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1. Additional Scheme 
 

  

 
Scheme S1. Expected future energy conversion system consisting of photocatalysts and fuel cell. If this 
system would be constructed, the fossil fuels are not consumed and the carbon dioxide is not emitted.1 
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2. Additional Table 
Table S1. Current Density of HER at Each Voltage (vs. RHE) 

Cluster 
Current Density (mA cm–2 mg–1) 

Actual Values a Normalized Values b 
−0.7 V −0.6 V −0.5 V −0.7 V −0.6 V −0.5 V 

[Au25(PET)18]0 −17.8 −10.2 −3.9 100 100 100 
[Au38(PET)24]0 −16.3 −6.8 −2.2 91.3 66.8 56.8 
[Au130(PET)50]0 −11.6 −4.2 −1.4 65.0 41.2 35.0 
[Au144(PET)60]0 −11.3 −5.3 −2.2 63.2 52.4 56.5 
[Au329(PET)84]0 −8.0 −3.8 −1.7 44.8 37.0 42.9 
[Au25(C6T)18]0 −27.0 −13.9 −4.1 151.4 136.7 104.3 
[Au25(C12T)18]0 −3.6 −1.2 −0.4 20.4 11.5 11.1 

[Au20.5Ag4.5(PET)18]0 −9.9 −4.6 −1.2 55.7 45.3 29.4 
[Au23.7Cu1.3(PET)18]0 −3.2 −0.6 −0.1 18.0 5.6 2.4 

[Au24Pd(PET)18]0 −27.1 −12.1 −5.4 151.7 119.2 137.6 
[Au25(PET)18]− −26.0 −13.9 −8.1 145.7 136.7 206.0 

a These values were estimated from Figure 1(a), Figure 3(a) and Figure 5(a). b These values are normalized with 
that of [Au25(PET)18]0. 
 
 
Table S2. Current Density of OER at Each Voltage (vs. RHE) 

Cluster 
Current Density (mA cm–2 mg–1) 

Actual Values a Normalized Values b 
2.2 V 2.1 V 2.0 V 2.2 V 2.1 V 2.0 V 

[Au25(PET)18]0 8.55 3.99 1.68 100 100 100 
[Au38(PET)24]0 5.63 2.58 1.29 65.9 64.7 76.9 
[Au130(PET)50]0 4.52 1.97 0.87 52.9 49.4 51.8 
[Au144(PET)60]0 3.56 1.57 0.70 41.6 39.3 41.6 
[Au329(PET)84]0 3.19 1.55 0.80 37.3 38.8 47.7 
[Au25(C6T)18]0 8.95 3.99 1.87 104.7 103.2 111.1 
[Au25(C12T)18]0 1.23 0.58 0.43 14.4 14.5 25.8 

[Au20.5Ag4.5(PET)18]0 7.39 3.49 1.42 86.5 87.6 84.8 
[Au23.7Cu1.3(PET)18]0 8.65 3.75 1.57 101.2 94.1 93.4 

[Au24Pd(PET)18]0 9.47 3.92 1.51 110.8 98.2 89.7 
[Au25(PET)18]− 10.31 4.83 2.75 120.6 121.2 164.0 

a These values were estimated from Figure 1(c), Figure 3(c) and Figure 5(c). b These values are normalized with 
that of [Au25(PET)18]0. 
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Table S3. Current Density of ORR at Each Voltage (vs. RHE) 

Cluster 
Current Density (mA cm–2 mg–1) 

Actual Values a Normalized Values b 
−0.2 V −0.1 V −0 V −0.2 V −0.1 V −0 V 

[Au25(PET)18]0 −0.85 −0.87 −0.75 100 100 100 
[Au38(PET)24]0 −0.49 −0.40 −0.33 57.0 46.2 44.0 
[Au130(PET)50]0 −0.44 −0.33 −0.18 51.2 38.4 24.6 
[Au144(PET)60]0 −0.30 −0.23 −0.14 35.3 26.2 19.2 
[Au329(PET)84]0 −0.14 −0.05 −0.03 16.8 5.9 4.7 
[Au25(C6T)18]0 −0.91 −1.05 −0.67 106.8 121.3 89.3 
[Au25(C12T)18]0 −0.54 −0.40 −0.26 63.7 46.5 34.2 

[Au20.5Ag4.5(PET)18]0 −0.78 −1.04 −0.72 91.4 119.9 96.2 
[Au23.7Cu1.3(PET)18]0 −0.75 −0.81 −0.62 88.4 93.0 82.4 

[Au24Pd(PET)18]0 −0.95 −0.91 −0.78 111.8 104.5 104.2 
[Au25(PET)18]− −1.13 −0.72 −0.41 133.4 83.2 54.2 

a These values were estimated from Figure 1(e), Figure 3(e) and Figure 5(e). b These values are normalized with 
that of [Au25(PET)18]0.  
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3. Additional Figures 

 

  

 
Figure S1. Geometrical structures of (a) [Au25(SR)18]0,2 (b) [Au38(SR)24]0,3 (c) [Au130(SR)50]0,4 (d) 
[Au144(SR)60]0, 5 and (e) [Au329(SR)84]0 (SR = 2-phenylethanethiolate (PET) or 4-methylbenzenethiolate) .6 The 
geometrical structures of (a)−(d) were determined by single crystal X-ray structural diffraction (SCXRD), 
whereas the geometrical structure of (e) is the proposed structure on the basis of the chemical composition6. 

