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The anthracene molecule was adopted as a π-conjugation bridge for the D–π–A system with a methyl group CH3 and a nitro group NO2 
acting as donor and acceptor groups. The influence of the anthracene nature junction with the donor and acceptor sides was evaluated 
on the performance of a dye-sensitized solar cell (DSSC). The donor and acceptor positions in this study changed around the anthracene. 
Density functional theory (DFT) has been utilized at the B3LYP theory level. The donor group could bind to anthracene at two specific 
sites, while the acceptor group could bind to the remaining anthracene sites, excluding the donor group site. The photovoltaic and 
electronic properties have been investigated. The results showed that the best-performing molecular dyes, D10A7, D10A8, and D1A6, are 
suitable for use as sensitizers due to their energetically favorable photovoltaic parameters, which are attributed to the potential for 
electron injection and regeneration. 
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INTRODUCTION 
Following Grätzel's initial publication, DSSC research garnered significant interest in renewable energy studies 

because of its affordability, straightforward manufacturing process, and eco-friendly characteristics [1]. Like inorganic 
dyes, Ruthenium complex-based dyes have good chemical and thermal stability, but are expensive and unavailable [2]. 
Metal complex dye molecules, such as Zn-porphyrin, based on DSSCs have high light-harvesting ability [3]. Metal-free 
organic dyes have low cost and high absorption coefficients [4]. Although Zn-porphyrin metal complexes based on DSSCs 
have achieved higher conversion efficiency than metal-free organic dyes, they are costly, highly toxic, and of limited 
resource [5]. The donor-π-acceptor (D–π–A) moieties are the most prevalent structure in DSSCs due to their light 
harvesting nature and appropriate modification of the nature of the intramolecular charge transfer [1, 6]. The dye sensitizer 
absorbs the incident light; therefore, the electron is excited by photoexcitation and moves from the highest occupied 
molecular orbital (HOMO) to the lowest unoccupied molecular orbital (LUMO) of the dye, as shown in Figure 1 which 
explain the working principle of DSSCs. The electron is injected into the titanium dioxide (TiO2) conduction band; 
therefore, the charge separation occurs at the dye and semiconductor interface through the photo-induced electron 
injection process. Then, the electron transfers from the TiO2 to the transparent conducting oxides (TCO) [7]. Thus, the 
electron reaches from the anode to the cathode and diffuses from the cathode to the electrolyte, so the regeneration of the 
dye occurs. Based on that, the dye is oxidized to make the DSSC stable and long-lasting [2]. 

Additionally, the energy level of the redox couple (iodide I−/triiodide I3
−) should be higher than the HOMO level of 

the dye for successful regeneration to occur. The conduction band of the semiconductor metal oxide photo-anode should 
be below the LUMO level of the dye. The conduction band of TiO2 should be lower than the LUMO energy level of the 
dye to allow the electron to be transported to the anode [8]. For potential electron injection and dye regeneration, the 
HOMO and LUMO levels of the dye should lie with the redox electrolyte (I−/I3

−) and the conduction band of TiO2, 
respectively [9]. In a molecule, the location of the most energetic electrons is typically considered the HOMO, and it is 
the most likely location to react with an electrophile. According to a study conducted by Bulat et al. on the HOMO in a 
molecule, it confidently points to the site of the most energetic electron. It is noted that the HOMO does not consider that 
the lower energy orbitals in different parts of the molecule may still be occupied by electrons. The lowest values of the 
average local ionization energy have a considerable influence on the magnitudes and locations of electron density. The 
HOMO is delocalized and does not point to the lower-lying orbital contributions. Consequently, it is essential to be caution 
when considering the HOMO as the best energetic electron in a molecule and the most reactive site for the 
electrophile [10]. 

