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ABSTRACT 

The fast growing global demand for energy and the diminishing negative environmental effects 

associated with the burning of fossil fuels have forced the rapid development of renewable energy 

technology. In comparison to silicon-based semiconductor solar cells, dye-sensitized solar cells 

(DSSCs) offer a fascinatingly low cost of photovoltaic energy conversion, which has attracted a 

lot of attention. This work focuses on the investigation of photovoltaic, optical, and electronic 

absorption properties of some 2, 4, 5-triphenyl imidazole based dyes using Time Dependent-Den-

sity Functional Theory (TD-DFT) via a Donor-π-Acceptor (D-π-A) framework. Results obtained 

show that most compounds with a cyanoacetic acceptor unit are much more favoured for Dye-

Sensitive Solar Cells (DSSCs) applications than those without. Also, the electronic injection free 

energy (ΔGinject) was observed to have the highest value in TPI6 (-0.86 eV) due to the presence of 

a cyanoacetic acceptor. Furthermore, Absorbance data revealed how dyes containing cyanoacetic 

acceptor units tend to absorb both visible and UV light while dyes lacking the strong cyanoacetic 

acceptor groups absorbed only at the electromagnetic spectrum. 
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INTRODUCTION 

The rapid development of renewable energy 

technologies has been necessitated by the 

steadily increasing global demand for energy, 

as well as the depletion of harmful environ-

mental effects associated with the combus-

tion of fossil fuels [1], [2]⁠. Due to the fasci-

nating low cost of photovoltaic energy con-

version compared to silicon-based semicon-

ductor solar cells, dye-sensitized solar cells 

(DSSCs) have gotten [3], [4]⁠ a lot of atten-

tion. A wide band gap semiconductor, the 

sensitizer (dye molecules), a transparent con-

ductive oxide layer (TCO), and a redox elec-

trolyte (typically iodide/triiodide) are the 

main components of DSSCs [2]⁠. The dye ab-

sorbs solar radiation in the visible spectrum 

and excites an electron into the semiconduc-

tor's conductive band; the redox electrolyte 

then regenerates an electron to the dye [5]⁠. 
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Metal-free natural dyes have recently gar-

nered considerable attention, whilst organo-

metallic dye complexes haven't. This is be-

cause of their low toxicity, high molar extinc-

tion coefficient, ease of access, light weight, 

and cost effectiveness [5]⁠. As a result, scien-

tists are working to develop a metal-free or-

ganic dye for use in dye-sensitized solar cells 

[6]⁠. Unfortunately, they have narrow optical 

absorption spectra, which makes it difficult to 

achieve the maximum short-circuit current 

density (Jsc), resulting in a lower power con-

version efficiency (~9.5%) [7]⁠. 

The most extensively studied organic dyes 

usually adopt the donor-π-spacer-acceptor 

(D-π-A) structural motif, which exhibit sev-

eral advantages: high molar extinction coef-

ficients, low cost of production, and an ex-

traordinary diversity [8]⁠. In this structure, the 

intramolecular charge transfer (ICT) from D 

to A at the photo excitation will inject the 

photoelectron into the conduction band of the 

semi-conductor through the electron accept-

ing group at the anchoring unit. By changing 

the electron donor, acceptor, and/or π-spacer 

group, the HOMO and LUMO energy levels 

are affected [9]⁠. 

Imidazole, being one of the nitrogen-contain-

ing heterocyclic compounds has a lot of ap-

plication and are currently a subject of in-

tense research [10]⁠. Amongst the numerous 

documented applications of  Imidazoles and 

its moieties are its reported biological activi-

ties [11]⁠, its use as starting material or precur-

sor  for other  synthetics compounds/deriva-

tives [12]⁠, its pharmacological properties 

[13]⁠ and its reported use as dye sensitizer [14]⁠ 

among others.  

The imidazole pharmacophore's effective-

ness and broad applicability can be due to its 

hydrogen bond Donor-Acceptor ability and 

strong affinity for metals (such as Zn, Fe, and 

Mg), which are found in numerous protein 

active sites [15]⁠. Naturally occurring substi-

tuted imidazoles, as well as synthetic deriva-

tives thereof, exhibit wide ranges of physical 

and biological activities, making them attrac-

tive compounds for both organic and physical 

chemists. 

