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1. Additional Tables

Table S1. Number of Au Atoms and Ligands, Charge States, and Estimated Number of Valence
Electrons for Au,(SG),, Clusters Observed in LC/MS Experiments.

Number of Number of  Charge Number of Intensity ¢

Au atoms ligands “ states®  valence electrons ’ y
10 10 0 -4 strong
10 11 -1 4 weak
11 11 0 -4 strong
11 12 -1 4 weak
12 12 0 -4 strong
12 13 -1 4 weak
13 13 0 4 weak
13 14 -1 4 weak
15 13 0 2 strong
16 14 0 2 middle
16 15 -1 2 weak
17 14 -1 4 weak
18 14 0 4 strong
18 15 -1 4 middle
19 15 0 4 middle
19 16 -1 4 weak
20 16 0 4 middle
20 17 -1 4 weak
21 16 -1 6 weak
21 17 0 4 weak
22 16 0 6 weak
22 17 -1 6 middle
23 17 0 6 strong
24 18 0 6 middle
25 18 -1 8 strong
25 20 -1 6 weak
26 19 -1 8 weak
27 19 0 8 weak
27 20 -1 8 weak
29 20 -1 10 strong
30 21 -1 10 middle
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31 22 -1 10 middle

32 22 0 10 middle
32 23 -1 10 middle
33 22 -1 12 strong
33 23 0 10 middle
34 23 -1 12 strong
34 24 0 10 weak
34 25 -1 10 weak
35 22 -1 14 weak
35 24 -1 12 middle
36 23 -1 14 weak
36 24 0 12 weak
36 25 -1 12 weak
37 24 -1 14 strong
37 25 0 12 weak
38 24 0 14 strong
38 25 -1 14 middle
39 24 -1 16 strong
39 25 - -¢ weak
39 26 - -¢ weak
40 25 - -¢ weak
40 26 - -¢ weak
40 27 - -¢ weak
41 26 -¢ -¢ strong
42 26 - -¢ weak
42 27 - -¢ middle
43 26 - -¢ weak
43 27 - -¢ weak
44 27 - -¢ middle
44 28 - -¢ weak
45 27 - -¢ weak
45 28 - -¢ weak
46 28 -¢ -¢ strong
46 29 - -¢ middle
47 28 - -¢ middle
47 29 - -¢ weak
48 29 - -¢ middle
49 29 - -¢ weak
49 30 - -¢ weak
50 30 - -¢ weak
51 30 - -¢ weak
52 31 - -¢ weak
54 31 - -¢ weak

“These values were estimated by the analyses of ESI mass spectra (Figure 1 and S11-S13). “These values were estimated using the
equation described in literature' on the basis of the number of Au atoms and ligands and the charge states. “lon intensities in mass
spectra. “These species are considered to be metal-thiolate complex without metal core. “For these clusters, it is difficult to estimate
the charge state and thereby the number of valence electrons with confidence because of quite a low ion intensity in the mass spectra.
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Table S2. Number of Metal Atoms and Ligands, Charge States, and Estimated Number of Valence
Electrons for Au,-,Ag(SG),, Clusters Observed in LC/MS Experiments.

