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Two independent channel frameworks are occupied by
photoactive E-azobenzene in an unprecedented one-dimen-
sional zigzag motif and thus form virtual three-dimensional
supramolecular host–guest networks.

Several novel coordination polymer networks have been shown
to form porous materials whose host frameworks can withstand
the removal and/or addition of guest molecules.1,2 Special
interest centres on the design of crystalline host–guest materials
containing a cavity including ligand-bridged metallocycles
(squares,2–4 rectangles,5 triangles,6 hexagons,7 etc.) as nano-
scale hosts in technological applications in the area of chemical
recognition and sensing. Among these metallocycles, square-
grid and rectangular-grid type architectures are promising
because of their predictable pore sizes and selective inclusion of
guest molecules. Initially these grids were reported in metal
complexes of 4,4A-bipyridine with open and interpenetrating
networks.8 The length, linear or nonlinear geometries, and
conformationally rigid or nonrigid molecular skeletons of 4,4A-
bipyridine can also be controlled by interconnecting spacers
between the pyridyl donors.9–11 The conjugated p-systems
containing ethinylene units and/or (hetero)aromatic ring spacers
are currently of interest in developing fluorescent materials and
are used as model compounds for electroluminescence and
optical switching devices.12 This inspired the development of
the 1,4-bis(x-pyridyl)butadiyne ligands; x = 2 (L1), 3 (L2), 4
(L3).13 The specific local geometry, the different orientations of
N-donors and the linear conformation of the spacer moiety
(–C·C–C·C–) in these ligands have been quite useful in the
construction of unusual building blocks for use in assembling a
large variety of new coordination polymers. Our goal in this
paper is to highlight some guest species with photo and catalytic
activities in developing new approaches towards large pore
framework architectures. To realize this goal, we wish to exploit
photosensititive guests such as anthracene, azobenzene, quini-
zarin, methylviologen, pyrene, perylene, p-nitroaniline etc. in
different channel frameworks based on dipyridyl ligands and
copper nitrate salts.

Two independent organic–inorganic polymeric templates and
guests have been obtained in the crystal lattice, depending on
the geometry and orientations of nitrogen atoms of the ligands
and the solvent system.14 These template frameworks have been
isolated by direct reactions carried out using ligand (L2 and L3)
and copper(II) nitrate in a stoichiometric ratio of 1+1, that is, a
three-dimensional (3D) channel like network [Cu(L2)(NO-
3)2(H2O)2·AZO]n (1, AZO = azobenzene) from mixed solvent
systems involving methylene chloride and methanol, and a two-
dimensional interpenetrating square network [Cu(L-
2)2(NO3)2·AZO]n (2) from methanol solution. In this commu-
nication, we have focused our investigation on the azobenzene
guest species15 and describe the synthesis,‡ X-ray single-crystal
structures,§ and thermal stabilities¶ of the copper compounds.

Compound 1 crystallizes in the monoclinic space group P21/n
and generates a pseudooctahedral coordination environment
around the copper centers. The framework of 1 initially
possesses an infinite 1D zigzag chain architecture consisting of
alternating cis [N(2)–Cu–N(2)* = 93.8°] and trans [N(6)–Cu–
N(6)* = 179.9°] orientations of the metal and pyridine rings of
the ligands, L2 (Fig. 1a). Two such zigzag chains are combined
with two different hydrogen bonded interactions: (i) water and
nitrate ions [O(3)–H(6)…O(1) = 1.978 Å]; (ii) oxygens of
nitrate ions [O(7)…O(8) = 3.075 Å] resulting in 2D rectangular
type channel frameworks (Fig. 1b). Moreover, E-AZO isomers
are packed next to one another with the nearest C–H…C
distances of 3.138 Å between the benzene rings, and an
additional infinite 1D zigzag chain is formed along the
crystallographic a-axis. These chains are aligned parallel to
each other as they snake through the channels of the main
framework (Fig. 2). Thus virtual host–guest structural motifs
combine to form the distinct 3D-templated framework of 1 (Fig.
1c).

† On leave from Department of Applied Chemistry and Chemical
Technology, University of Dhaka, Dhaka-1000, Bangladesh.