The ability to design molecular structures at 

the molecular level, and that can favorably be 

studied alongside experimental feedback of 

already-existing dye sensitizers, can be pro-

vided by density functional theory (DFT) 

[15], [16]⁠.  Hence, this study focuses on the 

TD-DFT investigation of photovoltaic, opti-

cal and absorption properties of some poten-

tial DSSC through a D-π-A of 2, 4, 5-tri-

phenyl imidazole framework. 

 

MATERIALS AND METHODS 

All computational calculations were done us-

ing the Gaussian® 09W Revision package 
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software [17]⁠, visualizations software in-

cludes Avogadro® version 1.2.0 [18]⁠ while 

graphical representations were done using, 

Multiwfn® package version 3.8 [19]⁠ and 

Origin Lab® 2021 edition [20].  Lastly, all 

compounds were modelled using the 

ChemDraw® Ultra drawing tool [21]⁠.⁠ TPI1 

(2, 4, 5-triphenyl imidazole) and its nine de-

rivatives were studied. The derivatives were 

modelled by substituting the donor group in 

para̱- position to the phenyl rings 2 and 3 of 

the imidazole structure at the C4 and C5 po-

sitions, respectively. 

The derivatives investigated includes, 2,4,5-

triphenyl-1H-imidazole (TPI1), 4,5-bis(4-

chlorophenyl)-2-phenyl-1H-imidazole 

(TPI2), 4,5-bis(4-methoxyphenyl)-2-phenyl-

1H-imidazole (TPI3), (E)-3-cyano-2-(4-(4,5-

diphenyl-1H-imidazol-2-yl)phenyl)phe-

nyl)acrylic acid (TPI4), (Z)-2-(4-(4,5-bis(4-

methoxyphenyl)-1H-imidazol-2-yl)phenyl)-

3-cyanoacrylic acid (TPI5), (Z)-2-(4-(4,5-

bis(4-chlorophenyl)-1H-imidazol-2-yl)phe-

nyl)-3-cyanoacrylic acid (TPI6), (E)-2-(4-

(4,5-bis(4-methoxyphenyl)-1-methyl-1H-

imidazol-2-yl)phenyl)-3-cyanoacrylic acid 

(TPI7), (E)-3-cyano-2-(4-(1,4,5-triphenyl-

1H-imidazol-2-yl)phenyl)acrylic acid 

(TPI8), (Z)-3-cyano-2-(4-(1,4,5-tris(4-meth-

oxyphenyl)-1H-imidazol-2-yl)phenyl)acrylic 

acid (TPI9), and (E)-3-cyano-2-(4-(1,4,5-

tris(4-chlorophenyl)-1H-imidazol-2-yl)phe-

nyl)acrylic acid (TPI10). 

Method validation procedure was done via 

DFT/B3LYP (Becke three-parameter Lee-

Yang-Parr)  [22]⁠ technique (with split va-

lence orbitals) such as 3-21G(d,p), 6-

31+G(d,p), 6-31++G(d,p) and CAM-

B3LYP/6-31G(d,p) (Coulomb Attenuated-

B3LYP) in comparison with experimental 

data in solvent (methanol) phase [23]⁠ to study 

the theoretical basis set that is suitable 

enough for the study. For effective compara-

tive sake, each basis-set was used both to op-

timize and calculate for excitation energies of 

2, 4,5-triphenyl imidazole in solvent (metha-

nol). 

After optimization in solvent phase, the ex-

cited state energies, electron absorption spec-

tra, and oscillator strengths (f) were investi-

gated using the TD-DFT/B3LYP method 
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with the 6-31+G (d, p) basis set. The polariz-

able continuum model (PCM) was used for 

all computations in the solvent phase. 

RESULTS AND DISCUSSION 

Method validation 

Figure 1 shows the plots from both experi-

mental data and theoretical data. Excitation 

values, interpreted into table 1 reveal that the 

DFT method at 6-31+G (d, p) is most appro-

priate. Hence, DFT-B3LYP/6-31+G(d,p) 

level of theory was adopted in this study. 