 

Figure S2. Geometrical structures of (a) PET, (b) 1-hexanethiolate (C6T), (c) 1-dodecanethiolate (C12T). The 
length of ligand was estimated from the geometrical structures 2,7,8. 
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Figure S3. Geometrical structures of (a) Au25(PET)18,2 (b) Au18.3Ag6.7(PET)18,9 (c) Au23.6Cu1.4(PET)18,10 and (d) 
Au24Pd(PET)18

11. The geometrical structures of (a) and (b) were determined by SCXRD for their anion forms. 
However, since [Au25(PET)18]− and [Au25(PET)18]0 have similar framework structures,2 [Au24.6Ag0.4(PET)18]0 is 
also considered to have a similar geometrical structure to that of the anion form (b). The geometrical structure 
of (d) is determined by SCXRD for the neutral form ([Au24Pd(PET)18]0). The geometrical structure of (c) is the 
proposed structure on the basis of the result obtained by extended X-ray absorption fine structure analysis.10  
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Figure S4. MALDI mass spectra of (a) [Au25(PET)18]0, (b) [Au38(PET)24]0, (c) [Au130(PET)50]0, (d) 
[Au144(PET)60]0 and (e) [Au329(PET)84]0. These mass spectra include or consists of the laser-fragments of the 
parent clusters. These mass spectra include only the peaks due to the parent clusters.12  
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Figure S5. Optical absorption spectra of (a) [Au25(PET)18]0, (b) [Au38(PET)24]0, (c) [Au130(PET)50]0, (d) 
[Au144(PET)60]0 and (e) [Au329(PET)84]0. These spectra are well consistent with the reported spectra for these 
clusters,2,5,13−15 indicating that the synthesized clusters have high purity.  
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Figure S7. Optical absorption spectra of (a) [Au25(PET)18]0, (b) [Au25(C6T)18]0, and (c) [Au25(C12T)18]0. 
These spectra are well consistent with the literature,2,16 indicating that the synthesized clusters have high 
purity. 

 
Figure S6. MALDI mass spectra of (a) [Au25(PET)18]0, (b) [Au25(C6T)18]0, and (c) [Au25(C12T)18]0.  
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Figure S8. MALDI mass spectra of (a) [Au25(PET)18]0, (b) [Au20.5Ag4.5(PET)18]0, (c) [Au23.7Cu1.3(PET)18]0, and 
(d) [Au24Pd(PET)18]0. The asterisk (*) indicates [Au24Pd(PET)17(C12T)]0.  
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Figure S9. Optical absorption spectra of (a) [Au25(PET)18]0, (b) [Au20.5Ag4.5(PET)18]0, (c) [Au23.7Cu1.3(PET)18]0, 
and (d) [Au24Pd(PET)18]0. These spectra are well consistent with the reported spectra for these clusters.2,17−19  
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Figure S10. MALDI mass spectra of (a) [Au25(PET)18]0 and (b) [Au25(PET)18]−.  

 
Figure S11. Optical absorption spectra of (a) [Au25(PET)18]0 and (b) [Au25(PET)18]−. These spectra are well 
consistent with the reported spectra for those clusters,2 indicating that the synthesized clusters have high purity. 
The spectra (c) shows the optical absorption spectra of [Au25(PET)18]− after the electrochemical measurement. 
This spectral feature is quite similar to that of [Au25(PET)18]0, indicating that [Au25(PET)18]− was oxidized to 
[Au25(PET)18]0 during the electrochemical measurement. 
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Figure S12. Schematic diagram for the preparation of working electrode with catalysts. 

 
 

Figure S13. Surface atoms used for the estimation of the number of surface atoms in each sample (Table 1); 
(a) [Au25(PET)18]0,2 (b) [Au38(PET)24]0,3 (c) [Au130(PET)50]0,4 (d) [Au144(PET)60]0,20 and (e) [Au329(PET)84]0.6 
Reprinted with permission from refs 5 and 6. Copyright 2015 American Chemical Society. 
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Figure S14. Comparison of HER activity between [Au25(PET)18]0 and [Au25(PET)18]−. This result indicates that 
[Au25(PET)18]− shows higher activity than [Au25(PET)18]0. However, as shown in Figure S11(b)(c), 
[Au25(PET)18]− is oxidized to [Au25(PET)18]0 during the electrochemical measurement, indicating that 
[Au25(PET)18]− is not stable under the electrochemical measurement condition. 
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Figure S15. Comparison of optical absorption spectra before and after the electrochemical measurements; (a) 
[Au25(PET)18]0, (b) [Au24Pd(PET)18]0, (c) [Au38(PET)24]0, (d) [Au130(PET)50]0, (e) [Au144(PET)60]0, and (f) 
[Au329(PET)84]0. 
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