27 6% TH T L 1k & 2% Eild Vol.27 No.7
2011 47 J CHINESE JOURNAL OF INORGANIC CHEMISTRY 1446-1450

EFREE-5, 6-— FER- GBS MR G, mIKFHFREE R

WS RHF & Y

(AL IFER AFSAGHFRRE KL 525000)

WE . RHKPER MnCl, 58 IF kM5 6- — R IR & SN G W — B iy B Z4e )2 RE5 M i &\ i 62 R & W
{(IMn(Hbim)(H,0),]- (H,0),}, (1), 43 B U IT R 4387 , L0 AM 5 | 22 303 B F1 XS0 48 B S 1 S R AR X 25 4 X3 4 0 b A3 33 23 A
R, RS T IESC R, Phea = HIHE & 240 0=0.728 2(14) nm,b=1.804 5(4) nm,c=1.915 5(4) nm, V=2.429 3(8) nm’, Z=8,
CoH o MnN,Og, M,=331.15,D,=1.811 g-cm™, F(000)=1 352 ,u(Mo Ka)=1.130 mm™, 5c%¢ R=0.037 1,wR=0.085 8, TERC A R & | i —
FRBE 7 T AR T B ARSI 0.57 nmx0.75 nm — 238 38 1 2 R 4 25 A T ik — 25 Bl oy T TR) I SUREVE FH R S = 4
O F 450 WM BTN e I A & W oy SR

KW WA ARG KEGE R TR

HESES, 06147171 THRFRIRED A XEHS: 1001-4861(2011)07-1446-05

Synthesis, Crystal Structure and Magnetic Properties of Mn(I)
Benzimidazole-5,6-dicarboxylate Complex

LIN Pei-Xi* KANG Xin-Ping AN Zhe
(College of Chemistry and Life Science, Guangdong University of Petrochemical Technology, Maoming, Guangdong 525000, China)

Abstract: A new manganese coordination polymer {{Mn(Hbim)(H,0),] - (H,0),}, (1) (where Hbim=1H-benzimidazole-
5,6-dicarboxylate) has been synthesized by hydrothermal method and characterized by elemental analysis, IR, TGA
and single-crystal X-ray diffraction. It crystallizes in orthorhombic, space group Pbca with a=0.728 2(14) nm, b=
1.804 5(4) nm, ¢=1.915 5(4) nm, V=2.429 3(8) nm*, Z=8, CoH,,MnN,O5, M,=331.15, D.=1.811 g-cm™, F(000)=1 352,
(Mo Ka)=1.130 mm™, the final R=0.037 1 and wR=0.085 8 for observed reflections with I>20(I). Compound 1 is a
2D coordination polymer including 1D channels of 0.57 nmx0.75 nm (excluding van der Waals radii) along the ¢ axis
made up of interconnected Mn-carboxylate zigzag chains, and displays a three-dimensional (3D) supramolecular
network via multiple intermolecular hydrogen bonds. Furthermore, the temperature dependent magnetic

susceptibility has been evaluated under 1 000 Oe, and reveals the antiferromagnetic coupling. CCDC: 805737.
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Coordination polymers materials are receiving
growing attention due to their potential applications in
magnetism, ion exchange, catalysis, gas separation,
other areas!™. The rational

sensor, and many

selection of organic ligands is crucial to design and
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synthesize the target coordination polymers, which not
only determine their structure and dimensionality, but
also influence their potential properties  and
applications®”.  Among these organic ligands, 1H-

benzimidazole-5,6-dicarboxylate (H,bim) is an excellent
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candidate for the construction of supramolecular
complexes because it possesses two nitrogen atoms of
the imidazole ring and four oxygen atoms of carboxylate
groups. Although H,bim has diverse coordination
capabilities upon reacting with transition metal ions®",
alkaline-earth metal ions"""! and lanthanide ions"™. To
the best of our knowledge, the 2D Mn ! coordination
polymers with H,bim including 1D channels have been
no reported to date.

In this paper, we present the synthesis, crystal
structure, and variable temperature magnetic susce-
ptibility of this new 2D Mn ! carboxylate coordination
polymer {{Mn(Hbim)(H,0),]- (H,0).},.

1 Experimental

1.1 Materials and measurements

All the materials and reagents were obtained
commercially and used without further purification.
Elemental (C, H, N) analyses were performed on a
Perkin-Elmer 2400 element analyzer. The IR spectra
360 FTIR

spectrophotometer. Thermogravimetry analyses (TGA)

were acquired using Nicolet Avatar
were performed on a simultaneous SDT thermal
analyzer (STA449C, Netzsch) under a flow of N, at a

- between ambient

heating rate of 10 “C -min
temperature and 800 “C. Magnetic property was studied
under Quantum Design SQUID magnetometer on the
MPMS-7 system.

