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Methods
Experiments

(NHy)15{Na[(M0204)6(1£2-SO3)3(u6-SO3)]2}-SH,O  (Kabanos). Kabanos POM  was
synthesized according to the literature.' Briefly, Na;Mo"'04-2H,0 (3.00 g, 12.6 mmol) was
dissolved in HCI1 (37 %):H,O (1:4 v/v, 25 mL, pH~0) under magnetic stirring. Hydrazine
monohydrate (0.320 g, 6.3 mmol) was then added, whereupon the light yellow color of the
solution turned into dark-blue. Solid (NH4),SO; (9.00 g, 67 mmol) was then added and the
dark-blue color of the solution almost instantly became olive-green. The solution was kept in
an open beaker for 2-3 days, over which time an abundance of thin red crystals were
produced. These were filtered, washed with ethanol and air-dried. The yield obtained was ca.
97 % based on Mo (2.72 g). The FTIR spectrum at room temperature was dominated by
bands at 1414 (NH4"); 1073 (SO5%); 980 and 961 (Mo=0) from terminal oxygen atoms; 921,
890, 840 and 816 (SO;%); 718, 644 and 609 cm™ (Mo-O-Mo or Mo-O-S) from vibrations
involving edge and corner sharing oxygen atoms. The UV-Vis spectrum (in H,O) was

dominated by a broad absorption band from 200 to 600 nm.

1. M. J. Manos, J. D. Woollins, A. M. Z. Slawin and T. A. Kabanos, Angew. Chem., Int. Ed. 2002, 15,
2801.
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Figure S1. (a-b) STEM-HAADF and c) HR-TEM images of AuNPs@POM and (d) size-

dispersion histogram of the number of particles found for different diameter ranges.
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Figure S2. Scanning Electron Microscopy (SEM) images of polyhedral AuNPs@POM.




Figure S3. High-Resolution Transmission Electron Microscopy

polyhedral AuNPs@POM.
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Figure S4. High-Angle Annular Dark Field Scanning Transmission Electron Microscopy
(HAADF-STEM) images of polyhedral AuNPs@POM.
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Figure S5. FTIR spectra of a) Kabanos POM single crystals and b) lyophilized

AuNPs@POM. Both show prominent vibrational stretches for SOs;™ and terminal Mo=0O
bonds, along with Mo-O-Mo stretches.
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Figure S6. EDX spectra of AuNPs@POM showing the presence of Au and Mo. The Cu

signal comes from TEM grid.
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Figure S7. XPS spectra of AuNPs@POM showing a) general spectrum in the 200-700 eV
range; b) the characteristic doublet for Mo"" in the 230-235 eV region; c) the spin-orbit
doublet of Au’ at 88.4 and 84.7 eV (splitting of 3.7 eV) for 4f;, and 4f,,,, respectively. Note

that there was no evidence of any Mo" .
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Figure S8. Energy (in eV) and composition of the highest occupied (HOMO) and lowest
unoccupied (LUMO) molecular orbitals for {dimeric-H3S4Mos} and { H3SsMoe}.The
HOMO-LUMO (H-L) gaps are 3.60 and 3.84 eV for the dimer and monomer structures, that
is, the latter is only 0.24 eV (ca. 6%) larger. The three highest occupied orbitals (six for the
dimer) have significant contributions from the Mo",0, core and have Mo-Mo bonding

character, where each couple of electrons occupying them are provided by two Mo".
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Figure S9. Schematic view of the frontier molecular orbitals of the {H3S4Mog}-AuCl; adduct
(A-1), compared with the independent {H3S4Mos} and [AuCl;OH]  units at B3LYP-
D3(BJ)/6-311++G(d,p),def2-TZVPP level. The HOMO of the adduct resembles in energy and
shape to that of { H3S4sMos}, whereas the LUMO is [AuCl;0H] -like. Even though, there is
some mixing of the orbitals leading to stabilization of the HOMO and destabilization of the
LUMO.
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Figure S10. Evolution from the initial POM structure, [(Mo,"O4)3(t2-OH)3(pt2-SO3)3(Lig-
SO3)]5_, to the proposed final one, [SMOVIéozl]z_, with the associated loss of electrons,

protons and SO.. Indicated are the corresponding HOMO and LUMO energies, in eV.



Optimized coordinates (xyz) for the {H,S,Mo,}”, {H,S,Mo}*, {HS,Mo,}*, A, B, C-1, C-2,
D-1, and D-2 species as described in the manuscript which have been obtained in our work at

B3LYP-D3(BJ)/6-311++G(d,p),def2-TZVPP level.
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-0.18091900
1.24707700
-0.58543700
4.63996300
3.91290900
3.34960700
-1.57290500
-0.09620900
5.27449200
-1.81024000
3.05945800
-0.88973400
-1.08999400
-2.50511400
-3.18029500
-4.64127800
-2.59583000
-3.83702700
-0.49971300
-0.43076600
-2.24634100
-3.46291600
-3.43371900
-3.74534200
-1.82797700
-3.96624700
-2.22457400
2.80144500
-1.95383600
-0.65786700
0.33195300
248518100
-0.22265900
-1.48122300
-1.08119500

