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A new coordination polymer [Zn(BDC-I2)(DMF)]n (1) has been prepared by solvothermal reac-
tion of Zn(II) nitrate with 2,5-diiodo-1,4-benzenedicarboxylic acid (H2BDC-I2) in ethanol-DMF, and
characterized by elemental analysis, IR spectroscopy and single-crystal and powder X-ray diffraction
techniques. Complex 1 shows a two-dimensional network possessing dinuclear Zn2(CO2)4 secondary
building units, which are further assembled into a three-dimensional supramolecular structure through
intermolecular C–H···I interactions. Solid-state properties such as photoluminescence and thermal
stability of 1 have also been investigated.
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Introduction

Design and synthesis of coordination polymers,
also known as metal-organic frameworks (MOFs), re-
mains an active and important area in supramolec-
ular chemistry and material science due to their in-
triguing structural diversities and interesting proper-
ties in gas storage, magnetism, photoluminescence,
and catalysis [1 – 4]. A large number of such ma-
terials with predictable structures have been con-
structed by various strategies [5]. The strategy for con-
structing MOFs mainly depends on the selection of
metal ions and organic ligands. As for the organic
bridging ligands, aromatic polycarboxylic acids, es-
pecially 1,4-benzenedicarboxylic acid (1,4-H2BDC),
are widely used as bridging spacers for fabricat-
ing coordination polymers with robust network struc-
tures and interesting properties. In this area, some
of the most spectacular results have arisen from
Yaghi’s group [6 – 10]. Benchmark examples demon-
strating the coordination chemistry of Zn(II) ion with
1,4-benzenedicarboxylate (BDC) have been reported,
where the 2D {[Zn(BDC)(H2O)] (DMF)}n (termed
MOF-2) [6] and 3D {[Zn4(µ4-O)(BDC)3] (DEF)}n

(termed MOF-5) [7] were achieved. However, few doc-

uments have been concerned with the self-assembly of
polymeric Zn(II)-carboxylate systems based on sub-
stituted BDC derivatives so far [11 – 14]. Notably, the
known results show that the presence of bulky ortho
substituents on the BDC-type ligands can significantly
affect the relative orientation of the carboxylate groups
to give different binding modes upon complexation of
Zn(II) ions owing to steric hindrance. Recently, BDC-
type ligands modified by the halogen substituents fluo-
rine [15], chlorine [16], bromine [17], and iodine [18]
have been documented. Burrows reported the assembly
of 3D mixed-component zinc(II)-organic frameworks
through control of the incorporation of brominated and
iodinated terephthalates providing opportunities to tai-
lor the composition and function of MOFs [19]. Lin
and co-workers presented 1D Zn(II) coordination poly-
mers with 2,3,5,6-tetraiodo-1,4-benzenedicarboxylate,
which was applied for nanoparticle materials used
for computed tomography (CT) contrast enhance-
ment [18]. Very recently, Chen and co-workers re-
ported the assembly of 1D Zn(II) tetrafluorotereph-
thalate coordination networks in different solvent sys-
tems [20 – 22]. To further evaluate the role of such
iodine functionality, herein, we used 2,5-diiodo-1,4-
benzenedicarboxylic acid (H2BDC-I2) as the building
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block, and obtained a new 2D dinuclear Zn(II)-organic
framework [Zn(BDC-I2)(DMF)]n (1). Herein, we wish
to report the synthesis, structural characterization, ther-
mal stability and solid-state luminescence properties
of 1.

