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The construction of coordination networks with novel top-
ologies and porous structures that provide new sizes, shapes,
and chemical environments is of great interest in recent years,
due to their intriguing structural diversity and potential for
many applications.[1, 2] In recent years many porous metal–
organic frameworks with unique structures have been
obtained and their adsorption properties were widely inves-
tigated, however, those with specially shaped channels such as
1D helices are rare.[3] Metal–ligand coordination has been
well used in the directed assembly of extended porous
metal–organic networks, and one of the key points for such
studies is the design or choice of components that organize
themselves into desired patterns with useful functions. In this
regard, considerable attention has been devoted to the
networking ability of isonicotinic acid (1) and its derivatives,[4]

which are multifunctional ligands potentially able to act as
bridging ligands to produce open lattice species with various
structural topologies and large pores. In this study, we choose
an analogy of 1, 9-acridinecarboxylic acid (HL), whose
coordination chemistry has not been previously investigated,
as a bridging ligand to construct new framework materials
with novel structures and special properties based on
combining its bridging coordination ability with its steric
bulk. Although the coordination sites of HL and 1 are very
similar, their coordination chemistry are found to be quite
different due to the bulk of HL. We report herein a 3D two-
fold interpenetrating NbO-type network [Cu2(m2-
OMe)2(L)2·(H2O)0.69]n (2) with 1D channels.
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Black crystals of 2 were obtained by the reaction of
Cu(NO3)2·3H2O and HL in MeOH in the presence of Et3N in
fairly strong basic conditions. It is noteworthy that the amount
of Et3N used in the synthetic process is a key point for the
formation of 2 because at weak basic or weak acidic
conditions, a dinuclear[5a] or a trinuclear CuII complex[5b]

would form.
2 crystallizes in the high symmetry trigonal space group

R3̄ and consists of Cu2(m2-OMe)2 dimers bridged by two-
connecting L ligands. Figure 1a illustrates the coordination
environment of center Cu atoms and the fourfold connectivity
of the bimetallic unit. Although there are two crystallo-
graphically different dimers in the structure, they are both
chemically and topologically identical. In the context of the
structure, the dicopper dimers constitute so-called secondary
building units (SBUs).[6] The copper atoms in each SBU are
bridged by two methanolato anions to give [Cu2(m2-OMe)2]

2+

fragments in which the Cu···Cu distance is 2.992(2) <. Each
copper atom is four-coordinate, with two methanolato oxygen
atoms, one carboxylic oxygen atom of L and one nitrogen
atom from another L ligand. The Cu2 unit, which acts as a
node, is connected to four others through four bridging L
ligands. Each CuII center coordinates to one L through the
pyridyl nitrogen atom, and to another through the carbox-
ylate functional group (Figure 1a). The coordination of the
ligands is such that the pyridyl donors form a trans arrange-
ment across the dimer, as do the carboxylate.

The bridging of the SBUs produces an overall 3D network
which is spacious enough to contain a second, interpenetrat-
ing network. The structure of 2 can be described as two-fold
interpenetrating nets with NbO topology, if the dimer is
regarded as a four-connecting node (Figure 1b). To the best of
our knowledge, this is the first example of interpenetrating
NbO networks.[7] The lack of interpenetrating NbO networks
in the literature has recently been attributed to the fact that,
unlike other network topologies such as diamond or a-Po,
NbO is not a self-dual—that is, it cannot interpenetrate in
such a way that it is fully catenated.[7a, 8] The interpenetration
reported here is that of partially catenated nets, with two of
the eight six-membered rings not catenated.[7a,8] The structure
of 2 does show, however, that interpenetration is possible for
this network topology.

Space-filling views of the structure reveal small channels
that run parallel to the z axis (Figure 1c) which contain
disordered water molecules (for which a reasonable refine-
ment for the structure was not possible[9]). Calculations from
the X-ray structural parameters show that the solvent-
accessible void space in the channels is approximately
24%.[10] The smallest diameter of these channels, after
taking into account van der Waals radii, is only about 2.8 <.
However, the observed porosity of the structure (see below)

can perhaps be explained by the fact that the channels are not
uniform, and are significantly more open in sections. Thus
halfway between the narrow sections of the channels lay more
open cavities with minimum diameters of about 5.3 < (and,
given its nonspherical shape, larger maximum diameters). No
significant channels are observed in any other direction.

Figure 1. a) The structure of 2, showing the local coordination geometry.
Each Cu2(OMe)2 dimer is bridged by four L ligands to four other dimers.
Green: C; blue: N; red: O; pink: Cu, hydrogen atoms are omitted for clarity.
b) The two-fold interpenetrating NbO-type networks, with the nodes repre-
senting the Cu2(OMe)2 dimers, and the links the bridging L ligands.
c) Space-filling diagram of the two-fold interpenetrating networks viewed
down the z axis. Note the 1D channels apparent.
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The structure contains numerous intra- and internetwork
CH···p and p···p supramolecular interactions that presumably
help to stabilize the adopted structure. For example, the rings
that form the narrowest part of the channels are stabilized by
intranetwork CH···p interactions (Figure 2a). The structure

also contains double helices, in which each strand is part of a
separate network, which are again stabilized by numerous
weak intermolecular interactions (Figure 2b). These double
helices run parallel to both the z axis and the 1D channels,
and pass through the midpoints of imaginary “triangles”
whose corners are defined by the 1D channels (as can be seen
in Figure 1c).