 

Figure 1: Comparative excitation energy plots of the (A) Experimental data (in methanol) [5] and 

(B) Theoretical modeling data of 2,4,5- tri-phenyl imidazole (in methanol) at different level of 

theory. 

 

Table 1: Summarizing the DFT excitation-energy modeling of 2,4,5-tri-phenyl imidazole at dif-

ferent level of theory in solvent phase. 

Excitation Experimental 

value (nm) 

3-21G(d,p) 

(nm) 

6-31+G(d,p) 

(nm) 

CAM-B3LYP 

(nm) 

6-31++G(d,p) 

(nm) 

S0-S1 303 308.5 309.9 268.2 331.1 

S0-S2 224.7 232.1 234.4 249.1 309 
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Geometry structural optimization 

The optimized geometry structure of all dye 

compounds studied, at B3LYP/6-31+G(d,p) 

level of theory  are illustrated in Figure 2. As 

opposed to Juma et al., [2]⁠, all the compounds 

showed a non-coplanar geometry which indi-

cates that the compounds are capable of im-

proving electron transfer from donor (D) to 

acceptor (A) through the π–spacers. As 

shown in table 2, the minimization energy of 

the dye compounds (Emin),  at B3LYP/6-

31+G(d,p) level of theory is found to be -

24880.42, -49754.38, -31078.93, -39981.18, 

-40772.23, -59466.37, -41836, -40826.21, -

50124.14, -78165.17 eV for TPI1-TPI10 re-

spectively. 

 

Figure 2: Optimized structure of compounds in solvent phase at B3LYP/6-31+G(d,p) level. 

 

Frontier molecular orbital theory 

An important characteristic an organic dye 

must possess to qualify for DSSC application 

is the intramolecular charge transfer (ICT) 

from the donor to the anchoring group 

through the π-spacer. This attribute is de-

pendent on the energy gap and the photocur-

rent of the molecule [15], [24]⁠. 
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Frontier molecular orbital theory comprises 

of Highest occupied molecular orbital 

(HOMO) and Lowest unoccupied molecular 

orbital (LUMO).  HOMO orbital depicts 

bonding character while LUMO orbital, anti-

bonding character. Table 3 reveals that all 

HOMO exhibits aromatic natures due to elec-

tron de-localization [3]⁠ while LUMO are ma-

jorly concentrated at the acceptor units.  

It is said that compound with high electric di-

pole moment are more sensitive to external 

electric field [24]⁠. Results show that the cy-

anoacetic acceptor units (TPI4-TPI10) con-

tributes significantly to the reactivity of the 

anchoring group than those without the ac-

ceptor groups (TPI1-TPI3). According to Ta-

ble 2, the rate of sensitivity due to electric di-

pole moment follows the order of 

TPI8>TPI7>TPI5>TPI4>TPI3>TPI10>TPI1

>TPI6>TPI9. The difference in the energy of 

HOMO and LUMO is given by the Energy 

gap (Eg). The energy gap can be explained 

further as the ease of electron excitation from 

ground state (HOMO) to excited state 

(LUMO). Results in Table 2 points to the fact 

that compounds with cyano-acetic acceptor 

units (TPI4-TPI10) exhibits lower energy 

gaps compared to those without. This means 

that excitation is most favored in compounds 

with cyano-acetic acceptor units than those 

without. 

Table 2: Energy values of HOMO (EHOMO), LUMO (ELUMO) and gap (Egap) of the solvated studied 

compounds calculated using B3LYP/6-31+G (d,p) level 

Dyes EHOMO (eV) ELUMO (eV) EMin (eV) Eg (eV) μ (debye) 

TPI1 -5.21 -1.06 -24880.42 4.15 3.54 

TPI2 -5.51 -1.43 -49754.38 4.07 6.25 

TP3 -4.88 -0.87 -31078.93 4.01 4.79 

TPI4 -5.32 -2.87 -39981.18 2.45 5.35 

TPI5 -5.10 -2.86 -40772.23 2.24 6.47 

TPI6 -5.73 -2.86 -59466.37 2.87 3.22 

TPI7 -5.23 -4.16 -41836.00 1.06 6.96 

TPI8 -5.59 -4.30 -40826.21 1.28 7.36 

TPI9 -5.07 -2.65 -50124.14 2.42 2.15 

TPI10 -5.66 -4.28 -78165.17 1.37 3.50 
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Table 3: HOMO-LUMO diagram of the first electron excitation of TPI1-TPI10 at 6-31+G (d,p) 

level. 

