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We developed a novel efficient tridentate anchoring group which can anchor dye onto the TiO2 surface 

via synchronously choosing Lewis acid sites and Brønsted acid sites of the TiO2. With the purpose of 

comparing the traditional carboxylate anchoring group to picolinic acid, two new D-π-A porphyrin dyes 

(JA1 and JA2) differing only in anchoring groups have been synthesized and applied to the dye-sensitized 10 

solar cells. The picolinic acid as an anchoring group in the dye JA2 not only extended the scope of the 

spectral response, but also improved the charge transport properties and enhanced the electron injection 

efficiency. The PCE of JA1 based-device (carboxylate as the anchoring group) was 5.76%. The PCE of 

JA2 based-device was 7.20%, which increased by 25% compared with JA1. The dye TTR2 was used as a 

cosensitizer, it would not just make up for the poor absorption of porphyrin dyes in the 470-550 nm range, 15 

and would suppress the main dyes aggregation and reduce the charge recombination rate. We found that 

picolinic acid anchor was more suitable for cosensitization system than carboxylate anchor, for there was 

almost no competitive adsorption between JA2 and TTR2. The JA2+TTR2 based-device showed the 

highest PCE of 8.98% under AM 1.5G irradiation. 

1. Introduction 20 

As the world oil resource drying up, the development and 

utilization of new energy has become more and more urgent. 

Dye-sensitized solar cells (DSSCs) as a promising photovoltaic 

technology have received widespread attention,1-3 due to their 

low costs and high photoelectric conversion efficiency. The 25 

DSSC is composed of photoanode, sensitizers, redox electrolyte 

and counter electrode.4-6 After more than 20 years development, a 

variety of efficient sensitizer has been successfully synthesized, 

including ruthenium-complexes, zinc-porphyrins and organic 

dyes.7-12 Recently, Grätzel and co-workers prepared porphyrin 30 

dye SM315, which showed the highest PCE of 13% with the 

cobalt-based redox electrolyte.13 

In general, both the metal-complex sensitizers and organic 

sensitizers were often designed a typical donor-π-acceptor (D-π-

A) framework,14-16 due to their efficient intra-molecular charge 35 

transfer (ICT) properties. Researchers have developed many 

kinds of outstanding donors, such as triarylamine, diphenylamine, 

tetrahydroquinoline, phenothiazine, indoline and coumarin.17-20 In 

DSSCs, the choice of suitable anchoring group was very 

important. The anchoring group determined the electron injection 40 

rate and the binding energy of the dye on semiconductor surface. 

However, the research about the anchoring group was not enough. 

To date, the efficient anchoring group was just the 

carboxylate.1,7,13,21 In recent years, some new anchoring groups 

have been developed, such as pyridine,22 phosphate,23 
45 

hydroxamate24,25 and catechol.26 Thus, the development of new 

efficient anchoring group is very necessary. Carboxylate is often 

used as an anchoring group in DSSC, for its good electronic 

coupling on the dye-TiO2 interface and high electron injection 

efficiency. However, the carboxylate anchoring group also has 50 

shortcomings. For example, some dyes with carboxylate 

anchoring groups often detached from the TiO2 surface when 

cosensitized with the cosensitizer.27 If the adsorbed amounts of 

the main dye molecules was reduced, the performance of the 

device would be decreased.28 One of the main reasons is that 55 

there is competitive adsorption between the main dye and the 

cosensitizer.29,30 Because the carboxylate anchoring group is 

vulnerable to degradation, even under the condition of trace 

quantities of water. Therefore, the anchoring group has a 

significant impact on the cosensitization system. Many reports 60 

have shown that the cosensitization system can improve the 

performance of the DSSC, for it can not only extend the 

absorption spectrum, but also prevent charge recombination, so as 

to improve the short-circuit current density (Jsc) and the open-

circuit photovoltage (Voc) of DSSCs.31,32 For example, 65 

cosensitization of zinc porphyrin dye YD2-o-C8 with organic dye 

Y123 greatly improved the performance of the device, showing a 

high PCE of 12.3% under AM 1.5G irradiation.33 But the 

competitive adsorption problem has not been solved, so we need 

to develop a new anchoring group to solve it. Fortunately, we 70 

found that the picolinic acid can be used as a promising 

anchoring group, which not only can anchor the dye onto the 
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TiO2 surface more firmly, but also can enhance the electron 

injection rate via tridentate mode. 

