Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2015

— Supporting Information -
for
Interaction in Multilayer Clusters: A Theoretical Survey of
[Sn@Cu;@Sny) 1%, a Three-layer Matryoshka-like

Intermetalloid.

Markus Rauhalahti®, Alvaro Mufioz-Castro?

“Direccion de Postgrado e Investigacion, Sede Providencia, Universidad Autonoma de Chile, Llano
Subercaceaux 2801, San Miguel, Santiago, Chile.

bDepartment of Chemistry, University of Helsinki, P.O. Box 55 (A. I Virtanens plats 1), FIN-00014
University of Helsinki, Finland

Content:

» Figure S1. Electronic structure of [Sn@Cu,@Snyo]'>* denoting the contribution
from the 20-ve core [Sn@Cu;;]* and the [Snyo]® outer-shell.

= Table S1. Spanning of the atomic functions involved in the formation of
[E@112@g20'%, into the T/ point group.

= Table S2. Compatibility table between the full rotational group, against the /4 point
group.

* Inclusion of the spin-orbit term into the [Sn@Cu;,@Snyo]'* cluster.

* Credits for the icosahedron and dodecahedron paper-model displaying the
geophysical data of the Globe used in the Table of Contents image.



5p Sn
Block
: 58 Sn
~ —+H —H H H
\'~—\H——H——H——H——H- y Biock
1S =—H- —+H- Ip
__________ ls
SN@Cuy,]*  [SN@Cu,,@Sny]'* Snyel®
[Sn@Cuyy] [Sn@Cu,,@Sny,] [Sny)

Figure S1. Electronic structure of [Sn@Cu;,@Sn,]'> denoting the contribution from the
20-ve core [Sn@Cuj,]* and the [Snyg]? outer-shell. Color lines denotes s- (green), p- (red),
d- (blue), and other types of interaction (black). The second set of superatomic levels of
[Snyo]® is denoted in gray.




Table S1. Spanning of the combination of atomic functions involved in the formation of

[E@M,@E>]%, into the Ih point group.
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Table S2. Compatibility table between the full rotational group and the /4 point group.
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Inclusion of the Spin-Orbit coupling

In addition, we briefly discuss the inclusion of the spin-orbit term [1] into the description of
the electronic structure of a super-atom under the jellium framework, as has been
considered recently [2]. The splitting of the levels with /£0 in the [Sn@Cu;,]* into the j-j
coupling scheme leads to 1p — 1p;, @ 1ps, with a spin-orbit constant (§go) of 1048.9 cm™!
denoting the energy gap between those eigenvalues according to the total angular
momentum representation, the shell with /=2 split as, 1d — 1d;, @ 1ds, with Eso = 100,7
cm’!, and the 2p jellium level split as, 2p — 2pin @ 2p3p with a Ego = 782,2 cm’.
According to this, the inner-core [Sn@Cuj;]* and [As@Ni;]** which displays a
1521p%2s21d'0 and 1s*1p%2s® jellium level sequence, due to the spin-orbit coupling are
denoted as: 1512?1p121p32*251,21d3'01ds, "0 and 1s121p1281p322512.

Into the overall [Sn@Cu;,@Sn,0]'? cluster, the resulting levels involving such levels split
as follows, 1p — 1p3n @ 1p1n Eso = 256,1 cml; 1d — 1d3, @ 1ds; Eso = 270,0 cm'l; 2p —
2p12 @ 2p3p Eso = 963,0 cml; 2d — 2dsp, @ 2ds, Eso = 921,0 cm! and 3p — 3p3, @ 3pip
Eso =323,5 cm’l.
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