Recently, anthracene has been used in DSSCs due to its unique photophysical properties, such as bright blue 
electroluminescence [11]. When investigating DSSCs, the electron diffusion properties matter, not the luminescent or 
fluorescent properties. Rapid intramolecular charge transport is crucial in successful electron injection from the anchoring 
groups of the dye into the conduction band of the semiconductor and successful regeneration back into the dye via the 
electrolyte. Recombination is crucial in electroluminescence but is a drawback in DSSCs. Anthracene compound is 
reported in various applications such as light-emitting diodes, thin film transistors, and bulk heterojunction solar cells due 
to its outstanding optical properties, excellent stability, easy tunability, low cost, and high carrier mobility [12]. 
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The π-conjugated bridge groups help in the electronic transition charge transfer from the ground state to the excited state 
to enhance the light absorption of DSSCs at a longer wavelength [5, 14, 15], and specify how the π-spacer can facilitate 
charge transport between different dye fragments. The charge recombination and dye aggregation reduce the efficiency 
of the metal-free organic dyes [16]. In organic solar cells, fullerenes [15, 17-18] facilitate electron transport, although 
they have not been studied extensively. 

 
Figure 1. Schematic diagram of the dye-sensitised solar cell (DSSCs) working principle. hv is incident light (photon), e is electron, 
TCO stands for transparent conducting oxide, TiO2 is titanium dioxide, ECB is the conduction band edge energy level, EVB is the valence 
band edge energy level, Ef is the Fermi level, I⁻/I₃⁻ is the iodide/triiodide redox couple,  I⁻/I2⁻ is the iodide/diiodide radical redox pair, 
HOMO is the highest occupied molecular orbital, LUMO is the lowest unoccupied molecular orbital, ∆Ginj is the injection driving 
force, ∆Greg is the regeneration driving force, and VOC is the open circuit voltage. 

Additionally, nanotubes [19, 20] have recently been used in organic solar cells. Nitro group (NO2) has been 
employed as a strong electron acceptor group because of its remarkable electron-withdrawing ability and a strong 
anchoring ability to bond through chemisorption with the semiconductor [21, 22]. In a previous study on benzene and 
triphenylamine as donors, dimethylanisole as π-conjugated and CN, COOH, and NO2 as acceptors, Mathiyalagan et al. 
concluded that triphenylamine and NO2 have the most potent effect as electron donors and acceptors, respectively, and 
have perfect optoelectronic properties for use in DSSCs [22]. Methyl group (CH3) is a substantial electron donor due to 
its strong electron-donating nature [23]. In a recent work by Bora and Kalita on tetrathiafulvalene as a donor and both 
cyanoacrylic and carboxylic as acceptors with thiophene as π-conjugation, the dye electron density increased when the 
CH3 group and the NO2 were attached in the donor and acceptor parts, respectively, which maximized the redshift by 
reducing the energy bandgap [23]. The previous literature generally searched for affective LUMO or HOMO groups to 
use in D–π–A to get better DSSC efficiency. These studies did not modify the binding sites of these groups; therefore, 
they did not examine the effect of the choice of binding site to know how the changing sites affected the working cells. 
In the current research, this has been addressed by studying the D–π–A structure by adding LUMO and HOMO groups 
and changing their binding sites to find out what effect this change had on the photovoltaic parameters.  

This paper used anthracene as a π-spacer between the CH3 donor and NO2 acceptor. The position of the donor and 
acceptor groups around the anthracene was investigated. To evaluate the impact of changing the position of donor and 
acceptor groups around the π-conjugation on photovoltaic (PV) performance, a molecular orbital with the highest occupied 
energy EHOMO and a molecular orbital with the lowest unoccupied energy ELUMO, optical bandgap energy (Eg), the maximum 
absorption wavelengths, oscillator strength (f), light harvesting efficiency (LHE), excited state lifetime (τ), injection driving 
force (∆Ginj), regeneration driving force (∆Greg), open circuit voltage (VOC) and fill factor (FF) were illustrated. 

 
COMPUTATIONAL AND THEORETICAL METHODOLOGY 

In the D–π–A design, the CH3, and NO2 were selected as the donor and acceptor groups, respectively, and they are 
linked by the anthracene, which acts as a π-conjugation fragment (see Figure 2). 

 
Figure 2. The numbering scheme is used for the variation in functional group positions: D-donor (Dk = CH3 methyl group) and A-
acceptor (An = NO2 nitro group) around the anthracene molecule (π = anthracene); (Dk–π–An), where k = 1 or 10, and n = 1, 2,…,10, 
with k≠n. C, H, N, and O represent carbon, hydrogen, nitrogen, and oxygen, respectively. 

