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Guest loading into highly flexible MOF
pores driven by molecular recognition: a
stepwise SCXRD investigation

Synthetic strategies for delivering targeted
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metal-containing solids
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MOFs (Metal Organic Frameworks) are a large class of
ultraporous crystalline polymers deriving from the self-as-
sembly of metallic ions or clusters with polytopic organic
ligands. The high modularity of their synthesis allows a fine
tuning of their porosity, making possible the confinement of
molecular species of different shape and size.

Starting from the pioneeristic concept of crystalline-sponge
method [1], we here propose a systematic way to embed
small molecular aggregates inside home-made porous crys-
talline materials, with the aim of exploring the structural
aspects of nanoconfinement and stabilizing the guest mol-
ecules inside the cavities of the structure. The challenge of
this idea stands in the possibility to neatly “freeze”, within
a crystal, ordered supramolecular clusters of molecules that
would form a liquid in their natural state at ambient con-
ditions, and visualize their supramolecular aggregation, at
different loading time.

In particular, we propose an unprecedent stepwise charac-
terization of the evolution of the guest loading into met-
al-organic framework driven by host-guest interactions ,
focusing on the description of supramolecular aggregate
of the guests inside the pores guided by guest-guest inter-
actions. The MOF crystals were soaked for different time
into the pure liquid guest and sequentially characterized via
SCXRD.

The guest we focused on is eugenol, which is a volatile
phenolic constituent of clove essential oil obtained from
Eugenia caryophyllata buds and leaves. It is a functional in-
gredient of numerous products which have been used in the
pharmaceutical, agro-food and cosmetic industry. The wide
range of eugenol activities derived from it antimicrobial, an-
ti-inflammatory, analgesic and antioxidant properties.
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ractical crystal engineering, as a bottom-up approach for
building-up functional materials, is transitioning from funda-
mental explorations to more targeted applications. This is
illustrated by the fact that numerous productive strategies for
non-covalent synthesis of organic solids-state systems have
been reported.[1] In contrast, reliable synthetic protocols for
the assembly of metal-containing systems, especially those
that employ a combination of coordinate-covalent and rela-
tively weak and readily reversible hydrogen and/or halogen
bonds, have not received anywhere near the same attention.

To develop robust synthetic protocols for assembling met-
al-organic crystalline solids in a preconceived manner, we
have focused our attention on several functionalities that are
known to form robust and reliable supramolecular synthons in
organic surrounding and examine their potential transferability
to metal-organic systems. Coordination complexes often pres-
ent additional challenges to the supramolecular chemist as they
frequently contain functionalities and binding sites that can in-
terfere with the intended crystal engineering strategy.

Here, we have carried out a systematic structural study of a
number of classes of metal(Il) complexes with pyridine-type
and charge-balancing ligands, and rationalized their supra-
molecular behaviour against a back-drop of molecular elec-
trostatic potential (MEP) surface values. Based on our exten-
sive experimental data,[2-5] we are able to address several
questions of critical importance to the successful assembly of
metal-containing systems: (a) Under what conditions can we
simply transfer specific synthons from organic to metal-organ-
ic solid-state systems? (b) Can a simplified electrostatic view
of non-covalent interactions and the results from the calculated
MEP values be used to direct and rationalize supramolecular
synthesis? and (c) How can we derive supramolecular synthet-
ic protocols in much the same way as classical synthesis is sys-
tematically altered and refined in response to product yields?
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