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Abstract: The title metal—organic coordination complex 1, [Zn(pt)(Biim),] (pt =
= phthalate, benzene-1,2-dicarboxylate, Biim = 2,2'-biimidazole), was obtained
by hydrothermal synthesis and characterized by single crystal X-ray diffraction.
The complex crystallized as monoclinic, space group P2,/n with a = 8.5466(15)
A, b=11760(2) A, c = 20.829(4) A, p = 95.56(2)°, V = 2083.5(6) A3, Mr =
= 497.78, Dc = 1.587 g cm3, u(MoK ) = 1.226 mm2, F(000) = 1016, Z = 4,
the final R = 0.0564 and wR = 0.1851 for 3656 observed reflections (1 > 20o(1)).
The complex was aso investigated by elemental analysis, IR spectroscopy,
themogravimetry and theoretical calculations.

Keywords: 2,2 -biimidazole; phthalic acid; zinc(l1) complex; crystal structure;
guantum chemistry.

INTRODUCTION

The design and synthesis of metal—organic framework structures have been
studied widely during the past decade not only because of their intriguing archi-
tectures but also because of their unexpected properties for potential practical ap-
plications in a wide number of fields, such as asymmetric catalysis, magnetism,
photoluminescence, etc.1-3 These novel structures can be rapidly and efficiently
synthesized from some subunits, whereby the metal ion, bi- or multidentate or-
ganic ligand and coordinate bonding are the important factors for the self-as-
sembly processes. Conseguently, investigations in this field have led to many
materials with interesting structures.#
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The structural characteristics of and characterization of some metal com-
plexes, such as [Cd(CgH404)(C7HgN>)3]n, has been reported® and some metal
complexes containing the pt ligand (pt = phthalate, benzene-1,2-dicarboxylate)
were synthesized and characterized. 2,2'-Biimidazole (Biim), a good nitrogen
and hydrogen donor, can regard as a robust heteromeric hydrogen-bonded syn-
thon. As the five-membered rings also contain n electrons, n—n interactions may
be formed when the distance between the two rings is befitting.6.7 In this article,
anew Zn(Il) complex with pt as the first ligand is reported.

EXPERIMENTAL

2,2’ -Biimidazole was prepared according to a reported method.® Other chemicals from
commercia sources were of reagent grade and used without further purification. Infrared
spectra (KBr pellets) were taken on a Perkin—Elmer 240C spectrometer. The thermal analysis
was performed on a Diamond DSC type thermal anayzer.

Synthesis of bis(2,2’ -biimidazole)phthalato zinc(I1) [ Zn(pt)(Biim)] (1)

Complex 1 was prepared from a mixture of Zn(OAc),-2H,0 (0.109 g), phthalic acid
(0.166 g), biimidazole (0.268 g) and H,O (18 mL) in a30 mL Teflon-lined autoclave under an
autogenous pressure at 160 °C for six days. After cooling to room temperature, white block
crystals of 1 were collected by filtration and washed with distilled water. Yield 73 % (based
on Zn). Anal. Calcd. for CogH1gNgO4Zn: C, 48.2; H, 3.2; N, 22.5 %. Found: C, 48.1; H, 3.2;
N, 22.3 %.

Crystal structure determination and physical measurements

A single crystal with dimensions of 0.360 mmx0.316 mmx0.218 mm was mounted at
293(2) K. All measurements were performed on a Bruker CCD diffractometer using graphite-
-monochromated MoK, (1 = 0.71073 A) radiation in the « scan mode (5.00 < 26 < 52.14°). A
total of 17514 reflections were collected and 4134 were independent with Ry = 0.0252, of
which 3656 were observed with | > 2¢(1). A correction for Lp factors was applied. The struc-
ture was solved by direct methods using the SHEL X-97 program and refined with SHEL XL -
-979 by full-matrix |east-squares techniques on F2. All H atoms were positioned geometrically
and refined as riding atoms, with C-H = 0.93 A and N-H = 0.86 A, and with Uiso(H) = 1.2
Ueg(C,N). All non-hydrogen atoms were refined anisotropically and hydrogen atoms isotro-
pically. The final R = 0.0564 and wR = 0.1851, w = 1/(02(F0?) +(0.1466P)2 +1.1882P) where
P = (Fo%+2Fc?)/3. S= 1.057, (Ap)max = 0.70, (AP)min = —0.71 &/A3 and (4/0) s = 0.002. The
selected important bond parameters are given in Tablell.

