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Abstract: A novel compound Cu(phen)(m-CBA), was synthesized with m-chlorobenzoic acid(m-CBA), 1,10-phenanthroline(phen)
and Cu(OAc),'H,O. It was characterized by IR, UV, elemental analyses and X-ray crystallography. It crystallizes in the monoclinic
crystal system with C2/c space group, a=2.9699(4) nm, b=1.15452(2) nm, ¢=1.5335(2) nm, f=111.118(2)°, ¥=4.905 1(1) nm’, Z=8,
F(000)=2 328, R;=0.072 8, wR,=0.223 4 [I>20(])]. Structure analysis shows that the copper center coordinates with two nitrogen
atoms from one 1,10-phenanthroline molecule, two oxygen atoms from two m-chlorobenzoic acid molecules, giving a distorted
squared planar coordination geometry. This novel compound shows paramagnetic interactions between copper centers.
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1 Introduction

Recently, the design and synthesis of metal
aromatic carboxylic coordination compounds has
become one of the hottest fields for chemists, due to their
wide applications in materials, molecular
electrochemistry, biochemistry and pharmaceuticals
[1-3]. At present, there has been an increasing
interest in the development of the structural and
magnetic properties of metal aromatic carboxylic
coordination compounds [4—7]. Although compounds
Zn(phen)(m-CBA),(H,O0) [8], [Co(phen),(m-CBA)
(H,0)]-(m-CBA)(H,0), [9] and Mn(phen)(m-CBA), [10]
with m-chlorobenzoic acid (m-CBA) and
1,10-phenanthroline (phen) ligands have been reported,
copper (II) compounds with zero dimensional structural
type containing m-CBA and phen ligands have not been
reported. In order to obtain further information about the
compound construction with aromatic carboxylic acid
ligands and investigate the effect of solvent, anion and
n-m interaction on the self-assembly process, a new
compound Cu(phen)(m-CBA), with m-CBA and phen as
ligands was prepared.

In this work, the synthesis and crystal structure of
the compound Cu(phen)(m-CBA), were described. The

magnetic properties of the
(m-CBA), were investigated.

compound Cu(phen)-

2 Experimental

2.1 Materials and apparatus

Copper acetate, m-chlorobenzoic acid,
1,10-phenanthroline and ethyl alcohol obtained from
commercial sources were all of A.R. grade and used
without further purification. IR spectra were recorded
on a Perkin-Elmer 16 PC FT-IR spectrophotometer
with KBr pellets in the region of 4000-400 cm .
Elemental analyses were performed on a Perkin-Elmer
240C elemental analyzer. UV spectra were recorded
on a UV-2450 ultraviolet spectrophotometer in the
region of 220—400 nm. Crystal structure determination
was carried out on a Bruker SMART-APEX 1000
diffractometer.

2.2 Synthesis of compound Cu(phen)(m-CBA),
Cu(OAc),’H,0 (0.1997 g, 1 mmol), m-chlorobenzoic
acid (0.3112 g, 2 mmol), 1,10-phenanthroline (0.1998 g,
1 mmol) were added into ethyl alcohol (30 mL), and the
mixture solution was stirred thoroughly for 12 h at room
temperature. The resulting mixture was filtered and then
transparent blue hexagon crystals suited for single

Foundation item: Project (21001118) supported by the National Natural Science Foundation of China
Corresponding author: ZHOU Jian-liang; Tel: +86-13755009868; Fax: +86-731-88879616; E-mail: zhoujl@mail.csu.edu.cn

DOI: 10.1016/S1003-6326(11)61107-2



ZHOU Jian-liang, et al/Trans. Nonferrous Met. Soc. China 21(2011) 2660—2664 2661

crystal X-ray diffraction analyses were obtained by slow
evaporation at room temperature after 20 d. IR(KBr,
em'): 1601(vs), 1558(vs), 1428(vs), 1375(vs), 1262(s),
1150(s), 881(s), 855(s), 846(vs), 768(vs), 725(vs),
664(w), 560(w), 490(w), 447(m). UV(nm): 271-305.
Calced. for CyH30sN,CuCl,: C, 68.1; H, 3.9; N, 6.1.
Found: C, 68.2; H, 3.8; N, 6.2.

2.3 X-ray crystal structure determination

X-ray measurements and data collection were
carried out on a Bruker SMART-APEX 1000 area-
detector diffractometer using graphite-monochromated
Mo K, radiation (4=0.071 073 nm). The collected frames
were processed with the software SAINT. The data were
corrected for absorption using the program SADABS
[11]. The structure was solved by direct methods and
refined by full-matrix least-squares on F° using the
SHELXTL software package [12]. Non-hydrogen atoms
were refined with anisotropic displacement parameters.
Carbon-bonded hydrogen atoms were included in
calculated positions and refined in the riding mode using
SHELXL97 default parameters.

