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Definition of the stabilization energy

The form of the stabilization energy used in this work can be rationalized as follows. We aim at an
energetic comparison of the relative energies of different cluster sizes and compositions. We consider
two species A (here gold) and L (here a ligand) which can occur in various clusters AxLy. The
formation energy of these compositions shall be compared to the energy of a reference reservoir of A
and L. The reservoir shall be large enough to build a large number of the clusters. If we have N times A
and M times L in our reservoir, particle conservation gives

K* AxLy + (N-K*X) *A + (M-K*Y) *L = N*A + M*L (1)

where we have built K clusters of composition AxLy out of the reservoir. In the following, we assume
that we completely consume all A in the reservoir to build the clusters while there is an excess of L.
Then the number of clusters that can be build is given by

K=N/X (2)

and depends on the cluster composition and the size of the reservoir for A. To arrive at the stabilization
energy, we need to compare the energy of the clusters Ecuser to the energy of the reservoir
Ercservoi=N*EA+M*E, where Ex and E. are the energies of A and L in the reservoir per particle. The
energy difference for the formation of K clusters out of the reservoir is

Ediff = K*Ecluster - K*X*EA - K*Y*EL = K* (Ecluster' X*EA - Y*EL) (3)

and depends on the size of A's reservoir N. The number of L in the reservoir does not appear here
anymore as the relevant quantity defining the reservoirs' size is the number of cluster K that can be
build from it. In order to define energies that are comparable for different cluster sizes, we divide the
energy difference through A's reservoir size and arrive at

Estab = Ediff/N = (Ecluster' X*EA - Y*EL) / X (4)

which is essentially the expression used in eq. (1) of the main text (we have used a single ligand type
here). It represents the energy gained (Esu.>0) or needed (Eswv<0) to build clusters out of the reservoir
per component A.
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The Aus; gold core of structure 2

The Aus; gold core in the energetically best structure 2. Compare for the presentation of the Niso
III.W&D?2 structure in reference 1.

Critical comparison with experiment

Here a more detailed critical comparison to the experiment than in the main text is given.

The development by Weare et al.? of a convenient and versatile synthesis employing quaternary
ammonium-bromide agent has stimulated much new work. They reported an average composition of
100:21 (Au:P) for a sample incorporating also clusters larger than 1.4-nm. An improved
characterization by Sharma et al.’ of a similarly prepared sample gave a composition of 100:24:12
(Au:P:total halide), which is quite close to the 69:20:12, considering again the presence of a minor
fraction of larger (therefore Au-rich) clusters. These authors also discovered a facile exchange reaction
with solution-phase ‘monomers’ — Au(PPh;)Cl — and interpreted the exchange dynamics (observed
by NMR spectroscopy) in terms of an invariant gold “core surrounded by Au complexes containing
both PPh; and CI ligands”, such labile complexes dissociating exclusively as intact monomers (to
repeat: both the known [Ause(PR;)14Cls]” and the newly proposed Aug structures contain such adatom
complexes and removing of a complete Au(PR;)CI unit does not change the delocalized electron
count). Finally, Schaaff* described the electrospray ionization (ESI) of size-purified sample of
Nanoprobes’ product Nanogold® yielded very highly (+)-charged gas-phase clusters, whose
subsequent electron-transfer reactions with perfluoro anions yields mainly the (+1, +2, +3)-charged
clusters in the mass spectrum. The well defined intensity onsets at a mass of 14,7 kDa suggests a
minimal fragmentation-resistant compound [Aus;(PPh;)s] "(H+),4, as the end-product of the reaction:

[Augo(PPhs)2Cli2]' = 12 Au(PPhs)Cl + [Aus;(PPhs)s]” i.e. the loss of up to 12 “monomers”™
[Note that (57 x 197) + (8 x433)=14,693 ]

where the 197 Da and 433 Da are the masses of a gold atom and a PPh; unit, respectively. An earlier
MALDI-MS investigation® of the Nanoprobes’ Greengold product attributed the mass peak at 21,7-kDa
to a single globular 75-atom cluster, which is inconsistent both with its elution order (smaller than
Nanogold) and the expected brown color implied by Fig. 3 in the main text, which is a well known
characteristic of the Schmid / Nanogold clusters®. It should more likely be attributed to a linked dimer
of the smaller Auy cluster (cf. ref. 6 of the main text). The reported'> mass-difference (22,0 kDa — 14,8
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kDa = 7,2 kDa) separating the ‘intact’ (MALDI) from the ‘minimal’ (LDI-fragmented) cluster-ions
corresponds approximately to 11 Au(PPh;)Cl units (0,66 kDa each), whereas two unlinked
[Ause(PR3)14Cls]® clusters contain 12 Cl.
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Coordinates of structure 2

Positions are given in A.

