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A new tetranuclear zinc(II) complex [Zn4(tmphen)4(tbip)4(H2O)4] (1, tmphen = 3,4,7,8-tetra-
methyl-1,10-phenanthroline, H2tbip = 5-tert-butyl isophthalic acid) is hydrothermally synthe-
sized and structurally characterized by single crystal X-ray diffraction, elemental analysis, and 
IR spectroscopy. In complex 1, four tbip2– ligands act as bridges between four neighboring Zn 
atoms to form an unusual tetranuclear zinc cluster. The clusters are further connected by two 
types of O—H�O and C—H�O hydrogen bonds, generating a three-dimensional supra-
molecular structure. Meanwhile, �—� stacking interactions and C—H�� interactions further 
consolidate the three-dimensional supramolecular framework of 1. In addition, the lumines-
cence measurements reveal that complex 1 exhibits strong fluorescent emissions in the solid 
state at room temperature. 
 
K e y w o r d s: tetranuclear, 3,4,7,8-tetramethyl-1,10-phenanthroline, 5-tert-butyl isophthalic 
acid and fluorescent property.  

 
The design and synthesis of coordination polymers is an attractive area of research not only due 

to their intriguing structures but also their potential applications in optics, magnetism, gas storage, ion 
exchange, catalysis, etc. [ 1—3 ]. The most effective and facile approach to coordination polymers is to 
utilize multi-pyridine and dicarboxylate ligands to link metal ions, giving in�nite frameworks [ 4—6 ]. 

Owing to an excellent coordination ability and a large conjugated system, 1,10-phenanthroline 
(phen) has been widely used to build coordination polymers [ 7, 8 ]. Since carboxylate groups have an 
excellent coordination ability and flexible coordination patterns, isophthalic acid has also been widely 
used in the construction of metal-organic frameworks [ 9, 10 ]. However, relatively less attention has 
been paid to their derivatives. Here, we selected 5-tert-butyl isophthalic acid (H2tbip) as an organic 
linker and 3,4,7,8-tetramethyl-1,10-phenanthroline (tmphen) as an N-donor chelating ligand, genera-
ting a new Zn(II) coordination complex [Zn4(tmphen)4(tbip)4(H2O)4] 1. 

Experimental. All reagents and solvents were commercially available and used without further 
purification. The IR spectra were obtained within the 400—4000 cm–1 as KBr disks on a VECTOR 22 
spectrometer. Elemental analyses (C, H, and N) were performed on a Perkin Elmer 240C elemental 
analyzer. An emission spectrum was recorded on a Hitachi F-4500 fluorescence spectrophotometer, 
using a slit width of 5 nm excitation at room temperature for the solid samples. 

Synthesis of [Zn4(tmphen)4(tbip)4(H2O)4]. A mixture of Zn(NO3)2 �6H2O (0.0297 g, 0.1 mmol), 
Tmphen (0.0236 g, 0.1 mmol), H2tbip (0.0222 mg, 0.1 mmol), and KOH (0.0112 g, 0.2 mmol) in H2O 
(10 ml) was sealed in a 16 ml. Teflon-lined stainless steel container and heated at 180 �C for 72 h. Af-
ter cooling to room temperature, white block crystals were collected by filtration and washed by water 
and ethanol several times (yield 41.7 %, based on H2tbip). 
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T a b l e  1  

Crystal data and structure refinement for complex 1 

1 

Formula Zn4C112H120N8O20 �calcd, g/cm3 1.439 
M 2159.73 �(MoK�), mm–1 1.028 
System Triclinic Crystal size, mm 0.21	0.18	0.15 
Space group 1P  
 range, deg. 2.10—25.50 
a, b, c, Å 11.027(4), 13.149(5), 18.364(7) F(000) 1128 
�, �, �, deg. 95.268(5), 94.065(5), 109.075(4) R1 

a [I > 2
(I )] 0.0540 
V, Å3 2491.4(16) wR2 

b [I > 2
(I )] 0.1037 
Z 1 GOOF 0.865  

 
For C112H120Zn4N8O20 anal. calcd, %: C, 62.28; H, 5.60; N, 5.19. Found, %: C, 62.46; H, 5.64; N, 

5.21. IR bands (�, cm–1): 1427 �(OCO)sym, 1680 �(OCO)assym, 3412 �b(H2O). 
X-ray crystallography. The crystal structure was determined on a Siemens (Bruker) SMART 

CCD diffractometer using monochromated MoK� radiation (� = 0.71073 Å) at 295 K. Absorption cor-
rection was performed using the SADABS program [ 11 ]. The structure was solved by a direct method 
using the SHELXL-97 program [ 12 ] and refined by the full-matrix least-squares technique on F2 with 
SHELXL-97. All non-hydrogen atoms were located in difference Fourier maps and refined anisotropi-
cally. All H atoms were refined isotropically with the isotropic vibration parameters related to the non-
H atom to which they are bonded. Crystal data collection and refinement parameters are given in Ta-
ble 1. CCDC reference number is 843515. 

