

437 0.1085 0.221 H->L (98%) 

347 0.0455 0.099 H-1->L (18%), H->L+1 (79%) 

325 0.0038 0.008 H-2->L (82%), H-2->L+2 (10%) 

BTA2 

423 0.1033 0.211 H->L (98%) 

347 0.0718 0.152 H-1->L (16%), H->L+1 (81%) 

294 0.4186 0.618 H-2->L (31%), H-1->L (58%) 

BTA3 

430 0.1078 0.2198 H->L (98%) 

359 0.105 0.214 H-1->L (13%), H->L+1 (85%) 

294 0.522 0.699 H-1->L (75%), H->L+1 (14%) 

 

3.6 Overall Efficiency  

As known to us, the PCE of DSSC devices is exploited by the short-circuit current density (JSC), the open-

circuit photovoltage (VOC), the fill factor (ff), and the intensity of the incident light (PIN), is can be calculated by 

the following equation [87]  

OC SC

IN

V J
FF

P
       (2) 

In DSSC, Voc can be calculated by the following equation 

 

ln

CB

CB C redox
OC

E n EkT
V

q q N q

 
   

 
 

                     (3) 

Where the open-circuit photo voltage Voc is calculated by the energy distinctness between the semiconductor 

ECB and the electrolyte redox potential. Usually, the solution I−/I3
− is used as the electrolyte, so one may take it 

as a constant. ΔCB is the main influent factor of Voc, which can be articulated as follows: [88]  
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0

normalq
CB

 

 
                                           (4) 

Where q is the elementary charge, γ is the molecular surface concentration, μnormal is the dipole moment of 

individual molecular perpendicular to the interface of the semiconductor, and ε0, ε as constant. It is obvious that 

a large μnormal will lead to more shift of ECB which will result in larger Voc.  

As shown in Table 4, BTA1 is the largest dipole moment, leading to larger Voc which is in outstanding 

agreement with better efficiency. 
Table 4. The Redox potential of the ground state of the dye (Edye), The Redox potential of the excited state of the dye (Edye*), driving 

force of injection (ΔGinjection) and driving force of regeneration (ΔGreg), Calculated Electronic Properties of BTA1, BTA2 and BTA3 

dyes 

Dye Edye λmax Edye* ∆Ginject ∆Greg 

BTA1 5.92 437 3.04 -0.96 1.12 

BTA2 6.20 423 2.99 -1.01 1.4 

BTA3 5.84 430 2.95 -1.05 1.04 

 

 The short-circuit current density JSC is calculated by the following equation: [89]  

. .( )SC inject collectJ LHE d


        (5) 

Where LHE (λ) is the light harvesting efficiency at a given wavelength, Φinject evinces the electron injection 

adequacy, and ηcollect denotes the charge collection efficiency. For DSSC, the electrode is the same; the only 

difference is the various sensitizers, so ηcollect can be seen as a consistent [90]. LHE (λ) is mainly determined by 

the oscillator strength (f) in equation 3.1 [91]. From Table 3, we can know f = 0.87 for BTA1, the oscillator 

strength of all dyes become smller than BTA1, so does LHE. Φinj is affiliated to the driving force ΔGinject of 

electrons injecting from the excited states of dye molecules to the semiconductor substrate. According to the 

survey [92] when ΔGinject> 0.2 eV, the injection efficiency of electrons (Φinj) is approximately equal to one. 