Results and Discussion

Synthesis and general characterization

Solvothermal synthesis has been extensively used
for the preparation of coordination compounds as 1D,
2D and 3D systems. In this case, we have successfully
used solvothermal synthesis in Teflon autoclaves un-
der autogeneous pressure to obtain compound 1 by re-
acting Zn(NO3)2 · 6H2O with H2BDC-I2 in a mixed
solvent system (DMF-ethanol). When Zn(OAc)2 and
Zn(ClO4)2 were used, complex 1 could also be isolated
by the same procedure (confirmed by IR spectra and X-
ray structure analysis), which suggests that the nature
of the final products is independent of the anions under
such solvothermal conditions. Complex 1 is air-stable
at room temperature and insoluble in water and com-
mon organic solvents, which is consistent with its poly-
meric nature. Slight peak shifts and variations of inten-
sities in the PXRD patterns (Fig. 1) can be attributed to
differences in the temperature at which data were ac-
quired and the degree of solvent loss from the sample.
In the IR spectrum of 1, the antisymmetric and sym-
metric carboxylate stretching vibrations are found in
the range of 1590 – 1640 cm−1 and 1380 – 1430 cm−1,
respectively. The absence of the characteristic band
at ∼1708 cm−1 for the free H2BDC-I2 molecule in-
dicates the complete deprotonation of the carboxyl

Fig. 1 (color online). Experimental and simulated PXRD pat-
terns for complex 1.

groups, which is consistent with the consideration of
charge balance.

Description of the crystal structure

Complex 1 crystallizes in the monoclinic space
group C2/c, and the asymmetric unit consists of one
Zn(II) ion, one BDC-I2 dianion and one DMF lig-
and. Each Zn(II) ion is in a slightly distorted square-
pyramidal coordination environment, coordinated by

Fig. 2 (color online). View of (a) the molecular structure of
the dinuclear coordination unit of 1 (symmetry codes: #1
−x+1/2, −y+1/2, −z; #2 −x+1, −y+1, −z; #3 −x, −y,
−z; #4 x+1/2, y+1/2, z; #5 x−1/2, y−1/2, z) and (b) the
layer structure of 1 parallel to the crystallographic ab plane.
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four oxygen atoms from four BDC-I2 ligands in the
basal plane, and one oxygen atom from one DMF lig-
and at the apex (Fig. 2a). The Zn–O bond lengths vary
from 1.988(4) to 2.060(3) Å, and the O–Zn–O bond
angles range from 86.7(1) to 159.4(1)◦. Notably, ow-
ing to the steric hindrance of the bulky iodine atoms
located at the ortho positions, the dihedral angles be-
tween the carboxylate groups and the benzene ring are
44.8(1) and 71.9(2)◦, respectively, which is obviously
smaller than that observed in Zn(II) complexes with
tetraiodoterephthalate [18, 20 – 22]. Each BDC-I2 di-
anion bridges four Zn(II) ions with the two carboxy-
late groups adopting a familiar bridging bis-bidentate
mode, where the Zn···Zn distance of 2.981(1) Å is typ-
ical for carboxylate-bridged dinuclear Zn(II) species
constructed from BDC-type ligands [19, 23]. As a re-
sult, pairs of Zn(II) ions are bridged by four carb-
oxylates to form dinuclear secondary building units
(SBUs), of which a 2D (4,4) coordination network par-
allel to the ab plane is composed (Fig. 2b), containing
a nearly square grid with a size of 10.926× 10.925 Å2.
The coordinated DMF molecules are anchored on both
sides of the 2D coordination motif. Between these
neighboring layers, there exist weak C11–H11B···I1i

interactions (H···I/C···I distance: 3.324/4.111 Å, an-
gle: 140.5◦, i = −x + 1/2, y + 1/2, −z + 1/2) of the
DMF molecules and the iodine atoms of BDC-I2 to re-
alize the final 3D supramolecular architecture.

Thermal stability

To examine the thermal stability of 1, a thermogravi-
metric analysis (TGA) of a crystalline sample was per-
formed from room temperature to 800 ◦C. The corre-
sponding curve is depicted in Fig. 3. It shows the first
weight loss of 12.9% (calculated: 13.2%), occurring
from 105 to 200 ◦C, corresponding to the release of co-
ordinated DMF molecules. Pyrolysis of the remaining
framework starts at 250 ◦C, which continues up to ca.
700 ◦C. The final solid has a weight of 14.7% of the
total sample, which is close to that of ZnO (calculated:
14.6%).