Results and discussion. The structure of complex 1 features a centrosymmetric tetranuclear 
Zn(II) cluster unit. As shown in Fig. 1, complex 1 crystallizes in the triclinic space group 1P  with an 
asymmetric unit comprising two crystallographically distinct divalent zinc atoms (Zn1, Zn2), two 
doubly deprotonated bridging tbip dianions (type A, O1—O4; type B, O7—O10), two tmphen chela-
ting ligands (type C, N1—N2; type D, N3—N4) and two coordinated water molecules. The Zn1 atom 
bonds to two carboxylate oxygen atoms (O1, O7) from two different tbip2– ligands, two nitrogen atoms 
(N(1) and N(2)) from one chelating tmphen ligand, and one water oxygen atom (O5) in a distorted 
{ZnO3N2} square pyramid. The coordination environment of the Zn2 atom is completed by two car-
boxylate oxygen atoms (O3, O9i (i = –x+1, –y+1, –z+1)) from two distinct tbip2– ligands, two nitrogen  
 

T a b l e  2  

Selected bond distances (Å) and angles (deg.) for 1 

Zn(1)—O(1) 1.955(3) O(1)—Zn(1)—O(5) 126.56(12) O(1)—Zn(1)—O(7) 93.69(12) 
Zn(1)—O(7) 2.061(3) O(1)—Zn(1)—N(2) 118.30(14) O(5)—Zn(1)—N(2) 115.12(12) 
Zn(1)—N(2) 2.101(4) O(1)—Zn(1)—N(1) 93.93(13) O(5)—Zn(1)—N(1) 96.49(12) 
Zn(2)—O(6) 2.098(3) N(2)—Zn(1)—N(1) 76.71(13) O(3)—Zn(2)—O(9)#1 117.15(12) 
Zn(2)—N(3) 2.182(4) O(9)#1—Zn(2)—O(6) 89.23(12) O(3)—Zn(2)—N(4) 119.16(13) 
Zn(1)—O(5) 2.008(3) O(6)—Zn(2)—N(4) 141.71(12) O(3)—Zn(2)—N(3) 102.74(13) 
Zn(1)—N(1) 2.172(3) O(6)—Zn(2)—N(3) 85.31(12) N(4)—Zn(2)—N(3) 75.45(14) 
Zn(2)—O(3) 1.932(3) O(5)—Zn(1)—O(7) 89.63(12) O(3)—Zn(2)—O(6) 97.04(11) 
Zn(2)—O(9)#1 1.986(3) O(7)—Zn(1)—N(2) 87.93(12) O(9)#1—Zn(2)—N(4) 85.13(13) 
Zn(2)—N(4) 2.111(3) O(7)—Zn(1)—N(1) 164.63(13) O(9)#1—Zn(2)—N(3) 140.11(13) 

 
 

 

#1 –x+1, –y+1, –z+1. 
 



������ �	��
	����� 
����. 2013. 	. 54, � 4 761

Fig. 1. ORTEP view of asymmetric unit 
for complex 1, displacement ellipsoids  
 are drawn at the 30 % probability level 

 
atoms (N3 and N4) from another 
chelating tmphen ligand, and one 
water oxygen atom (O6) in a dis-
torted square pyramid geometry. 
The Zn—Ocarboxylate bond lengths 
range from 1.932(3) Å to 2.061(3) Å; 
the Zn—Oaqua bond lengths vary 
from 2.008(3) Å to 2.098(3) Å, and 
the Zn—N bond lengths are from 
2.101(4) Å to 2.182(4) Å; all are 
comparable to the corresponding 
values found in other Zn(II) com-
plexes [ 13—15 ]. Adjacent Zn1 and 
Zn2 atoms are joined into neutral tetranuclear zinc(II) complex by bis-(monodentate) tbip ligands 
(Fig. 2). The Zn1�Zn2 contact distances through the crystallographically distinct tbip ligands are 
9.706 Å and 7.833 Å. These differences are provided by conformational variances within the distinct 
tbip ligands. In tbip-A, the carboxylate groups are twisted by 26.6�, 9.7� relative to the plane of the 
phenyl ring. The related torsions in tbip-B are 9.7�, 7.5�. The Zn1�Zn1 and Zn2�Zn2 through-space 
distances across the tetranuclear kernel measure 14.009 Å and 10.718 Å respectively. These rhomboid 
units are noticeably pinched with Zn1—Zn2—Zn1 and Zn2—Zn1—Zn2 angles of �105.5� and �74.5� 
respectively. 