Number of Charge Number of Experimental Intensity *
Metal Au Ag Ligands states ° valence electrons b condition ° ensity
10 9 1 10 0 - I, II, III strong
10 8 2 10 0 - I, II, III strong
10 7 3 10 0 - 11 strong
10 6 4 10 0 - M1 strong
11 10 1 11 0 - I, II, III strong
11 9 2 11 0 - I, II, III strong
11 8 3 11 0 - M1 strong
11 7 4 11 0 - M1 strong
11 6 5 11 0 - M1 strong
12 11 1 12 0 - I, II, III strong
12 10 2 12 0 - I, II, III strong
12 9 3 12 0 -¢ M1 strong
15 14 1 13 0 2 I, II, III strong
15 13 2 13 0 2 I, II, III strong
15 12 3 13 0 2 I, II, III strong
15 11 4 13 0 2 I1I strong
16 15 1 14 0 2 I, 11 weak
16 14 2 14 0 2 I weak
18 17 1 14 0 4 L1 strong
18 16 2 14 0 4 I, II, III strong
18 15 3 14 0 4 II, 111 strong
18 14 4 14 0 4 II, 111 strong
18 13 5 14 0 4 I1I strong
18 12 6 14 0 4 I1I strong
18 16 2 15 -1 4 I1, 11 middle
18 15 3 15 -1 4 I1, 11 middle
18 14 4 15 -1 4 111 middle
18 13 5 15 -1 4 111 middle
19 18 1 15 0 4 I, 11 weak
19 17 2 15 0 4 I, II weak
19 16 3 15 0 4 IT weak
19 15 4 16 -1 4 111 weak
19 14 5 16 -1 4 111 weak
19 13 6 16 -1 4 111 weak
19 12 7 16 -1 4 111 weak
20 19 1 15 -1 6 I, 11 weak
20 19 1 16 0 4 IT weak
21 20 1 16 -1 6 I, II, III middle
21 19 2 16 -1 6 I, II, III middle
21 18 3 16 -1 6 I, II, III middle
21 17 4 16 -1 6 I1, 11 middle
21 16 5 16 -1 6 111 middle
22 21 1 16 0 6 I 11 weak
22 20 2 16 0 6 I 11 weak
22 21 1 17 -1 6 I weak
22 20 2 17 -1 6 I weak
22 19 3 17 -1 6 I weak
22 18 4 17 -1 6 I1, 11 weak
22 17 5 17 -1 6 I1, 11 weak
22 16 6 17 -1 6 I1, 11 weak
22 15 7 17 -1 6 I1, 11 weak
23 22 1 17 0 6 LI strong
23 21 2 17 0 6 LI strong
23 20 3 17 0 6 I, 111 strong
23 19 4 17 0 6 II, 111 strong
23 18 5 17 0 6 II, TII strong
23 17 6 17 0 6 [T strong
23 17 6 18 -1 6 111 middle



23 16 7 18 -1 6 111 middle
23 15 8 18 -1 6 111 middle
24 23 1 18 0 6 I weak
24 22 2 18 0 6 I weak
24 21 3 18 0 6 I weak
24 20 4 18 0 6 I weak
24 19 5 18 0 6 I weak
25 24 1 18 -1 8 I, II strong
25 23 2 18 -1 8 I, II strong
25 22 3 18 -1 8 I, II, III strong
25 21 4 18 -1 8 I, II, III strong
25 20 5 18 -1 8 I1, 11 strong
25 19 6 18 -1 8 I1, 11 strong
25 18 7 18 -1 8 111 strong
25 17 8 18 -1 8 111 strong
26 25 1 18 0 8 I weak
29 28 1 20 -1 10 I, II strong
29 27 2 20 -1 10 I, II strong
29 26 3 20 -1 10 I, 11, III strong
29 25 4 20 -1 10 III strong
29 24 5 20 -1 10 III strong
29 23 6 20 -1 10 111 strong
29 22 7 20 -1 10 III strong
29 21 8 20 -1 10 III strong
29 20 9 20 -1 10 111 strong

“These values were estimated by the analyses of negative-ion ESI mass spectra (Figures S24-S26). bThese values were estimated using
the equation described in literature' on the basis of the number of Au atoms and ligands and the charge states. “Initial metal ion ratios
of [HAuCl,]:[AgNO;]. I-TII represents 24.5:0.5, 23:2, and 21:4, respectively. “Ton intensities in mass spectra. “These species are
considered to be metal-thiolate complex without metal core.
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Table S3. Number of Metal Atoms and Ligands, Charge States, and Estimated Number of Valence
Electrons for Au,-,Cu,(SG),, Clusters Observed in LC/MS Experiments.