Crystal structure deposition for complex 1. Supplementary crystallographic data for
complex 1 is deposited at the Cambridge Crystallographic Data Centre under CCDC 739928.
Further details of the crystal structure investigation may be obtained via http://
/lwww.ccdc.cam.ac.uk/data_request/cif.

RESULTS AND DISCUSSION
Crystal structure of [Zn(pt)(Biim),] 1

The single crystal X-ray diffraction analysis revealed that complex 1 crys-
tallizes in the P21/n space group. There are one Zn(l1) ion, one pt ligand and two
Biim ligands in the asymmetric unit (Fig. 1).
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TABLE I. Selected bond lengths (A) and bond angles (°) of the title complex obtained from
X-ray analysis and theoretical calculations at the B1B95/(6-311+G(2df,2p) (for C, H, N and
O) and the Lanl2dz (for Zn) level of theory, aswell asthe relative errors (%)

Bond Experimental Calculated Error, %
Bond length, A
Zn—0(2) 2.265(4) 2.2653 0.004
Zn-N(1) 2.342(5) 2.3425 0.000
Zn-N(5) 2.333(4) 2.3327 0.029
Zn-0(3) 2.321(3) 2.3219 0.026
Zn-N(4) 2.266(4) 2.2658 0.026
Zn—N(8) 2.265(5) 2.2647 0.035
Bond angle, °
N(4)-Zn-0(2) 86.31(15) 86.2986 0.015
0O(2)—Zn—N(8) 165.09(17) 165.0567 0.021
0(2)-Zn—0(3) 78.26(15) 78.2608 0.001
N(4)-Zn—N(5) 92.29(16) 92.3217 0.033
N(8)-Zn—-N(5) 74.76(15) 74.7555 0.008
N(4)-Zn—N(1) 74.69(14) 74.6713 0.027
N(8)-Zn-N(1) 89.54(14) 89.5631 0.024
N(5)-Zn-N(1) 155.52(14) 155.5279 0.004
N(4)-Zn—N(8) 108.41(16) 108.4539 0.039
N(4)-Zn-0(3) 163.03(15) 163.0163 0.009
N(8)—Zn-0(3) 87.40(16) 87.3638 0.043
0O(2)-Zn—N(5) 103.00(14) 102.9839 0.017
O(3)—Zn—N(5) 97.97(14) 97.9603 0.011
0O(2—Zn—N(1) 96.86(14) 96.8661 0.005

Fig. 1. The coordination geometry of com-
plex 1.

The coordination number of each zinc(Il) atom is six. The Zn is coordinated
by two carboxylate oxygen atoms from the two carboxyls of one pt (Zn-0O(2),
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2.266(5) A and Zn-O(3), 2.317(5) A), the other two oxygen atoms were deproto-
nated, and four nitrogen atoms from two different Biim ligands, giving a dis-
torted octahedron geometry. The Zn-N bond distances range from 2.259(5) to
2.331(6) A, the O(N)-Zn—O(N) angles range from 74.89(18) to 165.1(2)° (Tablel).

Each carboxyl group of pt is in a single-dentate coordination mode, i.e., the
two carboxy! groups are both deprotonated; this was proved by the absence of the
characteristic double peak at around 1600 cm1 in the IR spectrum. In this coor-
dination mode, the title complex formed a monomeric structure.

In the crystal lattice of the title complex, strong N-H---O hydrogen bonds
exist (Table I1). The nitrogen atoms N(2), N(3), N(6) and N(7) of the biimidazole
ligands act as donors, while the acceptor O atoms come from the carboxyl oxy-
gen of the pt ligands. The individual structures linked by strong hydrogen bonds
form atwo dimensional planar grid structure (Fig. 2).

