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Nature embraces the principles of supramolecular chemistry,
exploiting noncovalent interactions in a multitude of ways to
facilitate all biological processes. Inspired by nature, the assembly
of complex synthetic systems in both solution and the solid state
is becoming increasingly feasible. This often requires that known
systems be modeled, explored, and fine-tuned in order to develop
further systems of even higher complexity. Examples include the
construction of globular or spheroidal self-assembled molecular
capsules, which have potential applications as drug delivery agents,
van der Waals catalysts, nanoreactors, and mimics of biological
systems.

Spheroidal assemblies are generally highly symmetrical and
frequently assume the shapes of the Platonic or Archimedean solids.
For example, the cowpea chloritic mottle virus is comprised of 180
identical protein subunits assembled into an icosahedron. Under
pH control, the overall conformation of the viron changes, giving  rjgre 1. Arrangement of 12>-sulfonatocalix[4]arene molecules at the
rise to pores in the outer shell, thus allowing the passage of vertexes of an icosahedron to form a compact spherical assembly. The
molecular material between the interior of the viral cavity and its crystallographically unique calixarenes are colored orange (three in the
environment. Although gaining analogous control over the size, foreground and three in the background) and blue (six about the equator of
conformation, and composition of synthetic systems is a formidable the sphere).

challenge, advances have been made in influencing both the volume . -
" . i comprised of two sodium ions and 30 water molecules that form
and composition of enclosed chemical space within the shells of

hexameric capsules assembled, by means of hydrogen bondingan extensively hydrogen bonded regime W“h”? the c_apsule. Sin_ce
from resorcin[4]arendsor pyrogallol[4]arened. These molecular icosahedra are unable to pack closely in three dimensions by sharing

capsules are arranged such that the centroids of the six componentgertexes‘ edtgggs,tli) ' fac;as,(;hz spr:.zro_lrdhs do t?]Ot fort\nlwva l((:lo?e-patcked
reside on the vertexes of octahedra, with the hydrogen bonding arrangement in the extended solid. Thus, the network of vectors

pattern representing the snub cube and the small rhombicubocta—Iinking the spheroids cannot refain any vestige of icosahedral
hedron, respectively symmetry. Crucially, both the spheroidal and tubular structures

In the solid state, truncated cone-shaped amphipiaifonato- possess ‘C-shaped’ dimers, each consisting of two moleculés of

calix[4]arene,1, favors the formation of infinite bilayer structures linked 1o a common trivalent lanthanide ion by way of metgl
in which neighboring calixarenes are oriented in an antiparallet (up sulfonate coordination. Furthermore, each of the calixarene cavities

down) fashion relative to one anothelowever, it is possible to contains a PNO molecule, which is also coordinated to the bridging
circumvent the formation of such bilayer structures under controlled 'anthanide ion. Each component of the dimer forms part of a
conditions for a ternary system containing pyridk@xide (PNO), separate sphermd_ or tubule, and n_elghbc_)rlng superstructures_ can
a lanthanide(lll) nitrate salt, and the pentasodium saksilfonato- ~ therefore be considered to be multiply bridged by means of first
calix[4]arene, Ngl, where one of the phenolic groups is also @nd second sphere coordination of lanthanide ions.
deprotonated. Parallel (i.e., tpp) packing of neighboring calix-  1he host-guestinteractions df with 18-crown-6 generally result
arenes imparts significant curvature to the overall assembly, in the formation of superanions or “Russian dofisThese exhibit
resulting in the formation of either spheroidal or tubular arfays. extraordinary versatility in Crystalhyng in the presence of aqgated
The spheroidal array consists of 12 calixarenes arranged at thePolynuclear metal(lll) species with the superanions  typically
vertexes of an icosahedrod (Figure 1). Indeed, this is the most ~ &ranged as bilayers or variations thereof. We now show that
symmetrical way in which to arrange 12 like objects efficiently ePlacement of PNO by 18-crown-6 in the above-mentioned ternary
about a neospherical Platonic/Archimedean solid. The calixarenesSyStem 2 results in a remarkably dissimilar spheroidal array