Fig. 1 Stepwise representation of the construction of channel framework 1:
(a) 1D zigzag chain depicting the coordination environment around the
Cu(II) center; (b) red lines showing the hydrogen bond linkage (oxygens of
water and nitrate ions) between two neighbouring chains. (c) E-AZO shown
in the channel forming a 1D structural motif.
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In the second framework, four crystallographically equiva-
lent ligands of L3 are situated in a square planar fashion around
the copper center [Cu–N(1) = 2.024(2) and Cu–N(3) =
2.030(2) Å]; two crystallographically equivalent nitrate ions
(Cu–O(1) = 2.112(2) Å) occupy the axial positions. The
template of compound 2 consists of 2D square-grid type layers
with inner square cavity dimensions of 16.17 3 16.17 Å2.10 The
square grid layers are flat, and crystallographically equivalent
sets interpenetrate at an angle of 60.4° to one another. Though
the interpenetration severely reduces the porosity, the inter-
section of grids formed from such a long ligand is still capable
of giving rise to large continuous channels that can be filled by
organic molecules. In 2, the zigzag channels are occupied by E-
AZO, located approximately in the middle of the channel. Fig.
3 shows a view down the channel direction (the c-axis)
exhibiting the beautiful pattern of rhombic shaped channels and
also the AZO molecules residing therein.

The thermal decomposition behaviour of compound 1 is
different to that of 2, which is reasonable since they possess two
different polymeric motifs. The TGA showed that the frame-
works of 1 and 2 are thermally stable up to 210 and 170 °C,
respectively.

This study again demonstrates the utility of a long ligand as
a precursor for constructing porous framework structures. We
expect this approach to be valuable for the construction of many
new and interesting photoactive coordination polymers, and
studies towards the preparation, as well as properties, of
template frameworks containing a number of photoactive guests
are underway.

Notes and references
‡ Compound 1: A solution of Cu(NO3)2·3H2O (24.2 mg, 0.1 mmol) in
methanol (5 mL) was allowed to diffuse slowly into a methylene chloride (5
mL) solution of L2 (20.1 mg, 0.1 mmol) and azobenzene (20 mg). Greenish
blue single crystals formed, together with unidentified products, in this
mixture after 2 days. The yield was 48% based on copper nitrate. IR (KBr,
cm21): 2224 (w), 2185 (w), 1599 (m), 1511 (s), 1479 (s), 1416 (s), 1384 (w),
1281 (w), 1194 (s), 1127 (m), 1063 (m), 1003 (s), 805 (s), 680 (s).
Compound 2: A blue solution of Cu(NO3)2·3H2O (24.2 mg, 0.1 mmol) in

methanol (3 mL) was carefully layered onto a methanol (3 ml) solution of
L3 (20.2 mg, 0.1 mmol) and azobenzene (21 mg). After five days, green
crystals of 2 grew at the interface of the two layers and also at the top of the
mixture. The yield was 52% based on copper nitrate. IR (KBr, cm21): 2206
(w), 2162 (w), 1608 (s), 1587 (s), 1492 (m), 1426 (w), 1285 (w), 1201 (m),
1070 (s), 1027 (m), 829 (m).
§ Crystal data for 1: C20H17N5O8Cu, M = 518.93, monoclinic, space
group P21/n; a = 15.687(1), b = 7.842(1), c = 17.256(1) Å, b = 90.41(1)°,
V = 2122.7(2) Å3, T = 173(2) K, Z = 4, Dc = 1.624 g cm23, m(Mo-Ka)
= 1.089 mm21, 5509 reflection measured, 4177 unique (Rint = 0.065), R =
0.0392, Rw = 0.0892 [data I > 2s(I)]. Crystal data for 2:
C30.88H18.4N6.48O6Cu, M = 639.74, orthorhombic, space group C2221; a =
14.036(1), b = 22.980(1), c = 9.033(1) Å, V = 2913.6 (5) Å3, T = 173(2)
K, Z = 4, Dc = 1.458 g cm23, m(Mo-Ka) = 0.806 mm21, 3776 reflection
measured, 3468 unique (Rint = 0.035), R = 0.042, Rw = 0.112 [data I >
2s(I)]. Both structures were solved using direct methods and refined by full-
matrix least-squares on F2 using SHELXTL.16 CCDC reference numbers
181463 and 181464. See http://www.rsc.org/suppdata/cc/b2/b204315g/ for
crystallographic data in CIF or other electronic format.
¶ Thermogravimetric analysis was performed on 1 (4.25 mg) and 2 (5.18
mg) by heating the compounds from 27 to 800 °C under flowing
nitrogen.
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Fig. 2 View of a single zigzag chain of E-AZO in 1. Weak interlayer
interactions are shown as dotted lines.

Fig. 3 View down the c-axis of the interpenetrating square-grid structure of
2 showing the rhombic channels occupied by photosensitive guest E-
AZO.
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