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n this paper we designed and prepared three free-metal organic dyes 

(Dye 1, Dye 2 and Dye 3) based on indoline with n-phenly substituted 

iminodibenzyl as the electron donor group. We used cyanoacrylic acid 

substituent as the electron acceptor anchoring group in organic dyes. The 

proposed dyes were prepared from iminodibenzyl as the starting material by 

standard reactions and characterized by different techniques such as melting 

point, FT-IR, 
1
HNMR, elemental analysis and UV-Visible spectroscopy after 

purification. Spectrophotometric measurements of the organic dyes in solution 

and on a photoanode substrate were carried out in order to assess status 

changes of the dyes. The wavelengths of maximum absorption for Dye1 to Dye 3 

in solution are 416 nm, 421 nm and 409 nm and on photoanode substrate are 

437 nm, 440 nm and 421 nm, respectively. Finally, the proposed dyes were used 

as sensitizer in a photoelectrochemical cell structure and their photovoltaic 

properties were also investigated. The conversion efficiency for Dye 1 to Dye 3 

is 2.84%, 3.11% and 2.12%, respectively. Prog. Color Colorants Coat. 10 (2017), 

43-50© Institute for Color Science and Technology. 
 

 
 

 

 

 

 

1. Introduction 
Dye-sensitized solar cells (DSSCs) are a suitable 

source for the generation of green, clean and low cost 

energy [1]. Dyes are important components in dye-

sensitized solar cells due to preparation electricity with 

absorption of light photons. Application of metal-free 

organic dyes in various structures, for example 

coumarine [2], polyene [3], hemicyanine [4], thiophene 

based [5], and indoline [6] in DSSCs have attracted 

board attention due to easy production, good 

reproducibility and the absence of expensive ruthenium 

[7]. In photovoltaic organic dyes, as optical materials, 

the electron-donating and electron-accepting groups are 

connected through a π-conjugated linker (a D-π-A 

molecular structure) [8]. The quality of photovoltaic 

properties can be improved by alternating or matching 

different groups in organic dyes in acceptor, donor or 

conjugated linker components [9].  

The investigation of new substitutes and offering 

are processed to achieve high power conversion 

efficiency improvement of optical and electrical 

properties of dye-sensitized solar cells [10-12]. 

I 
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Iminodiphenyl is a good starting material due to its 

suitable cost and conjugated system [13, 14]. Wu et al. 

[15] presented an organic dye containing 

ethyliminodibenzyly for DSSCs. The results show that 

the synthesized dye is suitable for dye-sensitized solar 

cells and power conversion efficiency of 3.49% has 

been achieved. There are many papers on the organic 

dye contain iminodibenzyl substituent application in 

new technologies as sensor design [16, 17] and 

preparation of new drugs [18] but, there are few reports 

on the application of these photovoltaic materials in 

DSSCs. 

In the present study, three metal-free organic dyes 

were synthesized utilizing n-substituted iminodibenzyl 

as the electron donor and cyanoacrylic acid as the 

electron acceptor groups. The dyes together with their 

corresponding intermediates were then purified and 

characterized. The spectrophotometric properties of the 

synthesized dyes in solution and on the photoanode 

substrate were examined. Dye sensitized solar cells were 

then fabricated utilizing these synthesized organic dyes 

and their photovoltaic behaviors were determined. 

Schematic representation of the route for synthesis of the 

prepared metal-free organic dyes is given in Figure 1. 

 

2. Experimental 

2.1. Materials and instrumentation  

All compounds used in this study were of analytical 

grade unless otherwise stated. The synthesis route and 

fully characterization of intermediates (1-3) have been 

described previously [19]. The FT-IR measurements 

were carried out on a Bomene Canada instrument. 

NMR measurements were carried out on a 500 MHz 

Joel instrument. Differential scanning calorimetric 

(DSC) analyses were carried out on a Dupont 

2000DSC instrument. UV-Visible spectrophotometry 

was carried out on a Cecil 9200 double beam 

transmission spectrophotometer to obtain molar 

extinction coefficients and absorption maxima.  

 

2.2. Synthesis of Dyes  

Acetonitrile (20 mL) was added separately to 8 mmol 

1, 2 and 3 each containing 16 mmol cyanoacetic acid 

and 9 mmol piperidine. Each mixture was refluxed for 

6 h. After each reaction was complete, it was cooled to 

room temperature. The resultant precipitate was filtered 

and purified by silica gel column chromatography 

(ethylacetate/methanol=10:1). 