TABLE Il. The hydrogen bonds of the title complex (symmetry transformations used to ge-
nerate the equivalent atoms. #1: —x+3/2, y+1/2, —z+1/2; #2: —x+1, -y, —Z, #3: x-1/2, y+1/2, z+1/2)

D-H--A dD-H)/A  dH-A/A  dD-A/A  Z(DHA)/°
N(3)-H(3B)---O(1)#1 0.86 1.91 2.736(6) 161.2
N(7)-H(7A)---O(3)#2 0.86 1.91 2.722(6) 155.8
N(2)-H(2A)--O(2)#1 0.86 1.86 2.702(6) 165.1
N(6)-H(6B)---O(4)#2 0.86 1.88 2.736(6) 173.3
C(13)-H(13A)---O(4)#3 0.93 2.38 3.273(7) 160.4
- 1 - ! \' .
S
B m‘%{“‘f L

Fig. 2. Thetwo-dimensional planar grid structure extended paralel to the plane
(the dotted single lines indicate hydrogen bonds).
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In addition, C(13)-H---O(4)# (#. —1/2+x, 1/2—y, 1/2+Z7) hydrogen bond inter-
actions exist.10 These inter-molecular contacts link neighboring two-dimensional
planar structures to athree dimensional supramolecular structure. Complex 1 also
contains n—t interactions and C—H---w interactions (Table 111). These intermo-
lecular interactions stabilize the crystal structure.

TABLE I11. Intermolecular n—n interactions (dist. centroids < 4.0 A) and C—H---x interactions
(H--Cg < 3.0 A, y < 30.0°) parameters of complex 1 (Cg(1): N(5)—C(15)—C(16)—N(6)—
—C(17)—5, Cg(2): N(7)—>C(18)—>N(8)—C(20)—C(19)—6, Cg(3): C(2)—>C(3)—>C(4)—
—C(5)—>C(6)—>C(7)—7, Cg(4): N(3)—>C(12)—N(4)—C(14)—C(13)—4; Cg(l) = plane nu-
mber | (= ring number in () above), dihedral angle = dihedral angle between planes| and J (°),
dist. centroids = distance between ring centroids (A), Cgl_Perp = perpendicular distance of
Cg(l) onring J (A), CgJ_Perp = perpendicular distance of Cg(J) on ring I (A), y = angle Cg(l)
—Cg(J) vector and normal to plane J (°), symmetry codes. a = 1-x, -y, -z b = -1+X, y, Z
c=1+xYy, 2

Cg()—>Cg(J) Dist. centroids, A Dihedral angle, ° Cgl_Perp, A CgJ Perp, A
Cg(1)—=Cg(2) 3.677(4) 6.04 3.327 3.344
Cg(2)—Cg(1) 3.677(4) 6.04 3.345 3.327
Cg(2)—Cy(3) 3.916(4) 18.72 3.670 3.612
Cg(3)—Cg(2) 3.916(4) 18.72 3611 3.670
C-H(1)—Cg(J)
C(3)-H(3A)—Cqg(4) Distance H---Cg, A H-Perpy /° C-H---Cgangle, °
2.90 8.68 131

IR Spectrum of complex 1

The IR spectrum of complex 1 contained aweak band at 3144 cm2 of vy_H
and vc_H, Which is a characteristic absorption of Biim. The medium bands at
1608 and 1397 cm1 are, respectively, the asymmetric and symmetric stretch vib-
ration of the carboxylate groups; 4 > 200 cm—1 shows the presence of monoden-
tate linkages of the carboxylates in the dianions, which is consistent with the X-
-ray diffraction results. The bands at 1559w, 1483w, 1424w and 1257s cm2 can
be attributed to C=C and C=N11-13 gtretch vibrations of the imidazole ring. The
band at 827s cn! arises from N—H bend vibrations, and those at 771w, 758w,
745w cm1 can be attributed to C=C and C=N bend vibrations of imidazole. The
band at 445w cm1 is in the low frequency region and can be regarded as arising
from the metal coordinated to the Biim ligand (Zn-N stretching vibration).13