Number of Charge Number of Experimental Intensity *
Metal Au Cu ligands states ©  valence electrons b condition ° ensity

9 5 4 10 -1 - I1, 11 weak
11 10 1 10 -1 -¢ [T weak
12 11 1 11 -1 -¢ I, 111 weak
13 11 2 12 -1 -¢ [T middle
14 13 1 13 -1 -¢ [T weak
14 12 2 13 -1 -¢ I, 111 weak
15 14 1 13 0 2 I, II, III strong
15 13 2 13 0 2 I1I strong
15 12 3 13 0 2 I1I strong
15 14 1 14 -1 - I, 11 weak
15 13 2 14 -1 -¢ I weak
17 16 1 14 -1 4 I, 11, 111 middle
17 15 2 14 -1 4 [T middle
18 17 1 14 0 4 I1, 111 strong
18 16 2 14 0 4 II, 111 strong
18 15 3 14 0 4 I1I strong
18 17 1 15 -1 4 I, 11, 111 middle
20 19 1 13 -1 8 I, 11 weak
20 19 1 15 -1 6 I, 111 weak
20 18 2 15 -1 6 I, 111 weak
21 19 2 15 0 6 [T weak
21 18 3 15 0 6 [T weak
21 17 4 15 0 6 [T weak
21 20 1 16 -1 6 I, 11, 111 middle
21 19 2 18 -1 4 I, 111 middle
22 21 1 16 0 6 I, 11, 111 weak
22 20 2 16 0 6 I, 111 weak
22 21 1 17 -1 6 I, 11, 111 middle
23 22 1 17 0 6 I, II, III strong
23 21 2 17 0 6 I, II, III strong
23 22 1 18 -1 6 I, 11, 111 middle
23 21 2 18 -1 6 I, 1I middle
24 23 1 18 0 6 I middle
24 22 2 18 0 6 I, 11, 111 middle
25 24 1 18 -1 8 I, II, III strong
25 23 2 18 -1 8 I, II, III strong
25 22 3 18 -1 8 II, III strong
25 21 4 18 -1 8 II, 111 strong
25 20 5 18 -1 8 [T strong
26 22 4 20 0 6 [T weak
26 21 5 20 0 6 [T weak
27 22 5 20 -1 8 111 weak
27 21 6 20 -1 8 [T weak
28 24 4 20 0 8 [T weak
29 28 1 20 -1 10 I, II, III strong
29 27 2 20 -1 10 I1I strong
29 26 3 20 -1 10 [T strong
29 25 4 20 -1 10 I1I strong
29 24 5 20 -1 10 111 strong

“These values were estimated by the analyses of negative-ion ESI mass spectra (Figures S32 and S33). “These values were estimated
using the equation described in literature' on the basis of the number of Au atoms and ligands and the charge states. “Initial metal ion
ratios of [HAuCly]:[CuCl,]. I-TII represents 24.5:0.5, 23:2, and 21:4, respectively. “Ion intensities in mass spectra. “These species are
considered to be metal-thiolate complex without metal core.
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Table S4. Number of Metal Atoms and Ligands, Charge States, and Estimated Number of Valence
Electrons for Au,-,Pd,(SG),, Clusters Observed in LC/MS Experiments.

Number of Charge Number of Experimental

o0 d
Metal Au Pd Ligands states ° valence electrons b condition ° EETE 1
6 4 2 8 0 -¢ 11 strong
7 2 5 12 0 -¢ 11 strong
9 8 1 10 0 -¢ I middle
9 7 2 10 0 -¢ I weak
10 9 1 10 -1 -¢ I 1I strong
11 10 1 11 -1 -¢ I 1I strong
12 8 4 14 0 -¢ II weak
13 12 1 12 0 -¢ IT weak
13 10 3 14 0 -¢ I 11 weak
14 12 2 14 0 -¢ I 11 weak
14 11 3 14 -1 -¢ I weak
15 14 1 13 -2 3 LI strong
15 14 1 14 0 -¢ I, 11 middle
16 15 1 15 0 -¢ IT weak
17 16 1 16 0 -¢ I weak
17 15 2 16 -1 -¢ II middle
18 17 1 14 -1 4 II strong
18 16 2 14 -3 5 LI strong
18 17 1 16 -1 -¢ IT weak
18 16 2 17 -1 -¢ II middle
19 18 1 15 -1 4 I weak
19 18 1 16 0 2 I 11 weak
19 17 2 16 -1 2 I weak
19 18 1 17 -1 2 I, 11 weak
20 18 2 17 -1 2 I weak
20 17 3 18 -1 0 IT weak
21 20 1 17 -1 4 I, 11 weak
21 19 2 17 0 2 IT weak
21 19 2 18 -1 2 I, 11 weak
23 22 1 17 -1 6 I weak
23 22 1 18 0 4 I 11 weak
23 20 3 19 -1 2 II middle
25 24 1 18 -2 8 LI strong
25 24 1 19 -1 6 I middle
25 23 2 20 -1 4 II middle
26 25 1 20 -1 6 middle
29 28 1 20 -1 10 I strong