 

2.2.1. Dye 1 

Yield: 84%; mp 235.7 °C; FT-IR (KBr) (Cm
-1

): 1655 

C=O str., 1476, 1601: C=C str, 1502: C-N str;
1
H-NMR 

(CDCl3), δ (ppm): 4.15 (3H, OCH3), 6.88-6.93 (d, 4H), 

7.17-7.22 (dd, 1H), 7.36-7.45 (d, 2H), 7.52 (t, 2H), 

7.63 (s, 1H), 7.84-7.89 (d, 2H), 8.11-8.16 (d, 4H), 9.63 

(s, 1H, OH);
13

CNMR (CDCl3, δ/ppm): 59.77, 90.74, 

110.17, 112.45, 114.67, 115.11, 116.44, 118.47, 

119.82, 120.12, 121.17, 122.26, 123.32, 125.19, 

126.31, 127.42, 128.19, 129.56, 130.78, 131.44, 

132.91, 134.27, 135.62, 139.22, 140.14, 168.12; Elem. 

Anal. Calcd. for C25H20N2O3: C, 75.75%; H, 5.05%; N, 

3.53%. Found: C, 75.61%; H, 4.85%; N, 3.12%. 
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Figure 1: Synthesis route of the dyes. 
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2.2.2. Dye 2 

Yield: 85%; mp 229.11 °C; FT-IR (KBr) (Cm
-1

): 1707 

C=O str., 1482, 1611: C=C str, 1410: C-N str; 
1
H-NMR 

(CDCl3), δ (ppm): 5.89 (2H, NH2), 6.92-6.97 (d, 4H), 

7.11-7.19 (dd, 1H), 7.41-7.46 (d, 2H), 7.49 (t, 2H), 

7.58 (s, 1H), 7.77-7.81 (d, 2H), 8.02-8.07 (d, 4H), 9.54 

(s, 1H, OH); 
13

C-NMR (CDCl3, δ/ppm): 55.11, 93.47, 

110.17, 111.14, 112.32, 112.93, 115.71, 118.26, 

119.47, 120.23, 121.16, 122.46, 123.43, 125.11, 

127.32, 129.34, 130.11, 132.46, 133.51, 134.78, 

135.21, 137.58, 139.36, 163.32;Elem. Anal. Calcd. for 

C24H19N3O2: C, 75.59%; H, 4.98%; N, 11.02%. Found: 

C, 75.32%; H, 4.62%; N, 10.83%. 

 

2.2.3. Dye 3 

Yield: 88%; mp 214.73 °C; FT-IR (KBr) (Cm
-1

): 1675 

C=O str., 1453, 1604: C=C str, 1416: C-N str; 
1
H-NMR 

(CDCl3), δ (ppm): 6.83-6.89 (d, 4H), 7.15-7.21 (dd, 

1H), 7.39-7.44 (d, 2H), 7.62 (t, 2H), 7.71 (s, 1H), 7.82-

7.87 (d, 2H), 8.17-8.23 (d, 4H), 9.59 (s, 1H, OH);
13

C-

NMR (CDCl3, δ/ppm): 60.32, 92.48, 110.77, 112.14, 

113.33, 115.41, 116.71, 118.24, 119.21, 120.14, 

121.42, 122.17, 124.21, 125.36, 127.41, 129.34, 

130.71, 131.23, 132.26, 133.59, 134.52, 137.63, 

138.27, 165.41;Elem. Anal. Calcd. for C24H17N3O4: C, 

70.07%; H, 4.14%; N, 10.02%. Found: C, 70.21%; H, 

3.98%; N, 9.82%. 

 

2.3. Electrochemical measurements 

Electrochemical measurements of the synthesized dyes 

were carried out in acetonitrile solution. The oxidation 

potential (Eox) was measured using three small-sized 

electrodes. Ag quasi reference electrode (QRE) was 

used as the reference. Platinum wires were used as the 

working and the counter electrodes. All electrode 

potentials were calibrated with respect to ferrocene 

(Fc)/ferrocenium (Fc
+
) redox couplet. An acetonitrile 

solution of each dye containing tetrabutylammonium 

perchlorate (0.1 mol dm
-3

) and ferrocene (ca. 1 mmol 

dm
-3

) was prepared. The electrochemical measurements 

were performed at a scan rate of 100 mV s
-1 

[20, 21]. 