According to the numbering DkAn = (Dk–π–An) in Figure 2, the donor group (Dk) is fixed on anthracene and limited 
to only two positions, either k = 1 or k = 10, while the acceptor group (An) is fixed around the other anthracene positions 
so that n = 1, 2…10 and k≠n. In this case, when the donor group is fixed on k = 1, the acceptor group will vary on positions 
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of anthracene (n = 2–10), and when the CH3 groups are fixed on k = 10, the acceptor groups will vary on positions of 
anthracene (n = 1–9); therefore, 18 isomers of Dk–π–An were obtained. The molecular dye has been studied to explore 
the influence of changing the position of donor and acceptor groups around the π-conjugated system on the geometries, 
electronic, and PV properties of the DSSCs. 

Complete optimization of these 18 cases was carried out with TD-DFT approaches [24] at B3LYP/6-311G(d,p), 
where 6-311G(d,p) basis sets for C, H, O, and N, usually approved as a beneficial plan to speculate the molecular 
structures, based on optimized ground state geometry, were used to evaluate the oscillator strengths and excited state 
energy calculations. The ground state geometry optimizations for the Dk–π–An structure were performed with the 
Gaussian 09 program package using DFT [25, 26] at the hybrid functional of exchange-correlation B3LYP (Becke three-
parameter Lee-Yang-Parr) theory level [26]. Furthermore, all calculations were performed in the gas phase. DSSCs 
calculations in the real case are more complex than those of the gas phase, where in real DSSCs, dye molecules stick to 
the TiO2 surface and are surrounded by a liquid electrolyte. Therefore; the values of ΔGinj, ΔGreg, VOC, and FF should be 
interpreted as qualitative trends. The gas phase does not take these factors into account, and this can affect the  dye 
performance in addition to the overall cell efficiency [27]. However, gas phase calculations are still extremely valuable 
since they provide initial insights about the electrical and optical properties of the dye [28]. 

For practical applications, simple chemical methods can be used to bind the methyl (−CH3) donor group and nitro 
(−NO2) acceptor group to the anthracene π -bridge. These groups are added to the anthracene part of the dye to improve 
DSSCs performance. Common methods such as Friedel-Crafts alkylation or Suzuki coupling can be used to attach 
the −CH3 group, whilst the −NO2 group can be bound through aromatic nitration [28]. Furthermore, a carboxylic acid 
group is added in the dye to make it stick strongly to the TiO2 surface [29]. These methods are well established and have 
been successfully utilized in photovoltaic research [27, 29, 31], our D- π -A dyes are actual and can be surely employed 
in DSSCs devices.  

For PV characterisation, the substantial factor in DSSC is VOC and can be  estimated using the commonly used 
approximately [13]:  

 𝑉ை஼ = 𝐸୐୙୑୓ − 𝐸େ୆ (TiOଶ) (1) 

where ELUMO is the LUMO energy level of the dye, 𝐸େ୆ is the reduction potential of TiO2 conduction band edge of the 
semiconductor, with the widely used experimental value of TiO2 ECB (𝐸େ୆ = −4.0 eV) [33]. All energy values are 
presented in volts (V), and this expression is intended as a preliminary theoretical estimate.  The FF have a crucial role in 
the device efficiency and can be determined as [34]:  

 𝐹𝐹 = 𝑉୓େ − ln (𝑉୓େ + 0.72)/(𝑉୓େ + 1) (2) 

LHE, one of the key factors that affects the JSC, is expressed as [35]:  

 𝐿𝐻𝐸 = 1 − 10ି௙ (3) 

where f is the oscillator strength of the adsorbed dye molecule related to λmax. The Lambert-Beer law proposes that the 
LHE of a cell relies on the coefficient of dye extinction, the concentration of dye, and the optical path length within the 
semiconductor film [36]. The lifetime (𝜏) of the molecular dye can be determined as follows [35]:  

 𝜏 = 1.499/𝑓𝐸ଶ (4) 

where E is the different electron states’ excitation energy (cm−1) of the different electronic states. In addition, photovoltaic 
performance depends on the electron injection rate (ΔGinj) from the dye to the TiO2 (ECB). Therefore, ΔGinj is beneficial 
for examining the injection driving force of electrons injected from the dye-excited state ELUMO level to the conduction 
band of the semiconductor oxide [25]. A negative sign suggests the process of spontaneity [13]. ΔGinj can be determined 
according to Preat’s method [37] as follows [38]:  