“These values were estimated by the analyses of negative-ion ESI mass spectra (Figures S39 and S40). “These values were estimated
using the equation described in literature' on the basis of the number of Au atoms and ligands and the charge states. “Initial metal ion
ratios of [HAuCl,]:[PdCl,-2NaCl]. I, II represents 24.5:0.5 and 21:4, respectively. “lon intensities in mass spectra. “These species are
considered to be metal-thiolate complex without metal core.
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2. Additional Schemes
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Scheme S1. Comparison of HPLC columns. (a) Reverse-phase column and (b) HILIC column.?
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Scheme S2. Structures of thiols used in this work. (a) Glutathione (GSH),’ (b) N-acetyl-L-cysteine (NALC),* and
(c) p-mercaptobenzoic acid (p-MBA)’.
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3. Additional Figures
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Figure S1. PAGE photograph of as-prepared Au,(SG),, clusters used in the experiment depicted in Figure 1 and
2. The tentative assignments of Au,(SG),, clusters in the literature® are described in the form of (n, m) on the left.
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Figure S2. PAGE photograph of as-prepared Au,-,Ag,(SG),, clusters used in the experiments illustrated in Figure
5(a) and 6(a); [HAuCl,]:[AgNO;] = (a) 25:0, (b) 24.5:0.5, (c) 23:2, and (d) 21:4. The tentative assignments of
Au,(SG),, clusters in the literature® are described in the form of (n, m) on the left.
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Figure S3. PAGE photograph of as-prepared Au,-,Cu,(SG),, clusters used in the experiments shown in Figure
5(b) and 6(b); [HAuCl]:[CuCl,] = (a) 25:0, (b) 24.5:0.5, (c¢) 23:2, and (d) 21:4. The tentative assignments of
Au,(SG),, clusters in the literature® are described in the form of (n, m) on the left.
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Figure S4. PAGE photograph of as-prepared Au,—,Pd,(SG),, clusters used in the experiments depicted in Figure
5(c) and 6(c); [HAuCly]:[PdCl,-2NaCl] = (a) 25:0, (b) 24.5:0.5, and (c) 21:4. The tentative assignments of
Au,(SG),, clusters in the literature® are described in the form of (n, m) on the left.
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Figure S5. Dependence of the chromatograms of Au,(SG),, clusters on the mobile phase in the experiments using
an Amide-80 column. Ry indicates the resolution estimated using peaks of Aujo 12(SG)1o_12 and AUIS(SG)|3.6 In
the chromatogram, the peak position of each Au,(SG),, cluster is described in the form of (n, m).
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Figure S6. Dependence of the chromatograms of Au,(SG),, clusters on the concentration of AcONH,4. R
indicates the resolution estimated using peaks of Aujo_12(SG)io_12 and Au|5(SG)|3.6 In the chromatogram, the
peak position of each Au,(SG),, cluster is described in the form of (n, m).
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Figure S7. Dependence of the chromatograms of Au,(SG),, clusters on the column. (a) Amide-80 and (b) ZIC-
cHILIC columns. R; indicates the resolution estimated using peaks of Au;g_12(SG)y0_12 and Au|5(SG)|3.6 In the
chromatogram, the peak position of each Au,(SG),, cluster is described in the form of (n, m).
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Figure S8. Comparison of optical absorption spectra of Au,(SG),, clusters between (blue) i—vi in Figure 1 and