1.2 Synthese of 1

A mixture of MnCl, (0.126 g, 1 mmol), H;bim
(0.105 g, 0.5 mmol), NaOH (0.021 g, 0.25 mmol) and
H,0 (10 mL) was stirred for 30 min in air and then
sealed in a 23 mL Teflon reactor and kept under
autogenous pressure at 150 °C for 72 h. The mixture
was cooled to room temperature at a rate of 5 °C +h™,
and block rosiness crystals were obtained in a yield of
48% based on Mn. Elemental analysis caled. for
CoHpMnN,Og(%): C, 32.61; H, 3.62; N, 8.45. Found(%):
C, 32.63; H, 3.64; N, 8.41. Main IR frequencies (KBr,
em™): 3408, 3 138,2921, 1537, 1468, 1418, 1343,
1184,1127, 784, 689, 634, 590.

1.3 Crystal structure analysis

A single crystal with dimension of 0.32 mmx0.27
mm X0.20 mm was mounted on a glass fiber for data
collection on a Rigaku Mercury CCD diffractometer
operated at 90 kV and 50 mA using Mo Ka radiation
(A =0.071 073 nm) at room tempera-ture. Empirical

were performed using the
[12]

absorption corrections
program CrystalClear The structures were solved
by direct methods and refined on F? by full-matrix
least squares technique using the SHELX-97 program

I3 All  non-hydrogen atoms were refined

package
anisotropically. Hydrogen atoms on water molecules
were located from difference Fourier maps and refined
with distance restraints of O-H 0.084(2) nm, N-H 0.086
(3) nm and H---H 0.139 (2) nm. Selected bond lengths
and bond angles are given in Table 1.

CCDC: 805737.

Table 1 Selected bond distances (nm) and angles (°)

Mn(1)-0(4) 0.207 91(15) Mn(1)-N(1)"
Mn(1)-0(1) 0.212 62(16) Mn(1)-0(5)
0(4)-Mn(1)-0(1) 143.28(6) 0(4)-Mn(1)-0(5)
0(4)-Mn(1)-N(1)" 116.97(7) O(1)-Mn(1)-0(5)
O(1W)-Mn(1)-0(6) 171.14(6) N(1)*-Mn(1)-0(5)
O(1)-Mn(1)-N(1)? 99.37(7) O(4)-Mn(1)-0(6)

0.217 04(19)
0.217 79(17)

Mn(1)-0(6) 0.224 10(18)

88.46(6) 0(1)-Mn(1)-0(6) 89.35(6)
93.16(6) N(1)'-Mn(1)-0(6) 92.37(7)
95.59(7)
84.46(6)

Symmetry codes: ' 1/2+x, 1/2—y, 1-z; " 2—x, -y, 1-z.
2 Results and discussion

2.1 IR spectra
The IR spectra of compound 1 show broad bands

in the region of 2 920 ~3 410 cm ™', which may be
assigned to the v(0-H) stretching vibrations of the water
molecules. The bands at 1538, and 1468, 1418, 1343
! (COO) and

cm ™ are associated with the asymmetric
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symmetric (COO) stretching vibrations.
2.2 Structure description

Single-crystal X-ray diffraction analysis reveals
that compound 1 displays a 2D coordination polymer
constructed by interconnected Mn-carboxylate chains,
crystallizing in the space group Pbca. An ORTEP plot
of 1 is shown in Fig.1. In the asymmetric unit of 1, there
are one Mn(Il) ion, one Hbim ligand, two coordinated
water molecules and two free water molecules. The
Mn(I) centre is five-coordinated by two O-donors of two
different Hbim ligands, one N-donor of one Hbim
ligand, two O-donors of two water molecules and
displays a distorted trigonal bipyramidal coordination
sphere. The two carboxylate O atoms and one N atom
form a trigonal plane around Mn atom, while two water
molecules occupy the axial sited on the trignal
bipyramidal. The Mn-O, Mn-N bond lengths and O-Mn-
0, O-Mn-N bond angles ranging from 0.207 92(2) nm to
0.224 14(2) nm and 84.46(5)° to 171.14(6)° (Table 1),
respectively, all of which are within the reasonable
range of observed values for other five-coordinated
Mn (I complexes based on 1H-benzimidazole-5,6-

dicarboxy late ligand®?. The Hbim ligands in 1 exhibit

the same coordination mode with every carboxylate
group as monodentate to link two Mn(Il) ions, and the N
atom in the imidazole ring links one Mn(Il) ion. Thus,
Mn(Il) ions form a 1D Mn-carboxylate alternate chain
along the ac-plane and Mn --- Mn is separated by
0.580 9(2) nm (Fig.2a). Each Hbim ligand also offers a
nitrogen in the imidazole ring to connect the adjacent
chains. Then, a 2D coordination network including 1D
channels of 0.57 nmx0.75 nm (excluding van der Waals
radii) within the 2D individual layers along the ¢ axis