To examine the thermal stability and porous functionality
of the synthetic material, the TG analysis and gas adsorption
isotherms were carried out. The TG curve shows the release
of water molecules below 70 8C. No further weight loss could
be observed upon heating up to about. 200 8C, and after this
point the compound starts to decompose. Figure 3 shows the
isotherms of anhydrous 2 for the adsorption of N2 and

alcohols (EtOH and MeOH) at 77 and 298 K, respectively. A
rapid increase in the amount of adsorbed gas is shown by an
increase in pressure of up to 0.05P0, which indicates the
diffusion of guest gas molecules into the channels. Approx-
imately 6.0, 3.7 and 4.3 mmol of N2, EtOH and MeOH,
respectively, were adsorbed per 1.0 g of anhydrous sample at a
pressure of 0.8P0. Moreover, adsorption and desorption
experiments with MeOH trace the same isotherms, which
indicates that the channel structure is retained through this
process. Thus, these isotherms are of type 1 according to the
IUPAC classification.[11]

In conclusion, we have successfully constructed a 3D CuII

coordination polymer with 1D channels by using a unique
bulky bridging ligand and the key point for the synthetic
procedures has been well established. The structure of this
complex provides the first two-fold interpenetrating NbO-
type network and this result shows that interpenetration is
possible for this network topology. The porous properties
have been studied and we expect that this coordination
polymer will find applications such as in gas separation.

Experimental Section
Synthesis of 2 : Cu(NO3)2·3H2O (245 mg, 1 mmol) was added to a
stirring colorless solution of HL (224 mg, 1 mmol) dissolved inMeOH
(100 mL) in the presence of excess Et3N. After a few minutes, the
solution was then filtered and left to stand at room temperature.
Black crystals of 2 suitable for X-ray analysis were obtained after
several days in about 50% yield. Elemental analysis calcd (%) for 2 :
C 55.90, H 3.44, N 4.35; found: C 51.44, H 3.77, N 3.95. IR (KBr
pellet): ñ= 3415s, 2359w, 1615s, 1474w, 1386m, 1321m, 766m,
645m cm�1.

Single-crystal X-ray structure determination on 2 : The data were
collected at 298(2) K on a Rigaku mercury CCD diffractometer with
graphite-monochromated Mo-Ka radiation. The structure was solved
by direct methods by using SHELXS-97 and extended by using
Fourier techniques. Crystal data: C60H44Cu4N4O13.38, Mr= 1289.15,
rhombohedral, space group R3̄, a=b= 53.643(7) <, c=
11.920(10) <, V= 29706(24) <3, Z= 18, m= 13.30 cm�1, 1cald=

Figure 2. a) A view of the narrowest part of the 1D channels, empha-
sizing the intranetwork CH···p interactions (shown as black and white
striped bonds). b) The double helix motif contained in the structure,
with CH···p and p···p interactions depicted as black and white striped
bonds. The two strands of the double helix are shown in purple and
red, with L appendages to these strands shown in blue and yellow,
respectively.

Figure 3. Isomers for the adsorption of N2 (*) at 77 K and, EtOH (^)
and MeOH (~) and desortion of MeOH (D) on 2 at 298 K. (A=abso-
lute adsorption; STP= standard temperature and pressure).
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1.297 gcm�3, l(MoKa)= 0.71073 <, GOF= 1.157, R1 (wR2)= 0.0709
(0.1934) [10484 observed (I> 2s(I))] for 12944 (Rint= 0.0973)
independent reflections out of a total of 51565 reflections with 761
parameters. CCDC-210834 (2) contains the supplementary crystallo-
graphic data for this paper. These data can be obtained free of charge
via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cam-
bridge Crystallographic Data Centre, 12 Union Road, Cambridge
CB21EZ, UK; fax: (+ 44)1223-336-033; or deposit@ccdc.cam.ac.uk).

Gas adsorption measurements: The sorption isotherm measure-
ments of nitrogen and alcohol (MeOH and EtOH) were performed at
77 and 298 K, respectively, by using BELSORP18 (BEL inc)
automatic volumetric adsorption equipment. A known weight (100–
200 mg) of the as-synthesized sample was placed in the quartz tube,
then, prior to measurements, the sample was dried under high vacuum
at 373 K for 10 h to remove the solvated water molecules. The
adsorbate was dosed into the sample tube, then the change of the
pressure was monitored and the amount of adsorption was deter-
mined by decrease in pressure at the equilibrium state.
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