ray) the literature.’ The chemical compositions reported in the literature® are shown in gray.
gray p p gray.
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Figure S9. Dependence of the chromatograms of Au,(SG),, clusters on the mobile phase in the experiments using
a ZIC-cHILIC column. Ry indicates the resolution estimated using peaks of Aujo_12(SG);¢_12 and Au|5(SG)|3.6 In
the chromatogram, the peak position of each Au,(SG),, cluster is described in the form of (n, m).
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Figure S10. Comparison of the obtained chromatograms between (a) this work using the Amide-80 column and
(b) previous work using a reverse-phase column (Hypersil GOLD) without an ion-pair reagent.” The
chromatogram obtained using the Amide-80 column shows the opposite elution order to that obtained using the
reverse-phase column, demonstrating that the Au,(SG),, clusters were separated into each cluster type by the
HILIC mode”® in this study.
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Figure S11. Enlarged positive-ion ESI mass spectra of Au,(SG),, clusters (n = 10-29) used for Figure 4 (Table
S1). Because both negative- and positive-ion ESI mass spectra showed the same chemical compositions for the
same Au,(SQG),, clusters (Figure 1 and 2), the chemical compositions of Au,(SG),, clusters used in Figure 4 were
estimated using positive-ion ESI mass spectrometry as it has a high signal/noise ratio (Figure 2). In this
experiment, the mobile phase was gradually changed using a linear gradient program from a mixture of 100-mM
AcONH, aqueous solution and MeCN (50:50) to a mixture of 100-mM AcONH,4 aqueous solution and MeCN
(84:16) with 380 min. This gradient elution was carried out to elute the larger Au,(SG),, clusters within a narrow
retention time and thereby increase the intensity of their ion peaks in the mass spectra.
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Figure S12. Enlarged positive-ion ESI mass spectra of Au,(SG),, clusters (n = 30—45) used for Figure 4 (Table
S1). Because both negative- and positive-ion ESI mass spectra showed the same chemical compositions for the
same Au,(SQG),, clusters (Figure 1 and 2), the chemical compositions of Au,(SG),, clusters used in Figure 4 were
estimated using positive-ion ESI mass spectrometry as it has a high signal/noise ratio (Figure 2). In this
experiment, the mobile phase was gradually changed using a linear gradient program from a mixture of 100-mM
AcONH, aqueous solution and MeCN (50:50) to a mixture of 100-mM AcONH, aqueous solution and MeCN
(84:16) with 380 min. This gradient elution was carried out to elute the larger Au,(SG),, clusters within a narrow
retention time and thereby increase the intensity of their ion peaks in the mass spectra. For the larger Au,(SG),,
clusters (n > 39), it was difficult to estimate the charge state without ambiguity (Table S1).
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Figure S13. Enlarged positive-ion ESI mass spectra of Au,(SG),, clusters (n = 45-54) used for Figure 4 (Table
S1). Because both negative- and positive-ion ESI mass spectra showed the same chemical compositions for the
same Au,(SQG),, clusters (Figure 1 and 2), the chemical compositions of Au,(SG),, clusters used in Figure 4 were
estimated using positive-ion ESI mass spectrometry as it has a high signal/noise ratio (Figure 2). To observe these
clusters, the mobile phase was gradually replaced using a linear gradient program from a mixture of 100-mM
AcONH, aqueous solution and MeCN (50:50) to a mixture of 100-mM AcONH,4 aqueous solution and MeCN
(84:16) with 380 min. This gradient elution was carried out to elute the larger Au,(SG),, clusters within a narrow
retention time and thereby increase the intensity of their ion peaks in the mass spectra. For these larger Au,(SG),,
clusters, it was difficult to estimate the charge state without ambiguity (Table S1).
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Figure S14. Optical absorption spectra observed using a PDA for Aujo_12) xAg:(SG)10-12 clusters prepared with
metal ion ratios of [HAuCl4]:[AgNO;] 0f 25:0, 24.5:0.5, 23:2, and 21:4.

