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A new luminescent 3-D metal-organic framework
of diamond-like network possessing
8-fold interpenetration
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A new 3-D coordination polymer [Zn(L),] (1) (HL =4-(pyridin-4-ylmethoxy)benzolic acid) was
synthesized under hydrothermal conditions with Zn(OAc),-2H,O and HL and characterized
by single crystal X-ray diffraction (XRD). Compound 1 displays a 3-D 8-fold interpenetrating
structure with diamondoid framework containing large adamantanoid cages. Meanwhile, it
exhibits intense fluorescence at 402nm in the solid state. In addition, powder XRD and
thermogravimetric (TG) analysis for 1 are also reported.

Keywords: Coordination polymer; 4-(Pyridin-4-ylmethoxy)benzolic acid; Crystal structure;
Luminescent property

1. Introduction

Construction of metal-organic frameworks has aroused attention due to their potential
applications in gas storage, nonlinear optics, catalysis and ion-exchange, and
fascinating topologies and entanglement motifs [1-4]. As the most common molecular
entanglement, there has been a complete analysis of all 3-D interpenetrated metal-
organic framework structures contained in the Cambridge structural database (CSD)
with a rationalization and classification of the topology of interpenetration [5, 6].
An intriguing variety of topologies and entanglement have been constructed and
discussed in several excellent papers [7-9]. Although it is still a challenge to prepare fully
predictable interpenetrated structures based on rational design, recent rapid develop-
ments in coordination and organic chemistry provide more possibilities for the creative
synthesis of desired interpenetrated frameworks [10-13]. Interpenetrated structures
have provided a long-standing fascination for chemists. Usually, long (length more than
7 A) and flexible ligands are needed for the assembly of interpenetrated structures, due
to their propensity to form large vacancies in coordination polymers. Large voids may
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4-(pyridin-4-ylmethoxy)benzoic acid

Scheme 1. Structure of 4-(pyridin-4-ylmethoxy)benzolic acid.

result in interpenetrated structures. We have designed a nitrogen-containing asymmetric
bridging carboxylic acid, 4-(pyridin-4-ylmethoxy)benzolic acid (HL) [14], which could
lead to an intriguing variety of architectures and topologies, due to freely twisting
around the —CH,— group to meet the requirements of coordination geometries of
metals, as shown in scheme 1.

The d'° (Zn" and Cd") transition metals are excellent candidates for the formation of
polynuclear complexes owing to their high photoluminescent properties and transpar-
ency in the UV region [15-17]. Long and flexible HL with Zn"" could result in bidentate
frameworks with beautiful aesthetics and useful properties. Herein, we report
the synthesis and crystal structure of [Zn(L),] (1), in which L is a linear linker, Zn'
is a 4-connected node, and the whole structure of 1 exhibits a 3-D 8-fold
interpenetrating diamondoid array typically based on a tetrahedral second building
unit (SBU) at a single Zn center.

2. Experimental

All reagents and solvents employed were commercially available and used as received.
L was synthesized readily by the procedure reported in “Supplementary material.”
Elemental analyses (C, H, and N) were performed with a Perkin Elmer 240 C elemental
analyzer. PXRD patterns were collected on a Rigaku Dmax 2000 X-ray diffractometer
with graphite monochromated Cu-Ko radiation (A =1.54 A) and 26 ranging from 5° to
50°. Simulation of the PXRD pattern used the CCDC program Mercury (Mercury:
visualization and analysis of crystal structures) [18]. Solidstate luminescence spectra
were measured on a Cary Eclipse spectrophotometer (Varian) equipped with a
xenon lamp and quartz carrier at room temperature. Thermogravimetric (TG) analysis
was performed with a Perkin Elmer TG7 analyzer heated from 40°C to 700°C under
nitrogen.

