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Abstract  

Four thiazolothiazole based dyes used for DSSCs with difference only in donor group were investigated via DFT and 

TDDFT approaches to shed light on how the –conjugation order influence the performance of the dyes. Key 

parameters in close connection with the open-circuit photovoltage (Voc) and the short-circuit current density (Jsc) 

including the light harvesting efficiency (LHE), injection driving force (ΔG
inject.

), reorganization energy (total), vertical 

dipole moment (  ), energy differences between ELUMO and ECB (Voc) as well as the extent of electron recombination 

were discussed. The theoretical results reveal that all dyes can be used as potential sensitizers for TiO2 nanocrystalline 

solar cells. 

 

Keywords: DSSCs; thiazolothiazole; DFT; photovoltaic parameters; TiO2 nanocrystalline solar cells. 

 

1. Introduction 

Dye Sensitized Solar Cells (DSSC) [1, 2] based on organic dyes adsorbed on nanocrystalline TiO2 electrodes have 

attracted considerable attention in recent years because of their high incident solar light-to-electricity conversion 

efficiency and low cost of production [3]. A typical DSSC based on organic dyes is constructed with a wide band 

gap semi–conductor (typically TiO2) sensitized with molecular dyes, electrolyte containing Iodide/triiodide 

(    
  ) redox couple, and a platinum counter electrode [4]. The photochemical properties of different organic 

sensitizers have extensively been investigated in an attempt to design dyes with maximal visible light absorption 

coupled to long-lived excited states. However, major effort is still needed in both developing new sensitizers and 

finding optimal working conditions to improve the photon-to-current conversion efficiencies. At present, 

ruthenium complexes and metal porphyrins photosensitizers have an overall solar to energy conversion efficiency 

more than 12% for small area devices [5]. In view of the limited avaibility and environmental issues associated 

with ruthenium dyes, metal-free organic dyes are considered to be an alternative for use in DSSCs. Therefore, 

enormous progress has been made in this field, and several organic photosensitizers based on coumarin [6], 

indoline [7], carbazole [8], and triphenylamine [9] derivatives have been developed as promising candidates with 

the power conversion efficiency closing to ruthenium dyes. Up to now, the short-circuit current density (Jsc) and 

open-circuit photovoltage (Voc) of metal-free organic dyes-based DSSCs are still lower than that of Ru(II)-based 

polypyridyl complexes. The main reason for this could be attributed to the relatively lower Voc of organic DSSCs, 

arising from faster charge recombination rate and lower electron injection efficiency [10]. To further improve Voc 

of DSSCs based on organic sensitizers, great efforts such as modifications on sensitizer, use of additives, 
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coadsorbents, novel redox couples, and tandem DSSCs have been made. The basic guidelines and strategies for 

improving Voc have also been systematically discussed in Tian’s review [11]. Given the key role of the sensitizer 

played in the cell, such as determining the light harvesting efficiency (LHE), the interfacial properties and the 

charge transfer process, there is no doubt that the modification on sensitizer is an effective way to enhance Voc of 

the cell [11, 12]. However, the relationship between the sensitizer structure and Voc is still unclear and intricate, 

although considerable experimental and theoretical studies have been conducted to resolve this problem in a trial 

and error way. Nonetheless, two important factors related to the sensitizer were considered to exert influences on 

the Voc of the cell. One is the charge recombination dynamics through dye electrolyte interaction. For example, 

the relationship between dye-iodine interaction and cell voltage was investigated by Asaduzzaman et al. from the 

theoretical point [13] and by O’Regan et al. from the experimental point [14]. Miyashita et al. also demonstrated 

experimentally that the molecular structure of sensitizer and electrolyte could affect the interfacial electro-transfer 

kinetic in the DSSC [10]. The other is the TiO2 conduction band energy shift (ΔECB) upon the sensitizer 

adsorption. Herein, we will account for both factors to design and screen efficient dyes by modulating 

dye/TiO2/electrolyte interfacial interaction through DFT (Density Functional Theory) calculations, because there 

is no doubt that quantum chemical methods manifest themselves as a reliable and suitable avenue to rapid design 

and screen out efficient organic dyes reasonably, saving economical cost and synthesis efforts [15, 16]. 

