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Figure S1. C1s core level XPS spectra for (a) SC0P, (b) SC1P, (c) SC0P-Au, (d) 
SC1P-Au. 
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Figure S2. Laser-Raman spectra of SCnP and SCnP-Au. Excitation wavelengths are 488 
nm for SCnP and 514 nm for SCnP-Au. The spectra were in good agreement with the 
values reported in the literature.1 

 



Procedure for cyanide decomposition. SC0P, SC0P-Au, SC1P and SC1P-Au were 
treated with 300 equivalents of sodium cyanide to Au atom in 30% aqueous DMAc 
solution at room temperature for 30 min (SC0P and SC0P-Au) and 1 h (SC1P and 
SC1P-Au). Excess sodium cyanide decomposed not only SCnP-Au, but also SCnP 
ligands to decrease the peak intensities of Soret- and Q-band. After cyanide 
decomposition, the intensities of Soret-band and four Q-bands have been regenerated 
for SCnP-Au (Table S1).  

 

 

 

 

 

 

 

 

Figure S3. UV-vis spectra of (a) SC0P-Au, SC0P, cyanide treated SC0P-Au and cyanide 
treated SC0P, (b) SC1P-Au, SC1P, cyanide treated SC1P-Au and cyanide treated SC1P. 
Each set of spectra was normalized by the porphyrin concentration. The insets show (a) 
ten times enlarged Q-band spectra of cyanide treated SC0P-Au and cyanide treated SC0P, 
(b) cyanide treated SC1P-Au. 



Table S1. Molar absorption coefficients of SCnP and SCnP-Au before and after cyanide 
treatment. 

Molar absorption coefficient (M-1cm-1) 
sample                 

befor treatment           after treatment 

SC0P                      3.9 × 105                        1.2 × 105 

SC0P-Au                   2.5 × 104                        1.0 × 105 

SC1P                      3.9 × 105                        1.5 × 105 

SC1P-Au                   7.0 × 104                        1.0 × 105 

 

 

 

Packing fashion of SCnP ligands on the Au nanoparticles. Some reports revealed that 
porphyrins on Au(111) align in the close packed fashion (e.g., Langmuir 2004, 20, 
4413.). In light of the fact, we assumed that the length of the neighboring 
meso-substituted phenyl groups is about 1.25 nm and a single SCnP ligand covers the 
area of 1.25×1.25 nm2. The formation of disulfide bonds may lead the polymerization of 
the SCnP-Au nanoparticles, although the SCnP-Au nanoparticles are quite stable in 
DMAc solution, indicating that there are a few defect sites on Au nanoparticles and few 
multimers were formed. 

 

 

 

 



Figure S4. X-ray photoelectron spectra of the Au4f core level for (a) SC0P-Au, (b) 
SC1P-Au. 
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Ligand syntheses. 

2-acetylthiobenzaldehyde (2). Na2S·9H2O (25.6 g, 107 mmol) in 
N,N-dimethylacetamide (DMAc, 300 mL) was stirred at 80 °C for 30 min under N2 
atmosphere. Aldehyde 1 (10 mL, 89.0 mmol) was added and continuously stirred at 
80 °C for 30 min. Acetic anhydride (12.2 mL, 129 mmol) was added dropwise under 
cooling with an ice-water bath and the mixture was kept stirring for 30 min. The 
product was extracted with CH2Cl2, dried with Na2SO4 and concentrated under reduced 
pressure. Purification by means of column chromatography (silica gel, hexane:AcOEt = 
7:3) afforded 2 (8.84 g, 55%) as a pale yellow oil. 1H NMR (200 MHz, CDCl3): δ 2.50 
(s, 3H), 7.51 (m, 1H), 7.62 (m, 2H), 8.04 (m, 1H), 10.25 (s, 1H). GC-MS (EI) m/z 180 
(M+, 7), 165 (10), 138 (100), 109 (70).  