2.1. Synthesis of [Zn(L),]

A mixture of Zn(OAc),-2H,0 (0.054 g,0.25mmol), HL (0.018 g,0.08 mmol), in H,O
(14mL) was sealed in a 25 mL Teflon-lined stainless steel container, which was heated
at 150°C for 3 days and then cooled to room temperature at a rate of 5°Ch~".
Colorless crystals of 1 were collected and washed with distilled water and dried in air to
give the product; yield, 67.7% (based on L ligands). Elemental Anal. Calcd (%) for
CrH20N206Zn (521.81): C, 59.84; H, 3.86; N, 5.37. Found: C, 59.85; H, 3.88; N 5.35%.
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The simulated and experimental PXRD patterns of 1 are shown in “Supplementary
material.” The simulated and experimental PXRD patterns are in good agreement with
each other, indicating the phase purity of the product. The differences in intensity may
be due to preferred orientation of the powder samples.

2.2. X-ray crystallographic analysis

Data collection of 1 was performed on a Bruker Smart Apex II CCD diffractometer
with graphite-monochromated Mo-Ka radiation (A =0.71073 A) at room temperature.
All absorption corrections were performed by using SADABS. The crystal structure
was solved by direct methods and refined with full-matrix least-squares (SHELXTL-97)
with atomic coordinates and anisotropic thermal parameters for all nonhydrogen
atoms. Hydrogens of aromatic rings were included in the structure factor calculation at
idealized positions using a riding model. The detailed crystallographic data and
structure refinement parameters for 1 are summarized in table 1. Selected bond lengths
and angles are given in table 2.

3. Results and discussion

3.1. Description of structure

Single-crystal X-ray diffraction analysis reveals that 1 crystallizes in the orthorhombic
space group Aba2 and the asymmetric unit of 1 contains half of a Zn" and one L; the
Zn" resides on the inversion center in the unit cell. Each Zn" is coordinated by four
carboxylate oxygens from two L~ and two nitrogens from two L~ in a distorted
tetrahedral coordination geometry, as shown in figure 1. The Zn-O (Zn-O3A
2.417(3) A, Zn—04A 2.017(2) A), and Zn-N (Zn-N7 2.067(3) A, Zn-N7C 2.067(3) A)
bond distances are in the normal ranges [19-22]. Meanwhile, each Zn" is attached to
four L™, which can be considered as a 4-connected node, each L™ connects to two Zn'!,
thus, L can be considered as a linear linker. All L™ possess the same coordination mode.
The topological analysis of 1 reveals that it is a typically diamondoid framework
containing large adamantanoid cages with the topology ““Schlifli”” symbol (6°). Figure 2
also exhibits a single cage with four cyclohexane-like windows in chair conformation.
The adamantanoid cages are extended significantly in one direction and exhibit
maximum dimensions (corresponding to the longest intracage Zn---Zn distances) of
27.08 x 28.45 x 33.39 A. The void space in an individual framework is so large that
eight identical 3-D diamondoid frameworks can interpenctrate to form an intriguing
8-fold interpenetration (figure 3). Interpenctrating diamondoid array structures are
often encountered [23, 24], but 8-fold interpenetrating structure with diamondoid
framework is still rare [25-29]. This coordination has been observed in several
polymeric complexes with a related flexible ligand (e.g., 4,4'-(ethane-1,2-diyl)dibenzoic
acid), which results in a 8-fold interpenetrating structure through strong hydrogen
bonds [30], but we are not aware of any coordination polymers with a ligand like that
found in 1. Furthermore, adjacent entangled diamondoid frameworks possessing weak
77 interactions [31, 32] occur between pyridine and aromatic rings (parallel stacking
with centroid—centroid distances of 3.501 A and 3.464 A). Significant =—7rand C-H - - - &
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Table 1. Crystal data and structure refinements for 1.