S15



Absorbance (a. u.)

25:0
\ 24.5:0.5

23:2

21:4

3(I)0 . 4(I)0 I 560 I 6(I)0 . 7(I)0 I 800
Wavelength (hm)
Figure S15. Optical absorption spectra observed using a PDA for Au;s-,Ag,(SG);5 clusters prepared with metal
ion ratios of [HAuCl4]:AgNOs] 0f 25:0, 24.5:0.5, 23:2, and 21:4.
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Figure S16. Optical absorption spectra observed using a PDA for Au;s-,Ag,(SG)4 clusters prepared with metal
ion ratios of [HAuCl4]:[AgNOs] 0f 25:0, 24.5:0.5, 23:2, and 21:4. The observed structural change depending on
the ion ratios is consistent with that reported by Xie and co-workers.*
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Figure S17. Optical absorption spectra observed using a PDA for Au,s-.Ag,(SG);s clusters prepared with metal
ion ratios of [HAuCl4]:[AgNOs] 0f 25:0, 24.5:0.5, 23:2, and 21:4. The observed structural change depending on

the ion ratio is consistent with that reported by Xie and co-workers for Au,s—.Ag,(SR);s (R = 6-mercaptohexanoic
. 9
acid, etc.).

Alzo-,AG,(SG)2

Absorbance (a. u.)

300 400 500 600 700 800
Wavelength (nm)

Figure S18. Optical absorption spectra observed using a PDA for Au,e-Ag,(SG)y clusters prepared with metal
ion ratios of [HAuCl4]:AgNOs] 0f 25:0, 24.5:0.5, 23:2, and 21:4.
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Figure S19. Assignments of negative-ion ESI mass spectra of [Au(lo,lz)wAgx(SG)l0,12—3H]37.
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Figure S20. Assignments of negative-ion ESI mass spectrum of [Aulsfogx(SG)|3—4H]47 (x=2, 3) prepared with
a metal ion ratio of [HAuCl,]:[AgNO;] of 23:2.
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Figure S21. Assignments of negative-ion ESI mass spectrum of [Aulgfogx(SG)|4—4H]47 (x=2, 3) prepared with
a metal ion ratio of [HAuCl,]:[AgNO;] of 23:2.
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Figure S22. Assignments of negative-ion ESI mass spectrum of [Auzsfogx(SG)lg—4H]57 (x =3, 4) prepared with
a metal ion ratio of [HAuCl,]:[AgNO;] of 23:2.
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Figure S23. Assignments of negative-ion ESI mass spectrum of [Auzgfogx(SG)20—4H]57 (x=2, 3) prepared with
a metal ion ratio of [HAuCl,]:[AgNO;] of 23:2.
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Figure S24. Enlarged negative-ion ESI mass spectra of Au, Ag,(SG),, clusters (n = 10-19; Table S2). In this
experiment, the mobile phase was flowed with a constant mixing ratio (isocratic mode).
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Figure S25. Enlarged negative-ion ESI mass spectra of Au, Ag,(SG),, clusters (n = 19-24; Table S2). In this
experiment, the mobile phase was flowed with a constant mixing ratio (isocratic mode).
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Figure S26. Enlarged negative-ion ESI mass spectra of Au, Ag,(SG),, clusters (n = 24-29; Table S2). In this
experiment, the mobile phase was flowed with a constant mixing ratio (isocratic mode).
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Figure S27. Assignments of negative-ion ESI mass spectra of [Au(lO,IZHCux(SG)I0,12—3H]37.
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Figure S28. Assignments of negative-ion ESI mass spectrum of[AulsfxCux(SG)|3—4H]47 (x=0, 1) prepared with
a metal ion ratio of [HAuCl,]:[CuCl;] of 21:4.
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Figure S29. Assignments of negative-ion ESI mass spectrum of[AulgfxCux(SG)|4—4H]47 (x=1,2) prepared with
a metal ion ratio of [HAuCl,]:[CuCl;] of 21:4.
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Figure 30. Assignments of negative-ion ESI mass spectrum of [AuzsfxCux(SG)lg—4H]57 (x =2, 3) prepared with
a metal ion ratio of [HAuCl,]:[CuCl;] of 21:4.
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Figure S31. Assignments of negative-ion ESI mass spectrum Of[AU297xcux(SG)2()_4H]57 (x=0, 1) prepared with
a metal ion ratio of [HAuCl,]:[CuCl;] of 21:4.