The most extensively studied organic dyes usually adopt the donor– spacer–acceptor  

(D––A) structural motif in order to improve the efficiency of the UV/Visible (UV/Vis) photoinducted 

intramolecular charge transfer (ICT). In this structure, the ICT from D to A at the photoexcitation will inject the 

photoelectron into the conduction band of the semiconductor through the electron accepting group at the 

anchoring unit. Considering lots of advantages of the thiazolothiazole as –spacer [17–21] together the most 

commonly used cyanoacrylic acid acceptor, and the excellent electron donating ability of coumarin, indoline, 

carbazole and triphenylamine, we decided in this work to design new four organic D1, D2, D3 and D4 

thiazolothiazole–based dyes. Figure 1a represents the optimized structures of these thiazolothiazole dyes used in 

this work and Figure 1b shows a simple dye-TiO2 model [22-25] to simulate the interfacial interaction between 

the sensitizer and the semiconductor. It has been demonstrated that this simple model is appropriate for 

investigate geometries, electronic structures, and excitations of organic sensitizers after attaching to TiO2 surface 

[22, 25]. In this work, theoretical calculations on key parameters controlling the open-circuit photovoltage (Voc) 

and the short-circuit current density (Jsc) were performed to shed light on how and why the conjugation 

sequences of the donor group affect the performance of the dyes. And these parameters are: (i) light harvesting 

efficiency (LHE); (ii) injection driving force (ΔGinject.); (iii) reorganization energy (total); (iv) the extent of 

charge recombination between the photoinjected electrons in the conduction band of semiconductor and the 

electron acceptors in the electrolyte, (v) vertical dipole moment (  ); and (vi) energy differences between 

ELUMO and ECB (Voc). These theoretical criteria have been successfully used to evaluate the performance of 

the dyes used in DSSCs [22–24]. 

 

2. Computational Methods 

All the calculations were performed with the Gaussian 09 packages [26]. The ground-state geometries of all 

organic dyes were optimized using density functional theory (DFT) with the hybrid functional B3LYP [27–29], 

coupled with the 6-31 G (d, p) basis set for C, H, O, N, S atoms, and a LANL2DZ basis set [30] which includes 

an effective core potential (ECP) for Ti atom. Frequency calculations were performed at the same level of theory 

as the optimizations to confirm the nature of the minima. Based on the optimized ground-state geometries, the 

UV-vis spectra of dyes were obtained by performing single-point time-dependent DFT (TDDFT) calculations 

with the long-range corrected CAM-B3LYP functional [31] with solvation effects included using an integral 

equation formalism polarizable continuum model (IEF–PCM) [32, 33]. The chloroform solvent was employed 

throughout this investigation. The cationic and anionic states of dyes were optimized at the B3LYP/6–31+G (d, p) 

level to calculate the total reorganization energies (total). The natural bond orbital (NBO) analysis [34] was 

carried out at the B3LYP/6-31G(d, p) level for non-metal atoms and LANL2DZ level for Ti atom using NBO 3.1 

program included in the Gaussian package program. To investigate dye-iodine intermolecular interaction, extra 
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DFT calculations were performed by the B3LYP functional using LANL2DZ basis set for I atom and 6-31G (d, 

p) basis set for other atoms. 
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Figure 1: (a) Molecular structures of dyes D1-D4. (b) Simple model for all dyes binding on TiO2 film (unit D are 

the donor groups in (a)) 

 