 ∆𝐺௜௡௝ = 𝐸ୢ୷ୣ∗ − 𝐸஼஻(TiOଶ) (5) 𝐸ୢ୷ୣ∗ is the oxidation potential energy of the dye molecule in the excited state and can be estimated by:  

 𝐸ୢ୷ୣ∗ = 𝐸ୢ୷ୣ − 𝐸଴ି଴ (6) 𝐸ୢ୷ୣ is the oxidation potential of the dye molecule in the ground state (donate −EHOMO), and 𝐸଴ି଴ is an electronic vertical 
transition energy corresponding to 𝜆୫ୟ୶. ΔGreg is another critical factor that affects the 𝐽ୗେ [39]. The significant driving forces 
of dye regeneration, promote the regeneration efficiency resulting in high 𝐽ୗେ [40]. ΔGreg can be calculated as follows [41]:  

 ΔGreg = Eredox−Edye (7) 

where Eredox is the redox potential of the applied electrolyte. Iodide/triiodide (I−/I3
−) is typically used as an electrolyte, and 

the level of couple redox electrolyte (I−/I3
−) is about −4.80 eV [25]. Both ΔGinj and ΔGreg represent the change in the free 

energy in eV for the injection and rejection electrons [13]. 
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RESULTS AND DISCUSSION 
Ground state geometry 

Knowing the most stable structure for 18 isomers of the Dk–π–An is essential to examine the relative energy (ΔEt). 
The ground state geometry of Dk–π–An was determined using the B3LYP/6-311G(d,p) levels. The differences in ground 
state energy of the Dk–π–An due to the position of donor and acceptor groups around the anthracene are listed in Table 1. 
The five most stable structures of the anthracene derivatives, with the minimum relative energy (ΔEt) of 18 isomers, are 
D10A5, D10A4, D1A9, D1A4, and D1A5, respectively. This indicates that the lowest ground state energy is for D10A5. 
Generally, a comparison with the previous studies’ significant differences [14,18]. Furthermore, no available 
experimental data are available for comparison. 

 
Frontier molecular orbitals and energy levels 

The electronic distribution of frontier orbitals is vital in transferring the effective charge from the donor to the 
acceptor [5]. The effective charge transfers between the EHOMO and ELUMO levels are substantial for studying the molecular 
structure of organic PV. The EHOMO levels should be located below the electrolyte I−/I3

− (−4.80 eV) [33] to get an efficient 
dye in DSSCs, and the ELUMO levels should be located above the TiO2 ECB (−4.0 eV) [33]. Therefore, the electronic and 
transition properties of the molecule dyes were investigated employing the B3LYP/6-311G(d,p) levels. In our results, all 
the values of the HOMO level are located below the value of the TiO2 ECB; therefore, the electron can inject efficiently 
from the dye to the TiO2 ECB and the electron can then transfer from the TiO2 ECB to the TCO and diffuse to the electrolyte. 
In addition, all the values of the LUMO level are located above the value of the TiO2 ECB; therefore, the dye can be 
successfully regenerated back into the dye through electron acceptance from the electrolyte I−/I3

−. 
The DFT calculated results of EHOMO, ELUMO, and Eg for various positions of the acceptor and donor for D1An and 

D10An are listed in Figure 3. The EHOMO level values of Dk–π–An, located below the electrolyte, are in the order D1A2, 
D10A1, D10A8, D1A3 and D10A3, respectively. Thus, D1A2, D10A1, D10A8, D1A3 and D10A3 may enhance the efficient 
regeneration of electrons back into the dye in DSSCs. In addition, they have the highest ground state energy due to the 
electrolyte I−/I3