 

2.4. Photoelectrochemical cell assembly and 

characterization 

 A nanocrystalline TiO2 film was coated on a 

transparent glass support. The dye was absorbed by 

dipping the coated glass in a 5×10
-5

 M ethanolic dye 

solution containing 7% 4-tert-butylpyridine and 50 mM 

3α,7α-dihydroxy-5β-cholic acid (cheno) for several 

hours. The visible bands in the absorption spectrum of 

the dyes after adsorption on the nano TiO2 film only 

appeared after the TiO2 electrodes were dipped in the 

dye solution for at least 18 hr. The presence of 4-tert-

butylpyridine and cheno is necessary to avoid surface 

aggregation of the sensitizer (Dye 1, Dye 2 and Dye 3). 

Finally, the film was washed with an acetonitrile-

ethanol 1:1 mixed solution. Acenonitrile-ethylene 

carbonate (v/v=1:4) containing tetrabutyl ammonium 

iodide (0.5 mol dm
-3

) was used as the electrolyte. The 

dye-adsorbed TiO2 electrode, the Pt counter electrode 

and the electrolyte solution were assembled into a 

sealed sandwich type solar cell [22-24]. 

An action spectrum was measured under 

monochromatic light with a constant photon number 

(5×10
15

 photon cm
-2

 s
-1

). J-V characteristics were 

measured under illumination with AM 1.5 simulated 

sun light (100 mW cm
-2

) through a shading mast (5.0 

mm×4 mm) by using a Bunko-Keiki CEP-2000 system. 

 

3. Results and Discussion  

As shown in Figure 1, Dye 1 to Dye 3 were prepared 

with N-substituted iminodibenzyl unit as the donor 

groups and cyanoacrylic acid as the acceptor group. 

The dye reaction was the condensation of the 

respective aldehyde with cyanoacetic acid by the 

Knovenegal reaction in the presence of piperidine [15, 

25]. The Knovenegal condensation reaction is a useful 

transformation in organic synthesis [26]. The 

Knoevenagel condensations between carbonylic 

compounds and methylene malonic esters produce 

several important key products that include nitriles 

used in anionic polymerization and the α,β-unsaturated 

ester intermediates employed in the synthesis of several 

therapeutic drugs and pharmacological products [27]. 

The wavelength of maximum absorption (λmax) and 

the molar extinction coefficients (εmax) for the 

synthesized dyes in acetonitril are listed in Table 1 and 

shown in Figure 2, together with the λmax of the 

corresponding dyes adsorbed on the TiO2 film. The 

absorption peaks for synthesized dyes can be assigned 

to an intra-molecular charge transfer between the donor 

group and acceptor group [28], providing an efficient 

charge-separation for the excited state. The wavelength 

of maximum absorption has been achieved around 421 

nm for Dye 2. This of the maximum absorption peak 

arises for Dye 2 from the fact that more stronger 

electron acceptor of two acceptor groups intensifies the 
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overall electron withdrawing ability of the system and 

hence lowering the level of the lower unoccupied 

molecular orbital (LUMO), thus reducing the gap 

between the higher unoccupied molecular orbital 

(HOMO) and the LUMO states [2, 29]. Upon dye 

adsorption on to a photo-anode surface, the wavelength 

of maximum absorption is bathochromically shifted by 

21, 19 and 22 for Dye 1, Dye 2 and Dye 3, 

respectively, as compared to the corresponding spectra 

in solution, implying that dyes adsorbed on to the TiO2 

surface contain partial J-type aggregates [30-32]. 

The molar extinction coefficients of Dye 1 to Dye 3 

in acetonitrile at their respective λmax are also shown in 

Table 1, indicating that these novel dyes have good 

light harvesting abilities [33]. The fluorescent 

characteristics of dyes measured in acetonitrile are 

studied. The results show that Dye 2 has been shown 

intense red fluorescence due to the charge transfer from 

the electron donating group (NH2) to the accepting 

group. The fluorescence emission maxima of the 

synthesized Dye 2 in the acetonitrile are 621nm. 

