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Creation of new molecular release systems based on porous coordination polymer capab

le and metal nanoparticles capable of remotely deliver biologically active molecules
under light irradiation
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We created new molecular release systems capable of remotely deliver biologically
active molecules under light irradiation. To this end, we combined the high storage ability of porous coo
rdination polymers (PCPs), a new class of crystalline materials assembled by organic linkers and inorganic
joints at the molecular scale, with the photo-thermal properties of gold nanorods (GNRs) into designed me
soscopic composite materials. These materials consisted in core shell structures composed of a GNR core an
d an aluminum-based PCP shell. The creation of such mesoscopic structures enabled the implementation of un
ique motion-induced molecular release, triggered by the highly efficient conversion of optical energy into
heat that occurs when the GNRs are irradiated into their plasmon band. Temporal control of the molecular
release was demonstrated with anthracene as a guest molecule (priorly immobilized within the pores of the
PCP shell) and fluorescent probe by fluorescence spectroscopy.



Controlled release of chemical substances
has proved to be useful in a number of areas
including food, pesticide, cosmetic, or
medicine. In contrast to spontaneous
release system from which molecules simply
leak, the sophisticated design of
materials is required for the development
of a controlled or switchable system, in
which the release can be initiated or
interrupted by responding to external
environmental changes, such as
temperature, pH, magnetic or electric
fields, and ultrasound. In particular,
light as an external stimulus is certainly
promising because of its facile
localizability toward the control of
molecular release in spatial and temporal
fashions.

Porous coordination polymers (PCPs), a
class of crystalline microporous materials
composed of metal ions connected to each
other by organic ligands, are good
candidates for host matrices that
transitory but effectively store molecules.
This is because of the designability of pores
in uniform size and in surface nature for
the tunable framework—guest interaction.
Noteworthy, the research on PCPs is
totally focused on the control of in-coming
molecules into the pores to develop
materials for applications in storage,
separation, catalysis and  sensing.
Regarding the releasing property, only few
studies in which the releasing can be
initiated by exposing the materials to
certain environmental conditions were
reported so far. Also, the interruption and
restarting of molecular release in a
controlled manner has never been achieved
with this new class of porous material.

The goal of our study was to exploit the
outstanding porous properties as well as
the molecular stabilization ability of PCPs
to fabricate a novel generation of hybrid
devices that temporally controls the
release of molecules by light irradiation.

To reach our goal, our idea was to combine
the high storage ability of PCPs with the
photo-thermal properties of gold nanorods
(GNRs) into designed mesoscopic composite
nanomaterials, for which the core-shell
structures was composed of an individual
GNR core and an aluminum-based PCP shell.
This core-shell configuration enabled us
to efficiently exploit the plasmonic

effect of gold nanorods. Upon near
infrared (NIR) light irradiation into the
plasmon bands of GNRs, electrons at the
excited conduction band relax to the
ground state, simultaneously dissipating
the resulting excess energy by the
conversion of optical energy to heat. In
our system, such highly localized heat,
transferred from the surface of GNRs to the
surrounding environment, triggers a
strong molecular motion of the guest
molecules located within the micropores of
the PCP shell and thereby results in their
efficient release (Fig.1).
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Fig.1  Conceptual  scheme of the
light-induced molecular release from a
PCP/gold nanorod composite.

Thus, the key for the fabrication was to
integrate PCPs and GNRs into core- shell
structures, inwhich the PCP shell is grown
in the vicinity of the surface of GNRs.
Moreover, the thickness of the PCP shell
had to be controlled in the mesoscale in
order to effectively transfer the heat
through the whole PCP crystal.

To reach a high enough degree of control
upon PCP crystallization localization and
PCP crystal size, we applied a unique
method developed in our group, so-called
"coordination-replication”, which 1is
based on a dissolution-recrystallization
process. First, a thin layer of amorphous
alumina was selectively deposited on the
surface of individual gold nanorod. The
alumina layer was then dissolved in the
presence of a 1,4-naphthalene
dicarboxylic acid (H,(1,4-ndc) aqueous
solution, under temperature and pressure
condition for which the crystallization of
the [AI(OH)(1,4-ndc)], PCP framework is
favored. Composites
GNR@[AI(OH)(1,4-ndc)], particles in which
individual gold nanorods were embedded
within PCP crystal aggregates composed of
few nanocrystals was hence generated.



Well-defined GNR@[AI(OH)(1,4-ndc)],
composites particles were synthesized by
our strategy. Their core-shell
nanostructure was evidenced by means of
transmission electron microscopy (Fig-.2)
and energydispersive X-ray spectroscopy
(EDX) mapping. Importantly, the
transverse and longitudinal plasmon
resonance bands of the GNRs were still
observed by UV-vis spectroscopy after the
composite formation, at 517 nm and 756 nm
respectively. The microporosity of the PCP
shell was also demonstrated by methanol
adsorption measurements using quartz
crystal microbalance (QCM) technique.

Fig.2 Transmission electron microscopy image of
the  composite
particles.
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Light-triggered molecular release was
confirmed using anthracene as fluorescent
probe. While anthracene was strongly
confined in the pores of
[AI(OH)(1,4-ndc)], due to the sufficient
host-guest interaction, the heat
production from the GNR core under NIR
light irradiation induces the release of
anthracene from the pores (Fig.3).

Fig.3 Evaluation of anthracene release from
core-shell composites. The graphs show linear
plots for fluorescence intensity maxima of the
released anthracene versus time with (red) and
without (black) NIR light irradiation.
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At last, towards a spatial control of the
molecular release, the
GNR@[AI(OH)(1,4-ndc)]n core-shell
composites loaded with anthracene were
also incorporated  within polymer
nanofibers via electrospinning. As
polymer, we chose polymethylglutarimide
(PMGI)  nanofibers, which are
biocompatible and easily patternable. In
a near future, the incorporation of the
core-shell composites within this organic
one dimensional matrix is expected to
allow for the control of their position as
well as  their integration into
bioenvironments.

In conclusion, we have developed a
strategy for controlling the molecular
release from the pores of PCP crystals by
combining the loading and unique guest
stabilizing ability of PCPs with the
photothermal properties of GNRs. In this
system, GNRs  are individually
incorporated within the aggregates of PCP
nanocrystals to form well-defined
core-shell composites. The photothermal
conversion ability of the GNRs acts as an
optical switch that enables to remotely
release the guest molecules adsorbed
within the PCP pores through an increase
of molecular mobility. Light-induced
release of anthracene demonstrated the
efficiency of this new molecular release
system. We further demonstrated the method
to incorporate the core- shell composites
into biocompatible PMGI nano- fibers known
to be good cell-culture scaffolds. This
system will offer the possibility to
spatially control the molecular release
and to integrate them into biological
systems for future applications in the
field of cell biology. It can be
anticipated that these PCP-based
composites will be used as platform
systems for the remote-controlled
release of various relevant bioactive
molecules to chemically stimulate living
cells.
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