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Fig. S1. Au L;-edge (a) EXAFS oscillation and (b) FT-EXAFS spectra of PtAu8-PMo12, and (c) EXAFS
oscillation and (d) FT-EXAFS spectra of Au9-PMo12 measured at 10 K. The circles in (b) and (d)
represent the fitting curves, whose parameters and results are listed in Table S1.
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Fig. S2. Pt L;-edge (a) EXAFS oscillations and (b) FT-EXAFS spectra of PtAu8-PMo12 measured at
10 K. The circles in (b) represent the fitting curves, whose parameters and results are listed in Table S2.
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Fig. S3. Characterizations of Au9-NO3 and Au9-PMo12. (a) Positive-ion mode ESI-MS of acetonitrile
solution of Au9-NO3. Asterisk peak is the ligand-dissociated product in the analysis: [Aug(PPh;);]*".
(b) UV-vis spectrum of methanolic solution of Au9-NO3 and DR-UV-Vis spectrum of Au9-PMo12. (c)
Powder-XRD pattern of Au9- PMol2.
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Fig. S4. (a) Crystal structure of Au9-PMo12.! Au L;-edge (b) XANES, (¢) EXAFS oscillations, and (d)
FT-EXAFS spectra of Au9-PMo12 before CO introduction, after CO introduction, and then after
evacuation.



(a) (b)
~ o2 - 0.2
3 3
8 s
2 i
‘D '
b5, — PtAu8-NO3 sol. 3 — PtAu8-PMo12
£ — H,-PtAu8-NO3 sol. = — H,-PtAu8-PMo12
— CO-PtAu8-NO3 sol. — CO-PtAu8-PMo12
T I T T T T I T T T T I T T T T I T T I T T T T I T T T T I T T T T I
11560 11570 11580 11590 11560 11570 11580 11590
Photon energy (eV) Photon energy (eV)

Fig. S5. Pt L;-edge in-situ XANES spectra of (a) PtAu8-NO3 in acetonitrile and (b) PtAu8-PMo12 in
the solid state. The XAFS data were measured in BLO1B1 at SPring-8 facility with using Si(111) mirror
to monochromize the incident X-ray.
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Fig. S6. Positive-ion mode ESI-MS of CO-PtAu8-PMo12 dissolved in acetonitrile.
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Fig. S7. UV-vis spectrum of CO adsorbed PtAu8 ([Pt(CO)Aug(PPhs3)s]**) in ethanol, DR-UV-Vis

spectrum of CO-PtAu8-PMo12, and calculated UV-Vis spectrum using the optimized structure of CO-
PtAu8 in Fig. 3c,
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Fig. S8. Au L;-edge (a) EXAFS oscillation and (b) FT-EXAFS, and Pt L;-edge (c) EXAFS oscillation
and (d) FT-EXAFS of CO-PtAu8-PMo12 measured at 10 K. The circles in (b) and (d) represent the fitting
curves, whose parameters and results are listed in Table S1.
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Fig. S9. Simulated Pt L;-edge XANES of the crown-motif PtAu8, H,-PtAu8 (using optimized structure
in Fig 3f), and the chalice-motif CO-PtAu8 (using optimized structure in Fig. 3c. Energy calibration was
carried out using the peak energy (11569.6 eV) of PtAu8-PMo12 in Fig. 3a.
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Fig. S10. Time course of peak intensity at 11570 eV in Pt L;-edge XANES of PtAu8-PMo12 during H,
introduction: (a) 1st H, introduction, (b) 2nd H, introduction after evacuation of (a), (¢) 3" H, introduction
after evacuation of (b), (d) 4™ H, introduction after evacuation of (c).
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Fig. S11. Au L;-edge (a) XANES, (b) EXAFS oscillations and (c) FT-EXAFS spectra of Au9-PMo12
before and after H, introduction and after evacuation.
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Fig. S12. Au L;-edge (a) XANES, (b) EXAFS oscillations and (c¢) FT-EXAFS spectra of PtAu8-PMo12
before and after H, introduction and after evacuation.

Fig. S13. Size of the closed voids in PtAu8-PMo12.
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Fig. S15. Experimental setup for in-situ XAFS measurement of solid samples at SPring-8.
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Scheme S1. Proposed structural isomerization mechanism from crown-motif PtAu8 to chalice-motif
PtAu8 and cluster size obtained by optimized structures of crown-motif PtAu8 and chalice-motif PtAu8
by DFT calculations. Color; gray: Pt, green: Au in (3AuPPh;) unit, pink: P.



Table S1. Curve fitting results of Au L;-edge FT-EXAFS spectra for PtAu8-PMo12, CO-PtAu8-
PMo12, and Au9-PMol2.

Samples Bonds CNs r(A) c? R-factor(%)

Au-P 142  22003) 0.003 (2)

PtAu8-PMo12 Au-Pt 14(1)  266(2) 0.002 (1) 13.2
Au-Au 232) 2.80(2) 0.004 (2)
Au-P 1.02)  22303) 0.002 (1)

CO-PtAu8-PMo12 Au-Pt 13(1) 2692 0.003 (1) 14.9
Au-Au 36(7) 2.93(11)  0.014(11)
Au-P 142) 22804 0.004 (3)

Au9-PMol2 Au-Aul 14(1) 2670 0.003 (2) 11.4
Au-Au2 192)  27803) 0.005 (2)

CNss: coordination numbers, 7: bond distance, 6°: Debye—Waller factor.

Numbers in parentheses represent uncertainties. The reliability factor (R-factor) is defined as:

R-factor ={Z[k> yobs(k) = &> ycal(K)? / Z[K yops (k)]*} > where, yops and yc.; correspond to the observed
and calculated data, respectively.

Table S2. Curve fitting results of Pt L;-edge FT-EXAFS spectra for PtAu8-PMo12 and CO-PtAu8-
PMol2.

Samples Bonds CNs r(A) o2 R-factor(%)
PtAu8-PMo12 Pt-Au 783)  2.63(3) 0.003 (2) 123
Pt-C 13(3)  181(10)  0.020(17)
CO-PtAu8-PMo12 12.0
Pt-Au 8.0(4)  2.64(3) 0.005 (4)

CNs: coordination numbers, 7: bond distance, ¢°: Debye—Waller factor.

Numbers in parenthesezs represent uncertainties. The reliability factor (R-factor) is defined as:

R-factor ={Z[k> yobs(k) = &> ycal(K)? / Z[K yobs (K)]*} > where, yops and yc.i correspond to the observed
and calculated data, respectively.

Table S3. Structural parameters of CO-PtAu8 in Au L;- and Pt L;-edges obtained by the DFT
calculation.

Sample Edge Bonds CNs r(A)
Au-P 1.0 2.43[2.30]
Auls Au-Pt 1.0 2.79[2.64]
[Pt(CO)Aug(PPhy)]>* Au-Au 38 3.14[2.97]
PL-C 1.0 1.91[1.81]
Pt L;
Pt-Au 8.0 2.79[2.64]

Bond lengths determined by the average bond lengths for the model structures. Numbers in
square brackets are bond lengths reduced to 94.6% of their original values.?
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