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1. Supplementary Methods:

(1) Syntheses of the new bipyridyl ligands :

The synthetic steps of Ligand-6S and Ligand-6L used for preparing new ruthenium

based sensitizers; CYC-B6S and CYC-B6L, respectively were as the following.  All

the reactions were carried out under argon atmosphere using dried solvents.

(1.1) Synthetic procedures for Ligand-6S

(1.1a) Synthesis of 3,6-bis-tert-butyl-9-(5-trimethylstannyl-2-thienyl) carbazole

The starting material, 3,6-bis-tert-butyl-9-(2-thienyl)carbazole, was prepared

according to the literature. [S1] 2.00 mL n-BuLi (2.5 M in hexane) was added into the

solution of the starting material (1.48 g, 4.10 mmole)  dissolved in 35 mL anhydrous

THF at -78 0C. The mixture was stirred for 2 hours, and then 1.1 g (5.5 mmole)

trimethyltin chloride in anhydrous THF was added. The mixture was stirred overnight

at room temperature. The reaction was terminated by adding saturated NaCl aqueous

solution and the product was extracted with CH2Cl2. Collected the organic layer ,

removed the solvent to afford 2.08 g (96 % yield) crude product. This material was used

without further purification.

(1.1b) Synthesis of Ligand-6S

Ligand-6S was prepared by Stille coupling of 3,6-bis-tert-butyl-9-(5-trimethyl-

stannyl-2-thienyl)carbazole and 4,4’-dibromo-2,2’-bipyridine prepared according to the

literature reports. [S2-S4] 2.08 g crude product of 3,6-bis-tert-butyl-9-

(5-trimethylstannyl-2-thienyl)carbazole and 0.57 g. 4,4’-dibromo-2,2’-bipyridine were

dissolved in 60 mL anhydrous DMF, then 0.25 g Pd(PPh3)4 was added as a catalyst.

The mixture was refluxed under argon for 48 h. After cooling to room temperature, 5

wt% NH4Cl(aq) was added to terminate the reaction and the product was extracted with

CHCl3. The organic layer was washed with saturated NaHCO3(aq), distilled water and



saturated NaCl(aq), respectively. The crude product was purified with a Soxhlet using

hexane as a solvent to remove the non-reacted reagent

(3,6-bis-tert-butyl-9-(5-trimethylstannyl-2-thienyl)carbazole) then using CHCl3 to

extract the product Ligand-6S (71.1 % yield). 1H-NMR (200 MHz, H/ppm in CDCl3):

8.72 (d, 4H), 8.12 (d, 4H), 7.74 (d, 2H), 7.58 (m, 8H), 7.23 (d, 4H), 1.47 (s, 36H). MS:

m/z 874.4 ([M]+) LRMS (FAB) found: m/z 875.2 (m) ([M-H]+).

(1.2) Synthetic procedures for Ligand-6L

(1.2a) Synthesis of 3,6-bis-heptyl-9-(5-trimethylstannyl-2-thienyl)carbazole

The starting material, 3,6-bis-heptyl-9-(2-thienyl)carbazole, was prepared

according to the literature  [S1, S5-S6] wherein the heptanoyl chloride was used instead of

the acetyl bromide. 2.54 mL n-BuLi (2.5 M in hexane) was added into  the solution of

the starting material (2.83 g, 6.36 mmole)  dissolved in 30 mL anhydrous THF at -78 0C.

The mixture was stirred for 2 hours, and then 1.27 g (6.4 mmole) trimethyltin chloride

in anhydrous THF was added. The mixture was stirred overnight a t room temperature.

The reaction was terminated by adding saturated NaCl aqueous solution and the product

was extracted with CH2Cl2. Collected the organic layer , removed the solvent to afford

3.60 g (93 % yield) crude product. This material was used without further purification.