Among the efficient sensitizers, zinc-porphyrin has typical 

absorption at the Soret bands (400-450 nm) and the Q bands 

(550-650 nm).34-38 In this paper, we synthesized two typical D-π-5 

A porphyrin dyes JA1 and JA2. We used carboxylate and 

picolinic acid as the anchoring group, respectively. Remarkably, 

the Jsc, Voc and PCE values of JA1and JA2 have a big difference 

in the photovoltaic performance test. We choose picolinic acid as 

the anchoring group, it can extend the scope of the spectral 10 

response of dye JA2. Even more important, it synchronously 

choosing Lewis acid sites and Brønsted acid sites of TiO2 when 

dye JA2 was adsorbed on the TiO2 surface. Thus, the picolinic 

acid can anchor dye JA2 onto the TiO2 surface more firmly and 

can improve the electronic coupling on the dye-TiO2 surface.22 In 15 

addition, we adopt phenothiazine as the electron donor, and 

introduced long alkyl chain onto the donor to suppress dye 

aggregation.39-41 Moreover, we used dye TTR2 as the 

cosensitizer, whose maximum absorption peak lies at 521 nm.42 

This is a good way to make up for the poor absorption of zinc-20 

porphyrin dye in the 470-550 nm range. The dye TTR2 can 

occupy the voids between the main dye molecules. Thus, this way 

can prevent the I3
− of the electrolyte penetrating into the TiO2 

surface, thereby reducing the charge recombination.28,43,44 

Cosensitization of JA1 and TTR2 showed the PCE of 6.75%, and 25 

cosensitization of JA2 and TTR2 showed the highest PCE of 

8.98%. The results indicate that the picolinic acid can be as a 

promising anchoring group to improve the performance of DSSC. 
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Scheme 1. Chemical structures of JA1, JA2 and cosensitizer TTR2. 45 

2. Results and Discussion 

Synthesis and Characterizations  

The chemical structures of JA1, JA2 and TTR2 were shown in 

Scheme 1, and the synthetic routes were depicted in Scheme S1. 

We further characterize the photophysical and electrochemical 50 

properties, and the photovoltaic performance of these dyes. 

Optical Properties 

Table 1 Optical and electrochemical properties of dyes  

Dye a λmax/nm 

(ε×105 M-1 cm-1) 

b λmax/nm c EOX 

/V 

(vs. 

NHE)  

d E0-

0/eV 

e E*
OX 

/V 

(vs. 

NHE)  

JA1 442(3.03), 

566(0.16), 
616(0.25) 

638 0.88 2.01 -1.13 

JA2 447(3.09), 

568(0.21), 

622(0.40) 

646 0.94 2.00 -1.06 

a Absorption maximum in DCM solution (1×10-5 M), b emission maximum 

in DCM solution (1×10-5 M), c the ground state oxidation potentials, d E0-0 55 

was estimated from the intercept of the normalized absorption and 

emission spectra, e E*
OX was calculated by the formula: E*

OX = EOX - E0-0. 

 

 

 60 
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Fig. 1 UV-Vis absorption spectra of JA1, JA2 and TTR2 in DCM. 

 70 

 

 

 

 

 75 

 

 

 

 

 80 

Fig. 2 Absorption spectra of the dyes anchored on the 14 µm porous TiO2 

nanoparticle films. 

 

The UV-Vis absorption spectra of JA1, JA2 and TTR2 in DCM 

were shown in Fig. 1, and the corresponding data were listed in 85 

Table 1. The dyes JA1 and JA2 exhibited typical porphyrin 

absorption characteristics. Obviously, the absorption spectrum of 

dye JA2 was red-shifted compared with JA1, which may be due 

to its better intramolecular charge transfer properties. The 

absorption spectra of JA1 and JA2 showed intense Soret bands at 90 

442 nm and 447 nm, respectively, and they had almost the same 
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molar extinction coefficient. The absorption spectrum of JA2 at Q 

bands displayed significant enhancement compared to JA1, the 

maximum absorption peak was red-shifted by 6 nm from 616 to 

622 nm, and the molar extinction coefficient of JA2 (4.0×104 M-1 

cm-1) was 1.60 times than that of JA1 (2.5×104 M-1 cm-1). We 5 

further investigate their emission spectra (Fig. S1), their 

maximum peaks lie at 638 and 646 nm, respectively. It is 

consistent with the trend of the absorption spectra of the two 

dyes. It is clear that the two dyes show weak absorption in the 

470-550 nm range, whereas the maximum absorption peak of 10 

TTR2 lies at 521 nm. The results indicate that the dye TTR2 can 

compensate well the weak absorption of the two dyes in the 470-

550 nm range. Fig. 2 showed the UV-Vis absorption spectra of 

JA1 and JA2 adsorbed onto 14 µm thick TiO2 films. The 

absorption ranges of the two dyes were all broadened, especially 15 

for JA2, it displayed significant enhancement compared with JA1 

at Q bands. The results will be beneficial to improve their light-

harvesting ability. 