Thermal analysis

The TG measurement was performed under a N, atmosphere at a heating
rate of 10 °C min—L. The TG curve of complex 1 isshownin Fig. 3. TG curve of
complex 1 shows afirst weight loss of 31.4 % from 190 to 310 °C, corresponding
to the removal of the pt ligand molecules (calcd. 32.9 %). Upon further heating, a
weight loss (54.6 %) occurred in the temperature range of 510-595 °C, corres-

Available online at www.shd.org.rs/JSCS/

2012 Copyright (CC) SCS



182 TENGetal.
ponding to the release of the organic ligand Biim (calcd. 53.9 %). After 600 °C,

no weight loss was observed, which indicates the complete decomposition of
complex 1. Theresidual weight of 16.8 % (calcd. 16.4 %) corresponds to ZnO.

100 =
80 =

60 =

Weight, %
'l

40

20 =

100 200 300 400 500 600 700 800 Fig. 3. The TG curve for the title
t/°C complex 1.

Computational chemistry research

The geometric structure with real frequence was optimized by the density
functional theory (DFT)14 method with a Becke one parameter hybrid functional
(B1B95).15 There were no symmetry constraints on the complex. In the calcula-
tion, the effective core potentials of Zn atoms proposed by Hay and Wadt16 were
employed, and a “double-&” quality basis set LANL2DZ was adopted for the Zn
metal. There are lone-pair electrons and a conjugated system in the complex, the
6-311++G(2df, 2p) basis set was employed for C, H, O, N optimization, which
involved 49 atoms, 1266 basis functions, 1895 primitive Gaussians, 118 apha
electrons and 118 beta electrons. All calculations were performed with the Gaus-
sian 09 software packagel” and Natural Bond Orbital (NBO)18 analyses were ob-
tained based on the optimized geometries.

From Table I, it can be seen that the relative errors of the bond lengths and
bond angles were al in the range of 0.00-0.04 %. This led to the belief that the
employed theoretical method was suitable for complex 1.

The atomic net charges for complex 1 calculated in the NBO analysis are
listed in Table 1V. The results of calculation show that electronic arrangement of
the central zinc atom is 4s0-273¢9-984p0.42 The covalent valence of zinc is +2, but
the zinc partially obtains electrons from the pt and Biim ligands, illustrating that
the charge of the central Zn metal for complex 1 is 1.31799. The net charges of
the other coordinated N and O atoms (N1, N4, N5, N8, O2 and O3) are -0.53277,
—0.51940, —0.53279, —0.51939, —0.86153 and —0.86151, respectively. Thus, the
net charges of the coordinated O atoms are more negative than those of the coor-
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dinated N atoms. The calculated Weiberg bond orders (Zn—O (0.2220), Zn-N4,
Zn—N8 (0.1707) and Zn—N1, Zn-N5 (0.1579)) indicate that the bonds around the
metal are covalent in nature.

TABLE IV. Selected atom net charges and electronic configuration of the title complex at the
B1B95/(6-31+G(2df) (for C, H, N and O) and the Lanl2dz (for Zn) level

Atom Charge Electronic c

Zn 1.31799 [core] 45(0.27) 3d( 9.98) 4p(0.42)

N1 -0.53277 [core] 25(1.35) 2p(4.14) 3d(0.02) 4p(0.01)
N2 —0.55498 [core] 25(1.23) 2p(4.30) 3d(0.01) 4p(0.01)
N3 -0.55533 [core] 25(1.23) 2p(4.30) 3d(0.01)

N4 -0.51940 [core] 25(1.35) 2p(4.13) 3d(0.02) 4p(0.01)
N5 -0.53279 [core] 25(1.35) 2p(4.14) 3d(0.02) 4p(0.01)
N6 —0.55498 [core] 25(1.23) 2p(4.30) 3d(0.01) 4p(0.01)
N7 —0.55532 [core] 25(1.23) 2p(4.30) 3d(0.01)

