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The first X-ray structurally characterized 3-D diamondoid
framework, 1, which can trap gaseous trans-2-butene
molecules was synthesized; this work suggests that
coordination polymers with adjustable porous struc-
tures are suitable candidates for advanced gas storage
materials.

The research on solid materials for gas storage has recently
attracted much attention because gas storage materials find
widespread applications in fuel cells,1 gas-sensors,2 semi-
conductor device manufacturing,3 and catalysts.4 Up to now
most research efforts have been focused on purely inorganic
materials such as metal alloys,5 metal oxides,4 carbon molecular
sieves and carbon nanotubes,6 fullerenes,7 and nano-structural
materials.2 Since metal–organic coordination polymers capable
of enclathrating organic molecules have been extensively
studied and developed, it has recently been shown that some of
these new organic zeolite analogues 8,9 may be capable of stor-
ing gaseous molecules. In contrast to a large number of
coordination polymers that are capable of enclathrating liquid
solvent molecules, there are few reports on coordination net-
works with suitable cavities or channels to trap gas molecules.
Seki et al.,10 reported a series of dicarboxylic acid metal com-
plexes as natural gas storage materials and marks the beginning
of research on metal–organic coordination polymers as gas
storage materials. However, the exact crystal structures of these
novel complexes are not available. Two other examples 11,12 of
porous coordination polymers: {CuSiF6(4,4�-bipyridine)2}n and
Zn4O(BDC)3�(DMF)8(C6H5Cl) (BDC = 1,4-benzenedicarb-
oxylate and DMF = N,N�-dimethylformamide) suggest to us
that the rational design of building blocks to form novel porous
coordination polymers suitable for trapping the desired gas
molecules can be realized. To this end, we have chosen trans-3-
(4-pyridyl)acrylic acid (4-Hpyac) as the bridging ligand to form
neutral coordination frameworks as novel gas storage materials.
Neutral coordination frameworks without counter ions exist-
ing in the cavity or channel can possess more empty space
for entrapping gas molecules than ionic frameworks. Herein,
we report the in-situ synthesis and detailed crystal structure
of {Zn(4-pyac)2�B}n (B = trans-2-butene) 1, which represents
the first diamondoid coordination framework trapping the
2-butene as a gaseous guest molecule. During the period of our
research, Cornia et al., reported a 3-D crystallographically
characterized framework that traps carbon dioxide molecules,13

and Ozeki and co-workers 14 reported an interesting molecular
oxide bowl trapping the NO� anion from NO gas.

The use of 4-Hpyac as an asymmetric multidentate anionic
ligand to construct acentric coordination polymers as second-

order nonlinear optical (NLO) materials has recently been
reported.15 In this work, we used ethyl trans-3-(4-pyridyl)-
acrylate to react with zinc() perchlorate in 1-butanol under
hydro(solvo)thermal conditions and successfully obtained a
novel four-fold interpenetrating diamondoid-like zinc coordin-
ation polymer trapping trans-2-butene molecules, {Zn(4-pyac)2�
B}n 1.† The presence of carboxylate groups in 1 was confirmed
by the strong peaks at 1611, 1585 and 1370 cm�1 (C��O stretch-
ing mode) in the infrared spectrum. Moreover, there are no
strong peaks at about 1100 cm�1, suggesting no perchlorate
anions exist in 1. Only the thermodynamically more stable
trans-2-butene molecules were found in 1, as independently
confirmed using GC-MS techniques.

The three-dimensional diamondoid structure of 1 was
revealed by a single crystal X-ray diffraction study in which the
coordination environment around the Zn() center is a slightly
distorted tetrahedron.‡ Every Zn() center is coordinated to

Fig. 1 A diamondoid-like net representation of the coordination
polymer {Zn(4-pyac)2�B}n (1). Hydrogen atoms are omitted for clarity.
Selected bond distances (Å) and angles (�): Zn(1)–O(2) 1.968(3), Zn(1)–
N(1) 2.066(3), C(9)–C(9A)� 1.143(6), C(9)–C(10) 1.382(2); O(2)–Zn(1)–
O(2A) 132.28(18), O(2)–Zn(1)–N(1B) 95.62(12), O(2)–Zn(1)–N(1C)
114.70(13), N(1C)–Zn(1)–N(1B) 100.77(18), C(10)–C(9)–C(9A)
171.8(4).
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two pyridyl nitrogen atoms and two carboxylate oxygen atoms
from four different 4-pyac anions. Each 4-pyac anion links
between two adjacent Zn() ions and expands in three-dimen-
sions to form a diamondoid-like structure (Fig. 1). The first
view of the structure displays a large cavity in every diamondoid
unit (the adjacent Zn � � � Zn separation is about 11.07 Å). A
more careful examination shows that such cavities are reduced
by three other identical interpenetrated diamondoid nets
(Fig. 2). With the 4-pyridylacrylate groups omitted for clarity,
Fig. 3 depicts the interpenetrating structure forming square
channels with the dimensions 11.07 Å × 11.07 Å and trans-2-
butene molecules are trapped in the square channels along the
b-axis. All of the bond lengths for Zn–O and Zn–N are similar
to those previously reported.16,17