 

 20 
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Fig. 3 Cyclic voltammogram of JA1 and JA2 in DCM (0.1 M TBAPF6, 

glassy carbon electrode as working electrode, Pt as counter electrode, 

Ag/Ag+ as reference electrode, scan rate: 100 mV s-1), Potentials 

measured vs. ferrocene/ferrocenium (Fc/Fc+) couple were converted to 40 

normal hydrogen electrode (NHE) by addition of +0.63 V. 

 

Electrochemical Properties 

The electrochemical characterization of JA1 and JA2 was 

investigated by cyclic voltammetry (Fig. 3), and corresponding 45 

data were collected in Table 1. The ground state oxidation 

potentials (EOX) of JA1 and JA2 were both quasi-reversible, with 

values of +0.88 V and +0.94 V (versus NHE), respectively. The 

value of JA2 was higher than that of JA1 by 60 mV, it may be 

due to the stronger electronic withdrawing ability of picolinic 50 

acid. Nevertheless, they were both positive than the redox 

potential of the I−/ I3
− couple (0.4 V versus NHE), guaranteeing 

efficient dye regeneration. The Zero-Zero transition energies (E0-

0) of JA1 and JA2 were 2.01 eV and 2.00 eV, respectively. They 

were estimated from the intercept of normalized UV-Vis 55 

absorption spectra and emission spectra. The excited oxidation 

potentials (E*
OX) can be calculated by E*

OX = EOX - E0-0. The 

corresponding E*
OX of JA1 and JA2 were -1.13 V and -1.06 V, 

respectively. The values were both much more negative than the 

Fermi level of TiO2 (-0.5 V versus NHE), insuring an efficient 60 

electron injection process from the excited dye into the 

conduction band of TiO2.
45-47
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Fig. 4 The HOMO and LUMO frontier molecular orbitals of JA1 and 

JA2 calculated at the DFT-B3LYP/LanL2DZ level with the Gaussian 09 

suite of programs. 

Theoretical Calculations 

To further insight into the electron distribution of the frontier 80 

orbitals of the two dyes, density functional theory (DFT) was 

performed at the DFT-B3LYP/LanL2DZ level with the 

Gaussian09 suite of programs. As shown in Fig. 4, it is obvious 

that the electron density of JA1 and JA2 for the HOMO was 

shared by the phenothiazine donor group and porphyrin ring, and 85 

the LUMO was essentially spread over the anchoring group and 

the porphyrin ring. The HOMO and LUMO of the two dyes 

displayed good overlap between the donor group and the 

anchoring group, which suggested that the photoinduced charge 

can be efficiently injected from the excited dye into the 90 

conduction band of TiO2. In addition, from Table S1, we found 

that the contribution of carboxylate of JA1 to LUMO was 6%, 

whereas the contribution of picolinic acid of JA2 to LUMO was 

19%. Obviously, the significant contribution of the picolinic acid 

to LUMO can provide better electronic coupling on the dye-TiO2 95 

surface, leading to more efficient electron injection.23,48 

Fourier-transform Infrared Spectroscopy 

The fourier-transform infrared spectroscopy (FTIR) of the dye 

powders and the dyes adsorbed on TiO2 surface were shown in 

Fig. S2. For powder of dye JA1, the carbonyl stretch ν(C=O) was 100 

observed at 1687 cm-1. After adsorbed onto the TiO2 surface, the 

carbonyl stretch ν(C=O) disappeared. And a new band appeared 

at 1645 cm-1, which represented the antisymmetric stretching 

ν(COO−
as).