 

Table 1: Absorption properties of the synthesized dyes 

Dye λmax(nm)a ε (M-1cm-1) λmax(nm)b λF(nm)a 

1 416 25364 437 506 

2 421 25487 440 621 

3 409 25421 421 523 

a) Acetonitrile solution, b) on photoanode substrate 

 

 

Figure 2: UV-Vis absorption spectra of a) in solution and b) on TiO2 substrate. 
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The oxidation potential (Eox) of Dye 1 to Dye 3 was 

measured in acetonitrile by cyclic voltammetry. There 

are two distinct redox waves observed in the 

voltammogram. The first oxidative wave (I) was due to 

the oxidation of the internal standard of ferrocene, 

whereas the second wave (II) near was due to the 

electrochemical oxidation of Dyes. The oxidation peak 

potential (Epa) for Dye 1, Dye 2 and Dye 3 can 

therefore be calculated to be +1.17 V, +1.19 V and 

+1.15 vs Fc/Fc
+
 in acetonitrile, respectively. Although 

the standard Eox value is usually not easily obtained 

experimentally, it can be approximately estimated from 

the cyclic voltammetric peak potential method, which 

they are the same if the electrochemical oxidation is a 

reversible reaction [34, 35]. The Eox-E0-0 level of Dye1, 

Dye2 and Dye3 is calculated to be –0.65 V, –0.72 V 

and –0.74 V vs Fc/Fc+ in acetonitrile. 

Dye-sensitized solar cells (DSSCs) were 

constructed and compared in order to clarify the 

relationships between the sensitizing behavior of Dye1 

to Dye3 molecules and their structures. The DSSCs 

utilized the synthesized organic dyes as sensitizers for 

nanocrystalline anatase TiO2. A typical photocurrent–

photovoltage (J–V) curve for cells based on Dye1 to 

Dye 3 is depicted in Figure 3. The detailed 

photovoltaic parameters are also summarized in Table 

2. The solar energy to electricity conversion efficiency 

(η) of the DSSCs is calculated from short circuit 

current (Jsc), the open-circuit photovoltage (Voc), the 

fill factor (FF), and the intensity of the incident light 

(Pin) [34, 36]. 

According to the results shown in Table 2, under 

the standard global AM 1.5 solar condition, the 

conversion efficiencies of cells containing Dye 1, Dye 

2 and Dye 3 are 2.84%, 3.11% and 2.12%, 

respectively. The larger conversion efficiency of Dye 2 

sensitizer is probably due to the stronger electron 

donating ability of the amino groups. The conversion 

efficiency of solar energy to electricity for the present 

organic dyes could be improved by extending the 

conjugated length of the organic dyes or by 

incorporation of a π-bridge [37, 38].  

 

Table 2: Photovoltaic performance of DSSCs based on Dye 1 and Dye 2. 

Dye VOC (V) JSC (mA.cm-2) FF η (%) 

1 0.63 7.77 0.58 2.84 

2 0.62 9.12 0.55 3.11 

3 0.63 6.12 0.55 2.12 

 

 
Figure 3: Current density-voltage characteristics for Dye 1, Dye 2 and Dye 3. 
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4. Conclusions 

Three metal-free organic dyes (D-π-A) to be used as 

sensitizers in DSSCs were designed and synthesized 

based on indoline by employing cyanoacrylic acid as 

acceptor units. These dyes were identified by the use of 

FT-IR, 
1
HNMR, 

13
CNMR, elemental analysis and UV-

Visible spectroscopic techniques. The spectrophoto-

metric properties of the prepared organic dyes in solvent 

and on TiO2 films were examined. According to the 

results, Dye 2 containing amino group as the donor 

group showed bathochromic shifts compared to Dye 1 

and Dye 3. In all cases, the absorption maxima of Dye 1, 

Dye 2 and Dye 3 applied on the surface of a TiO2 film 

gave a bathochromic effect compared to the 

corresponding dye spectra in solution. Finally, the 

prepared dyes were utilized in constructed DSSCs and 

their photovoltaic behaviors were assessed. A solar 

energy to electricity conversion efficiency of 2.84, 3.11 

and 2.12 percent were achieved for Dye 1, Dye 2 and 

Dye 3, respectively. Due to stronger electron donating 

ability of amino group, Dye 2 gave higher conversion 

efficiency than Dye 1 and Dye 3 containing a nitro and 

methoxy unit. Detailed experiments and investigation of 

the interfacial charge transfer processes of these dyes are 

currently in progress aiming to further increase the 

overall performances of DSSCs fabricated with this new 

group of dyes. 