Compound 1 not only shows the ability to trap gaseous trans-
2-butene molecules, but also exhibits a strong blue-fluorescent
emission (Fig. 4). In comparison to the free Hpyac ligand which
shows a fluorescence maximum at 395 nm, a bathochromic shift
in 1 (emission at ca. 430 nm with an excitation wavelength of
395 nm) was observed. This bathochromic shift is undoubtedly
due to the deprotonation of the ligand when forming the 3-D
diamondoid network. We believe that the π–π stacking inter-

Fig. 2 The diamondoid structure of 1 showing the four-fold inter-
penetrating network (straight lines and circles represent the 4-pyac
ligands and Zn atoms, respectively). (a) Without and (b) with the
gaseous trans-2-butene molecules.

Fig. 3 A view of 1 along the b-axis showing trapped trans-2-butene
molecules in square channels.

actions of the pyridyl groups may have also contributed to the
bathochromic shift in 1.

Compound 1 is stable at room temperature and insoluble in
common solvents such as alcohols, benzene, acetonitrile,
chloroform and water. TGA analysis of 1 shows that the com-
plex is stable up to 140 �C, and exhibits a weight loss of 12.6%
of the total weight between 140–245 �C, corresponding to the
removal of one trans-2-butene molecule per formula unit (calc.
13.5%). Powder X-ray diffraction studies on samples before and
after the removal of trans-2-butene guest molecules indicated
that the framework structure of 1 is maintained upon removal
of the guest.

The ability of 1 to trap gaseous trans-2-butene molecules
strongly supports the view that coordination polymers with
designable cavities or channels can store appropriate gas mole-
cules and therefore function as novel gas storage materials.
Such materials should find a wide range of potential
applications in the future.
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Notes and references
† {Zn(4-pyac)2�B}n 1 was synthesized by a hydro(solvo)thermal
reaction. A typical procedure is as follows: A heavy-walled Pyrex tube
containing a mixture of Zn(ClO4)2�6H2O (0.37 g, 1 mmol), ethyl trans-
3-(4-pyridyl)acrylate (0.15 g, 1 mmol), 1-butanol (1.5 mL) and H2O
(0.1 mL) was frozen, sealed under vacuum and placed inside an oven
at 110 �C. The colorless prismatic crystals were harvested after 48 h of
heating. Yield: 0.32 g (76.6%). Calc. for C20H20N2O4Zn: C, 57.45; H,
4.79; N, 6.70. Found: C, 57.49; H, 4.75; N, 6.77%. IR (KBr, cm�1): 3110
(w), 2900 (w), 2839 (w), 1642 (m), 1611 (s), 1585 (s), 1430 (m), 1370 (s),
1225 (m), 1065 (w), 1020 (w), 865 (w), 837 (m), 747 (m), 610 (m), 520
(w).
‡ Crystal data for 1: C20H20N2O4Zn, Mr = 417.75, orthorhombic, space
group Pnna, a = 12.471(1), b = 13.804(1), c = 12.005 Å, U = 2066.7(3)
Å3, Z = 4, µ(Mo-Kα) = 22.3 cm�1. The intensity data were collected at
293(2) K on a Siemens P4 four circle diffractometer using the ω–2θ scan
mode. The structure was solved by direct methods and refined on F2 by
full-matrix least-squares methods using SHELXTL 18 software, with
2378 unique absorption-corrected (empirical, Tmin = 0.6830, Tmax =
0.7933) reflections. All non-hydrogen atoms were anisotropically
refined. The refinement converged at R = 0.0447 and wR = 0.1210 for a
total of 123 parameters and 1279 observed reflections with I ≥ 2.0σ(I).
CCDC reference number 156501. See http://www.rsc.org/suppdata/dt/
b1/b102210p/ for crystallographic data in CIF or other electronic
format.
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