13,44,49 The results indicate that JA1 adsorbed at the 

Brønsted acid sites of the TiO2 surface via dehydration reactions. 105 

In addition, The carbonyl stretch ν(C=O) was observed at 1652 

cm-1 for powder of dye JA2, and the stretching vibrations of C=C 

or C=N were observed at 1594 cm-1, 1491 cm-1, 1455 cm-1 and 

1416 cm-1 for the dye powder. After adsorbed on the TiO2 

surface, the carbonyl stretch ν(C=O) disappeared, moreover, a 110 

new band appeared at 1615 cm-1.22,50 The results clearly indicate 
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that the dye JA2 was adsorbed on the TiO2 surface not only by 

the carboxylate moiety at the Brønsted acid sites, but also 

adsorbed at the Lewis acid sites of the TiO2 surface by the 

pyridine ring. Therefore, picolinic acid as an efficient tridentate 

anchoring group can improve the performance of the DSSCs.  5 

Table 2 Fitting parameter (χ2) and excited-state lifetime (τ1, τ2) from the 

time-resolved fluorescence experiments 

Dye χ2 τ1 (ns) τ2 (ns) 

JA1-THF 1.105 1.96 8.14 

JA1-TiO2 1.236 0.49 2.69 

JA2-THF 1.022 2.40 10.50 

JA2-TiO2 1.285 0.22 2.52 
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Fig. 5 Fluorescence decay curves of dyes in THF (black line) and dyes 

adsorbed onto the TiO2 surface (red line).  

Electron Injection Rate Analysis 

The time-resolved fluorescence experiments were performed to 40 

study the differences in the electron injection process between the 

two dyes (Fig. 5), and corresponding data were collected in Table 

2. In THF, the lifetime values of JA1 were 1.96 ns (τ1) and 8.14 

ns (τ2), and the values of JA2 were 2.40 ns (τ1) and 10.50 ns (τ2). 

It is clear that the two excited dyes have enough time to complete 45 

the electron injection process. After adsorbed on the TiO2 

surface, the lifetime values of JA1 reduced to 0.49 ns (τ1) and 

2.69 ns (τ2), and the values of JA2 reduced to 0.22 ns (τ1) and 

2.52 ns (τ2). Considering the electron injection is the only way for 

the deactivation of excited dye, thus the excited charge transfer 50 

from JA2 to the conduction band of TiO2 is more effective than 

that in case of JA1.29,51 

Table 3 Photovoltaic parameters of the DSSCs obtained from the J-V 

curves 

Dye Jsc (mA 

cm-2) 

Voc 

(mV) 

FF 

(%) 

η (%) Dye 

adsorbed 

amounts (10-

8 mol cm-2) 

a JA1 12.10 701 67.8 5.76 7.82 

a JA2 15.02 719 66.7 7.20 6.80 

b JA1+TTR2 13.42 732 68.6 6.75 4.63/4.67 

b JA2+TTR2 17.75 755 67.0 8.98 6.77/1.65 

c TTR2 10.97 762 68.0 5.71  

The size of the active area for each cell is 0.16 cm2, a the DSSCs were 55 

measured under AM 1.5G irradiation, the photoanode was immersed in a 

solution of the porphyrin (0.2 mM) for 18 h, b the cosensitized DSSCs 

were measured under AM 1.5G irradiation, the photoanode was immersed 

in a solution of the porphyrin (0.2 mM) for 18 h and then immeresed in a 

solution of the TTR2 (0.3 mM) for 1.5 h, c reported in reference 42. 60 
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 90 

Fig. 6 (a) The J-V curves of DSSCs based on JA1 and JA2. (b) The IPCE 

curves of DSSCs based on JA1 and JA2. 

Photovoltaic Performance of DSSCs 

We performed the DSSCs experiments, the photovoltaic 

parameters were collected in Table 3, and the J-V curves of 95 

DSSCs were shown in Figure 6. The JA2 based-device showed a 

higher PCE of 7.20% compared with the JA1 (5.76%). The big 

difference between the PCE of the two DSSCs can be attributed 

to their different short-circuit current density (Jsc) and open-

circuit photovoltage (Voc). The Voc of JA2 (719 mV) was higher 100 
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than that of JA1 (701 mV) by 18 mV, it is mainly due to the 