−; therefore, they can occur easily and enhance the ΔGreg. EHOMO is often related to the ability [42,43] to 
donate electrons. Thus, D1A2 and D10A1 have the highest electron-donating ability. However, for the ELUMO levels that 
should be located above the TiO2 ECB, the highest maximum value in the order of Dk–π–An is D1A2, D10A1, D10A2, D10A7 
and D1A7, respectively. The highest value of the ELUMO levels is D1A2 despite its high relative stability. Therefore, the 
effective values of the ELUMO levels that improve the VOC and ΔGinj are for D1A2 and D1A10, respectively, and show the 
highest electron-accepting ability. Figure 3 illustrates that the energy gap values of D1A3, D1A6, D10A7, D10A6, and D10A3 
are smaller than those of the other dyes (isomers). From previous studies, we expect that the sensitisers with smaller gaps 
of ELUMO−EHOMO energy show favourable characteristics beneficial to higher LHE in the DSSC and facilitate the injection 
of electrons and the regeneration of dye, which enhances efficiency. Therefore, our designed dyes D1A3, D1A6, D10A7, 
D10A6, and D10A3 may have better light harvesting ability than the others [5, 44-46]. Interestingly, we noticed that the 
decrease in energy gap values is mainly due to decreased LUMO energy levels. This result confirms that the energy levels 
of the dye sensitisers can be tuned through the donating group’s position around the π-conjugated bridge. 

 
Figure 3. Calculated HOMO- LUMO electronic structures of all studied dyes. TiO2 ECB represents the conduction band edge of 
the titanium dioxide (TiO2); I⁻/I₃⁻ is the redox couple (iodide I−/triiodide I3−), HOMO is the highest occupied molecular orbital, 

LUMO is the lowest unoccupied molecular orbital 

The absorption ability of dye sensitizers plays an essential role in promoting JSC. The solar radiation, including the 
visible and near-IR range, should be absorbed by a suitable sensitizer in DSSCs [47] as much as possible. Position 
modifications in the donor-acceptor groups would tune the photo absorption spectra of 18 dye isomers. As Figure 4 shows, 
the designed dyes D1A10 and D10A1 have the broadest absorption spectra, except for blue shifts. The maximum absorption 
coefficients of dyes are D1A8, D1A6, D10A5, D1A4, D1A9 and D10A3, respectively. The origins of these absorptions are 
detailed by calculating the singlet electronic transition in the Gaussian 09W program. The maximum absorption peaks of 
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isomer dyes D1A6, D10A3 and D1A3 have more redshifts than others. Therefore, we selected D1A6, D10A3 and D1A3 to 
design novel dyes further. 

 
Figure 4. Absorption spectra of 18 dye isomers as a function of wavelength (λ). (a) isomers where the donor group is fixed on the 
anthracene at site D10, and the acceptor group is bound to the remaining sites. (b) isomers where the donor group is fixed on the 
anthracene at site D1, and the acceptor group is bound to the remaining sites 

 
Photovoltaic properties 

The fundamental factors for characterising an efficient photovoltaic device are VOC, FF, LHE, τ, ΔGinj, and ΔGreg 
and are listed in Table 1. These parameters were investigated using TD-DFT theory levels. The impact of the positions 
of the donor-acceptor groups on the device performance was illustrated. 

For increased light-capturing, the LHE should be as high as possible to promote the photocurrent and enhance the 
photovoltaic efficiency. The LHE and f are directly proportional to each other [13]. The higher LHE values in the order 
are D10A7, D1A6, D10A5, D10A3 and D10A8, respectively. Here, D10A7 has the highest LHE and can therefore encourage the 
absorption of the photons and maximise the photocurrent [48]. LHE is considered one of the most critical parameters for 
determining dye efficiency. 
Table 1. Calculated relative energy (ΔEt), oscillator strength (f), light harvesting efficiency (LHE), excited state lifetime (τ), injection 
driving force (∆Ginj), regeneration driving force (∆Greg), open circuit voltage (VOC), fill factor (FF) of dye isomers (Dk–π–An) 