Photoluminescence properties

Taking into account the excellent luminescence
properties of many other Zn(II) (d10) complexes, the
photoluminescence of 1 and of the organic ligand
H2BDC-I2 in the solid state was investigated at room

Fig. 3. TGA curve of complex 1.

Fig. 4 (color online). Solid-state fluorescence emission spec-
tra of complex 1 and the free ligand H2BDC-I2.

temperature (Fig. 4). Upon excitation at 338 nm, the
free ligand exhibits fluorescent emission maxima at
476 and 507 nm, which can be ascribed to π → π∗

and/or n → π∗ transitions. For 1, emission maxima
are similarly observed at 477 and 507 nm, respectively,
which can also be assigned to ligand-centered transi-
tions.

Conclusion

In summary, solvothermal synthesis has produced
a new Zn(II) coordination polymer with the iodinated
terephthalate ligand BDC-I2, which was structurally
characterized. In virtue of the bridging role of carboxy-
late, two adjacent Zn(II) ions are combined to consti-
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tute a dinuclear Zn2(CO2)4 SBU, and each SBU is fur-
ther extended by the backbones of the BDC-I2 spacers
to result in a layer structure. Interlayer C–H···I inter-
actions are found to stabilize the final 3D supramolec-
ular architecture. Further efforts to design and prepare
novel coordination frameworks with various iodinated
benzenedicarboxylates are made in our laboratory.

Experimental Section

All chemicals were reagent grade as obtained from com-
mercial sources and used as received without further purifi-
cation. The Fourier transform (FT) IR spectra using KBr pel-
lets were recorded on a Nicolet ESP 460 FT-IR spectrometer.
Elemental analyses were performed on a PE-2400II (Perkin-
Elmer) analyzer. Thermogravimetric analysis (TGA) exper-
iments were carried out on a Dupont thermal analyzer from
room temperature to 800 ◦C (heating rate: 10 ◦C min−1, ni-
trogen stream). Powder X-ray diffraction (PXRD) patterns
were recorded on a Rigaku D/max-2500 diffractometer at
40 kV and 100 mA for a Cu target tube (λ = 1.5406 Å). The
calculated PXRD patterns were obtained from the single-
crystal diffraction data using the PLATON software [24, 25].
Solid-state fluorescence spectra were measured at room tem-
perature on a Varian Cary Eclipse spectrometer.

Synthesis of [Zn(BDC-I2)(DMF)]n (1)

A mixture of H2BDC-I2 (43 mg, 0.2 mmol) and
Zn(NO3)2 · 6H2O (29.7 mg, 0.10 mmol) in 8 mL of a DMF-
ethanol (v/v: = 1 : 1) mixed solvent was sealed in a Teflon-
lined stainless-steel autoclave and heated at 85 ◦C under au-
togeneous pressure for 48 h, and then cooled to room tem-
perature. Colorless block-shaped crystals were collected and
washed with DMF, ethanol and ether. Yield: 40% based on
H2BDC-I2. – Anal. for C11H9I2NO5Zn (%): calcd. C 23.83,
H 1.64, N 2.53; found C 23.27, H 1.68, N 2.41. – IR (cm−1,
KBr pellet): v = 3425 (br), 2931 (m), 1632 (s), 1486 (s), 1432
(m), 1385 (s), 1337 (s), 1267 (s), 1112 (m), 1083 (s), 1026
(s), 825 (m), 792 (m), 747 (s), 673 (m).

X-Ray structure determination

The single-crystal X-ray diffraction measurement was
performed on a Bruker Apex II CCD diffractometer at am-
bient temperature with MoKα radiation (λ = 0.71073 Å).
A semiempirical absorption correction was applied using
SADABS [26], and the program SAINT [27] was used for
integration of the diffraction profiles. The structure was
solved by Direct Methods using SHELXS of the SHELXTL

package and refined anisotropically for all non-H atoms
by full-matrix least squares on F2 with SHELXL [28, 29].