3. Results and discussion 

3.1. Electronic absorption spectra  

To gain insight of the optical property and electronic transition, the excitation energy and UV/Vis absorption 

spectra for the singlet–singlet transition of all sensitized dyes were simulated using TDDFT with CAM–B3LYP 

functional in chloroform solution before and after adsorption on TiO2. Based on the previous works, the 

chloroform was used as solvent in the UV/Vis absorption spectra on the thiazolothiazole based molecules [17, 

35]. The calculated data of maximum absorption wavelength, electronic vertical transition energy and oscillator 

strength of these dyes are summarized in Table 1a and Table 1b, and the corresponding simulated absorption 

spectra is shown in Figure 2. 
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(a)  (b) 

Figure 2:  Simulated absorption spectra in chloroform for all: (a) free dyes, (b) adsorbed dyes on TiO2 film. 

 

The computed results show that the strongest absorption peaks for all free dyes mainly related to the transition 

from the HOMO to LUMO. The maximum absorption are all blue-shift drastically, and the oscillator strength (f) 

are decreased by a large extent, to the detriment of the light capturing in the longer wavelength region. The 

spectra show similar profile for free dyes (Figure 2a) which presents a main intense band at higher energies from 

433 to 472 nm, and was assigned to the ICT transitions. From Table 1a, we could find that as the donor group 

changing in free dyes, the first vertical excitation energies (E) were changed in decreasing order: D2>D3>D4>D1 

showing that there is a red shift when passing from D2 to D1.  

 

Table 1a. TD-CAM-B3LYP/6-31 G(d,p) computed absorption maxima (λmax), excitation energies (E) and 

oscillator strengths (ƒ) for free dyes in chloroform. 

As we all know, the absorption spectrum properties could be affected when the dyes adsorb onto the 

semiconductor due to the interaction between them. Compared with the absorption properties of the free dyes, we 

prefer to get insight into the corresponding properties of the dyes after binding to semiconductor. Thus we also 

simulated the UV/Vis absorption spectra of the four dyes after binding to TiO2 at the same level of theory for the 

free dyes except that the LANL2DZ basis set was used for Ti atom. The results are listed in Table 1b and Figure 

2b. Apparently, after binding, the simulated optical spectra of the dye adsorbed onto the TiO2 show similar profile 

where the maximum absorption wavelengths are red shifted, and f were improved due to the interaction between 

the dyes and the semiconductor comparing with the free dyes.  

 

3.2. NBO analysis  

In order to analyze the charge distribution and the electron–transfer mechanism of D––A dyes, the Natural Bond 

Orbital (NBO) analysis has been performed based on the optimized structure of the ground state (S0) obtained at 

DFT/B3LYP/6–31G (d, p) level before and after binding on TiO2. 

Dye 
Main composition 

(HOMO=H, LUMO=L) 

HOMO -1 

(H-1) 

HOMO 

(H) 

LUMO 

(L) 

E 

(eV) 

λmax 

(nm) 
ƒ 

D1 
H            L 

H-1          L 

0.61 

0.24    
2.63 472.1 1.780 

D2 
H            L 

H-1          L 

0.41 

0.50    
2.86 433.1 1.475 

D3 
H            L 

H-1          L 

0.61 

0.20 
   

2.81 441.4 1.592 

D4 
H            L 

H-1          L 

0.62 

0.28    

2.66 466.0 1.615 
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Table 1b. TD-CAM-B3LYP/6-31 G(d,p) computed absorption maxima (λmax), excitation energies (E) and 

oscillator strengths (ƒ) for adsorbed dyes in chloroform. 

The electron donor units of the thiazolothiazole based dyes in this work are the coumarin, indoline, carbazole and 

triphenylamine, while the electronic acceptor is 2–cyanoacrylic acid. The calculated NBO charges that populated 

in the electron donor, conjugate bridge, electron acceptor groups and TiO2 are listed in Table 2. Comparing the 

calculated NBO results of dyes D1–D4, the NBO charges of the electron donor are 0.176, 0.225, 0.219 and 0.223, 

respectively for free dyes, while they found 0.184, 0.248, 0.241 and 0.244, respectively for adsorbed dyes. The 

positive charges of the donor group of all dyes demonstrated they being an effective electron pushing unit. 