2.4 Magnetic measurements

Magnetic susceptibility data were obtained on
polycrystalline samples using a Quantum Design
MPMS-XL7 SQUID magnetometer. Data were recorded
in field of 1.6x10° A/m while heating the sample from
1.8 to 300 K. Diamagnetic corrections were made for
both the sample holder and the compound estimated
from Pascal’s constants [13].

3 Results and discussion

3.1 Synthesis and characterization

The compound Cu(phen)(m-CBA), was obtained in
high yield by treatment of m-CBA and phen with
Cu(OAc),’H,O under stirring conditions at room
temperature.  Compound  Cu(phen)(m-CBA), was
characterized by IR, UV, elemental analyses and X-ray
diffraction. ~The IR spectrum of compound
Cu(phen)(m-CBA), shows several strong sharp bands
1 601 cm ' and 1 375 cm! assigned to the v,,and v
stretching vibrations of coordinated carboxyl in m-CBA.
The difference of v,(C=0) and v(C==0) is 226 cm '
and larger than 200 cm'
coordination mode [14]. The adsorption peaks of phen
(1 419, 850, 738 cm ") shift to 1428 846 and 725 cm ',
respectively, due to its coordination with Cu(II) atom.
The IR attribution of compound Cu(phen)(m-CBA), is
consistent with the structural determination. The UV
spectra of compound Cu(phen)(m-CBA), and ligands
collected with DMSO as solvent show that m-CBA has
one broad peak at about 278 nm, and phen has one strong

, indicating a monodentate

peak at 306 nm. Compound Cu(phen)(m-CBA), has one
broad and strong peak at about 271 nm. The shift
indicates that both m-CBA and phen have coordinated
with  Cu(Il). The formulation of compound
Cu(phen)(m-CBA), is supported by elemental analyses.

3.2 Structural descriptions

Table 1 lists the crystallographic data and structure
for compound Cu(phen)(m-CBA),. Selected bond
lengths and angles are given in Table 2. The structure of
compound Cu(phen)(m-CBA), is shown in Fig. 1.

Table 1 Crystal data and structure for compound Cu(phen)-
(m-CBA),

Item Value
Formula Cy6H305N,CuCl,

Relative molecule mass 458.29
Temperature/K 273(2)

Wavelength/nm 0.071 073

Crystal system Monoclinic
Space group C2/c

a/nm 2.969 9(4)

b/nm 1.154 52(2)

c¢/nm 1.533 5(2)

pA°) 111.118(2)

V/nm® 4.905 1(1)

Z 8
Dyo/(mgrm ) 1.551
Absorption coefficient/mm ' 1.149
F(000) 2328
Crystal size/mm 0.40%0.25%0.30

0 range for data collection/(°) 2.22-28.36

—37<h<34,

Index range/(°) —7<k<15,

—19<<19
Numbi) ﬁl; Zfiiectlons 14 364
Numbi EI; éﬁ((i)izendent 5 764

Refinement method Full-matrix least squares on F
Number of parameters 328

Goodness-of-fit on FX(S) 1.121

Final R indices [I>20(1)] R=0.0728, wR,=0.2234

R indices (all data) R=0.0807, wR,=0.2319

Calc. w=1/[S(F,*)+(0.146

Final weighing scheme 2P)*+0.000 0P]
Where P=(Fy*+2Fc%)/3
Residual diffraction (max)/ 1167
(eA™) '
Residual diffraction (min)/ _
(A ) 1.037
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Table 2 Selected bond lengths and angles for compound Cu(phen)(m-CBA),

Bond Bond length/nm Bond Bond length/nm
Cu(1)—0(1) 0.1950(3) Cu(1)—0(@3) 0.1965(2)
Cu(1)—N(1) 0.2005(3) Cu(1)—N(?2) 0.2013(3)

Oo(1)—C(7) 0.1278(5) 02)—C(7) 0.1239(4)
0(3)—C(14) 0.1282(4) 0(4)—C(14) 0.1238(4)
N(1)—C(15) 0.1333(4) N(1)—C(24) 0.1345(4)
N(@2)—C(22) 0.1337(4) N(2)—C(26) 0.1347(4)
C(H)—C(7) 0.1500(5) C(8)—C(14) 0.1490(5)
Bond Bond angle/(°) Bond Bond angle/(°)
O(1)—Cu(1)—0(3) 92.95(1) O(1)—Cu(1)—N(1) 173.47(1)
O3)—Cu(1)—N(1) 92.67(1) O(1)—Cu(1)—N(2) 93.20(1)
OB3)—Cu(1)—N(2) 173.85(1) N(1)—Cu(1)—N(2) 81.18(11)
C(15)—N(1)—C(24) 117.8(3) C(15)—N(1)—Cu(1) 128.4(3)
C(24)—N(1)—Cu(1) 113.8(2) C(7)—0(1)—Cu(1) 104.6(2)
C(14)—0@3)—Cu(1) 103.9(2) C(22)—N(2)—C(26) 118.1(3)
C(22)—N@2)—Cu(1) 129.2(3) C(26)—N2)—Cu(1) 112.6(2)