 Structure HOMO LUMO 

TP1 

 

  

TP2 

 
  

TP3 

 
  

TP4 
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The HOMO-LUMO energy plots is shown in 

Figure 3 with respect to the redox potential 

and oxidation potential of Iodide/triiodide (-

4.8 eV) and titanium (IV) oxide (-4.0 eV) re-

spectively. Results show that despite TPI7, 

TPI8 and TPI10 showing lower Eg values, 

they are unsuitable for DSSC purposes due to 

their lower HOMO values. However, of all 

the cyano-acetic acceptor units, TPI4, TPI5, 

TPI6, and TPI9 are found to be suitable for 

DSSC applications.  

 

Figure 3: Plot of HOMO-LUMO values and energy band gaps for solvated TPI1-TPI10 at 6-

31+G(d,p) level. 
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Theoretical background of some parame-

ters 

1. Photovoltaic properties 

The power conversion efficiency is the per-

centage of solar energy that is turned into use-

able electricity by a solar cell device. The fol-

lowing formula was used to compute the 

power conversion efficiency (η). 

𝜂 = 𝐹𝐹
𝑉𝑜𝑐𝐽𝑠𝑐

𝑃𝑖𝑛𝑐
   1 

where Pinc is the incident power density, Jsc is 

the short-circuit current, Voc is the open-cir-

cuit voltage, and FF denotes the fill factor. In 

other to analyze the relationship between Voc 

and ELUMO of the dyes based on electron in-

jection (in DSSCs) from LUMO to the con-

duction band of the TiO2 semiconductor, 

𝐸𝑅𝐷𝑃
𝑇𝑖𝑂2

 . The energy relationship can be ex-

pressed as: 

 

𝑉𝑜𝑐  =  𝐸𝐿𝑈𝑀𝑂 − 𝐸𝑅𝐷𝑃
𝑇𝑖𝑂2  2 

 

The following equation determines the short-

circuit current density (Jsc) in DSSCs [25]⁠, 

𝐽𝑠𝑐 = ∫ 𝐿𝐻𝐸 (𝜆)𝛷𝑖𝑛𝑗𝑒𝑐𝑡𝜂𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑑𝜆, 3 

where LHE (λ) is the light-harvesting effi-

ciency at a given wavelength, Φinject is the 

electron injection efficiency, and ηcollect de-

notes the charge collection efficiency. In the 

system where there are only differences in 

dye, ηcollect can be assumed to be constant. 

The LHE can be calculated through the fol-

lowing equation [9]⁠: 

 

𝐿𝐻𝐸 = 1 − 10−𝑓   4 

 

where f is the oscillator strength of adsorbed 

dye molecules. Φinject is related to the driving 

force (ΔGinject) of electrons injecting from the 

excited states of dye molecules to the semi-

conductor (conduction band). It can be esti-

mated as follows [3]⁠: 

 

𝛥𝐺𝑖𝑛𝑗𝑒𝑐𝑡 = 𝐸𝑂𝑋
𝑑𝑦𝑒∗ 

− 𝐸𝐶𝐵
𝑇𝑖𝑂2  =  𝐸𝑂𝑋

𝑑𝑦𝑒
 +  𝐸0−0

𝑑𝑦𝑒
− 𝐸𝐶𝐵

𝑇𝑖𝑂2  5 

 

From the equations (1), (2), (3), (4), and (5), 

we could predict theoretically the efficiency 

of the novel triphenyl derivatives without in-

tensive calculations. In the above equa-

tions,𝐸𝑂𝑋
𝑑𝑦𝑒∗ 

 is the oxidation potential of the 

excited dye, 𝐸𝑂𝑋
𝑑𝑦𝑒

 is the oxidation potential of 



 