 

Acknowledgement 

The authors sincerely thank the Center of Excellence 

for Color Science and Technology for making this 

investigation possible. 

 

 

 

5. References 

1. B. O'Regan, M. Grätzel, A low cost, high efficiency 

solar cell based on dye-sensitized colloidal TiO2 films, 

Nature, 353(1991), 737-40. 

2. N. Yin, L. Wang, Y. Ma, Y. Lin, J. Wu, Q. Luo, H. 

Yang, C. Ma, X. Zhao, 4,8-Bis(thienyl-benzo [1,2-

b:4,5-b']dithiophene based A-π-D-π-A typed 

conjugated small molecules with mono-thiophene as 

the π-bridge: synthesis, properties and photovoltaic 

performance, Dyes Pigment, 120(2015), 299-306. 

3. Z. Wang, Y. Cui, K. Hara, Y. Danoh, C. Kasada, A. 

Shinpo, A High Light Harvesting Efficiency 

Coumarin Dye for Stable Dye-Sensitized Solar Cells, 

Adv. Mater., 19(2007), 1138-41. 

4. X. Qian, X. Wang, L. Shao, H. Li, R. Yan, L. Hou, 

Molecular engineering of D-D-π-A type organic dyes 

incorporating indoloquinoline and phenothiazine for 

highly efficient dye-sensitized solar cells, J. Power 

Source, 326(2016) 129-136. 

5. E. V. Verbitskiy, E. M. Cheprakova, J. O. Subbotina, 

A. V. Schepochkin, P. A. Slepukhin, G. L. Rusinov, v. 

N. Chaarushin, O. N. Chupakhin, N. I. Makarava, A. 

V. Metalitsa, V. I. Minkin, Synthesis, spectral and 

electrochemical properties of pyrimidine-containing 

dyes as photosensitizers for dye-sensitized solar Cells, 

Dyes Pigment, 100(2014), 201-214. 

6. Z. Wang, N. Koumura, Y. Cui, M. Takahashi, H. 

Sekiguchi, A. Mori, T. Kubo, A. Furube, K. Hara, 

Hexylthiophene Functionalized Carbazole Dyes for 

Efficient Molecular Photovoltaics: Tuning of Solar-

Cell Performance by Structural Modification, Chem. 

Mater., 20(2008), 3993-4003. 

7. S. Ito, H. Miura, S. Uchida, M. Takata, K. Sumioka, 

P. Liska, P. Comte, P. Péchy, M. Grätzel, High-

conversion-efficiency organic dye-sensitized solar 

cells with a novel indoline dye, Chem. Commun., 

2008, 5194-6. 

8. A. Khazaji, S. Hotchandani, S. Das, P. Kamat, 

Controlling Dye (Merocyanine-540) Aggregation on 

Nanostructured TiO2 Films: an Organized Assembly 

Approach for Enhancing the Efficiency of 

Photosensitization, J. Phys. Chem. B., 103(1999), 

4693-4700. 

9. T. Kanti Pradhan, A. De, J. Mortier, Application of 

directed metalation in synthesis. Part 8: Interesting 

example of chemoselectivity in the synthesis of 

thioaurones and hydroxy ketones and a novel anionic 

ortho-Fries rearrangement used as a tool in the 

synthesis of thienopyranones and thiafluorenones, 

Tetrahedron, 6(2005), 9007–17. 

10. M. Matsui, T. Fujita, Y. Kubota, K. Funabiki, J. Jin, 

T. Yoshida, H. Miura, The use of indoline dyes in a 

zinc oxide dye-sensitized solar cell, Dyes Pigment, 

80(2009), 233-8. 

11. S. Zhu, Z. An, X. Sun, Z. Wu, X. Chen, P. Chen, 

Synthesis and evaluation of simple molecules as a co-

adsorbent dye for highly efficient co-sensitized solar 



Indoline-based dyes for DSSCs 

 

   Prog. Color Colorants Coat. 10 (2017), 43-50  49 

cells, Dyes Pigment, 120 (2015)85-92. 