meso-5,10,15,20-tetrakis(2-acetylthiophenyl)porphyrin (SC0P). Trifluoroacetic 
acid (2.56 mL, 33.3 mmol) was added to the dichloromethane (300 mL) solution of 1 
(6.00 g, 33.3 mmol) and pyrrole (2.30 mL, 33.3 mmol) under N2 atmosphere. After 
stirring for 1 h at room temperature, chloranil (6.15g, 25.0 mmol) was added and then 
the mixture was refluxed for 45 min. To this mixture, 10% Na2CO3 aq was added and 
stirred for 10 min. The resulting precipitate was filtered off and the filtrate was 
extracted three times with CH2Cl2. Purification by means of column chromatography 
(silica gel, dichloromethane:AcOEt = 99:1) afforded SC0P (728 mg, 10%) as a purple 
solid. 1H NMR (200 MHz, CDCl3): δ 2.50 (s, 3H), 7.51 (m, 1H), 7.62 (m, 2H), 8.04 (m, 
1H), 10.25 (s, 1H). ESI-MS 911.24 (MH+). calcd exact mass 910.18 
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2-acetylthiomethylbenzaldehyde diacetate (4). Potassium thioacetate (4.35 g, 38.1 
mmol) was added to the acetonitrile (100 mL) solution of 3 (9.78 g, 38.1 mmol, 
synthesized according to the literature method2) and the solution was stirred at r.t. for 15 
min. The product was extracted with CH2Cl2, dried with Na2SO4 and concentrated under 
reduced pressure. Purification by means of column chromatography (silica gel, 
hexane:AcOEt = 7:3) afforded 4 (5.31 g, 47%) as a pale yellow crystal. 1H NMR (200 
MHz, CDCl3): δ 2.12 (s, 6H), 2.33 (s, 3H), 4.37 (s, 2H), 7.38 (m, 3H), 7.58 (s, 1H). 
GC-MS (EI) m/z 194 (2.8), 151 (40), 134 (100), 118 (25).  

2-acetylthiomethylbenzaldehyde (5). 4 (3.52 g, 11.9 mmol) was added to the 
suspension of FeCl3/SiO2 (10 g, 10 % of FeCl3 was supported on SiO2) and the 
suspension was stirred at r.t. for 30 min. SiO2 catalyst was filtered off, and the product 
was purified by means of column chromatography (silica gel, hexane:AcOEt = 9:1) to 
afford 5 (1.44 g, 64%) as a pale yellow oil. 1H NMR (200 MHz, CDCl3): δ 2.31 (s, 3H), 
4.51 (s, 2H), 7.54 (m, 3H), 7.81 (s, 1H), 10.51 (s, 1H). GC-MS (EI) m/z 180 (1.2), 164 
(10), 150 (20), 134 (100).  

meso-5,10,15,20-tetrakis(2-acetylthiophenyl)porphyrin (SC1P). Trifluoroacetic 
acid (572 µL, 7.42 mmol) was added to the dichloromethane (100 mL) solution of 5 
(1.44 g, 7.42 mmol) and pyrrole (514 µL, 7.42 mmol) under N2 atmosphere. After 
stirring 3 h at room temperature, chloranil (2.75 g, 11.2 mmol) was added and then the 
mixture was refluxed for 45 min. To this mixture, 10% Na2CO3 aq was added and 
stirred for 10 min. The resulting precipitate was filtered off and the filtrate was 
extracted three times with CH2Cl2. Purification by means of column chromatography 
(silica gel, dichloromethane:AcOEt = 99:1) afforded SC1P (747 mg, 42%) as a purple 
solid. 1H NMR (200 MHz, CDCl3): δ 2.50 (s, 3H), 7.51 (m, 1H), 7.62 (m, 2H), 8.04 (m, 
1H), 10.25 (s, 1H). ESI-MS 967.3 (MH+). calcd exact mass 966.24 

 

Preparation of SCnP-Au nanoparticles. 

Citrate-capped Au (CA-Au) nanoparticles with the size of 10.5 ± 1.0 nm were prepared 
according to the literature.3 The CA-Au aqueous solution was poured into the same 
volume of the SCnP N,N-dimethylacetamide (DMAc) solution, where 1/2 equivalent of 
ligand to surface Au atoms was used based on the spherical model.4 Because the SCnP 
ligands have three atropisomers at room temperature,5 the DMAc solution of the 
nanoparticles was annealed at 120 °C to promote the coordination of four thiolate 



groups onto the same nanoparticle surface. After removing the solvent under reduced 
pressure, water was added and the resulting precipitate was filtered and washed with 
water, methanol and toluene to obtain pure SCnP-Au nanoparticles. Purification was 
checked by analytical gel permeation chromatography. 
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