Contrarily, the negative charges in the –conjugated linker and acceptor/anchoring group, shows that they are 

effective electron-pulling unit which trap the electron in the molecular backbone. During the photo–excitation, the 

electrons on the donor group of dyes are transferred to the acceptor group, and the charge separation state was 

formed in dyes. Furthermore, the NBO charges of the acceptor/anchoring group are prominent in the adsorbed 

dyes, especially for D2. That is, upon binding on the TiO2 film, the electrons could be successfully transferred 

from the donor group to the acceptor group, finally injected into the conduction band of TiO2. 

 

Table 2: The natural bond orbital analysis (atomic charge) of the ground state of all dyes before and after 

adsorbed on TiO2 film (in a.u.) 

Dye 
Free dyes    Adsorbed dyes 

D  A D  A TiO2 

D1 0.176 -0.078 -0.098 0.184 -0.086 -0.538 0.441 

D2 0.225 -0.117 -0.108 0.248 -0.103 -0.571 0.425 

D3 0.219 -0.115 -0.104 0.241 -0.104 -0.559 0.386 

D4 0.223 -0.117 -0.106 0.244 -0.114 -0.549 0.418 

 

3.3. Factors influencing Jsc 

3.3.1. Injection driving force  

In order to better study the electrochemical properties of the dyes in their excited state, we introduce electron 

injection driving force ΔG
inject.

. We know that the electron injection efficiency inject could influence the short-

circuit current density Jsc, which is closely related to the driving force of the electron injection from the 

photoinduced excited states of organic dyes to TiO2 clusters surface. Consequently, we focus on the investigation 

of the injection driving force of the dyes in their excited state. It can be expressed as [36]: 

                   (1) 

where E
dye*

 is the oxidation potential energy of the dye in the excited state and ECB is the reduction potential of the 

conduction band of TiO2. There, we use in this work ECB = –4.0 eV for TiO2 [36], which is widely used in some 

papers [22–25]. There are two schemes to evaluate the E
dye*

 value, that is on the basis of the unrelaxed and 

relaxed geometries of the excited states by means of vertical and adiabatic excitation energy, respectively. 

However, it is justifiable to utilize the latter conveniently for future fast screening of photosensitizers, and there is 

also substantial experimental and theoretical evidence that the primary electron transfer event in DSSCs occurs 

Dye 
Main composition 

(HOMO=H, LUMO=L) 

HOMO -1 

(H-1) 

HOMO 

(H) 

LUMO 

(L) 

E 

(eV) 

λmax 

(nm) 
ƒ 

D1 
H            L 

H-1          L 

0.61 

0.25    
2.57 482.0 1.907 

D2 
H            L 

H-1          L 

0.41 

0.50    
2.80 443.1 1.659 

D3 
H            L 

H-1          L 

0.61 

0.20    
2.75 450.2 1.733 

D4 
H            L 

H-1          L 

0.62 

0.28    
2.61 474.2 1.740 
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much faster than vibrational relaxation of the photoexcited dyes [22, 23]. In this case, E
dye*

 is estimated using 

unrelax path closer to the experimental value, and it can be estimated by [19–24,37]: 

             (2) 

where E
dye

 is the oxidation potential energy of the dye in the ground state, while E is an electronic vertical 

transition energy corresponding to max. Based on Koopman’s theorem, ground state oxidation potential energy is 

related to ionization potential energy. Thus, E
dye 

can be estimated as negative EHOMO [38]. 

According to Eq. (1) and Eq. (2), the results of E
dye

 and deduced E
dye*

 and ΔG
inject. 

are displayed in Table 3. The 

theoretical results reveal that the electron donor significantly influences on E
dye*

. We could find that for these 

dyes, they have negative ΔG
inject.