 

 
J. Chem. Soc. Nigeria, Vol. 47, No. 4, pp 739 – 758 [2022] 
 

749 

 

 

 

the ground state of the dye, 𝐸0−0
𝑑𝑦𝑒∗ 

 is the ver-

tical transition energy, and 𝐸𝐶𝐵
𝑇𝑖𝑂2 is the con-

duction band edge of the TiO2 semiconduc-

tor. Hence, Jsc can be well estimated through 

LHE and ΔGinject.  

Given the above equations 1-5, the light har-

vesting efficiency of the compounds TPI1-

TPI10 can be predicted theoretically. 

𝐸𝑂𝑋
𝑑𝑦𝑒∗ 

can be evaluated from equation 6 

which can be extracted from the oxidation 

potential of ground state, 𝐸𝑂𝑋
𝑑𝑦𝑒

 and the maxi-

mum absorbance (λmax) in electron volts of 

the dye compound. 

 

𝐸𝑂𝑋
𝑑𝑦𝑒∗ 

= 𝐸𝑂𝑋
𝑑𝑦𝑒

− 𝜆𝑚𝑎𝑥   

 6 

 

2. Electron injection 

The broad classical Marcus theory may be 

used to get the description of electron transfer 

from a dye to a semiconductor and the rate of 

charge transfer [26]–[28]⁠. 

In equation (8), kinject is the rate constant (in 

s−1) of the electron injection from dye to 

TiO2, kB is the Boltzmann thermal energy, h 

is the Planck constant, Ginject is the free en-

ergy of injection, and VRP is the coupling 

constant between the reagent and the product 

potential curves. According to Equation (7), 

a greater VRP leads to a higher rate constant, 

resulting in a superior sensitizer. VRP for a 

photo induced charge transfer may be evalu-

ated using the extended Mulliken-Hush 

(GMH) formalism [26]⁠.  

The driving force of electron injection, ERP 

can be expressed within Koopman’s approx-

imation as in equation (8) [16]⁠. The coupling 

constant between reagent and product poten-

tial curves, VRP value can be gotten from 

equation (9). 

 

 

𝑘𝑖𝑛𝑗𝑒𝑐𝑡 = 𝑉𝑅𝑃(2 ℎ⁄ (𝜋 𝜆⁄ 𝑘𝐵𝑇)) 1 2⁄  𝑒𝑥𝑝 [−(𝛥𝐺𝑖𝑛𝑗𝑒𝑐𝑡 + 𝜆) 2 4⁄ 𝜆𝐾𝐵𝑇]  7 

 

𝛥𝐸𝑅𝑃 = [𝐸𝐿𝑈𝑀𝑂
𝑑𝑦𝑒

+ 2𝐸𝐻𝑂𝑀𝑂
𝑑𝑦𝑒

] − [𝐸𝐿𝑈𝑀𝑂
𝑑𝑦𝑒

+ 𝐸𝐻𝑂𝑀𝑂
𝑑𝑦𝑒

+ 𝐸𝑅𝐷𝑃
𝑇𝑖𝑂2]    8 
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where 𝐸𝑅𝐷𝑃
𝑇𝑖𝑂2, is the redox potential of TiO2 

which equals −4.0 eV [12] which is an exper-

imental value corresponding to conditions 

where the semiconductor is in contact with 

aqueous redox electrolytes of fixed pH 7.0. 