better charge transport properties of the JA2 based-device. In 

addition, we think that the picolinic acid as the anchoring group 

will make the dye molecules arrange to tilted orientation when 

adsorbed on the TiO2 surface by the geometry optimization (Fig. 5 

S3). The result is helpful to reduce the charge recombination by 

preventing the I3
− of the electrolyte penetrating into the TiO2 

surface. Thus, the adsorption amounts of JA2 (6.80×10-8 mol cm-

2) was lower than that of JA1 (7.82×10-8 mol cm-2). Obviously, 

the Jsc of JA2 (15.02 mA cm-2) was much larger than that of JA1 10 

(12.10 mA cm-2). It is consistent with the incident photon-to-

current conversion efficiency (IPCE) of the DSSCs (Fig. 6b). The 

IPCE values of JA2 exceeded 70% from 410 to 465 nm, and 

attained 80.7% at 445 nm at Soret bands. Whereas, the values of 

JA1 were much lower than that of JA2 in this region, the 15 

maximum value of JA1 was only 62% at 440 nm at Soret bands. 

It is clear that the IPCE curve of JA1 was much lower and 

narrower than that of JA2 at Q bands. Compared with the UV-Vis 

absorption spectra, we knew that the dye JA2 had a better light-

harvesting ability. Moreover, for dye JA2, the picolinic acid as an 20 

efficient tridentate anchoring group can choose the Lewis acid 

sites and Brønsted acid sites of TiO2 surface synchronously, and 

it can anchor dye JA2 onto the TiO2 surface more firmly and 

enhance the electron injection efficiency. 

 25 
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Fig. 7 (a) The J-V curves of DSSCs based on JA1+TTR2 and 

JA2+TTR2. (b) The IPCE curves of DSSCs based on JA1+TTR2 and 

JA2+TTR2. 
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Fig. 8 The sketch map of adsorbed JA2+TTR2 onto the TiO2 surface. 
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Fig. 9 Absorption spectra of the JA1+TTR2 and JA2+TTR2 anchored 

on the 14 µm porous TiO2 nanoparticle films (cosensitized 1.5 h). 

Cosensitization Systems 

In order to improve the PCE of the DSSCs, we took the dye 90 

TTR2 as the cosensitizer. The corresponding photovoltaic 

parameters were collected in Table 3, and the J-V curves of 

DSSCs were shown in Fig. 7. After suitable screening of the 

cosensitization time (Table S2), it was found that the best 

cosensitization time was 1.5 h. The cosensitizer TTR2 showed 95 

the PCE of 5.71%, with a high Voc (762 mV).42 It has been known 

that the Voc of the cosensitization system was intermediate in 

value between the main dye and the cosensitizer.10 The 

JA1+TTR2 based-device showed the PCE of 6.75%, and the 

JA2+TTR2 based-device showed the highest PCE of 8.98%. The 100 

Voc values of the cosensitized DSSCs were both much larger than 

the corresponding individual DSSCs. It is mainly because the 

cosensitizer TTR2 can occupy the voids between the main dye 

molecules (Fig. 8). This can avoid the main dye aggregation and 

prevent the I3
− of the electrolyte penetrating into the TiO2 surface, 105 

so as to reduce the charge recombination and improve the Voc of 

the devices.10,28 Remarkably, we found that the Jsc (13.42 mA cm-

2) of JA1+TTR2 increased 1.32 mA cm-2 compared with the Jsc 

(12.10 mA cm-2) of JA1, whereas the Jsc (17.75 mA cm-2) of 

JA2+TTR2 increased 2.73 mA cm-2 compared with the Jsc (15.02 110 

mA cm-2) of JA2.  In order to study the causes of the differences 

clearly, we measured the adsorption amounts of the dyes (Table 

3). In the case of the DSSCs based on JA1 and JA2 cosensitized 

with TTR2, the amount of TTR2 was estimated to be 4.67×10-8 

and 1.65×10-8 mol cm-2, respectively. On the other hand, the 115 

amount of JA1 decreased to 4.63×10-8 mol cm-2, and the amount 

of JA2 (6.77×10-8 mol cm-2) was nearly unchanged. The results 
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clearly indicate that there is almost no competitive adsorption 