, implying that the electron injection process is spontaneous, and –ΔG
inject.

 is 

decreased in the order of D2(1.29 eV)>D4(1.28 eV)>D3(1.22 eV)>D1(1.12 eV), respectively. On the other hand, 

previous research has demonstrated that the driving force of –0.20 eV was necessary for efficient dye 

regeneration [39, 40].  

 

       Table 3: Estimated electrochemical parameters for all dyes. 

Dye E
dye 

(eV) E
dye* 

(eV) ΔG
inject 

(eV) LHE h (eV) e (eV) total (eV) 

D1 5.51 2.88 -1.12 0.98 0.24 0.39 0.63 

D2 5.57 2.71 -1.29 0.97 0.20 0.35 0.55 

D3 5.60 2.79 -1.22 0.97 0.18 0.34 0.53 

D4 5.38 2.72 -1.28 0.98 0.12 0.45 0.57 

 

3.3.2. Light harvesting ability 

The light harvesting ability (LHE) and the electronic injection free energy (ΔG
inject.

) are the two main influencing 

factors on Jsc. To obtain a high Jsc, the efficient sensitizers applied in DSSCs should have a large LHE, which can 

be expressed as [41]: 

           (3) 

where ƒ is the oscillator strength of the dye associate to the wavelength  max. We noticed that the larger ƒ 

obtained, the higher LHE will have. The LHE is a very important factor for the organic dyes considering the role 

of dyes in the DSSC, i.e. absorbing photons and injecting photoexcited electrons to the conduction band of the 

semi-conductor (TiO2). In order to give an intuitional impression of how the donor groups affect the LHE, we 

simulated the UV/Vis absorption spectra of the four dyes. We could find that as the donor group changing, the 

oscillator strengths were changed slightly.  As shown in Table 3, the LHE values for these dyes are in narrow 

range (0.97–0.98). This means that all the sensitizers give similar photocurrent.  

 

3.3.3. Reorganization energy 

As we know, besides LHE and ΔG
inject.

, the reorganization energy total could also affect the kinetics of electron 

injection. So, the calculated total is also important to analyze the relationship between the electronic structure and 

the Jsc. The small total reorganization energy (total) which contains the hole and electron reorganization energy 

could enhance the Jsc. Namely, the smaller total value obtained, the faster charge–carrier transport rates will be 

[41]. So we computed the hole and the electron reorganization energy (h and e) according to the following 

formula [42]: 

    
 
 

 

  
 
 

    
 
 

 

  
 
  

 
 (4) 

where E 
 

 is the energy of the cation or anion calculated with the optimized structure of the neutral molecule, E
 
 

 

is the energy of the cation or anion calculated with the optimized cation or anion structure, E
 
 

 is the energy of the 

neutral molecule calculated at the cationic or anionic state, and the E0 is the energy of the neutral molecule at 

ground state. As seen from Table 3, the calculated total of all dyes are increased in the order: D3 (0.53 eV) < D2 

(0.55 eV) < D4 (0.57 eV) < D1 (0.63 eV). The smaller total value obtained the faster charge-carrier transport rates 

will be. Furthermore, balanced transport of both holes and electrons are important for high efficient DSSCs, that 
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is, the more balanced reorganization energy of hole and electron obtained, the more higher luminous efficiency 

will have [41, 42]. It distinctly shows that the differences between h and e of the designed dyes D1–D4 are 0.16, 

0.15, 0.15 and 0.33 eV, respectively.  Thus, the differences of D2 and D3 result in a more balanced transport rates 

than other D––A system investigated in this work. As a result, combining with the discussion of the electron 

injection driving force, light harvesting efficiency, and the reorganization energies of the studied organic dyes, we 

could predict that all dyes exhibit a favorable Jsc especially D2.  