S24



[AusCu,(SG)qo=2H]*

[Au;,Cu(SG);o=3H]*

[Au;,Cu(SG),=3H]*

[Au,Cuy(SG)4—3H]*

JAJJlJJﬁJle- ““I'“JJ'J-‘L‘“ P MLMJJJMM ™ AJJl““L“
11“'“111, ||H||| 41_'_”_‘_&1‘* 4IJ_I_H_L|_LA4%
1431 © 1433 1435 1272 1274 = 1276 1397 © 1399 = 1401 1489 = 1491 = 1493
miz miz miz miz

[Au;5Cu(SG)3=3H]*

[Au;,Cuy(SG);3~3H]*

[Au;,Cu(SG)3=4H]*

[Au3Cuy(SG);3=4H]*

m‘-{ W Jﬂ L“l“ “”.[j'/‘ A M M&{%Hﬂuumﬂ
1 llL ll lln 11’ llx I
L L L L L L | WL L LA LI L L L L ) LI L L
1649 1651 1653 1615 1617 1619 1698 1700 1702 1664 1666 1668
miz miz miz miz

[Au,Cu,(SG)y;—4H]*

b

[Au;,Cu(SG);4~3H]*

. ,“U“M_MMM
l[ L

[Au12Cu,(SG),~3H]*

il L
T

[Au;5CuU(SG)4~3H]*

L L L L L
1631 1633 1635
miz

TITIlTIIlIrlrrrroTTY
1774 1776 1778
miz

T I1TIlTIlTrror
41 1743 1745
miz

-
~

LI LI LB |
1875 1877

miz

LR
1873

[Au45Cuy(SG)44~3H]*

| |1

[Au;7Cu(SG)4—4H]*

A,

I e |
1842 1844
miz

=TT
1840

. e L
1924 1926
miz

L
1922

[Au;5Cu,(SG),~4H]*

[Au;5Cu5(SG)4—4H]*

O L L L L L L
1889 1891 1893
miz

rrrrrrrrrr1i
1855 1857 1859
miz

[Au7Cu(SG)15-3H]*

[Au1oCu(SG)5=3H]*

[Au1oCu(SG)15~3H]*

[Au;5Cu,(SG)15~3H]*

A e MM M MWM w.wd ,
I N N N L1,
LJ A L] L) L) A L] v L) A L] L LI L] v L] A v L] L] L) A L] L) LI 1 LI | v L A L] L) L)
1999 2001 2003 1944 1946 1948 2097 2099 2101 2064 2066 2068
miz miz miz miz

[Au1oCuy(SG)15~4H]*

[Au15Cu3(SG)15~4H]*

[Au;;Cuy(SG)15=4H]*

[AuzCu(SG)16=3H]*

karhr l “‘!;‘—‘;‘wkvﬁw ¥V AAM W M\W&
A lll. AII llllA 1| ans l‘ “llA
™rrTrrTrTTrTTeT ™r-rrrerrror 1T rrrrrrrvi LA NI L L
2113 2115 2117 2079 2081 2083 2046 2048 2050 2223 2225 2227
miz miz miz miz

[Au;gCu,(SG)15=3H]*

[AuzCu(SG)s-4H]*

NI

[AuzCu,(SG)15=4H]*

[Auz4Cu(SG)7—4H]>

Uu _LI_LLA_._A_ | JL '_L LA
T T T T T T | o L e | T
2343 2345 2347 2272 2274 2276 2239 2241 2243 1878 1880 1882

miz miz miz miz

[Au,Cu(SG)7~5H]