-0.02535400
0.93499600
0.68133000
1.83361600

-1.18667300
-0.97200300
1.26510500

-0.89831000
0.17771300
-2.73269100
-1.82695800

-1.39057200
-0.75576600
-2.18329500

-1.78542100
-2.54043100
-0.24693100
-0.36296100

-3.51458300

1.16642700
0.17001800
1.70742400
-1.51053000

-0.49818700
-0.25568300
0.54072000

0.56656600
1.65967000

-1.41931000

-1.24649400
1.09341300

-0.86977600

-2.84425700
-2.17657000
-3.01704400
-4.23718900
-0.27486400

1.08215700
0.95872700
2.16758400
2.28580800
3.07009000
4.58369600
1.56209900
0.94217200
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-2.42398500 -0.73146000

-4.11112700
-1.94236200
-3.48734100

-0.80492200

1.78107700

2.46527900

-1.69267700
-1.79024300

-1.43830700
-1.39887000

-0.25144800 -3.06381500 0.03497000

-0.54357900
-2.03930400
-1.80754200
-0.32286200
1.67477200
1.04992100
-0.07298400
0.48657200
-1.62900100
-1.91181000
-0.45215400
-0.33900200
-1.12789300
-0.99068200
-1.18373100
-2.19196900
-0.92668300
2.24674000
0.91231100
2.98055700
3.89092000

-4.63828400
0.35231000
0.58799600

-2.14288300

-3.05697900

-0.18244100

-1.12679500

1.23792400
-3.66122000

-2.07573000

-3.70907000
4.57123000
3.21135600

-4.02498300
5.45654300

-2.43139400
2.76705700

-0.34877900
4.05999500

0.61506600
-0.14397100
-2.96425200

1.47010900
-0.22523900
-1.75304400
-1.21205300
-1.45854100
-3.04090600
-3.16499400
-1.96767000
-2.45807900
-2.71286300
-4.35456500
-1.57758100
-0.40083500

0.13008700
-0.72655100
-1.59330500

1.22894500 0.73037800

1.99487500

1.93261300

1.16573000 2.91812200 0.09215400

1.43710900

4.18542100

1.17280800

3.09099200 -2.24621800 0.69055900

3.48855700
1.15628200
2.87231400
5.85906700
4.85000900
4.52258200
6.55045300
3.14468100
-2.67197700
0.89575100
-1.17960300
-2.88475600
-1.85760500
-3.97252000
1.29542400
2.01705600

-3.41235700
1.33219000
246605700

-0.50962400
0.60170900

-2.15157300

-0.68245700

-0.69781800

-2.25296600
0.57161200
2.34042000

0.04447300
2.08812900

-1.98890300
0.06125900

-0.39325400

1.86354500
1.27249200
-0.72311100
-0.30054200
-0.37489500
-0.36401000
-1.57942700
1.62498900
0.43258800
3.04768200
0.97004100
2.63310400
3.14469600
2.18250900
3.77403200
3.31375800
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-3.15840100 0.08679600

-4.60807700

-2.24664300 2.40651800

-3.42056600

-1.00244100 -2.71929800

-1.15924100
-1.84630100
-3.12809400
0.23796000
0.36853500
-0.08452200
-1.21007600
-0.26884600
-4.06661000
-3.95844600
-2.45312600
-0.90530500
-1.94496300
-4.41776600
-0.96873000
-2.48738000
-0.49195600
1.23955800
0.51441400
3.11172500
4.54207000
1.28964500
2.14886300
1.87931300
2.47584100
1.78656300
2.56918300
4.45270800
3.96019000
3.07171300
4.68628500
3.02765000
-2.29443400
3.77445400
-0.35634500
-0.06665400
1.93487200
-2.10235700
4.05096300
3.44481700

0.02060200

3.05204600

-4.33767400
0.65273700
1.73329800

-2.10622300

-2.67839200

0.65871000

-0.36968100
1.83661300

-2.24181100

-0.72836300

-2.66731300
5.30858000
4.11159300

-2.26376100
6.04405600

-1.89415100
2.92510600

-0.02994000
4.51246700
0.83943400
1.21274300
3.12733100
4.14633300

-2.21819700

-3.71987400
1.30093700
2.48810000

-0.91592800
0.48208000

-1.79854900

-0.64588000

-1.02342400

-2.03940000

-1.81462100
2.18648900

-1.49832900

-0.49207200

-2.55851700

-2.16500300

-1.72972300

-0.35137800
0.51343600
0.22169100
1.25054000
-1.21821300
-0.73964600
0.94051600
-1.36264500
0.02785200
-2.45167200
-2.03680500
-1.64910600
-1.02711900
-2.53913700
-2.12711900
-2.51213200
-0.98243900
-0.93597600
-3.98834400
0.32679300
0.01701000
1.30175300
-1.56584100
-1.00496800
-0.26802600
0.56100900
0.23360500
1.26200100
-1.16440700
-0.70274400
0.94318900
-1.10907600
-2.74688900
-2.12849000
-2.72246000
-4.19730300
-0.08256200
0.96659500
1.41743400
1.91411100
3.50800700
4.16582600
3.04340600
2.28267500
2.90267400