ΔGinject can be approximated as follows: [93]  

0 0

dye dye

inject CB CBG E E E E E

           (6) 

Where Edye* is the oxidation potential of the excited dye, ECB is the conduction band edge of the semiconductor 

(the experimental value −4.0 eV), Edye is the redox potential of the ground state of the dye, and E0−0 is the 

vertical transition energy.   Table 4 lists the calculated ground state of the oxidation potential of dyes and their 

corresponding ΔGinject. From Table 4.4, the absolute values of ΔGinject for BTA1, BTA2 and BTA3 are much 

greater than 0.4 eV, one can predict that these dyes have adequate driving force for the fast injection of excited 

electrons. Although ΔGinject of BTA1 and BTA2 is slightly smaller than BTA3. However, too large a ΔGinject 

may precede energy redundancy, besides resulting in smaller VOC and larger thermalization losses [94, 95]. JSC 

is also influenced by the regeneration adequacy of the dye (ηreg), which is determined by the driving force of 

regeneration ΔGreg. It can be expressed by the henceforth equation [96]  

reg redox dyeG E E        (7) 

Where Eredox is the redox potential −4.8 eV.  From the survey of Robson [97], the regeneration process of the 

dye can significantly influence the efficiency of DSSC. BTA1 having larger driving forces of regeneration, can 

cause the improvement of ηreg, which benefits the increase of short-circuit current density (JSC). Finally, the 

study finds that BTA1 dye is the better candidates among all the dyes because they perform nicely on the four 

key parameters (λmax, LHE, JSC, and VOC) and achieve a good balance among these factors. Therefore, BTA1 

dye will be promising dyes because of their good conversion efficiency. 
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3.7 Non-Linear Optical Properties 

Further, the static dipole moment (μ), mean polarizability (α0), polarizability anisotropy (Δα), first order 

hyperpolarizability (β) and second order hyperpolarizability (γ) for designed dye molecules. The above values 

were calculated using the formulae as [98, 99]  

                                                     (8) 

                                                       (9) 

     
1

2 2 2 2

xx yy yy zz zz xx             
  

                 (10) 

(11)
 

          (12) 

Where ,  and  is the polarizability tensor components, , , , , , , , ,

and , ,  the first order and second order tensor compounds. The figured dipole moment (μ), mean 

polarizability (α0), polarizability anisotropy (Δα), first order hyperpolarizability (β) and second order 

hyperpolarizability (γ) values were gathered in Table 4.5. From the dyes, BTA1 molecule has large dipole 

moment at ground and excited state, and then the values are 6.68 and 8.06 Debye respectively. From the dyes, 

BTA2 molecule has high dipole moment difference between ground and excited state, then the difference has 

2.24 Debye. The mean polarizability has 2.35 x10-23 e.s.u for the BTA2 dye, it has higher values distinguish to 

other dyes. The polarizability anisotropy value for BTA1 dye has 6.27 x10-24e.s.u, it has higher values compare 

to other dyes. The static polarizabilities are directly proportional to the dipole moment [100].  From Table 5, it 

is examined that the dye BTA2 molecule has large dipole moment difference and have high polarizability value 

of 2.35 x10-23 e.s.u. 

The first order hyperpolarizability is high for BTA1 molecule compare to the other molecules. The second 

order hyperpolarizability was determined using the equation (12) and table have shown second order 

hyperpolarizability results. Among the three dye molecules, high efficient second order hyperpolarizability 

value obtained in BTA2 dye molecules as 1.95 x10-21e.s.u.  The BTA3 dye sensitizer show minimum 

hyperpolarizability value as 1.22 x10-21e.s.u. The above results were depending on the donor and functional 

group substitutions. 

A higher values of dipole moment, first and second order hyperpolarizability were essential to active NLO 

performance. The present results clearly demonstrated that the BTA2 dye molecule particularly can be used in 

NLO applications. 

 
Table 5. Static dipole moment (μ), mean polarizability (α0), polarizability anisotropy (Δα), First order hyperpolarizability (β) and 

second order hyperpolarizability (γ) calculated at B3LYP level using 6-31+G(d,p) basis set to the dyes BTA1, BTA2 and BTA3. 