 

3.4. Factors influencing Voc 

We know that besides the short circuit current density (Jsc), the overall power conversion efficiency () could also 

be influenced by the open-circuit photovoltage (Voc). In the following, we propose a reasonable measurement 

based on the issues related to Voc. Upon the adsorption of dyes onto the semiconductor, the shift of ECB could be 

expressed as [43]: 

      
    

   
  (5) 

where q is the electron charge,    is the component of dipole moment of the individual molecule perpendicular to 

the surface of semiconductor surface,   is the dye’s surface concentration,    and   are the permittivity of the 

vacuum and the dielectric constant of the organic monolayer. Thus, according to Eq. (4), it is obvious that a dye 

with a large    will induce a significant variation of Voc. In this sense, we computed   to elucidate which dye 

might possesses relative larger Voc. Considering the bidentate binding mode of the dyes, we made the C2 axis of 

the carboxylate in the dye parallel to the x-axis, and the semiconductor surface is parallel to the yz plane (Figure 

3). Table 4 summarized all computed results. 

 

    

 
D1@TiO2 

13.30 D 

D2@TiO2 

9.72 D 

D3@TiO2 

8.62 D 

D4@TiO2 

8.08 D 

Fig. 3: Calculated vertical dipole moment of dyes adsorbed on TiO2. The semiconductor surface is parallel to the yz plane. 

 

Table 4: Critical parameters influencing Voc. 

Dye     /D Voc /eV 

Atomic charge on the atom 

interacting with I2 (in a.u.) 

I1-I2 I3-I4 

D1 13.30 0.97 -0.078 -0.039 

D2 9.72 1.08 -0.080 -0.009 

D3 8.62 1.02 -0.080 -0.061 

D4 8.08 1.00 -0.079 -0.059 

From Table 4, the   of these dyes decreased in the order of D1 (13.30 D) > D2 (9.72 D) > D3 (8.62 D) > D4 

(8.08 D). In addition, Voc can be approximately estimated by the energy difference between ELUMO and ECB in 

theoretically [37]: 

Voc = ELUMO – ECB  (6) 

Certainly, it is obvious that the higher ELUMO will cause a significant larger Voc. Table 4 presents the calculated 

Voc data. The computed change tendency followed by the decreased order: D2 (1.08 eV) > D3 (1.02 eV) > D4 

(1.00 eV) > D1 (0.97 eV), respectively. It demonstrates that the LUMO energy level could influence the Voc 
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remarkably. Thus, take the vertical dipole moment (  ) and the difference value of ELUMO and ECB (Voc) into 

account, dye D2 should exhibit the larger Voc theoretically. On the other hand, a large    and a suitable LUMO 

energy level could not guarantee always a high Voc because the injected electron in the CB of the semiconductor 

could recombine with the redox couple (    
  ) in the electrolyte and the oxidized organic dyes, and the former 

one is the main route of electron photovoltage losses [44-45]. The accepted knowledge is that the higher iodine 

concentration close to the TiO2 surface, the shorter electron lifetime in the CB, which is related to lower Voc 

values. Herein, to investigate the different molecular constructions effect on the recombination kinetics of the 

cell, we also investigated the dye–I2 interaction by modeling the binding of I2 to the various electron-donating 

sites in the dyes. Nitrogen, oxygen, and sulfur atoms in the organic dyes could form the halogen bonding through 

a non-covalent interaction, and the formation of dye–I2 complex has also been reported in the experiment [46]. It 

is worth noting that   
  could also accept the electrons in the TiO2 besides I2, while Green et al. [45] have 

demonstrated that the rate of electron recombination with I2 is two orders of magnitude faster than with   
 , thus 

here we consider I2 as the main electron acceptor for electron combination in the electrolyte. The optimized 

molecular structures of the various adducts of dyes D1-D4 with I2 and the distances of I-X (with X = N, O and S) 

are listed in Figure 4.  