Although there were eight peaks in the Fourier difference
map within the voids of the crystal structure, these highly
disordered solvent molecules were not crystallographically
well defined. Consequently, the SQUEEZE routine of PLA-
TON [24, 25] was used in order to eliminate the contribu-

Table 1. Crystal structure data for 1.

1
Empirical formula C11H9I2NO5Zn
Mr 554.36
Crystal size, mm3 0.18× 0.17× 0.15
Crystal system monoclinic
Space group C2/c
a, Å 15.288(2)
b, Å 15.615(2)
c, Å 18.563(4)
β , deg 109.969(5)
V , Å3 4165.0(1)
Z 8
Dcalcd., g cm−3 1.77
µ(MoKα ), cm−1 4.1
F(000), e 2064
hkl range ±18, ±18, −22→+17
Refl. measured/unique/Rint 11 218/3630/0.0477
Param. refined 183
Ra/Rw

b 0.0366/0.0984
GoF (F2)c 1.069
∆ρfin (max/min), 0.92/−1.23
e Å−3

a R(F) = Σ||Fo| − |Fc||/Σ|Fo|; b Rw(F2) = [Σw(F2
o −

F2
c )2/Σw(F2

o )2]1/2; c GoF = [Σw(F2
o − F2

c )2/(nobs − nparam)]1/2;
w = [σ2(F2

o )+(aP)2 +bP]−1, where P = (Max(F2
o ,0)+2F2

c )/3.

Table 2. Selected bond lengths (Å) and angles (deg) for 1
with estimated standard deviations in parenthesesa.

Distances
Zn1–O1 2.035(3)
Zn1–O2 2.060(3)
Zn1–O3 2.012(3)
Zn1–O4 2.045(3)
Zn1–O5 1.988(4)
Zn1–Zn1#1 2.981(1)
Angles
O1–Zn1–O2 159.4(2)
O1–Zn1–O3 88.5(2)
O1–Zn1–O4 88.9(2)
O1–Zn1–O5 100.4(2)
O2–Zn1–O3 88.2(2)
O2–Zn1–O4 86.7(2)
O2–Zn1–O5 100.2(2)
O3–Zn1–O4 158.6(2)
O3–Zn1–O5 103.1(2)
O4–Zn1–O5 98.3(2)

a Symmetry code: #1: −x+1/2, −y+1/2, −z.
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tion of disordered solvent molecules. In general, hydrogen
atoms were located geometrically and allowed to ride dur-
ing the subsequent refinement. Further crystallographic data
and structural refinement parameters are summarized in Ta-
ble 1, and selected bond lengths and angles are listed in
Table 2.

CCDC 879560 contains the supplementary crystallo-
graphic data for this paper. These data can be obtained free

of charge from The Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data_request/cif.

Acknowledgement

We gratefully acknowledge the Analytical Instrumen-
tation Center of Zhengzhou University for collecting the
single-crystal X-ray data and performing the physical-
chemical measurements.

[1] J. R. Long, O. M. Yaghi, Chem. Soc. Rev. 2009, 38,
1213 – 1214.

[2] W. Zhang, R.-G. Xiong, Chem. Rev. 2012, 112, 1163 –
1195.

[3] Y. Cui, Y. Yue, G. Qian, B. Chen, Chem. Rev. 2012,
112, 1126 – 1162.

[4] M. Yoon, R. Srirambalaji, K. Kim, Chem. Soc. Rev.
2005, 34, 109 – 119.

[5] J. J. Perry, J. A. Perman, M. J. Zaworotko, Chem. Soc.
Rev. 2009, 38, 1400 – 1417.

[6] H. Li, M. Eddaoudi, T. L. Groy, O. M. Yaghi, J. Am.
Chem. Soc. 1998, 120, 8571 – 8572.

[7] H. Li, M. Eddaoudi, M. O’Keeffe, O. M. Yaghi, Nature
1999, 402, 276 – 279.

