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Proper supramolecular self-assembly of organic molecules in the
solid state is one of the most important challenges for the devel-
opment of multifunctional molecular materials.1 Among them, re-
cently much more effort has been focalized toward the obtaining
of magnetic nanoporous materials. Indeed, thus far several metal-
organic open-framework structures that combine the inherent char-
acteristics of nanoporous materials and the occurrence of magnetic
exchange interactions between transition metal ions have been ob-
tained.2,3 However, even though several examples of pure organic
nanoporous systems have already been described,4,5 to the best of
our knowledge, none of them exhibit magnetic properties due to
the lack of transition-metal ions and the diamagnetic character of
the organic molecular bricks used thus far. Herein, we present the
first example of a purely organic magnetic and robust nanoporous
lattice based on the supramolecular arrangement of an open-shell
molecule, the dicarboxylic perchlorinated triphenylmethyl (PTM)
radical1. The use of this free radical as a supramolecular synthon
has several advantages:6 (1) radical1 exhibits a high thermal and
chemical stability, (2) its trigonal symmetry provides a typical tem-
plate for getting channels held together by hydrogen bonds through
the two carboxylic groups, (3) the molecular bulkiness and rigidity
of PTM radicals is expected to prevent close packing of molecular
units, and (4) besides their structural control, hydrogen bonds have
also been shown to favor magnetic exchange interactions between
bound organic radical molecules.7 Crystallization of the dicarboxylic
radical 18 generates the pure organic radical open-framework
(POROF-1) material, combining large hydrophobic nanocavities
with hydrophilic windows along with magnetic characteristics.

Radical1 was prepared following a new three-step procedure,
starting from compound2.9 Dichloromethyl groups were introduced
by reacting2 with chloroform following a Friedel-Crafts reaction
using AlCl3 as catalyst (78%) and subsequently were converted to
carboxylic groups by a hydrolysis-oxidation reaction using oleum
20% (31%). Finally, the subsequent treatment of the hydrocarbon
precursor4 with excess of NaOH, I2, and HCl gave radical1 (90%).
Single crystals of POROF-1, suitable for X-ray diffraction, were
obtained by a diffusion ofn-hexane into a solution of1 in dichlo-
romethane.9

Radical 1 crystallizes in a trigonalR-3 space group with 18
molecules of radical1 packed in the unit cell. Molecular arrange-
ment of1 creates a primary structure consisting of two-dimensional
hydrogen-bonded sheets along theab plane, where each molecule
of 1 participates in the construction of two different hydrogen-
bonded motifs. The repetitive unit consists of an unusual hexamer
of radicals hydrogen-bonded through one carboxylic group [R6

6

(24)], with bond distances of 1.837 Å and bond angles of 168.5°
(Figure 1). The second carboxylic group of each radical acts as a
connecting element between hexameric units by the formation of

two complementary hydrogen bonds between two carboxylic groups
[R2

2 (8)], with a bond distance of 1.865 Å and bond angle of
163.2°.11 In this way, each hexamer is linked with six more identical
units in an hexagonal topology, extending the infinitely hydrogen-
bonded net along theab plane (Figure 1). Further supramolecular
interactions, in particular four H-bonds between chlorine atoms and
carboxylic groups and six Cl‚‚‚Cl contacts per molecule,12 contribute
to an additional stabilization of the hydrogen-bonded network.

A view down thec axis of the crystal structure of POROF-1
reveals a stacking of laterally shifted layers held together through
several Cl‚‚‚Cl contacts (Figure 2), yielding an ABCABC arrange-
ment. The packing of these pillared sheets leads a pure organic
open-framework structure with one-dimensional nanochannels
formed by narrowed polar windows and larger hydrophobic cavities.
Indeed, as illustrated in Figure 2, these channels contain large
hydrophobic nanocavities where a sphere 10 Å in diameter can fit
inside them and smaller windows with a highly hydrophilic
environment due to the presence of the carboxylic groups at the
inner rims. The diameter of such hydrophilic windows is 5 Å,
considering van der Waals radius. The unusual combination of
connected nanocavities and windows gives way to solvent-
accessible voids in the crystal structure that amount to 31% (5031
Å3 per unit cell) of the total volume (16 158 Å3).13

To evaluate the structural robustness of POROF-1, we have
examined, by a combination of thermal gravimetric analysis and
X-ray powder diffraction (XRPD) experiments, an as-synthesized
crystalline sample of POROF-1.14 In the as-synthesized material,
the large hydrophobic cavities are occupied by sixn-hexane solvate
molecules (one molecule ofn-hexane per one molecule of radical
1). Accordingly, when an as-synthesized sample of POROF-1 was
heated to 100°C, a weight loss of 9%, ascribed to the complete
loss of all guestn-hexanes molecules, was observed. Such a loss
was confirmed by complementary elemental analysis. Beyond this
temperature, thermal analysis does not exhibit any significant
change up to 275°C, whereupon an abrupt weight loss attributed
to the decomposition of1 was observed. Simultaneously, XRPD
studies confirmed that POROF-1 remains crystalline and stable up
to 275°C. Indeed, the XRPD pattern of a sample that was heated
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at 265°C shows that the positions and intensities of all lines remain
unchanged when compared with the XRPD pattern of an as-syn-
thesized sample. Such a thermal stability is highly remarkable and
comparable to those observed for other stable supramolecular
systems, such as multi H-bonded aggregates derived from the
cyanuric acid and melamine.15

Variable temperature magnetic susceptibility data for an as-syn-
thesized crystalline sample of POROF-1 were obtained on a SQUID
magnetometer, under a temperature range of 1.8-300 K. POROF-1
exhibits a paramagnetic behavior in the 50-300 K temperature
range, with aø‚T product value of 0.385 emu K mol-1 at 300 K,
that fully agrees with the theoretical value of 0.375 emu K mol-1

expected for an uncorrelated spin (S ) 1/2). Below 50 K, theø‚T
value decreases upon decreasing temperature, consistently with the
presence of weak intermolecular antiferromagnetic interactions. This
magnetic behavior remains constant in the absence of guest solvent
molecules.

In summary, self-assembly of radical1 generates a paramagnetic
open-framework structure with one-dimensional nanochannels
formed by narrowed polar windows and large hydrophobic nanocon-
tainers. Moreover, POROF-1 is one of the scarce examples of pure
organic porous materials that remains stable up to 275°C, even
after removal of internal solvate guest molecules.16 Such structural
features, joined to its solubility in polar organic solvents, give to
POROF-1 the possibility to be a good candidate for future ship-
in-bottle synthesis applications.17 Further studies to validate the use

of polycarboxylic organic radicals as building blocks for obtaining
pure organic magnetic nanoporous molecular materials are currently
underway.
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Figure 2. Space-filling view along theb axis of the large nanocontainers
formed along the one-dimensional channel.

Figure 1. Crystal structure of POROF-1. Two-dimensional hydrogen-
bonded layer. Within one layer, the repetitive R6

6(24) H-bonded hexamer
originates a polar window due to the presence of six carboxylic groups,
whereas linking of each hexamer with six more identical units in an
hexagonal topology originates six trigonal-shaped hydrophobic voids.
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