𝑉𝑅𝑃 =
𝛥𝐸𝑅𝑃

2
  9 

 

 

 

 

 

 

 

Table 4: Calculated theoretical values of photovoltaic parameters and open circuit voltage (Voc) of 

the solvated studied compounds using B3LYP/6-31+G (d,p) level  

Dyes   𝐸𝑂𝑋
𝑑𝑦𝑒

(eV)  𝐸𝑂𝑋
𝑑𝑦𝑒∗ 

(eV) ΔGinject (eV) LHE VOC (eV) VRP (eV) 

TPI1 5.21 1.42 -2.58 0.65 2.94 0.61 

TPI2 5.51 1.82 -2.19 0.64 2.57 0.75 

TPI3 4.88 1.23 -2.77 0.65 3.14 0.44 

TPI4 5.32 0.70 -3.30 0.63 1.13 0.66 

TPI5 5.10 0.66 -3.34 0.52 1.14 0.55 

TPI6 5.73 3.14 -0.86 0.57 1.14 0.86 

TPI7 5.23 1.44 -2.56 0.66 0.16 0.61 

TPI8 5.59 4.38 0.38 0.36 0.3 0.79 

TPI9 5.07 0.76 -3.24 0.41 1.35 0.54 

TPI10 5.66 2.3 -1.70 0.54 0.28 0.83 

 

From the studied dye derivatives, the values 

of Voc were calculated according to the equa-

tion (2) and values obtained range from 0.3 

eV to 3.14 eV as shown in Table 4; this is in 

agreement with submission of Juma et al. [2]⁠ 

which confirms that the values obtained are 

sufficient for a possible efficient electron in-

jection. Table 4 presents the photovoltaic 

properties in form of maximum absorbance ( 

λmax), driving force for electron injection 

(ΔGinject),  ground state oxidation potential 

(excited state oxidation potential) and Light 
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Harvesting Efficiency (LHE). The short-cir-

cuit current Jsc depends on two main influ-

encing factors: light- harvesting efficiency 

(LHE) and the electronic injection free en-

ergy (ΔGinject) (in equation (3)). Likewise, the 

Voc and the VRP values depends on ΔGinject 

.The LHE is a critical factor for organic dyes 

because it gives insight into the role of dyes 

in the DSSC in terms of absorbing photons 

and injecting photo-excited electrons into the 

semiconductor's (TiO2).conduction band. 

In Table 4, the calculated LHE values for all 

dye compounds range between 0.36 and 

0.66.which indicate good harvesting power 

for all dye compounds. 

Table 4 also reveals that ΔGinject are negative 

for all dye compounds except for TPI8. This 

can be due to the lack of donor groups at the 

first and second phenyl ring, attached to the 

imidazole framework. Also, ΔGinject values 

obtained are negative for all dye compounds 

except for TPI8. The reason can be ascribed 

to the fact that TPI8 lack the donor groups at 

the first and second phenyl ring, attached to 

the imidazole framework. Since the ΔGinject 

values are negative, it implies that the elec-

tron injection process from the LUMO of the 

dye to the TiO2 surface is favourable and 

spontaneous for all dye compounds [4]⁠. Fol-

lowing this, out of the ten (10) dye com-

pounds studied, TPI6 (-0.86 eV) have a larger 

ΔGinject. Consequently, based on the ΔGinject 

values in table 4, it is evident that of all the 

ten (10) dye compounds studied, TPI6 (-0.86 

eV) has the highest ΔGinject. With reference 

to equations 3. 5 and 6 which mathematically 

connect the ΔGinject and LHE  to Jsc, it can be 

inferred  that TPI6 will have a higher Jsc, than 

the remaining dye compounds in this study, 

and also, than the best dye compound re-

ported in (-0.94 eV).  

In summary, the results obtained show that 

TPI6 has the largest electron injection value 

among the rest of the studied dye compounds, 

while, the lowest electron injection value  ob-

served in TPI8 was due to the absence  of 

auxochromic donor units at the para- position 

of the C4, C5 and N1 phenyl rings. 

3. Absorption properties 

Table 5 shows the computed excitation ener-

gies, oscillator strength and excited composi-

tional states of the dye compounds. It is ob-

served that the vertical energy changes with 

respect to the kind of donor group attached at 

the para- position of phenyl rings at C4, C5 

and N1 positions. From the results in Table 5, 

the correlation between the ease of electron 

delocalization within the dye compounds and 
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the maximum vertical transition of each dye 

compound was also revealed 

Electronic absorption spectra  of the studied 

dye compounds in figure 4 and 5 show that 

TPI4  – TPI10 have vertical energy absorb-

ance in both UV and Visible regions whereas 

TPI1 – TPI3  absorb only in the UV region 

and this observation can be attributed to the 

presence of the cyanoacetic acceptors in the 

former compounds. This observation is in 

complete agreement with the submission of 

Malcioǧlu et al. [29]⁠ that a potential dye com-

pound for DSSC should absorb both in the 

UV and visible regions for easy electron in-

jection and regeneration DSSC process. 