Fig. 1 Diagram of crystal structure of compound Cu(phen)-
(m-CBA), (Thermal ellipsoids are drawn at 50% probability
level)

Compound Cu(phen)(m-CBA), crystallizes in a
monoclinic lattice with C2/c space group. As shown in
Fig. 1, compound Cu(phen)(m-CBA), consists of one
central Cu ion, one phen and two m-CBA. The copper
atom has a disordered squared planar environment,
which is different from compounds of Zn(phen)
(m-CBA),(H,0) [8] and [Co(phen),(m-CBA)-
(H,0)]'(m-CBA)(H,0), [9], but similar to Mn(phen)
(m-CBA), [10]. The basic plane is defined by the N1, N2
atoms from phen ligand and OIl, O3 atoms from
m-CBA ligands. Here, bond angles N(1)—Cu(1)—N(2),
O(1) — Cu(l) — N(2), O(1) — Cu(l) — O(3) and
O@3) — Cu(l) — N(1) are 81.18(11)°, 93.20(12)°,
92.95(12)° and 92.67(11)°, respectively, with the sum of
360°, which suggests a planar nature of N(1), N(2), O(1)
and O(3). Bond distances of Cu(1)—0(1), Cu(1)—0(3),

Cu(1)—N(1) and Cu(1)—N(2) are 0.1950(3), 0.1965(2),
0.2005(3) and 0.2013(3) nm, respectively, which are
shorter than those in compound [Cu,(phen)sL,]-4H,O
(L,=tetra-anion of 1, 2, 4, 5-benzene tetracarboxylic acid)
[15], [Cus(btrc),(1,10-phen);], (btrc=1,2,4-benzenetricar-
boxylate) [16]. So, conclusion could be drawn that the
central Cu(Il) atom adopts a four-coordinate distorted
squared planar environment. Besides, bond lengths of
coordinated carboxyl are different. The bond lengths of
O(1)—C(7) and O(2)—C(7) are 0.1278(5) nm and
0.1239(4) nm, respectively, with the difference of
0.0039 nm. The bond length of O(3)—C(14) (0.1282(4)
nm) is also different from O(4)—C(14)(0.1238(4) nm),
with the difference of 0.0044 nm, indicating a
monodentate coordination mode of m-CBA.

As shown by the packing diagram (Fig. 2), weak
n-7 stacking interactions (centroid to centroid distance

Fig. 2 Packing diagram of compound Cu(phen)(m-CBA),
projected along b-axis direction
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among adjacent phen planes is 0.3727 nm, while m-CBA
is 0.3883 nm) are observed, which contributes to the
stability of compound Cu(phen)(m-CBA),.

3.3 Magnetic properties

The temperature dependent magnetic susceptibility
of compound Cu(phen)(m-CBA), was performed at
1.6x10° A/m in the temperature range of 1.8-300 K.
Figure 3 shows the ym and ymT versus T plots for
compound Cu(phen)(m-CBA),. The yu7T value is
0.15 cm’-K/mol at 300 K, which is significantly smaller
than the spin of only value of 0.375 cm’-K/mol expected
for a total spin S=1/2. The ym7T changes slightly with
decreasing temperature, which indicates paramagnetic
interactions between the copper centers.
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Fig. 3 ym and yuT versus T plots for compound Cu(phen)
(m-CBA),

As the temperature decreases from 300 K, yum
increases slightly until 30 K, then increases quickly with
temperature decreasing. This behavior also indicates
paramagnetic interactions between the Cu(Il) atoms. The
magnetic susceptibility above 30 K obeys the Curie-
Weiss law with a Weiss constant 6§ of —2.04 K and a
Curie constant C of 0.15 (cm™K)/mol, suggesting
paramagnetic interactions between the copper centers.

Units of compound Cu(phen)(m-CBA), are linked
by weak m-m stacking interactions, so each unit is almost
independent, with the small interactions between copper
centers. The paramagnetic interactions observed in
compound Cu(phen)(m-CBA), could be mainly
attributed to the sum of each Cu(Il), owing to weak n-n
stacking interactions between units.

4 Conclusions

1) A novel copper compound Cu(phen)(m-CBA),
with m-chlorobenzoic acid and 1,10-phenanthroline
ligands was synthesized and characterized.

2) In compound Cu(phen)(m-CBA),, the copper
atom coordinates with two nitrogen atoms from one

1,10-phenanthroline molecule, two oxygen atoms from
two m-chlorobenzoic acid molecules, giving a distorted
squared planar coordination geometry.

3) Paramagnetic properties exist between copper
centers.

Supplementary material

CCDC 800385 contains the supplementary
crystallographic data for the title compound. These data
can  be obtained free of  charge via
http://www.ccdc.cam.ac.uk/deposit, or  from the
Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; Fax: +44-1223-336-033; or
E-mail: deposit@ccdc.cam.ac.uk.
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