161

Au 13.4783 11.4903 10.7923
Au 10.6871 .3247 14.5930
P 10.1457 .5572 16.7156
H 10.9942 .0753 17.7249
H 10.1859 .1862 17.0883
H 8.8837 .9213 17.2566
Au 14.8716 11.9857 13.9031
Au 13.3845 11.3019 7.7224
Au 13.5119 .5013 7.1956
P 13.3038 .0369 4.9189
H 14.4709 .5208 4.2956
H 13.0493 .1307 4.0565
H 12.3288 L1275 4.4369
Au 15.1906 .5938 12.2009
Au 13.6910 L4127 14.6646
Cl 13.7023 .6537 16.3443
Au 13.6996 L7744 9.8815
Au 15.9164 10.5053 6.8159
Cl 16.9969 .1088 5.1519

Au 12.1980
Au 13.8931

.3903 12.1996
.1916 12.2814

WwWwooHN O JJOoOUdxdUIJOWWOWOWWTJWWOW-TJW-J0WowRrRFEWJWOowwH

P 13.5488 .2195 13.4169
H 14.5578 .6998 14.2688
H 13.2135 L0111 12.7424
H 12.4829 .2466 14.3502
Au 16.0769 10.7038 9.6071
Au 15.8910 .9241 8.5993
P 17.9710 .1596 7.9701
H 18.9658 L1213 7.6656
H 18.0746 .3595 6.8028
H 18.7297 .3362 8.8511
Au 13.2042 13.8120 12.4215
Au 13.2669 13.8136 9.1207
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Coordinates of structure 3

Positions are given in A
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Au 11.8998 15.8514 7.8441
Au 10.1293 18.0098 7.4486
P 9.8744 18.7687 5.2589
H 8.5855 18.6861 4.6628
H 10.6042 18.1011 4.2387
H 10.1830 20.1040 4.8793
Au 9.3412 16.2771 12.6322
Au 10.3173 17.4171 15.0194
Cl 9.4253 18.6643 16.8783
Au 9.9232 17.7439 10.1580
Au 9.2428 15.0826 7.5359
Cl 5.4579 17.2028 8.0340
Au 11.5084 18.2186 12.5946
Au 8.8280 18.9464 12.6135
P 7.7939 20.7488 13.5911
H 6.7145 20.4874 14.4747
H 7.2223 21.8366 12.8766
H 8.6183 21.4842 14.4815
Au 8.7933 14.9522 10.2243
Au 7.7075 17.1527 8.7164
Au 10.9901 13.3358 11.0255
Au 8.2631 15.1504 15.0242
P 7.2122 15.3897 17.0760
H 7.9588 14.8619 18.1567
H 5.9596 14.7839 17.3502
H 6.9664 16.6964 17.5736
Au 12.0282 11.9325 14.2461
Au 11.1287 13.1395 7.9237
Au 8.5208 12.2550 7.4686
P 7.7126 12.2898 5.2763
H 7.3317 11.0526 4.6873
H 8.5907 12.7268 4.2479
H 6.5733 13.0505 4.8963
Au 9.8307 10.9450 12.6530
Au 9.1270 12.2334 15.0555
Cl 7.6110 11.8273 16.8871
Au 8.6380 11.9566 10.2282
Au 11.0096 10.4109 7.5331
Cl 7.7221 7.6080 8.0078
Au 8.7065 13.6188 12.6482
Au 7.1276 11.3437 12.7243
P 5.0843 10.9634 13.6998
H 4.9765 9.8588 14.5839
H 3.8769 10.7741 12.9712
H 4.6455 11.9833 14.5832
Au 10.9169 10.0472 10.2286
Au 8.4643 9.7281 8.6655

Pictures of the structures

Pictures of all the structures considered in this study; Au: gold, Cl: green, P: yellow, H: white. The
stabilisation energies (as defined in the main text, eV) and the masses corresponding to PPhs ligands
(amu) are given. Compare for fig. 2 in the main text. The coordinates can be obtained on request from
to the corresponding author.
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[Aues(PH3)20Cl12] !
Eq.»=0.01, m=19262

[A1169(PH3)20Cl12]'1
E=0, m=19262

[Aues(PH3)20Cli2] !
E.=0, m=19262

[Aues(PH3)20Cli2] !

[Aues(PH3)20Cly2] !

[Augs(PH3)Cl 12]'1
Estab='0~02, m=19262

Eqv=-0.01, m=19262

[Aues(PH3)20Cly2] !

[Aug(PH;3)20Cl, ]!
Estab='0-03, m=19262

Euv=-0.01, m=19262

[Aueo(PH3)20Cli]"!
Estab='0-049 m= 1 9262

[1Ax1169(PH3)20Clu]-1
E.=-0.05, m=19262

Estab='0-03, m=19262

[AUM(PH3)20C17]'1
E=-0.14, m=18100

[Au64(PH3)20C17]'1
E.5=-0.25, m=18100

[13&1169(PH3)15C112]'1
E.=-0.06, m=17950

Allﬁg(PH3)15C111
Ey=-0.09, m=17915

Au69(PH3)15C111
Euv=-0.09, m=17915

[Aug(PH3)15Cls]!
Estab=‘0.23, m=17344
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[Au64(PH3)15Cl7]'1
Eu=-0.18, m=16789

[Aues(P H3)14Cls]'2
E=-0.17, m=16562

|:zAﬂ,155(PH3)12Cle]_1
E.=-0.18, m=14193

[AU39(PH3)14C16]'1
E.=-0.03, m=11566

AU11(PH3)7C13
Eqga=-0.14, m=4109
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