 

Table 5: Absorption spectra data of the solvated TPI1-TPI10 compounds calculated with TD-

DFT/6-31+G (d, p) level. 

Dyes  Excited state Main composition λmax (nm) λ (eV) f 

TPI1 S0→S1 

S0→S2 

S0→S6 

HOMO→LUMO 

HOMO→LUMO 

HOMO→LUMO 

326.89 

299.64 

253.24 

3.7928 

4.1377 

4.8960 

0.452 

0.295 

0.253 

TPI2 S0→S1 

S0→S3 

S0→S6 

HOMO→LUMO 

HOMO→LUMO 

HOMO→LUMO 

336.01 

294.54 

262.84 

3.6899 

4.2094 

4.7171 

0.442 

0.253 

0.283 

TPI3 S0→S1 

S0→S3 

S0→S5 

HOMO→LUMO 

HOMO→LUMO 

HOMO→LUMO 

339.39 

300.24 

273.51 

3.6531 

4.1295 

4.5330 

0.460 

0.253 

0.314 

TPI4 S0→S1 

S0→S13 

S0→S17 

HOMO→LUMO 

HOMO→LUMO 

HOMO→LUMO 

467.85 

268.40 

256.76 

2.6501 

4.6193 

4.8288 

0.246 

0.428 

0.421 

TPI5 S0→S1 

S0→S4 

S0→S14 

HOMO→LUMO 

HOMO→LUMO 

HOMO→LUMO 

617.63 

346.34 

279.05 

2.0074 

3.5798 

4.4430 

0.269 

0.291 

0.322 

TPI6 S0→S1 

S0→S3 

S0→S5 

HOMO→LUMO 

HOMO→LUMO 

HOMO→LUMO 

479.42 

333.62 

306.71 

2.5861 

3.7164 

4.0423 

0.363 

0.277 

0.262 
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TPI7 S0→S2 

S0→S15 

S0→S17 

HOMO→LUMO 

HOMO→LUMO 

HOMO→LUMO 

945.92 

327.46 

299.16 

1.3107 

3.7862 

4.1444 

0.244 

0.469 

0.003 

TPI8 S0→S2 

S0→S15 

S0→S17 

HOMO→LUMO 

HOMO→LUMO 

HOMO→LUMO 

1026.99 

323.51 

290.79 

1.2073 

3.8325 

4.2636 

0.191 

0.158 

0.001 

TPI9 S0→S1 

S0→S5 

S0→S22 

HOMO→LUMO 

HOMO→LUMO 

HOMO→LUMO 

525.24 

287.64 

256.35 

2.1553 

4.3104 

4.8366 

0.210 

0.232 

0.219 
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Figure 4: UV-Visible absorption spectra of solvated TPI1-TPI10 at 6-31+G(d,p) level. 
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Figure 5: UV-Visible absorption spectra of solvated compounds possessing cyanoacetic acceptors 

(TPI4-TPI10) at 6-31+G(d,p) level. 

 

CONCLUSION 

Attachment of Donor and Acceptor groups 

through the imidazole’ π-spacer was applied 

in this study to enhance the photo-electronic 

properties of 2,4,5-triphenyl imidazole. From 

our findings, the cyanoacetic accceptor units 

is observed to play a very significant role in 

improving the photo-electronic properties of 

2,4,5-triphenyl imidazole. From the results 

from this study, ΔGinject was observed to have 

the largest injection in TPI6 (-0.86 eV) than 

other compound observed in this study. The 

absorbance data describes how, only dyes 

with cyanoacetic acceptor units tend to ab-

sorb both visible and Uv light which is a pre-

requisite a DSSC dye must satisfy. These 

findings are however, a useful lead towards 

future experimental DSSC designs. 
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