Position ΔEt(eV) F LHE τ (ns) ∆Ginj (eV) ΔGreg (eV) VOC (V) FF 
D1A2 0.556 0.047 0.103 4.021 −0.955 1.065 1.631 0.890 
D1A3 0.223 0.062 0.133 2.920 −0.985 1.107 1.212 0.862 
D1A4 0.047 0.072 0.152 2.838 −0.732 1.192 1.203 0.861 
D1A5 0.047 0.054 0.116 3.567 −0.821 1.192 1.214 0.862 
D1A6 0.228 0.075 0.159 2.485 −0.928 1.116 1.211 0.861 
D1A7 0.384 0.063 0.134 3.242 −0.774 1.152 1.380 0.875 
D1A8 0.217 0.065 0.138 2.803 −0.947 1.140 1.255 0.865 
D1A9 0.037 0.069 0.146 2.959 −0.722 1.207 1.225 0.863 
D1A10 0.240 0.050 0.109 3.848 −0.821 1.175 1.326 0.871 
D10A1 0.289 0.052 0.112 4.022 −0.831 1.069 1.436 0.878 
D10A2 0.326 0.063 0.134 3.359 −0.739 1.143 1.405 0.876 
D10A3 0.183 0.073 0.155 2.628 −0.895 1.107 1.251 0.865 
D10A4 0.005 0.055 0.119 3.486 −0.823 1.181 1.237 0.864 
D10A5 0.000 0.075 0.158 2.777 −0.711 1.186 1.251 0.865 
D10A6 0.184 0.066 0.141 2.770 −0.964 1.109 1.248 0.865 
D10A7 0.329 0.079 0.167 2.463 −0.840 1.142 1.386 0.875 
D10A8 0.185 0.073 0.155 2.540 −0.947 1.101 1.256 0.865 
D10A9 0.150 0.052 0.112 3.507 −0.947 1.144 1.263 0.866 

A fundamental parameter for DSSC performance is τ, which represents the number of diffusing electrons from the 
excited dye into the TiO2 ECB semiconductor [39]. In the long lifetime, the charge transfer is facilitated, leading to a 
potential JSC [49], in contrast, in the short lifetime, the transfer of the charge becomes faster because of electron 
recombination [39]. τ is inversely proportional to f. The longer τ values for dye isomers order are for D10A1, D1A2, D1A10, 
D1A5, and D10A9, respectively. D1A5, D10A1, and D1A2 have approximately the most extended value of τ; therefore, they 
can promote the JSC since they have higher generated charge transfer efficiency. 

ΔGinj affects the electron injection [39]. The higher absolute value (more negative values) of ΔGinj makes the electron 
injection more efficient and improves the JSC [39]. 𝐸ୢ୷ୣ∗ (ELUMO), which, must be 0.5 eV above TiO2 ECB to have adequate 
solar energy converted to current while 𝐸ୢ୷ୣ (EHOMO), which must be 0.2 eV below the redox electrolyte [50-51]. 
Generally, all the calculated values of ΔGinj have negative sign values; therefore, the electronic injection from the excited 
state of the dye to the TiO2 ECB is spontaneous [13]. All values of ΔGinj have less negative potential than the TiO2 ECB 
(−4.0eV), which enhances the electron injection from the excited dyes to the TiO2 ECB. D1A3, D10A6, D1A2, D1A8, D10A8, 
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and D10A9 exhibit noticeably more negative values and a more stable structure; therefore, they have more efficient electron 
injection and a higher JSC. JSC is also influenced by the regeneration efficiency of dye (ηreg), which is determined by the 
driving force of regeneration ΔGreg. The regeneration process of dye can significantly influence the efficiency of DSSC. 
However, higher ΔGreg leads to lower recombination efficiency and represents the increased proportion of absorbed light 
converted into electrical power [13]. The calculated results of ΔGreg for the dye molecules show that all D1An and D10An 
values have EHOMO levels lower than the electrolyte (−4.80eV), as listed in Table 1 and plotted in Figure 4. The larger 
ΔGreg values are for D1A9, D1A4, D1A5, D10A4, and D10A5 respectively. D1A9 has the greatest ΔGreg values, which enhances 
the VOC due to the reduction of the recombination reaction, leading to higher photocurrent generation. 

In DSSC, the difference in energy between the ELUMO of dye and TiO2 ECB and the loss in energy via the photo 
charge generation represents the VOC [52]. The higher ELUMO will produce a higher VOC. The highest VOC values of dyes 
in the order are for D1A2, D10A1, D10A2, D10A7, and D1A7, respectively. The highest VOC value for D1A2 is equal to 1.631eV. 
However, FF values depend on the VOC [34]. For Dk–π–An, the FF values are in the order D1A2, D10A1, D10A2, D10A7, and 
D1A7, respectively. The range of the FF values is between (0.890 to 0.875). The calculated results suggest that D1A2, 
D10A1, D10A2, D10A7, and D1A7 have excellent values for VOC and FF. Generally, based on our findings, including LHE, 
VOC, FF, and ∆Gin, we can roughly extrapolate the theoretical current density value and deduce the efficiency's speculative 
value. Furthermore, according to these results, D10A7, D10A8, and D1A6 as molecular dyes could be used as sensitisers 
since the electron injection process from the excited molecule to TiO2 ECB is possible.  

