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Research in the area of coordination polymers has been
undertaken for over fifty years[1] but in recent years the term
coordination polymer has been replaced more and more by
the term metal–organic framework (MOF).[2] The study of
metal–organic frameworks has grown so rapidly over the last
ten years that it is now almost impossible to read one of the
top chemistry or materials journals without encountering the
latest development in the design and evaluation of the
properties of these fascinating materials.[2] This interest has
arisen thanks to two main features. Firstly, the combinations
of building blocks, metal cations or clusters and multitopic
bridging ligands, is almost limitless, which gives the imagi-
native researcher a large field of possibilities to explore.
Secondly, the frameworks can be designed to be porous and
thus act as hosts for guest species.[2] Many interesting proper-
ties arise from such systems but ultimately one limitation will
always hold back such materials; they are macroscopic solid-
state species that have very limited solution-based behavior.

A study by Maspoch and co-workers[3] elegantly demon-
strates how the limitations of metal–organic frameworks can
be overcome by the preparation of nano- and microscale
spheres, from metal salts and ditopic ligands, and importantly
illustrates the range of species that can be encapsulated within
such materials. The synthesis of such metal–organic spheres
has been reported by several groups,[4, 5] notably by Oh and
Mirkin,[4] but the latest study by Maspoch and co-workers
demonstrates the full potential of these new materials and in
particular reveals their encapsulation properties.

The metal–organic spheres are prepared by the addition
of an aqueous solution of a ZnII salt, in this case Zn(NO3)2, to
an ethanolic solution of the bidentate bridging ligand 1,4-
bis(imidazol-1-ylmethyl)benzene (bix; Scheme 1). Important-
ly, the preparation of the spheres differs from that used
usually for analogous framework materials, in that the
mixture is rapidly stirred for five minutes, which ultimately
gives rise to the spherical morphology of the product material.
Maspoch and co-workers also elegantly demonstrate that the
spheres can be used to encapsulate a range of guests and even

multiple species, providing a remarkably adaptive material
whose properties can be tuned and even designed.

The encapsulation properties, as well as overall size, mark
out these metal–organic spheres from other, seemingly
related, metal–organic polyhedra that can be constructed
from small numbers of metal cations and bridging ligands.
Extensive studies of such compounds have been developed
over a number of years[6] but these polyhedra typically have
dimensions of a few nanometers and can only encapsulate
individual or small numbers of guest molecules. The metal–
organic spheres reported by Maspoch and co-workers range
in size from about 100 nm to over 1 mm (Figure 1), orders of
magnitude greater than metal–organic polyhedra, and sig-
nificantly smaller than crystalline samples of analogous
framework materials.

Owing to the dimensions of the metal–organic spheres,
the resultant materials can encapsulate many guests and even
combinations of guest species. Maspoch and co-workers
demonstrate the encapsulation of 10 nm iron oxide nano-
particles, fluorescent organic dyes (fluorescein and Rhoda-
mine B), and luminescent CdSe/ZnS quantum dots. The
guests can be readily encapsulated by simply adding them

Scheme 1. Schematic representation of the formation of Zn(bix)
spheres and concomitant encapsulation of guest species.

Figure 1. a,b) SEM micrographs of Zn(bix) spheres and c) high reso-
lution TEM image of an individual sphere.
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to a solution of the bix ligand prior to addition of the ZnII salt
that leads to the formation of the spheres.

Interestingly, both spheres and guests maintain their
physical properties following encapsulation. The Zn(bix)
spheres exhibit strong blue fluorescence and this property is
maintained even when guest species are encapsulated within
the sphere. Thus, when iron oxide nanoparticles are encapsu-
lated within Zn(bix) spheres they maintain their magnetic
properties and the resulting nanoparticle-impregnated
spheres display both Zn(bix)-based fluorescence and iron
oxide-based magnetism. Similarly, spheres that have encap-
sulated fluorescent guest molecules display the fluorescence
of both the Zn(bix) sphere and the guest species (Figure 2).

Thus, Zn(bix) spheres with encapsulated fluorescein display
both blue and green fluorescence. The encapsulation proper-
ties can even be extended to entrap two different species such
that metal–organic spheres containing entrapped quantum
dots and fluorescein can be prepared and display the inherent
fluorescent properties of all three components, Zn(bix),
quantum dots, and fluorescein, emitting in the blue, red, and
green regions of the spectrum. The combination of the
properties of the metal–organic sphere host with those of the
guest species makes this an ideal and relatively facile
approach to making multifunctional materials.

So what implications will these species have for multi-
functional materials? To answer this question, one only has to
consider the possible combinations of components, or build-
ing blocks, which can be exploited in such systems. Not only
can the metal salt be varied, but an extremely diverse array of
ligands can be exploited in the preparation of the metal–

organic spheres. As has been developed with metal–organic
frameworks over recent years,[2] the breadth of possibilities
for building-block combinations is enormous. Similarly, if one
considers the range of possible guest species that could be
encapsulated within such spheres, the full range of possibil-
ities becomes apparent. Indeed, the work of Maspoch and co-
workers demonstrates the entrapment of a range of chemi-
cally distinct species, from inorganic iron oxide nanoparticles
and quantum dots to organic dyes, such as fluorescein.
Although not all combinations will be successful it is fair to
consider that many promising multifunctional materials can
be targeted using this approach. The results reported by
Maspoch and co-workers will certainly stimulate the imagi-
nation of many researchers and we can look forward to many
fascinating materials emerging from this field of research.
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Figure 2. Fluorescence optical microscope images of Zn(bix) spheres
encapsulating fluorescent guest molecules (fluorescein, rhodamine B)
or quantum dots.
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