12. A. Mahmood, M. Hussain Tahir, A. Irfan, A.G. Al-

Sehemi, M.S. Al-Assiri, Heterocyclic azo dyes for dye 

sensitized solar cells: A quantum chemical study, 

Comput. Theor. Chem., 1066(2015), 94-99. 

13. M. L. G. Vieria, V. M. Esquerdo, L. R. Nobre, G. L. 

Dotto, L. A. A. Pinto, Glass beads coated with 

chitosan for the food azo dyes adsorption in a fixed 

bed column, J. Ind. Eng. Chem., 20(2014), 3387-3393.  

14. M. Hosseinnezhad, S. Moradian, K. Gharanjig, Acid 

azo dyes for efficient molecular photovoltaic: study of 

dye-sensitized solar cells, Prog. Color Colorants 

Coat., 9(2016), 61-70. 

15. T. Wu, M. Tsao, F. Chen, S. Su, C. Chang, H. Wang, 

Y. Lin, W. Qu-Yang, I. Sun, Synthesis and 

characterization of organic dyes containing various 

donor and acceptor, Int. J. Mol. Sci., 11(2010), 329-

353. 

16. P. Nagaraja, K. R. Sunitha, R. A. Vasantha, H. S. 

Yathirajan, Iminodibenzyl as a nivel coupling agent 

for the spectrophotometric determination of 

sulfonamide derivatives, Eur. J. Pharm. Biopharm., 

53(2002), 187-192. 

17. G. Hennrich, W. Walther, U. Resch-Genger, H. 

Sonnenschein, Cu(II) and Hg(II) induced modulation 

of the fluorescence behavior of a redox-active sensor 

molecule, Inorg. Chem., 40(2001), 641-644.  

18. F. Gudary, A.B. Moghaddam, S. Mozaffari, Y. 

Ganjkhanlou, M. Kazemzad, R. Zahed, F. Bani, A 

lanthanide nanoparticle-based luminescent probe for 

folic acid, Microchim. Acta, 180(2013), 1257-1262. 

19. M. Hosseinnezhad, K. Gharanjig, Synthesis and 

application of organic dye in nanostructure dye solar 

cell, 3
rd

 International Conference on Nanotechnology, 

27-28 August 2015, Istanbul, Turkey. 

20. M. Hosseinnezhad, S. Moradian, K. Gharanjig, 

Investigation of effect of anti-aggregation agent on the 

performance of nanostructure dye-sensitized solar 

cells, Opto-Electron. Rev., 23(2015), 126-130. 

21. S. Rouhani, M. Hosseinnezhad, Application of azo 

dye as sensitizer in dye-sensitized solar cells, Prog. 

Color Colorants Coat., 8(2015), 259-265. 

22. M. Nazeeruddin, A. Kay, I. Rodicio, R. Humpbry-

Baker, E. Miiller, P. Liska, N. Vlachopoulos, M. 

Grätzel, Conversion of light to electricity by cis-

X2bis(2,2'-bipyridyl-4,4'-dicarboxylate) ruthenium(II) 

charge-transfer sensitizers (X = Cl
-
, Br

-
, I

-
, CN

-
, and 

SCN
-
) on nanocrystalline titanium dioxide electrodes, 

J. Am. Chem. Soc., 115(1993), 6382-90. 

23. P. Sommeling, B. Oregan, R. Haswell, H. Smit, N. 

Bakker, T. Smits, J. Kroon, J. Roosmalen, Influence of 

a TiCl4 Post-Treatment on Nanocrystalline TiO2 Films 

in Dye-Sensitized Solar Cells, J. Phys. Chem. B., 

110(2006), 19191-7. 

24. A. L. Capodilupo, L. D. Marco, G. A. Corrente, R. 

Giannuzzi, E. Fabiano, A. Cardone, G. Gigli, G. 

Ciccarella, Synthesis and characterization of a new 

series of dibenzofulvene based organic dyes for 

DSSCs, Dyes Pigment, 130(2016), 79-89. 

25. G. W. Li, J. Xiao, W. Q. Zhang, Highly efficient 

Knovenegal condensation reaction catalyzed by a 

proline-functionalized polyacrylonitrile fiber, Chin. 

