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Materials and Preparation.   All chemicals used in this study were of reagent grade.  Gold electrodes were prepared by a vacuum deposition technique with chromium (50 Å, 0.05 Å/s) and gold (200 Å, 0.1 Å/s) in a sequence onto Pyrex slide glass (IWAKI) held at 300 °C (5.5 x 10-6-6.5 x 10-6 Torr) and cut into small pieces (1 cm x 3 cm), rinsed with dilute hydrochloric acid, Milli-Q water, and ethanol and dried with a stream of nitrogen gas before being soaked in a thiol solution.1 The gold electrodes were dipped into 1 mM CH2Cl2 solution of 3 at room temperature for 24 h under nitrogen. The solution was shielded from light during the modification. After soaking, electrodes were rinsed well with CH2Cl2 and dried with a stream of nitrogen. The molecule on the gold substrate was monitored using a UV-visible absorption spectroscopy to confirm the complete formation of the monolayer. The surface-bound porphyrins were metalated in 5 mL of CHCl3 solution containing a few drops of MeOH solution saturated with Zn(OAc)2 at 50 °C for 2 hours under argon atmosphere. The resulting electrode was washed copiously with CH2Cl2 and MeOH, and dried with a stream of dry nitrogen. The complete metalation was confirmed by disappearance of the absorption band of free base porphyrin at 500 nm, cyclic voltammetry ( = 3.1 x 10-11 mol cm-2), and fluorescence spectra.2 

Porphyrin hetero-dimerization on Au electrodes.  First, porphyrin 1 (or 2) was dissolved 1 mM) in nitrobenzene-pyridine in a 1:1 molar ratio to dissociate the molecule into the monomeric unit by competitive coordination of pyridine. An aliquot (0.2 mL) of this solution was added dropwise onto the whole Au electrode surface of SAM 3 and pyridine with a smaller portion of nitrobenzene was evaporated slowly at 50 °C in an air stream for 10 minutes. Porphyrin solution was applied again on the electrode and evaporated. This series of solution application and evaporation was repeated, and electrodes were finally washed with CH2Cl2, treated with ultrasonic and dried under a stream of nitrogen.
No optimization was tried for the concentration of porphyrin 1 (or 2) or the ratio of nitrobenzene to pyridine.
Synthetic Procedures.  Synthetic routes of 1 and 2 were shown in Scheme S1. The starting materials including dipyrromethane 4, aldehydes 5, 6 and 7 were synthesized by using reported methods.
Treatment of 4 (8.0 mmol), 5 (4.0 mmol) and 6 (4.0 mmol) with trifluoroacetic acid (TFA, 18.0 mmol) in chloroform under N2 afforded corresponding free-base porphyrin 7 and isolated by column chromatography on silica gel (CHCl3/acetone).  Free-base porphyrin 7 was dissolved in CHCl3 (20 mL) and metalated with 5 mL of Zn(OAc)2–MeOH solution, extracted with CHCl3 and recrystalized from CHCl3-MeOH. 
1: 8 % (yield). mp >300 °C (uncorrected); abs (Chloroform) 415.5, 435.5, 531.0, 611.5 nm; 1H NMR (600 MHz, CDCl3, monomer)  9.93 (d, J = 4.8 Hz, 2H), 9.72 (d, J = 4.8 Hz, 2H), 8.87 (d, J = 4.8 Hz, 2H), 8.06 (brs, 2H), 5.56 (brs, 2H), 5.47 (d, J = 1.8 Hz, 1H), 5.39 (d, J = 3.6 Hz, 2H), 5.07 (brs, 6H), 3.68 (s, 3H), 3.64 (brs, 2H), 2.94 (brs, 2H), 2.78 (brs, 2H), 2.33 (t, J = 7.2 Hz, 2H), 2.11 (brs, 2H), 2.04 (brs, 2H), 1.90 (d, J = 1.8 Hz, 1H), 1.85-1.26 (m, 15H), 1.03 (t, J = 7.2 Hz, 6H); TOF MS m/z (M+), Calcd for C57H62N8O6Zn: 1020.54. Found: 1020.35. Anal. Calcd for C57H62N8O6Zn·MeOH: C, 66.18; H, 6.32; N, 10.65. Found: C, 66.47; H, 6.22; N, 10.46.
2: 7 % (yield).mp >300 °C (uncorrected);abs (Chloroform) 416.5, 434.5, 532.0, 610.5 nm; 1H NMR (600 MHz, CDCl3, monomer)  9.69 (brs, 2H), 9.60 (brs, 2H), 8.81 (brs, 2H), 5.35 (brs, 2H), 5.32 (brs, 1H), 5.22 (brs, 2H), 5.02 (brs, 4H), 2.90 (brs, 2H), 2.75 (brs, 4H) 2.08-1.97 (m, 7H), 1.78-1.47 (m, 21H), 1.00 (t, J = 7.8 Hz, 9H); TOF MS m/z (M+), Calcd for C45H58N6Zn: 748.372. Found: 748.576.

Photocurrent Measurements.  UV-vis spectra were obtained on a Shimadzu UV3100-PC spectrometer. All electrochemical studies were performed on a Bioanalytical Systems, Inc. CV-50W voltammetric analyzer using a standard three-electrode cell with a modified Au working electrode (0.5 cm2), a platinum wire counter electrode, and a Ag/Ag+ (tetrabutylammonium perchlorate, acetonitrile) reference electrode. The adsorbed amount of SAM 3 on gold electrode was calculated from the change of the anodic peak.
Photoelectrochemical measurements were undertaken in a Pyrex cell (5 mL) under N2 atmosphere. The cell was illuminated with 150 W Xe lamp (HAMAMATSU L-2273) through an IR cut-off filter or excitation light passed through a monochromator (Shimazu SPG-100-ST) using the same 150 W Xe lamp on the SAM of 0.5 cm2. An N2-saturated aqueous electrolyte solution contained 0.1 M Na2SO4 and 5 mM methyl viologen (MV2+). The photocurrent was measured in a three-electrode arrangement, equipped with a modified gold working electrode, a platinum wire counter electrode, and a Ag/Ag+ (tetrabutylammonium perchlorate, acetonitrile) reference. The light intensity was monitored by an ADVANTEST Q-8221 optical power meter. All the measurements were carried out at room temperature.
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