(Fig.2b). The chains within the 2D layers are separated

Symmetry codes: ' 1/2+x, 1/2-y, 1-z; " 2—x, -y, 1-z; Displacement

ellipsoids at the 30% probability level
Fig.1 Coordination environment of Mn(l) atom in

complex 1

Fig.2

(b)

Symmetry codes: ™ —1+x, y, 23 ¥ =1/24x, =1/2-y, 1-z;" l+x, y, z; * 3/2+x, 12—y, 1-z

(a) A view of one-dimensional Mn-carboxylate chain structure in 1; (b) Polyhedral view of layered

network in 1 including 1D channel along the ¢ axis
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by 0.744 0(3) nm as measured by the Mn---Mn distance.
The solvent water molecules, which located in cavities
of the 2D layered network, allowing them to participate
in various O—H---0 and N-H---O hydrogen bonds with

the coordinated water molecules, N-H groups of
imidazole rings and carboxylate O atoms, which help to
stabilize the three-dimensional structure. The H-bond

geome-trical parameters are reported in Table 2.

Table 2 Hydrogen bonds distances and angles

D-H--A d(D-H) / nm d(H--A) / nm d(D-+A) / nm £ DHA / ()
04W-H8W---03W" 0.084 0.196 0.277 6(3) 164.6
04W-H7W---04 0.084 0.195 0.278 6(2) 170.4
03W-H6W---02W™ 0.084 0.204 0.285 5(2) 164
03W-H5W---01 0.084 0.195 0.277 1(2) 164
02W-H4W---04W’ 0.084 0.195 0.276 5(3) 161.9
02W-H3W---02’ 0.084 0.196 0.279 2(2) 1683
01W-H2W---03" 0.084 0.194 0.275 5(2) 164.7
O1W-HIW---02 0.084 0.195 0.277 9(2) 1702
N2-H2A---03W" 0.086 0.195 0.279 0(2) 163.7

Symmetry codes: " 1—x, =y, 1-z; “=1+x, y, z; "14x, y, 2; ", 12—y, 1/24z; " =1/2+4x, 1/2—y, 1-z; "3/2-x, -y, =1/2+z

2.3 Thermogravimetric analyses
Thermal gravimetric analyses (TGA) were carried
out to examine the thermal stability of 1. The samples
were heated up in flowing N, with a heating rate of 10
C+-min™". The TGA curve in Fig.3 shows that a gradual
weight-loss step of 20.5% (50~200 °C), corresponding
to the escape of the two uncoordin-ated water molecules
and two coordinated water molecules (caled. 21.6%).
The weight-loss step that occurs above 400 °C
corresponds to the decomposition of the framework.
1004

90
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Fig.3 TGA curve of compound 1

2.4 Magnetic properties

Magnetic susceptibility measurements were perfor-
med in the temperature range of 2 ~300 K with an
applied field of 1 000 Oe. The experimental susceptibil-
ities were corrected for the diamagnetism of the
constituent atoms. The plot of x,,I" and 1/, versus T is
presented in Fig.4. The x,T of Mn(Il) at 300 K is 4.69

cm’+mol™ - K, slightly higher than the spin-only value of
4.38 ¢cm*+mol ™+ K for one high-spin Mn(Il) ion (g=2, S=
5/2). Upon cooling, the x,I' value steadily decreases,
and the feature indicates a dominant antiferromagnetic
interaction in 1. The plots of yy ' versus T from 2~300 K
obey the Curie-Weiss law with 4.70 cm?®-mol " - K, 6=
—-12.05(8) K. The observed behaviors indicate that
weak antiferromagnetic interactions take place between
adjacent manganese centers. The magnetic behavior is
similar to those of Mn complexes®”, which the weak
antiferromagnetic interactions come from adjacent

paramagnetic Mn centers.
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Fig.4  Plots of yyT and yy ' vs T for 1

3 Conclusions

In summary, we have synthesized a new 2D
manganese coordination polymer {{Mn (Hbim) (H,0),] -

(H,0),},, under hydrothermal reaction. Complex 1
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features a 2D layered network with 1D channels of 0.57
nmx0.75 nm within the 2D individual layers along the
c-axis, which is constructed by the interconnection of
adjacent parallel Mn-carboxylate chains. Magnetic
studies indicate that the interactions between Mn (II)

ions is antiferromagnetic.
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