      
D1-O-I2 D1-N1-I2 D1-N2-I2 D1-S1-I2 D1-S2-I2 D1-CN-I2 

      
D2-O-I2 D2-N1-I2 D2-N2-I2 D2-S1-I2 D2-S2-I2 D2-CN-I2 

      

D3-O-I2 D3-N1-I2 D3-N2-I2 D3-S1-I2 D3-S2-I2 D3-CN-I2 

 

     
 D4-N1-I2 D4-N2-I2 D4-S1-I2 D4-S2-I2 D4-CN-I2 

Figure 4: Geometries of the dyes–I2 complex 

4.305Å 

4.582Å 

3.908Å 

4.142Å 
2.805Å 

2.941Å 

2.801Å 

4.201Å 

3.805Å 

4.264Å 

2.811Å 

2.802Å 

3.831Å 
4.305Å 

2.812Å 

3.852Å 

4.180Å 2.807Å 2.812Å 

4.448Å 

4.606Å 
4.359Å 

3.105Å 
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It clearly depicts that I2 preferred binding two sites for these dyes which are found to be at N of CN, O of donor 

group for D1-D3 and N of thiazolothiazole for D4 forming the halogen bonding through a non-covalent 

interaction. For these adducts, I2 bonding through the N of the CN moiety are labeled as I1–I2, bonding through 

the O of the donor group or the N of the thiazolothiazole are labeled as I3–I4. It is obvious although the 

conjugation order changed, the most preferred binding site for each organic dye is the same, i.e. dye–CN–I2 has 

the smallest distance for each dye as listed in Figure 4. The distances of the first preferred binding site at CN 

group (CN–I2) are smaller than the net Van der Waals radii (3.53 Å) of the binding atoms, but larger than the net 

covalent radii (2.03 Å) [47]. At the same time, the second preferred binding site for dyes D1-D3 was found to be 

at donor group  and at thiazolothiazole for D4, where the distances being significantly smaller than other binding 

sites. These results provide evidence that all the investigated dyes formed intermolecular charge-transfer 

complexes with I2 indeed. Also, the distances of all binding sites in dyes D2 and D3 are significantly smaller than 

other dyes. Furthermore, the NBO analysis was carried out to obtain an initial evidence to explain the charge 

recombination mechanism. The corresponding calculations (Table 4) reflect that the negative atomic charges of I2 

in different electron-donating sites in dye–I2 complex decreased in the order: D2<D1<D4<D3, that is, D2 

possesses less electron donating sites with redox couple in the electrolyte which help to less electron losses. As 

noticed that, based on the   , Voc, and electron recombination govern the photovoltage Voc mostly, dye D2 is 

outstanding in all investigated dyes. 

 

Conclusions 

In this paper, we have designed a series of thiazolothiazole–based dyes containing different electron donors to 

obtain novel high performance dyes for DSSCs. The absorption spectra and electronic transition characteristics of 

designed systems were investigated by using DFT and TDDFT methods. We have discussed the key factors 

affecting the short-circuit current density (Jsc) and the open-circuit photovoltage (Voc) of the cell including the 

light harvesting efficiency (LHE), injection driving force (ΔG
inject.

), reorganization energy (total), vertical dipole 

moment (  ), energy differences between ELUMO and ECB (Voc), intermolecular interaction of dye–I2 complexes as 

well as the NBO charges of dye-TiO2 with the goal of finding potential sensitizers for use in DSSCs. It can be 

concluded that this class of selected thiazolothiazole dyes shows good photophysical properties related to DSSC 

use but in different outstanding properties. In summary, the theoretical results reveal that all dyes can be used as 

potential sensitizers for TiO2 nanocrystalline solar cells because they possess high Jsc and Voc, and thus the overall 

energy conversion efficiency would be improved. This theoretical approach presents a guiding tool to the 

synthesis process and helps to understand the structure–properties relationship of these new systems. 
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