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Supplementary Figure 1. Oxidative etching reaction of [Auys(MHA)3]" monitored by UV-vis
absorption spectra at different reaction conditions: (a) reaction at pH of 12.0 in air; (b) reaction at
pH of 9.0 after bubbling N, for 2 min and kept airtight; (c) reaction at pH of 9.0 in air. (d) The
absorbance changes at 670 nm after 24 h reaction under different reaction conditions. The lowered

pH and air atmosphere greatly accelerate the oxidative etching reaction.
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Supplementary Figure 2. (a) Digital photo of bands in PAGE of the raw product of oxidative
etching reaction. The band of main product was separated and characterized to be [AuzsMHA 9]°.
(b) UV-vis absorption spectra of the raw product and the separated main product. The absorption

features become more distinct after purification.
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Supplementary Figure 3. Signals corresponding to [AusMHA 5" + 0% adducts become stronger

after introducing excess H>O».
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Supplementary Figure 4. (a) Isotopic peaks of [AuzsMHA 3] species after prolonged exposure in
air. The intensity of signals corresponding to +1 state species didn’t show obvious increase and the
majority of [AussMHA 5] species was still in 0 state. (b) Signals corresponding to +1 state species
were suppressed after bubbling CO. (c) Signals corresponding to +1 state species were increased

after introducing H>O».
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Supplementary Figure 5. ESI-MS spectra of final product obtained by reaction between
[AusMHA 5] species and excess thiol ligands. The final product was identified as [AuzsMHA 9]°

with high purity based on the overall spectrum and isotopic analysis.
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Supplementary Figure 6. (a) UV-vis absorption spectrum and (b) ESI-MS spectrum of
[AuzsMHA 5]~ obtained by CO-reduction of [AuzsMHA 19]°. The absorption features shown in UV-
vis absorption spectrum and the perfect correspondence of the experimental and simulated signals

in ESI-MS spectrum clearly indicate the high purity of [AuzsMHA 5]
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Supplementary Figure 7. Enlarged ESI mass spectra of fragment species of Au,sMHA 5. (a)

AUQsMHAlg, (b) AUQ1MHA14, (C) AUQQMHAm, (d) AU20MHA14, and (e) AU17MHA10. BOth

experimental isotopic patterns and their corresponding simulated results were shown.
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Supplementary Figure 8. Enlarged ESI mass spectra of fragment species of AuxsMHA . (a)

AUZSMHA19, (b) AU21MHA15, (C) AuzoMHAm, (d) AuzzMHAlé, (e) AU13MHA17, (f) AU24MHA13,

and (g) AujisMHA ;. Both experimental isotopic patterns and their corresponding simulated results

were shown.
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Supplementary Figure 9. Assignment of the two kinds of thiolate ligands in [AusSR3]", denoted

as in-SR and out-SR, respectively.

510



173 eV

Supplementary Figure 10. Relative energies of the tested geometries for [AuzsSR19]° with the
putative global minima used in subsequent calculations defined at 0 eV (at the TPSS/def2-SVP
level). Nine different structures were test. The most stable one can be viewed as drawing out one

Au atom on the outer shell of Auiz core, transforming one AuxSR3 staple to AusSR4.
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Supplementary Figure 11. (a) UV-vis absorption spectra of [AuzsMHA 9] solution after 2 days in
the presence of excess thiol ligands (mole ratio: ligand/cluster = 1/1) in air. (b) UV-vis absorption
spectra of [AuzsMHA 19]° solution after 7 days in air. No observable changes in its absorption spectra

indicates the high stability of [AusMHA 19]°.
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Supplementary Note 1.

To understand this phenomenon, we will consider the charge states and corresponding population
of [AusMHA3]9 (g = —1, 0, and +1) species during the reaction. As shown in Fig. 3, after a long-
time preserving in air without the addition of excess thiol ligands, most of Au;sMHA 5 species are
in 0 state with a small amount of nanoclusters of —1 state (Fig. 3a, a shoulder peak at 800 nm) and
+1 state (Fig. 3¢). [AuzsMHA 3]° is relatively stable in solution and the abundance of [AuzsMHA 5]
didn’t increase after a long-time preserving, indicating an equilibrium between [AusMHA 5]° and
[AusMHA 1g]* species (Supplementary Fig. 4a). After the introduction of free thiol ligands,
[AuzsMHA 5] will rapidly transform to [AuzsMHA19]° and the equilibrium will move toward
regeneration of the consumed [AusMHA 3]*. Thus, [Auz;sMHA 5]" can be regarded as a reaction
intermediate with low concentration. In addition, as these [AuzsMHA 15]9 (q=—1, 0 and +1) species
feature very similar absorption spectra,! the influence of small amount of [Au;sMHAs]™ and
[AuzsMHA 3]" to the overall absorption spectra of the intermediates during the transformation is
marginal. As a result, we observed the changes in the absorption of the reaction solution in Fig. 4a,
which indicates the transformation from [Au;sMHA5]° to [AuzsMHA 19]°. This is also the reason

for a quasi-one-to-one transformation process.

Computational details.

Parallel, resolution-of-identity density functional theory (DFT) calculations with the TPSS
functional form of the meta generalized gradient approximation (meta-GGA) for electron exchange
and correlation? with def2-SV(P) basis sets were performed with the quantum chemistry program
Turbomole V6.5603. Effective core potentials which have 19 valence electrons and include scalar
relativistic corrections were used for Au*. The Conductor-like Screening Model (COSMO)’
implemented in Turbomole was used to compute the energies of solvated species in water. For
accurate reaction energies, single-point calculations were performed with the def2-TZVP basis sets®

and the B3LYP functional’ using the geometries obtained from the previously described method.
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