We evaluate our results by comparing the VOC and LHE calculations of our 18 dyes with the theoretical and 
experimental research. The VOC values of our 18 dyes range from 1.203 to 1.631 V, and LHE values range from 0.103 to 
0.167, which are consistent with theoretical studies based on DFT [5, 22]. However, for the experimental studies, results 
of our 18 dyes were compared with those of well-known commercial dyes such as N719 and D149. The VOC values of 
N719 and D149 [53] range approximately from 0.70 to 0.80 V, and the LHE values are about 0.79, as calculated from the 
absorption spectra of N719 in the 200–500 nm range [54]. Although the calculated LHE values for the studied dyes are 
lower than experimental values for commercial dyes such as N719 and D149, the VOC values are notably higher 
(1.203-1.631 V) compared to these dyes (0.70–0.80 V), highlighting the potential of our dyes for improved photovoltaic 
performance.  The discrepancy in values is due to difference between theoretical modelling and practical measurement 
conditions. Overall, the calculated results demonstrate the promising potential of our dyes for improved photovoltaic 
performance.  

 
CONCLUSIONS 

CH3 and NO2 were adopted as donor and acceptor groups, respectively, and attached as moieties to the anthracene. 
Structural, electronic, and photovoltaic parameters affected by the position changing of the donor and acceptor groups 
around the anthracene were examined theoretically at the B3LYP/6-311G(d,p) level. EHOMO, ELUMO, VOC, FF, LHE, τ, 
ΔGinj, and ΔGreg were illustrated to determine their influence on the photovoltaic properties based on the donor and 
acceptor position around the anthracene. Our results show that all dye molecules in excited states are effective at injecting 
electrons into the TiO2 ECB, and that oxidized dyes that lose electrons in the ground state can be restored by accepting 
electrons from the redox potential. Therefore, the injection and regeneration process is energetically permitted. Notably, 
the D10A7, D10A8, and D1A6 dyes can be essential for PV parameters, including LHE, ΔGreg, VOC, ΔGinj, and FF, 
suggesting that the PV device concept can employ these dye molecules, D10A7, D10A8, and D1A6, as sensitizers. 
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ВПЛИВ ПОЗИЦІЙ ДОНОР-АКЦЕПТОР НА НАЛАШТУВАННЯ ЕФЕКТИВНИХ СОНЯЧНИХ ЕЛЕМЕНТІВ, 

СЕНСИБІЛІЗОВАНИХ БАРВНИКОМ: DFT/TD-DFT ДОСЛІДЖЕННЯ 
Ф. Бахрані, С. Ресан, Р. Хамід, М. Аль-Анбер 
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Молекулу антрацену було прийнято як π-сполучений місток для системи D–π–A з нітрогрупою CH3 та нітрогрупою NO2, що 
діють як донорна та акцепторна групи. Вплив антраценового з'єднання з донорною та акцепторною сторонами було оцінено на 
продуктивність сонячного елемента, сенсибілізованого барвником (DSSC). Положення донора та акцептора в цьому дослідженні 
змінювалися навколо антрацену. Теорія функціоналу густини (DFT) була використана на рівні теорії B3LYP. Донорна група 
могла зв'язуватися з антраценом у двох певних місцях, тоді як акцепторна група могла зв'язуватися з рештою антраценових місць, 
за винятком донорного місця. Були досліджені фотоелектричні та електронні властивості. Результати показали, що молекулярні 
барвники з найвищими показниками, D10A7, D10A8 та D1A6, придатні для використання як сенсибілізатори завдяки своїм 
енергетично вигідним фотоелектричним параметрам, які пояснюються потенціалом для інжекції та регенерації електронів. 
Ключові слова: D–π–A; TD-DFT; DSSC; фотоелектричні властивості; антрацен 