enclose a central core consisting of 12 callxaren_es arranged_ at the vertexes of a cubocta-
t Universi ) ) ) hedron 3.7 Of the two Archimedean solids that possess 12 vertexes,
niversity of Missouri-Columbia. )
’;University of Stellenbosch. i.e., the cuboctahedron and the truncated tetrahedron, the former
University of Leeds. i ; i
I University of Western Australia. possesses higher §ymmetry and more cIosz_aIy approximates sphe_ncal
U Monash University. geometry. We attribute the formation of this new type of spheroid
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to the constraint placed upon facing calixarenes of neighboring

spheres by their shared 18-crown-6 guests. The rigidity of the shared

crown ether guest forces facing calixarenes ofthecrown ether

1} dimer in 3 to be eclipsed relative to one another, whereas the
{1-PNO-lanthanide-PNO—-1} dimer in 2 is bridged by multi-
sphere coordination.

We believe that adiscrete spheroidal entity comprising 12
molecules ofl would favor placement of the components at the
vertexes of an icosahedron, since this arrangement is the mosf
compact of the 12-vertex Platonic and Archimedean solids.
However, when the spheres are arranged to form a three-
dimensional solid, either cubic or hexagonal close-packed arrange-
ments of the multicomponent entities should be favored. Therefore,
we would expect that the extended structure will arrange itself such
that the spheres are situated along vectors representing the vertexq
of either a cuboctahedron (Archimedean solid, cubic close-packed)
or a triangular orthobicupola (a Johnson solid capable of hexagonal
close-packing by vertexvertex alignment).

Formation of the cuboctahedral assembly is ascribed to the
constraint of face-to-face alignment of calixarenes arranged as
Russian doll superanions enshrouding a metal ion complex of the
crown ether molecule. Within this dimeric arrangement, both
calixarenes hav€,, symmetry in contrast to the structure »fn
which one calixarene adop&, symmetry while the other adopts
approximateC,, symmetry (Symmetry assignment is based on

Figure 2. Differences between the dodecameric icosahedral and cubocta-
hedral arrangements @&fin 2 and3, respectively. (a) Ir2, the calixarenes

form a compact spherical assembly with neighboring spheres doubly linked
by first and second sphere coordination of lanthanide ions. (b) Thus, each
icosahedral assembly has six nearest neighbors arranged in a trigonal
antiprismatic formation (red). 113, the calixarenes are positioned at the
vertexes of a cuboctahedron. (c) Neighboring cuboctahedra are linked by
formation of a singlg/ 1—crown ether-1} dimer. (d) Each cuboctahedral
assembly thus has 12 nearest neighbors positioned in a fashion characteristic
of the cubic close-packed system. Vectors between the centers of the 12

dihedral angles between planes of aromatic rings and the basal plan@earest neighbors (blue) also form a cuboctahedron centered on the central

of the hydroxyl groups). The restricte@,, symmetry of the
calixarenes in the Russian doll predetermines the interrelationships

of the calixarenes on the surfaces of neighboring cuboctahedra, as,

well as the internal volume of the capsule. Furthermore, this
arrangement results in the formation of pores in the capsule. Such
pores are not evident in the compact icosahedral arrangem2nt of
However, unlike2, the cuboctahedron is capable of close packing
in a vertex-to-vertex arrangement: upon linking the centroids of
neighboring spheres, infinite networks of cuboctahedra become
evident. The structural differences between the icosahedral and
cuboctahedral arrangements are illustrated in Figure 2.

The internal volume of the icosahedral arrangement is calculated
to be 975 AR. Similar calculations fo show an internal volume
of 1258 A3, representing an increase-©80% upon reorganization
from icosahedral to cuboctahedral packing. The dramatically larger
internal volume is occupied by six homoleptic aquated lanthanide
ions, with the metal centers arranged at the vertexes of an
octahedron. Diffuse electron density located around the six lan-
thanide metal centers in the central core, which could not be

dodecameric assembly.

We have shown that it is possible to dramatically control the
herent symmetry of a spherical nanostructure consisting of 12
calixarene building blocks. The assembly can manifest itself as
either a Platonic or an Archimedean solid. The latter yields a
significant increase in the internal volume of the sphere and
introduces porosity to the shell of the extended structure. These
new findings provide new insight into ways of tailoring self-
assembled structures to eventually mimic features of biological
systems.
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