[8] O. M. Yaghi, M. O’Keeffe, N. W. Ockwig, H. K.
Chae, M. Eddaoudi, J. Kim, Nature 2003, 423, 705 –
714.

[9] N. L. Rosi, J. Kim, M. Eddaoudi, B. L. Chen, M.
O’Keeffe, O. M. Yaghi, J. Am. Chem. Soc. 2005, 127,
1504 – 1518.

[10] A. L. Grzesiak, F. J. Uribe, N. W. Ockwig, O. M. Yaghi,
A. J. Matzger, Angew. Chem. Int. Ed. 2006, 45, 2553 –
2556.

[11] D. A. Dickie, M. C. Jennings, H. A. Jenkins, J. A. C.
Clyburne, Inorg. Chem. 2005, 44, 828 – 830.

[12] X.-P. Zhou, Z. Xu, M. Zeller, A. D. Hunter, S. S.-Y.
Chui, C.-M. Che, Inorg. Chem. 2008, 47, 7459 – 7461.

[13] K. K. Tanabe, Z. Wang, S. M. Cohen, J. Am. Chem. Soc.
2008, 130, 8508 – 8517.

[14] N. E. Ghermani, G. Morgant, J. d’Angelo, D. Des-
maële, B. Fraisse, F. Bonhomme, E. Dichi, M. Sgahier,
Polyhedron 2007, 26, 2880 – 2884.

[15] C. Seidel, R. Ahlers, U. Ruschewitz, Cryst. Growth.
Des. 2011, 11, 5053 – 5063.

[16] S.-C. Chen, Z.-H. Zhang, K.-L. Huang, H.-K. Luo, M.-
Y. He, M. Du, Q. Chen, CrystEngComm 2013, 15,
9613 – 9622.

[17] C.-P. Li, Y.-L. Tian, Y.-M. Guo, Polydedron 2009, 28,
505 – 510.

[18] K. E. deKrafft, Z. Xie, G. Cao, S. Tran, L. Ma, O. Z.
Zhou, W. Lin, Angew. Chem. Int. Ed. 2009, 48, 9901 –
9904.

[19] B.-Q. Ma, K. L. Mulfort, J. T. Hupp, Inorg. Chem.
2005, 44, 4912 – 4914.

[20] M. Hu, S.-C. Chen, Z.-H. Zhang, L. Wang, F.-A. Sun,
A.-J. Cui, M.-Y. He, Q. Chen, Z. Anorg. Allg. Chem.
2012, 638, 2329 – 2334.

[21] S.-C. Chen, M. Hu, Z.-H. Zhang, F.-A. Sun, L. Wang,
W.-Y. Zhou, M.-Y. He, Q. Chen, Transition Met. Chem.
2012, 37, 619 – 627.

[22] L. Chen, S.-C. Chen, Z.-H. Zhang, F.-A. Sun, A.-J. Cui,
H.-B. Gao, M.-Y. He, Q. Chen, Z. Naturforsch., B:
Chem. Sci. 2012, 67, 843 – 848.

[23] F.-K. Wang, S.-Y. Yang, R.-B. Huang, L.-S. Zheng,
S. R. Batten, CrystEngComm 2008, 10, 1211 – 1215.

[24] A. L. Spek, PLATON, A Multipurpose Crystallographic
Tool, Utrecht University, Utrecht (The Netherlands)
2010.

[25] A. L. Spek, Acta Crystallogr. 2009, D65, 148 – 155.
[26] G. M. Sheldrick, SADABS, Program for Empirical Ab-

sorption Correction of Area Detector Data, University
of Göttingen, Göttingen (Germany) 2002.

[27] SMART, SAINT, Area Detector Control and Integration
Software, Bruker Analytical X-ray Instruments Inc.,
Madison, Wisconsin (USA) 1998.

[28] G. M. Sheldrick, SHELXTL NT (version 5.1), Bruker
Analytical X-ray Instruments Inc., Madison, Wisconsin
(USA) 2001.