Complex 1

Formula C26H20N2062n

Formula weight 521.81

Crystal system Orthorhombic

Space group . Aba2

Unit cell dimensions (A, °)

a 13.578(1)

b 21.049(3)

¢ 8.517(2)

o 90(5)

B 90(5)

v a 90(5)

Volume (A%), Z 2434.2(18), 4

Calculated density (Mgm ™) 1.424

Absorption coefficient (mm™") 1.053

F(000) 1072

Observed reflection/unique 5892/2085

Rin 0.0376

Goodness-of-fit on F* 1.004

R, wR,® [I > 20(D)] 0.0357, 0.0993

Ry, wR; (all data) 0.0467, 0.1059

Ry = LI Fol = el [ Fols PwRa = [ 0w Fo = F) L w(F2) 2.
Table 2. Selected bond distances (A) and angles (°) for 1.
Complex 1
Zn(1)-0(4) 2.018(3) Zn(1)-N(7) 2.067(3)
Zn(1)-0(3) 2.417(4) 0O(4)A-Zn(1)-0O(4)B 140.5(2)
O(4)B-Zn(1)-N(7) 110.038(12) O(4)A-Zn(1)-N(7) 95.68(13)
N(7)-Zn(1)-N(7) 98.4(2) 0O(4)B-Zn(1)-O(3)B 57.32(12)
O(4)A-Zn(1)-0(3) 96.16(14) N(7)-Zn(1)-O(3)B 87.14(15)
N(7)-Zn(1)-O(3)A 152.39(13) 0O(3)A-Zn(1)-0O(3)B 100.4(2)

Symmetry transformations used to generate equivalent atoms: A, 2.5—x, 0.5+y, —1—z; B, =0.5+x, 1.5—y, —1+4=z.

(edge-to-face separation 3.525 A) supramolecular interactions between the aromatic
rings contained in this structure stabilize the structure adopted.

A few crystal structures have been observed for systems of low interpenctrated
degree. Short ligand (e.g., isonicotinic acid) gives a 2-fold interpenetrating structure
[33], while the long ligand provides large adamantanoid cages. Thus, 1 exhibits a 3-D
8-fold interpenetrating framework with “Schlifli” symbols (6°) and containing large
adamantanoid cages based on the diamondoid topology.

3.2. Thermal properties

TG analysis of 1 was carried out under N, from 40°C to 700°C with a heating rate
of 10°Cmin~" (Supplemental material). The TG curve of 1 shows that the
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Figure 1. Coordination environment of Zn" in 1 with ellipsoids drawn at the 30% probability level;
hydrogens were omitted for clarity. (Symmetry transformations used to generate equivalent atoms: A, 2.5 — x,
05+y, —1—2zB, =0.5+x, 1.5—y, =142z, C,2—x,2—y, 2).

(a) t )t (b)

Figure 2. Single adamantanoid cages (left) and a schematic view of a single diamond-like framework (right).



Downloaded by [Renmin University of China] at 10:33 13 October 2013

Diamond-like network 1583

Figure 3. Schematic description of the 8-fold interpenetrating architecture of 1.

Intensity (a.u)

30 400 450 500
Wavelength (nm)

Figure 4. Emission spectra of 1 and HL in the solid state at room temperature.

framework collapsed at 320-500°C, corresponding to release of organic components.
The remaining weight of 15.55% corresponds to the percentage (Calcd 15.54%) of Zn
and O components, indicating that the final product may be ZnO.

3.3. Luminescent properties

The photoluminescent properties of 1 and HL were examined in the solid state at room
temperature. As shown in figure 4, the main emission peak of HL is at 370 nm
(Aex =328 nm), which can be assigned to 7* — n and 7n* — 7 transitions of the ligands.
Compound 1 shows emission maxima at 402 nm (Ae =344 nm). In comparison with
that of the free ligand, the maximum emission wavelength of 1 is slightly red-shifted,
probably due to intraligand charge transitions [34, 35].



Downloaded by [Renmin University of China] at 10:33 13 October 2013

1584 L.-J. Liet al.

4. Conclusion

By selecting a flexible ligand, we have hydrothermally synthesized a 3-D 8-fold
interpenetrating diamondoid array coordination polymer containing large adamanta-
noid cages. Compound 1 exhibits intense fluorescence at 402 nm in the solid state and
may be a good candidate for fluorescent material.

Supplementary material

CCDC 776048 contains the supplementary crystallographic data for this article. This
data can be obtained free of charge from the Cambridge Crystallographic Data Centre
via http://www.ccdc.cam.ac.uk/data_request/cif.
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