Dye 

Dipole Moment(μ) in Debye 

α0 

(x10–23 e.s.u) 

Δα 

(x 10–24 e.s.u) 

β 

(x 10–30 

e.s.u) 

γ 

(x 10–21 e.s.u) 

Ground state Excited state 

BTA1 5.8386 6.8738 1.3001 1.40919 2.2435 5.6135 

 2 2 2

tot x y z     
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BTA2 3.1477 3.4960 1.3817 1.61950 2.6062 5.9761 

BTA3 4.1562 5.7363 1.1401 1.5697 2.3078 3.9121 

 

3.8 Global and Local Reactivity descriptors 

The frontier molecular orbital (HOMO and LUMO) energies, hardness (η), softness (S), ionization potential 

(IP), energy gap (ΔE), electron affinity (EA), dipole moment (μ), absolute electronegativity (χ) and  

electrophilicity index (ω) have been calculated by B3LYP/6-311+G are manifested in Table 6.  

The HOMO and LUMO energies represent IP and EA respectively in the frame work of Koopmans’ theorem  

HOMOIP E                        (13) 

LUMOEA E                (14) 

 

 

Table 6. Global and Local Reactivity descriptors of the dyes BTA1, BTA2 and BTA3. 

Dye IP EA Η S χ ω 

BTA1 5.92 2.65 1.86 0.268 4.28 4.935 

BTA2 6.15 2.80 1.67 0.299 4.47 5.995 

BTA3 5.64 2.31 1.68 0.297 3.97 4.690 

The χ and η can determine the following expressions from calculated  

2

IP EA



       (15) 

2

IP EA



       (16) 

The S is defined as the inverse of the  

1
S


                 (17) 

The electrophilicity index (ω) formula is 
2

2





       (18) 

The high ionization potential indicates high reactivity of atom and molecules. Absolute hardness and softness 

are to measure the stability and reactivity. A hard molecules having high energy gap correlated to soft 

molecules [101]. 

 Based upon the foregoing, the study demonstrates the table of chemical hardness (η), electrophilicity (ω), 

electrodonating power, and electroaccepting power of the dyes. Where as a small difference among the 

chemical reactivity values are analysed, these allow a deeper study of the electron properties of the dyes. 

Considering that chemical hardness measures the resistance of the molecule to intermolecular charge transfer 

[102-103], it is logical to anticipate dyes with the lowest chemical hardness values. Furthermore, the electro 

accepting power indicates a higher capability to accept charge [104]. From these dyes, the BTA2 molecule has 

high hardness (η), ionization potential (IP), electron affinity (EA), dipole moment (μ), absolute 

electronegativity (χ) and electrophilicity index (ω), so dye BTA2 molecule approaches good stability and 

reactivity compared to other dyes. 

 

4. Conclusion 
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Theoretical investigation was performed to understand the electronic structure and three bromoanthracene’s  

photo physical properties based D-π-A type organic dyes for DSSC, namely BTA1, BTA2 and BTA3 using the 

DFT and TD-DFT methods. The computed geometries imply that strong conjugation was formed in the dyes, 

which is beneficial for the intramolecular charge transfer. The HOMO energies of all these dye were found to 

approach the redox potential of I−/I3
−. Due to their enhanced electron donating abilities and dyes’s these LUMO 

energies  these dyes were found to approach the counter electrode TiO2 due to their enhanced electron accepting 

abilities. Three dyes in the UV-Visible absorption spectrum  were found in their region n→π* transition and all 

these dyes have smaller red shift found due to their solvent effect. From this dye BTA3 dye has such larger UV-

Visible absorption spectral region of 455 nm compared to other two dyes of BTA1 and BTA2. From these dyes, 

dye BTA1 with an amide donor group was expected to be the best photosensitizer for use in DSSC as it 

possesses narrow energy gap suitable FMO energy levels, higher LHE and ∆Ginject and smallest λmax. A DSSC 

using dye BTA1 may show higher JSC contrasting with other dyes and as a result  the overall energy conversion 

effectiveness could be improved.  The dye BTA2 approaches good NLO properties compared to their other 

dyes. The dye BTA1 approaches good stability and reactivity compared to other dyes. 
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