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A 2D Zn(II) metal-organic framework constructed from
4,4'-(perfluoropropane-2,2-diyl)dibenzoic acid, synthesis,
structure and photoluminescence

ABULIKEMU ABUDU REXIT*

The College of Life Science and Chemistry, Xinjiang Normal University, Urumqi, China
(Received 23 May 2008, in final form 8 August 2008)

A Zn(II) metal-organic framework (MOF) [Zn,(FPDB),(pyridine),] - SH,O (1) was synthesized
solvothermally via reaction of Zn(ClOy), - 6H,O and 4,4'-(perfluoropropane-2,2- diyl)dibenzoic
acid (H,FPDB). The X-ray single crystal diffraction analysis reveals that 1 crystallizes in
monoclinic C2/¢ space group with a =23.279(5) A b=1. 837(5)A ¢ =26.776(5) A, B=106.7(6)°

and Z=4. In 1, two adjacent zinc ions are bridged to form a dinuclear paddle-wheel SBU, and
four neighboring SBUs are linked by FPDB ligands to construct a chair-type grid. Distorted
grids extended along @ and b axes to complete a double-sheet 2D layer and these layers stack with
van der Waal’s interactions to build the final structure. Compound 1 shows strong luminescence
at room temperature in the solid state, suggesting that 1 may be an excellent fluorescent material.

Keywords: Solvothermally; Metal-organic  framework; Trifluoromethyl; Carboxylate;
Paddle-wheel; SBU; Photoluminescence

1. Introduction

Metal-organic frameworks (MOFs) have potential applications in gas storage and
adsorption [1], luminescence [2], magnetism [3], catalysis [4], and ion-exchange processes
[5]. Organic ligands play an important role in construction of MOFs allowing changes
in symmetry, geometry, and flexibility. Many polycarboxylate linkers are bridges in
MOFs, but polycarboxylate ligands containing trifluoromethyl is a developing area [6].
We applied 4,4'-(perfluoropropane-2,2-diyl)dibenzoic acid (H,FPDB) to build MOFs.
Herein, we report the synthesis, crystal structure and luminescence property of a Zn(II)
MOF [Zn,y(FPDB),(pyridine),] - SH,O (1), based on the H,FPDB ligand.

2. Experimental

2.1. Materials and measurements

All reagents and solvents were used as received from commercial supplier without
purification. Infrared samples were prepared as KBr pellets and spectra were obtained
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from 400-4000cm~' using a Perkin-Elmer 2000 FTIR spectrometer. Thermal
gravimetric analyses (TGA) were performed under nitrogen with a heating rate of
10°Cmin~" using a Shimadzu TGA-50H thermal gravimetric analyzer. Powder X-ray
diffraction data were collected on a Philips X Pert Pro Super diffractometer with Cu
radiation (4) 1.54187 A (Supplemental Material). Elemental analyses were performed
on a Vario EL-III elemental analyzer. All fluorescence measurements were carried out
on a Jobin Yvon Fluorolog-3-TAU spectrofluorimeter at room temperature.

2.2. Synthesis of [ Zn,(FPDB)(pyridine),]+5H,0 (1)

A mixture of Zn(ClOy),-6H,O (36 mg, 0.1 mmol) and H,FPDB (15mg, 0.038 mmol)
was added to isobutanol (0.2mL), water (0.1 mL) and pyridine (0.2mL) in a heavy-
walled Pyrex tube at room temperature. After 2 min sonication dispersing, the tube was
frozen under liquid nitrogen, sealed under vacuum and placed inside an oven at 100°C.
After 12 h heating, colorless single crystals suitable for X-ray analysis were obtained.
Yield: 17.7mg (81%). The complex was stable in air and insoluble in water and solvents
such as ethanol, methanol, dichloromethane, chloroform, DMF, and DMSO.
Elemental Anal. Calcd for Cy4H30F1oN»O13Zn, (%): C, 45.82; H, 2.62; N, 2.43.
Found: C, 45.91; H, 3.14; N, 2.67. FTIR (KBr pellets): v=13439 (w), 1640 (s), 1612 (m),
1570 (m), 1453 (w), 1408 (vs), 1259 (s), 1210 (m), 1173 (m), 1046 (m), 960 (m), 843 (m),
781 (m), 724 (m), 696 (m).

2.3. X-ray crystallographic study

Diffraction intensities for 1 were collected on a Oxford Diffraction Gemini S Ultra
CCD diffractometer equipped with graphite-monochromated Mo-Kao (4=0.71073 1&)
radiation at 293 K. The structure of 1 was solved by direct methods and refined by full-
matrix least-squares with the SHELXL-97 program [7]. CCDC 688447 contains the
supplementary crystallographic data for this article. These data can be obtained free
of charge from The Cambridge Crystallographic Data Centre (http://www.ccdc.cam.
ac.uk/data_request/cif). Crystallographic data of 1 are summarized in table 1, and
selected bond lengths and angles are listed in table 2.