(1.2b) Synthesis of Ligand-6L

Ligand-6L was prepared by Stille coupling  of 3,6-bis-heptyl-9-(5-trimethyl-

stannyl-2-thienyl)carbazole and 4,4’-dibromo-2,2’-bipyridine.  3.60 g crude product of

3,6-bis-heptyl-9-(5-trimethylstannyl-2-thienyl)carbazole and 0.90 g. 4,4’-dibromo-

2,2’-bipyridine were dissolved in 50 mL anhydrous DMF, then 0.40 g Pd(PPh3)4 was

added as a catalyst. The mixture was refluxed under argon for 48 h. After cooling to

room temperature, 5 wt% NH 4Cl(aq) was added to terminate the reaction and the product

was extracted with CHCl3. The organic layer was washed with saturated NaHCO3(aq),



distilled water and saturated NaCl (aq), respectively. The crude product (Ligand-6L)

was purified by recrystallization from hexane (60.0 % yield). 1H-NMR (200 MHz,

H/ppm in CDCl3): 8.70 (d, 4H), 7.88 (d, 4H), 7.68 (d, 2H), 7.51 (m, 6H), 7.20 (m, 6H),

2.79 (t, 8H) , 1.71 (t, 8H) , 1.30 (m, 32H), 0.85 (t, 12H). MS: m/z 1042.6. ([M]+) LRMS

(FAB) found: m/z 1043.4 (m) ([M-H]+).

(2) One-pot syntheses of the two new ruthenium sensitizers:

The new ruthenium-based photosensitizers, CYC-B6S and CYC-B6L were

synthesized respectively with the typical one-pot synthetic procedure reported

previously [S7] and then purified further with Sephadex L H-20 using methanol as an

eluent.

(2.1) Synthesis of Ru[(dcbpy)(Ligand-6S)(NCS)2] (CYC-B6S)

0.38 g (0.628 mmol) [RuCl2(p-cymene)]2, 1.1 g (1.257 mmol) Ligand-6S, 0.31

g (1.257 mmol) dcbpy and excess NH 4NCS were used in the reaction. After purification,

0.677 g (0.505 mmol, 40.2 % yield) CYC-B6S was obtained. MS: m/z 1336.3 ([M]+)

LRMS (FAB) found: m/z 1336.0 (m) ([M]+); 1278.0 (s) ([M-NCS]+). HRFAB-MS

found: 1336.3160. Anal. calcd. for C72H68N8O5S4Ru: C, 63.84; H, 5.06; N, 8.27.

Found: C, 64.29; H, 6.15; N, 7.88. 1H-NMR (500 MHz, H/ppm in d6-DMSO, J Hz):

9.46 (d, J = 5.4 Hz, 1H); 9.24 (d, J = 5.9 Hz, 1H); 9.17 (s, 1H); 9.13 (s, 1H); 9.02 (s,

1H); 8.98 (s, 1H); 8.42 (d, J = 3.7 Hz, 1H); 8.34 (s, 2H); 8.31 (d, J = 5.4 Hz, 2H); 8.29

(s, 2H); 8.19 (d, J = 3.7 Hz, 1H); 7.95 (d, J = 5.4 Hz, 1H); 7.67 (d, J = 4.1 Hz, 2H); 7.60

(q, J = 7.7 Hz, 4H); 7.54 (d, J = 3.9 Hz, 1H); 7.50 (q, J = 3.3 Hz, 6H); 1.43 (s, 18H);

1.39 (s, 18H). The well-resolved 13C-NMR spectrum can not be obtained due to the

super-molecular size.

(2.2) Synthesis of Ru[(dcbpy)(Ligand-6L)(NCS)2] (CYC-B6L)



0.45 g (0.735 mmol) [RuCl2(p-cymene)]2, 1.53 g (1.466 mmol) Ligand-6L, 0.36

g (1.474 mmol) dcbpy and excess NH 4NCS were used in the reaction. After purification,

0.185 g (0.123 mmol, 8.4 % yield) CYC-B6L was obtained. MS: m/z 1504.5 ([M]+)

LRMS (FAB) found: m/z 1504.3 (m) ([M]+); 1446.3 (s) ([M-NCS]+). HRFAB-MS

found: 1504.5028. Anal. calcd. for C84H94N8O6S4Ru: C, 65.47; H, 6.15; N, 7.27. Found:

C, 64.99; H, 5.96; N, 7.23. 1H-NMR (500 MHz, H/ppm in d6-DMSO, J Hz): 9.35 (d, J

= 4.1 Hz, 1H); 9.25 (d, J = 5.5 Hz, 1H); 9.14 (s, 1H); 8.98 (s, 1H); 8.96 (s, 1H); 8.80 (s,

1H); 8.38 (s, J = 3.0 Hz, 1H); 8.30 (d, J = 5.5 Hz, 1H); 8.23 (d, J = 4.9 Hz, 1H); 8.13 (d,

J = 3.0 Hz, 1H); 8.04 (s, 2H); 7.98 (s, 2H); 7.79 (d, J = 3.8 Hz, 1H); 7.64 (d, J = 3.8 Hz,

1H); 7.58 (d, J = 8.0 Hz, 3H); 7.50 (d, J = 10.0 Hz, 2H); 7.45 (d, J = 8.0 Hz, 3H); 7.34

(d, J = 8.3 Hz, 2H); 7.26 (d, J = 8.3 Hz, 2H); 2.74 (t, 8H) , 1.63 (t, 8H) , 1.29 (m, 32H),

0.83 (t, 12H). The well-resolved 13C-NMR spectrum can not be obtained due to the

super-molecular size.

(3) Electrochemical (square-wave voltammetry) and photo-electrochemical

measurements:

Electrochemistry of the metal complexes was performed in single -compartment,

three-electrode cell with a platinum disk working electrode and a Pt wire counter

electrode. The reference electrode was Ag/AgNO 3 and the supporting electrolyte was

0.1 M tetrabutylammonium hexafluorophosphate (TBAPF6) in DMF. The square-wave

voltammograms swept with potential step increment of 10 mV and frequency of 25 Hz

were recorded using a potentiostat/galvanostat (PGSTAT 30, Autolab, Eco-Chemie, the

Netherlands) and the ferrocene/ferrocinium re dox couple was used as a calibration

standard. The square-wave voltammograms of CYC-B6S and CYC-B6L as well as N3

were showed in Figure S1.  In-situ photo-electrochemical measurements [26] were

carried out in a single-compartment three-electrode cell with a Pt sheet counter

electrode and an Ag/AgNO3 reference electrode. The supporting electrolyte is 0. 1 M



LiClO4 in acetonitrile and CYC-B6S adsorbed TiO2 thin film (thickness ca. 12 m and

active area of 3.0 cm × 0.9 cm) is used as a working electrode.

(4) Theoretical calculation for the location of HOMO and LUMO :

Molecular orbitals and geometry optimiza tions for free sensitizer, CYC-B6L,

were computed using Hyperchem7 program. Geometry optimizations were calculated

with ZINDO/1 parameter set.  The alkyl chains of molecule were shortened from heptyl

group to methyl group for simplifying the calculation.

(5) Photovoltaic device fabrication & performance measurements:

TiO2 were prepared by sol-gel process in acidic medium according to the

literature reported.[S7] Titanium (IV) isopropoxide (72 ml, 98 %, Across) was added to

430 ml, 0.1 M HNO3(aq) with constant stirring at 85 0C for 8 h. When the mixture was

cooled down to the room temperature, the resultant colloid was isolated by filtration.

The filtered colloid was then heated in an autoclave at 240 0C for 12 h to crystallize the

TiO2 particles (ca. 20 nm). The TiO2 solution was concentrated to 13 wt% and then 30

wt% (with respect to TiO2) of PEG (MW = 200,000 and 20,000) was added to form

TiO2 paste. To fabricate the TiO 2 electrode, TTIP (Titanium (ΙV) isopropoxide ) was

well-mixed with ME (2-methoxylethanol) (in the weight ratio of 1:3) to form the

metallorganic solution. The metallorganic solution was then spin -coated onto the clean

conducting fluorine-doped tin oxide (FTO) glasses with a sheet resistivity of 13

/square, followed by annealing at 500 oC for 30 min to form a thin TiO2 compact layer.