1918 1920

miz

1922

Figure S32. Enlarged negative-ion ESI mass spectra of Au, ,Cu(SG),, clusters (n = 9-23; Table S3). In this
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experiment, the mobile phase was flowed with a constant mixing ratio (isocratic mode).
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Figure S33. Enlarged negative-ion ESI mass spectra of Au, ,Cu,(SG),, clusters (n = 23-29; Table S3). In this
experiment, the mobile phase was flowed with a constant mixing ratio (isocratic mode).
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Figure S34. Assignments of negative-ion ESI mass spectra of [Au(lo,lz)dex(SG)l0,12—3H]37.
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Figure S35. Assignments of negative-ion ESI mass spectrum of [Aulsfodx(SG)|3—4H]47 (x=0, 1) prepared with
a metal ion ratio of [HAuCl,]:[PdCl,-2NaCl] of 21:4.
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Figure S36. Assignments of negative-ion ESI mass spectrum of [Aulgfodx(SG)|4—4H]47 (x=0, 1) prepared with
a metal ion ratio of [HAuCl,]:[PdCl,-2NaCl] of 21:4.
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Figure S37. Assignments of negative-ion ESI mass spectrum of [Auzsfodx(SG)lg—4H]57 (x=0, 1) prepared with

a metal ion ratio of [HAuCl,]:[PdCl,-2NaCl] of 21:4.
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Figure S38. Assignments of negative-ion ESI mass spectrum of [AU297dex(SG)2()_4H]57 (x=0, 1) prepared with
a metal ion ratio of [HAuCl,]:[PdCl,-2NaCl] of 21:4.
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Figure S39. Enlarged negative-ion ESI mass spectra of Au, ,Pd,(SG),, clusters (n = 6-23; Table S4). In this
experiment, the mobile phase was flowed with a constant mixing ratio (isocratic mode).
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Figure S40. Enlarged negative-ion ESI mass spectra of Au, ,Pd,(SG),, clusters (n = 25-29; Table S4). In this
experiment, the mobile phase was flowed with a constant mixing ratio (isocratic mode).
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Figure S41. (a) UV chromatogram obtained for Au,(NALC),, clusters using LC/MS with an Amide-80 column
and (b) negative-ion ESI mass spectra of fractions i”’—v”* in the UV chromatogram in (a). In this study, the mobile
phase was gradually replaced using a linear gradient program from a mixture of 100-mM AcONH,4 aqueous
solution and MeCN (43:57) to a mixture of 100-mM AcONH,4 aqueous solution and MeCN (73:27) with 600
min. This gradient elution was carried out to elute the larger Au,(NALC),, clusters within a narrow retention time
and thereby increase the intensity of their ion peaks in the mass spectra. In (b), only the main peaks are assigned.
The notation (n, m)* indicates [Au,(NALC),,]" . For these clusters, the charge states of the metal core could not
be determined because of the limited resolution of the quadrupole mass spectrometer (Waters, SQD2) used in
this work.
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Figure S42. (a) UV chromatogram obtained for Au,(p-MBA),, clusters using LC/MS with an Amide-80 column
and (b) negative-ion ESI mass spectra of peaks i’’—iii”” in the UV chromatogram in (a). In this study, the mobile
phase was gradually replaced using a linear gradient program from a mixture of 100-mM AcONH,4 aqueous
solution and MeCN (45:55) to a mixture of 100-mM AcONH,4 aqueous solution and MeCN (75:25) with 300
min. This gradient elution was carried out to elute the larger Au,(p-MBA),, clusters within a narrow retention
time and thereby increase the intensity of their ion peaks in the mass spectra. In (b), only the main peaks are
assigned. For these clusters, the charge states of the metal core could not be determined because of the limited
resolution of the quadrupole mass spectrometer (Waters, SQD2) used in this work.
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Figure S43. (a) UV chromatogram obtained for Ag,(SG),, clusters using LC with an Amide-80 column and (b)
optical absorption spectrum of each peak (i””’—x”"""). In this study, the mobile phase was gradually replaced using
a linear gradient program from a mixture of 100-mM AcONH, aqueous solution and MeCN (40:60) to a pure
100-mM AcONH, aqueous solution with 120 min.
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