There are extensive inter- and intramolecular hydrogen bonds of O—H�O and C—H�O types 
connecting the tetranuclear structure of complex 1. O(5)—H(5B)�O(8), C(1)—H(1)�O(2), C(10)—
H(10)�O(7), C(32)—H(32B)�O(1)i, and C(37)—H(37)�O(3) are intramolecular hydrogen bonding 
interactions. The molecules of complex 1 are linked with each other through O(5)—H(5A)�O(2)ii, 
O(6)—H(6A)�O(10)iii, O(6)—H(6B)�O(3)iv, C(5)—H(5)�O(5)v, C(13)—H(13C)�(8)vi, C(17)—
H(17)�O(10)iii, C(21)—H(21)�O(4)iv, and C(29)—H(29A)�O(10)iv (i = –x+1, –y+1, –z+1; ii = 
= –x+1, –y+1, –z+2; iii = x–1, y–1, z; iv = –x, –y, –z+1; v = –x+2, –y+1, –z+2) hydrogen bonding inte 
ractions to construct a 3D supramolecular architecture (Fig. 3). In addition, the C—H�� interaction is 
 

 

 

 
 
 

Fig. 2 (lef t). View of the tetranuclear zinc(II) com-
                                         plex 

 
Fig. 3 (right). Solid-state emission spectrum of com-
                      plex 1 at room temperature 
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observed between C16—H16C and the centroid (Cg) of the C20—�21—�22—�23—�27—�28 
phenyl ring, with C16�Cg = 3.405(6) Å, H16C�Cg = 2.62 Å and C16—H16C�Cg = 140�. Another 
C—H�� interaction exists between C31—H31C and the centroid (Cg) of the N2—�7—�8—�9—
�10—�11 pyridine ring with C31�Cg = 3.700(6) Å, H31C�Cg = 2.88 Å and C31—H31C�Cg = 
= 144�. Furthermore, the ��� stacking interactions between the molecules of complex 1 are observed 
with the centroid-to-centroid distance in the range of 3.598(3)—3.699(3) Å, which increase ulteriorly 
the stability of the 3D supramolecular architecture of 1. 

The IR spectrum of complex 1 shows a strong and broad absorption peak at 3412 cm–1 which is 
attributable to the O—H stretching vibrations of bonded water molecules. The strong vibrations ap-
pearing around 1680 cm–1 and 1427 cm–1 correspond to the asymmetric and symmetric stretching vi-
brations of the carboxylate group respectively. The �� (�(OCO)assym – �(OCO)sym) is 253 cm–1 (>200), 
showing the presence of a monodentate linkage of carboxylates in the dianions. The absence of strong 
absorption bands around 1700 cm–1 indicates that the ligands are deproponated, which is in agreement 
with the X-ray structure [ 16 ]. 

The �uorescent property of complex 1 was studied in the solid state at room temperature. The free 
ligands exhibit emissions at 324 nm for H2tbip [ 17 ]. The emission bands of the free ligands are 
probably caused by the �*—n or �*—� transition. Irradiation of crystalline samples of complex 1 
with ultraviolet light (kex = 375 nm) caused moderately intense emission with kmax values of 351 nm. 
(Fig. 3). According to a recent review of d10 metal coordination polymer luminescence [ 18 ], the 
emissive behavior of 1 can be ascribed to ligand-centered electronic transitions. 

In summary, using 3,4,7,8-tetramethyl-1,10-phenanthroline (tmphen), 5-tert-butyl isophthalic 
acid (H2tbip), KOH, and Zn(NO3)2·6H2O, we isolated a new tetranuclear zinc(II) complex 
[Zn4(tmphen)4(tbip)4(H2O)4] that was characterized by single crystal X-ray diffraction, elemental 
analysis, and IR spectroscopy. In addition, complex 1 exhibits strong fluorescence emissions in the 
solid state at room temperature. 
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