between the JA2 and TTR2, in contrast, there is a serious 

competitive adsorption between the JA1 and TTR2. As shown in 

Figure 7b, the IPCE values of JA2+TTR2 exceeded 70% from 

415 to 480 nm, and attained 82.1% at 450 nm and 67.4% at 628 5 

nm. In contrast, the values of JA1+TTR2 were much lower than 

that of JA2+TTR2 (especially in the low energy absorption 

region), the maximum value of JA1+TTR2 was only 61.6% at 

450 nm. The reduced amount of the dye JA1 adsorption was the 

main reason for the lower IPCE values of the JA1+TTR2 based-10 

device. In order to further verify the results, we measured the 

UV-Vis absorption spectra of JA1+TTR2 and JA2+TTR2 

adsorbed onto 14 µm thick TiO2 substrate (Fig. 9). It is clear that 

the weak absorption of JA2 in the 460-600 nm range was 

compensated well by the dye TTR2. In contrast, although the 15 

weak absorption of JA1 in the 460-600 nm region was also 

compensated by the dye TTR2, but the absorption intensity of 

JA1 in the 400-460 nm region and the 600-660 nm region were 

both decreased. The result is consistent with the IPCE of the 

cosensitized DSSCs.  20 
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Fig. 10 Nyquist plots obtained in the dark of the DSSCs based on JA1, 

JA2, JA1+TTR2 and JA2+TTR2. 
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 50 

 

 
Fig. 11 Bode phase plots obtained in the dark of the DSSCs based on 

JA1, JA2, JA1+TTR2 and JA2+TTR2. 

Electrochemical Impedance Spectroscopy (EIS) 55 

The Electrochemical Impedance Spectroscopy was measured 

under dark to further investigate the interfacial charge transfer 

process in DSSCs. The applied voltage was -0.7 V and scanned 

from 105 to 1 Hz. The Nyquist plots were shown in Fig. 10, and 

two semicircles were observed. For the Nyquist plots, the larger 60 

semicircle represents the charge recombination resistance (Rrec) at 

the TiO2/dye/electrolyte interface, and the smaller semicircle 

represents the electron transport resistance at the Pt/electrolyte 

interface. It is clear that the radius of the larger semicircle 

decreased in the order JA2+TTR2 > JA1+TTR2 > JA2 > JA1, 65 

indicating that the JA2+TTR2 based-device has the largest Rrec. 

The device with large Rrec can suppress the charge recombination 

and reduce the dark current, thereby improving the Voc of the 

DSSCs. The result is in agreement with the Voc of the DSSCs.52 

The Bode phase plots of the DSSCs were shown in Fig. 11. The 70 

maximum frequency (ωmax) of the DSSCs with JA1 and JA2 was 

25.6 and 12.0 Hz, respectively, those of the DSSCs with 

JA1+TTR2 and JA2+TTR2 was greatly reduced to 6.7 and 5.5 

Hz, respectively. Since the maximum frequency was inversely 

related to the electron lifetime, the lower frequency corresponds 75 

to the larger charge recombination resistance and longer electron 

lifetime.53 We further measured the EIS under illumination 

condition to probe the charge collection rate in the devices (Fig. 

S5). The radii of the large semicircle increase in the following 

order: JA2+TTR2 < JA1+TTR2 < JA2 < JA1, which indicates 80 

that JA2+TTR2 based-device has the smallest charge transfer 

resistance. Low charge transfer resistance observed for the 

JA2+TTR2 based-device suggests better electron collection 

efficiency over the other devices. Thus, we took dye TTR2 as the 

cosenzitizer can reduce the charge recombination rate and 85 

improve the performance of the device. 

3. Conclusions 

In summary, we developed a novel anchoring group which can 

anchor dye onto the TiO2 surface via tridentate mode. The 

anchoring group can make the dye choose the Lewis acid sites 90 

and Brønsted acid sites of the TiO2 synchronously. The JA2 

based-device showed a higher PCE of 7.20%, whereas the JA1 

based-device showed a PCE of 5.76%. The absorption spectrum 

of JA2 was not only red-shifted compared with JA1, moreover, 

the JA2 had better charge transport properties and higher electron 95 

injection efficiency. In addition, we took dye TTR2 as the 

cosensitizer, which can make up for the poor absorption of zinc-

porphyrin dye in the 470-550 nm range. The dye TTR2 occupied 

the voids between the main dye molecules, thus preventing the I3
− 

of the electrolyte penetrating into the TiO2 surface, thereby 100 

reducing the charge recombination rate. We found that there was 

almost no competitive adsorption between JA2 and TTR2, in 

contrast, cosensitization of JA1 and TTR2 would cause serious 

competitive adsorption. The JA1+TTR2 based-device showed the 

PCE of 6.75%, whereas the JA2+TTR2 based-device showed the 105 

highest PCE of 8.98%. These results indicate that the 

performance of the DSSCs can be improved by developing a 

more efficient anchoring group. 
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