On top of this compact film, TiO 2 paste was applied thrice using the glass rod to obtain

the appropriate thickness. For the first coating (paste 1), the TiO2 colloid mixed with

PEG having a molecular weight of 200,000 was used.  The second coating, used TiO2

paste (paste 2) contains TiO 2 colloid and PEG with a molecular weight of 20,000. Paste

2 mixed with the light scattering particles of TiO 2 (300 nm, 30 wt% in total TiO2) was



used for the third (finial) coating to reduce the light loss by back scattering. After

sintering at each coating step, TiO2 electrode with an active surface area of 0.16 cm 2 and

thickness of 15 m was immersed in the dye solution of CYC-B6S, CYC-B6L and N3

(the concentration of all dye solutions are  2×10-4M) for 12 hours, respectively. The

solvent is the mixture of acetonitrile and 4-tert-butylpyridine with the volume ratio of

1：1. A Pt-coated (thickness of 100 nm) indium tin oxide glass (ITO, sheet resistivity

of 8-10 /square) plate was used as a counter electrode and the electrolyte was the

mixture of 0.6 M butylmethylimidazolium iodide (BMII) , 0.03 M iodine, 0.5 M

4-tert-butylpyridine and 0.1 M guanidinium thiocyanate (GuN CS) in acetonitrile. In

order to avoid the electrolyte leakage, t he DSC cell was fabricated by keepin g an

ionomer resin (Surlyn 1702, Dupont, thickness of 80 m) between the two electrodes

and two holes were made on the resin. The whole cell was heated at 80 0C on a hot plate

until the resin had melted. After the cell was cooled to room temperature, the electrolyte

was injected into the space between the electr odes through the two holes.  These two

holes were later sealed completely with the Torr Seal® cement (Varian, MA, USA). The

photovoltaic characterizations on the solar cells  equipped with a maskS8 were carried

out using a modified light source, 450 W Xe la mp (Oriel, 6266) equipped with a

water-based IR filter and AM 1.5 filter (Oriel, 81075). Light intensity attenuated by

neutral density filter (Optosigma, 078–0360) at the measuring (cell) position, was

calibrated to be 100 mW/cm2 according to the reading f rom a radiant power meter

(Oriel, 70260) connected to a thermopile probe (Oriel, 70263). Photoelectrochemical

characteristic photocurrent  density–voltage curves of the DSCs were recorded using a

potentiostat/galvanostat (PGSTAT 30, Autolab, Eco-Chemie, the Netherland).

(6) Dye desorption:

The solvent used for desorbing the dye molecules from the practical

dye-sensitized TiO2 electrodes is a mixture (volume ratio of 1 ： 1.) of



4-tert-butylpyridine (4-tBP) and tetrabutylammonium hydroxide (TBAOH) (40wt % in

water). During the dye desorption process, the solvent with a proper volume was

dropped directly onto the dye -adsorbed TiO2 surface, and then the solution was

transferred and collected into a flask after several seconds. This procedure was repeated

at least 10 times for completely extracting the dye molecules from TiO 2 electrode.

Finally, the volume of collected solution was adjusted to 7.5 mL for UV/Vis absorption

measurement (Figure S2). The amount of the dye molecules in solution was calculated

according to the Beer’s law (A=bc) with the molar absorption coefficient ( ) obtained

from the UV/Vis spectra  of dye standard solutions. Note that molar absorption

coefficient of CYC-B6L was estimated to be the same with that of CYC-B6S according

to the absorption profile measured in DMF.

(7) Physicochemical methods:

1H-NMR spectra were recorded with Bruker 200 MHz or 500 MHz NMR

spectrometer in CDCl3 or d6-DMSO. FAB-MS spectra were obtained using JMS-700

HRMS. UV/Vis spectra were measured using a Cary 300 Bio spe ctrometer.

Electrochemistry was performed with a potentiostat/galvanostat (PGSTAT 30, Autolab,

Eco-Chemie, the Netherland). Elemental analyses were carried out with a Heraeus

CHN-O-S Rapid-F002 analysis system.
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2. Supplementary Figures:

Figure S1: Square-wave voltammogram of dye molecules in DMF. Supporting
electrolyte: 0.1 M TBAPF6. Potential step increment: 10 mV; frequency:
25 Hz.
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Figure S2: Electronic absorption spectra of dye molecules in TBAOH/4-tBP, which
were desorbed from practical TiO 2 electrode (Active area: 0.16cm 2,

thickness: 15 m).
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