N8 -0.51939 [core] 25(1.35) 2p(4.13) 3d(0.02) 4p(0.01)
o1 -0.71567 [core] 25(1.70) 2p(4.98) 3p(0.01) 3d(0.02)
02 -0.86153 [core] 25(1.68) 2p(5.15) 3p(0.01) 3d(0.02)
03 -0.86151 [core] 25(1.68) 2p(5.15) 3p(0.01) 3d(0.02)
04 —0.71569 [core] 25(1.70) 2p(4.98) 3p(0.01) 3d(0.02)

It can be seen from Fig. 4 that in the highest molecular occupied orbital
(HOMO, Orbital No. 118, Fig. 44), the electron is mainly located at the pt ligand,

Fig. 4. The LUMO No. 94 0.036
(@ and No. 109 0.029 isosurface
(b), HOMO 0.034 (c) and LUMO
0.030 isosurface (d) orbitals of the
title complex 1.
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while in the lowest unoccupied molecular orbital (LUMO, Orbital No. 119, Fig.
4b), the electron is mainly situated on the two Biim ligands. There are four Zn-N
coordinate bonds and two Zn—-O coordinate bond around the central Zn. After
examination of both molecular orbital graphs, it is known that the Zn—-N bonds
are related to the orbital No. 94 (Fig. 4c), correspondingly, the Zn—O bonds are
related to the orbital No. 109 (Fig. 4d). These two orbitals revea that the Zn cen-
ter uses its d orbitals to interact with N or O p orbital to form the coordinate
bonds of the title complex.

CONCLUSION

In this article, the metal—organic coordination complex 1, [Zn(pt)(Biim)2],
which exhibits a three-dimensional network structure, is reported. The complex
was investigated by IR spectroscopy, elemental analysis and TG analysis. The
density functional theory (DFT) calculation was performed at the B1B95 level.
Analysis of the orbitals revealed that the Zn center mainly uses its d orbitals to
coordinate to the ligands. The net charges and the bond orders were also investi-
gated. The obtained results are consistent with the X-ray diffraction results.

U3BOJ

CHUHTE3A, KPUCTAJIHA CTPYKTYPA U TEOPUICKA UCITUTUBAIbA LIMHK(1)
KOMIUIEKCA [Zn(pt)(Biim),]

FEI TENG', NAN JANG? ZHONGHUI WANG®, YUNCHENG CUI? u JJAJUN WANG?*

"Mathematics College of Jilin Normal University, Sping 136000, China, 2Key Laboratory of Preparation and
Application of Environmental Friendly Materials (Jilin Normal University), Ministry of Education, Chemistry
Department of Jilin Normal University, Sping 136000, China, 3AcryI onitrile Plant of PetroChina Jilin
Petrochemical Company, Jilin 132021, China u ‘Jate Key Laboratory of Theoretical and Computational
Chemistry, Institute of Theoretical Chemistry Jilin University, Changchun 130023, China

XuaprepmanHoM curte3oM uzonosaH je uuHk(l1) kommeke 1, [Zn(pt)(Biim),] (pt = dranar,
6ensen-1,2-nukap6okcunar, Biim = 2,2’ -6uumunason). Kapakrepusanuja KOMIUICKCa je W3BpILICHA
Ha OCHOBY Jubpakimje X-3paka ca MOHOKpHCTaia. MOHOKIMHUYHN KPHCTAIN KOMILUIEKCAa HUMajy
npocropHy rpyny P2;/n ca Bpemmoctmma: a = 85466(15) A, b = 11,760(2) A, ¢ =
=20,829(4) A, p = 95,56(2)°, V = 2083,5(6) A3, Mr =497,78, Dc = 1,587 glem3, u(MoK ) = 1,226
mm-1, F(000) = 1016, Z = 4, koxaunu dakrop noysaaxocts R = 0,0564 1 WR = 0,1851 3a 3656
ynorpebisenux pediexcuja (I > 20(1)). Tlopen Tora, 3a KapakTepu3alKjy KOMIUIEKCA YIOTPEOIbeHH
cy eneMeHTaHa aHanmu3a, IR, TG u Teopujcka u3padyHaBama.

(Mpumsbeno 9. neriemGpa 2010, peBuauparo 7. centemopa 2011)
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