3. Results and discussion

X-ray crystallography reveals that 1 is a 2D structure crystallizing in the monoclinic
space group C2/c. As shown in figure 1, each zinc is five coordinate with four carboxyl
oxygens (O1, 02, O3, and O4) from FPDB in basal positions and one pyridyl nitrogen
(N1) at the apical position in distorted square-pyramidal geometry. The Zn(1)-O(N)
distances vary from 2.031 A t0 2.066 A, while the O-Zn(1)-O(N) angles are in the range
86.31-105.04°. Two adjacent zincs are bridged by four carboxylates from four FPDB
ligands to generate a paddle-wheel dinuclear building unit (SBU), in which the Zn - --Zn
separation is 2.971 A.

Every four neighboring paddle-wheels interlink with the help of FPDB ligands to
form a distorted tetragonal grid [figure 2a, view down the c-axis]. When viewed slightly
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Table 1. Crystallographic data of 1.
Empirical formula Zn;Cy4H30F12N>O 3
Formula weight 1153.44
Crystal system Monoclinic
Space group 3 C2Jc
Units of dimensions (A, ©)
a 23.279(5)
b 7.837(5)
¢ 26.776(5)
o 90
B 106.7(6)
v, 90
V(A% 4677(3)
Z 4
T (K) 293
2 (A) 0.71073
PCaled (g cmf’?) 1.638
F(000) 2320
Data/parameters 4115/361
R [I > 20(1)] (for all data) 0.0390(0.0607)
WR,® (for all data) 0.0976(0.1025)
Goodness of fit (for all data) 3 0.951(0.951)
Largest difference peak and hole (e A% 0.629, —0.510
Ry = Z| [Fol = |Fel |/ S1F,|. "wRy = [Sw(Fy — F)/Sw(F)| .
Table 2. Selected bond lengths (A) and angles (°).
Zn(1)-0(1) 2.034(2) O(1)-Zn(1)-0(2) 158.4(3) O(2)-Zn(1)-0O(4) 89.3(6)
Zn(1)-0(2) 2.042(2) O(3)-Zn(1)-0(4) 158.7(4) N(1)-Zn(1)-0O(1) 104.4(3)
Zn(1)-0(3) 2.066(2) O(1)-Zn(1)-0(3) 88.5(9) N(1)-Zn(1)-0(2) 96.9(6)
Zn(1)-0(4) 2.036(2) O(1)-Zn(1)-0(4) 87.8(4) N(1)-Zn(1)-O(3) 96.1(5)
Zn(1)-N(1) 2.031(3) O(2)-Zn(1)-0(3) 86.3(1) N(1)-Zn(1)-O(4) 105.0(4)

Figure 1.
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Figure 2. (a) Distorted grid built by four adjacent paddle-wheel SBUs as viewed down the c-axis. (b) The
distorted grid shows chair-type configuration viewed slightly off the a-axis. (c) Two layers interweave to
complete the double-sheet 2D layer as viewed down the c-axis. (d) Spacefill mode of the double-sheet layer
(guest water molecule and hydrogen atoms are omitted for clarity).

off the a-axis, it is clear that the distorted grid is a chair-type configuration [figure 2b].
Chair-type grids extend along « and b axes, giving an infinitive 2D sheet [figure 2c, in
green]. Furthermore, each chair-type grid captures a SBU inside, and these surrounded
SBUs also interlink to construct the second sheet [figure 2c, in purple]. Generally, every
paddle-wheel SBU is fixed inside one chair-type grid in the other sheet, and as a result,
these two sheets interweave tightly to complete the double-sheet 2D layer as viewed
down the c-axis [figure 2d]. Adjacent layers stack in an aligned fashion with van der
Waal’s interactions to build the final structure of 1.

Similar structure based on Cu(Il) and H,FPDB ligand were reported by Li and
co-workers [6(a) and (b)]. Our study provides another example of an H,FPDB-based
MOF; the ligand has strong tendency to form paddle-wheels.

3.1. Photoluminescent properties

The photoluminescence spectra of H,FPDB and 1 were investigated in the solid state at
room temperature. As shown in figure 3, H,FPDB exhibits a single emission band at
320 nm when excited at 296 nm, attributed to the 7* — 7 transition. Compound 1 shows
more complicated red-shifted emission bands, a main emission band at 471 nm and a
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Figure 3. Solid-state excitation-emission spectra of free H,FPDB ligand and 1.

shoulder band at 512nm upon excitation at 365nm. The red-shifted emission of 1
compared to the free ligand may be attributed to metal-to-ligand charge transfer
(MLCT) or ligand-to-metal charge transfer (LMCT). Therefore, 1 may be a candidate
as fluorescent materials.

4. Conclusion

We have synthesized a new Zn(II) 2D MOF (1) based on a polycarboxylate ligand
containing trifluoromethyl groups. The strong luminescence of compound 1 at room
temperature in the solid state suggests that 1 may be a candidate as fluorescent
materials.
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