Chem. Lett., 24(2013), 52-54. 

26. R. Heydri, B. Tahamipour, Highly regioselective 

synthesis of dicyano-8a,10,11-trihydropyrrolo[1,2-a] 

[1,10] phenanthrolines via a domino knovenegel-

cyclization, Chin. Chim. Lett., 22(2011), 1281-1284. 

27. X. Zhang, E.S. Man Lai, R. Martin-Aranda, K.L. 

Yeung, An investigation of Knoevenagel condensation 

reaction in microreactors using a new zeolite catalyst, 

Appl. Catal. A. Gen., 261(2004), 109-118. 

28. M. Liang, W. Xu, F. Cai, P. Chen, B. Peng, J. Chen, 

Z. Li, New Triphenylamine-Based Organic Dyes for 

Efficient Dye-Sensitized Solar Cells, J. Phys. Chem. 

C, 111(2007), 4465-72. 

29. J. Sworakowski, J. Linpinski, K. Janus, On the 

reliability of determination of energies oh HOMO and 

LUMO levels in organic semiconductors from 

electrochemical measurements: A simple picture 

based on the electrostatic model, Org. Electron., 

33(2016), 300-310. 

30. S. Kim, J. Lee, S. Kang, J. Ko, J. Yung, S. Fantacci, 

F. DeAngelis, M. DiCenco, K. Nazeeruddin, M. 

Gratzel, Molecular Engineering of Organic Sensitizers 

for Solar Cell Applications, J. Am. Chem. Soc., 

128(2006), 16701-16707. 

31. L. Schmidt Mende, U. Bach, R. Baker, T. Horiuchi, 

H. Miura, S. Ito, S. Uchida, M. Gratzel, Organic Dyes 

for Highly Efficient Solid-State Dye-Sensitized Solar 

Cells, Adv. Mater., 17(2005), 813-815. 

32. D. Hagberg, J. Yum, H. Lee, F. Angelis, T. 

Marinado, K. Karlsson, R. Humphry Baker, L. Sun, A. 

Hagfedt, M. Gratzel, M. Nazeeruddin, Molecular 

Engineering of Organic Sensitizers for Dye-Sensitized 

Solar Cell Applications, J. Am. Chem. Soc., 

130(2008), 6259-66. 

33. S. Park, Y. Won, Y. Choi, J. Kim, Molecular Design 

of Organic Dyes with Double Electron Acceptor for 



 M. Hosseinnezhad et al  

 

50  Prog. Color Colorants Coat. 10 (2017), 43-50 

Dye-Sensitized Solar Cell, Energy Fuel, 23(2009), 

3732-3736.  

34. M. Rani, S. K. Tripathi, Electron transfer properties 

of organic dye-sensitized ZnO and ZnO/TiO2 

photoanode for dye-sensitized solar cells, Renew. Sust. 

Energy Rev., 61(2016), 97-107. 

35. D. Xu, Z. Li, Y. Peng, J. Geng, H. Qian, W. Hung, 

Post modification of 2-formylthiophene based 

heterocyclic azo dyes, Dyes Pigment, 133(2016), 143-

152. 

36. M. Matsui, T. Fujita, Y. Kubota, K. Funabiki, J. Jin, 

T. Yoshida, H. Miura, Substituent effects in a double 

rhodanineindoline dye on performance of zinc oxide 

dye-sensitized solar cell, Dyes Pigment, 86(2010), 

143-8. 

37. K. Hara, T. Sato, R. Katoh, A. Furube, Y. Ohga, A. 

Shinpo, Molecular Design of Coumarin Dyes for 

Efficient Dye-Sensitized Solar Cells, J. Phys. Chem. 

B, 107(2003), 597-606. 

38. F. Dolatzadeh, S. Moradian, M. M. Jalili, Effect of 

nano silica on moisture absorption of polyurethane 

clear coat as studied by EIS and Gravimetric methods, 

Prog. Color. Colorants. Coat., 3(2010), 92-100. 

 

How to cite this article: 

M. Hosseinnezhad, S. Moradian, K. Gharanjig, Synthesis and Characterization of 

Indoline-based organic sensitizers for photoelectrochemical cells, Prog. Color Colorants 

Coat., 10 (2017), 43-50. 
 

 

 

 

 

 
 