[29] G. M. Sheldrick, Acta Crystallogr. 2008, A64, 112 –
122.

www.ccdc.cam.ac.uk/data_request/cif
http://dx.doi.org/10.1039/b903811f
http://dx.doi.org/10.1039/b903811f
http://dx.doi.org/10.1021/cr200174w
http://dx.doi.org/10.1021/cr200174w
http://dx.doi.org/10.1021/cr200101d
http://dx.doi.org/10.1021/cr200101d
http://dx.doi.org/10.1039/b313997m
http://dx.doi.org/10.1039/b313997m
http://dx.doi.org/10.1039/b807086p
http://dx.doi.org/10.1039/b807086p
http://dx.doi.org/10.1021/ja981669x
http://dx.doi.org/10.1021/ja981669x
http://dx.doi.org/10.1038/46248
http://dx.doi.org/10.1038/46248
http://dx.doi.org/10.1038/nature01650
http://dx.doi.org/10.1038/nature01650
http://dx.doi.org/10.1038/nature01650
http://dx.doi.org/10.1021/ja045123o
http://dx.doi.org/10.1021/ja045123o
http://dx.doi.org/10.1021/ja045123o
http://dx.doi.org/10.1002/anie.200504312
http://dx.doi.org/10.1002/anie.200504312
http://dx.doi.org/10.1002/anie.200504312
http://dx.doi.org/10.1021/ic048443h
http://dx.doi.org/10.1021/ic048443h
http://dx.doi.org/10.1021/ic800952z
http://dx.doi.org/10.1021/ic800952z
http://dx.doi.org/10.1021/ja801848j
http://dx.doi.org/10.1021/ja801848j
http://dx.doi.org/10.1016/j.poly.2007.01.025
http://dx.doi.org/10.1016/j.poly.2007.01.025
http://dx.doi.org/10.1016/j.poly.2007.01.025
http://dx.doi.org/10.1021/cg200974h
http://dx.doi.org/10.1021/cg200974h
http://dx.doi.org/10.1021/cg200974h
http://dx.doi.org/10.1021/cg200974h
http://dx.doi.org/10.1039/c3ce41108g
http://dx.doi.org/10.1039/c3ce41108g
http://dx.doi.org/10.1039/c3ce41108g
http://dx.doi.org/10.1016/j.poly.2008.11.055
http://dx.doi.org/10.1016/j.poly.2008.11.055
http://dx.doi.org/10.1002/anie.200904958
http://dx.doi.org/10.1002/anie.200904958
http://dx.doi.org/10.1002/anie.200904958
http://dx.doi.org/10.1021/ic050452i
http://dx.doi.org/10.1021/ic050452i
http://dx.doi.org/10.1007/s11243-012-9630-3
http://dx.doi.org/10.1007/s11243-012-9630-3
http://dx.doi.org/10.1007/s11243-012-9630-3
http://dx.doi.org/10.5560/ZNB.2012-0140
http://dx.doi.org/10.5560/ZNB.2012-0140
http://dx.doi.org/10.5560/ZNB.2012-0140
http://dx.doi.org/10.1039/b718995h
http://dx.doi.org/10.1039/b718995h
http://dx.doi.org/10.1107/S090744490804362X
http://dx.doi.org/10.1107/S0108767307043930
http://dx.doi.org/10.1107/S0108767307043930

	A New 2D Zinc(II)-Organic Framework with Dinuclear Units Based on Iodinated Terephthalate: Synthesis, Crystal Structure and Luminescence Behavior
	1 Introduction
	2 Results and Discussion
	2.1 Synthesis and general characterization
	2.2 Description of the crystal structure
	2.3 Thermal stability
	2.4 Photoluminescence properties

	3 Conclusion
	4 Experimental Section
	4.1 Synthesis of [Zn(BDC-I2)(DMF)]n (1)
	4.2 X-Ray structure determination
	4.3 Acknowledgement



