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Synthesis and Crystal Structure of Two Complexes of Copper,
Zinc Assembled by 2-(4'-Chlorine-benzoyl)-benzoic Acid
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Abstract: Two complexes Cu,(cbba),(phen), (1) and Zn(cbba),(bipy) (2) (Hecbba=2-(4'-chlorine-benzoyl)-benzoic
acid, phen=1,10-phenanthroline, bipy=2,2"-bipyridine) have been hydrothermally synthesized and structurally
characterized by elemental analysis, IR spectrum, TG and single-crystal X-ray diffraction. They are further
extended into a three-dimensional supramolecular network structure through -7 interactions. Moreover, the

luminescent property of complex 2 has been investigated in the solid state. CCDC: 859144, 1; 859145, 2.
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0 Introduction used in the construction of metal-organic coordination
polymers®. In addition, as a rigid and versatile ligand,

2-(4"-chlorine-benzoyl)benzoic acid (Hcbba) has been
studied to

Recently, the design and synthesis of coordina-

tion compounds have attracted much attention due to

relatively  less construct coordination

[27]

their diversity structures'” and potential applications®”. compounds containing transition metals'®.

A successful strategy for preparing coordination The hydrothermal technique is well suited to the

compounds is the assembly reaction between a preparation of crystals of synthetic minerals, new

transition metal ion and two types of organic ligands,
one acting as a terminal ligand and the other as a
chelting ligand.In this aspect, the bridging ligand 2,2’
-bipyridine and 1,10-phenanthrolin has been widely
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inorganic materials, and organometallic coordination

polymers. Of particular interest to us is the
construction of transition metal polymers with new

structural features by utilizing hydrothermal synthesis.
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To extend our recent work®, we report here the prepa-
ration and crystal structure of the title compounds
Cu, (cbba), (phen), (1) and Zn (cbba), (bipy) (2), which
exhibit 3D supramolecular network through -7

stacking interactions.
1 Experimental

1.1 General procedures

All materials were commercially purchased and
used without further purification. Infrared spectra
(KBr pellets) were taken on a Perkin-Elmer 2400LS 11
spectrometer and elemental analyses for C, H and N
were performed on a Perkin-Elmer 240C analyzer. The
TG studies were performed on a Perkin-Elmer TGA7
analyzer. The fluorescent studies were carried out on a
computer-controlled JY Fluoro-Max-3 spectrometer at
room temperature.
1.2 Synthesis

Cu,(cbba),(phen), (1): A mixture of CuCl,-2H,0
(0.2 mmol, 0.034 g), Hebba (0.2 mmol, 0.052 g), phen
(0.2 mmol, 0.036 g) and H,O (18 mL) was sealed in a
30 mlL Teflon-lined autoclave under autogenous
pressure at 140 C for 7 d. Afier cooling to room
temperature, blue block crystals were collected by
filtration and washed with distilled water in 36% yield
(based on Cu). Anal. Caled.(%) for CgHiClyCuoN,O o

C, 62.96; H, 3.17; N, 3.67. Found (%): C, 62.90; H,
2.98; N, 3.41. IR (KBr, cm™): 3423w, 3 088w, 2361w,
1663s,1642s,1612w, 1 587m, 1 519w, 1482w, 1 429m,
1385m, 1 334m, 1 270w, 1 169w, 1 142w, 1 107w, 1 088
m, 1 014w, 931s, 845w, 839w, 781m, 746s, 723s, 689
w, 651w, 528w, 479w.

Zn(cbba),(bipy) (2): A mixture of Zn(OAc),-2H,0
(0.2 mmol, 0.044 ¢), Hchba (0.4 mmol, 0.10 g), bipy
(0.2 mmol, 0.032 ¢) and H,0 (18 mL) was sealed in a
30 mlL Teflon-lined autoclave under autogenous
pressure at 150 °C for seven days. After cooling to
block
collected by filtration and washed with distilled water
in 42% yield (based on Zn). Anal. Caled. (%) for
Cs;HxCLN,O¢Zn: C, 61.60; H, 3.26; N, 3.78. Found
(%): C, 61.37; H, 2.99; N, 3.56. IR (KBr, cm™): 3423
w, 3 079w, 2 026w, 1 670s, 1 644w, 1 634w, 1 608w,
1588m, 1 566w, 1482w, 1443w, 1399m, 1 357m, 1 415
w, 1301w, 1289w, 1277w, 1250w, 1 175w, 1 151w, 1088
m, 1 030w, 1 013w, 965w, 932s, 893w, 861w, 845w,
837w, 808w, 786w, 773m, 746m, 734w, 716m, 682w,
653w, 637w, 574w, 484w, 456w.
1.3 Structure determination

room temperature, colorless crystals  were

Single crystal diffraction data of 1 and 2 were
respectively collected on a Bruker SMART APEX-

CCD diffractometer equipped with a graphite-

Table 1 Selected bond lengths (nm) and bond angles (°) for compound 1 and 2

Cu(1)-0(1) 0.194 15(16) Cu(1)-0(14) 0.239 98(16) Cu(1)-N2) 0.202 35(19)
Cu(1)-0(4) 0.198 66(17) Cu(1)-N(1) 0.200 23(19)
0(1)-Cu(1)-0(4) 89.37(7) 0(1)-Cu(1)-N(1) 175.39(7) 0(4)-Cu(1)-N(1) 91.63(7)
0(1)-Cu(1)-N(2) 97.75(8) 0(4)-Cu(1)-N(2) 169.09(7) N(1)-Cu(1)-N(2) 81.92(8)
0(1)-Cu(1)-0(1A) 80.91(6) 0(4)-Cu(1)-0(1A) 98.65(6) N(1)-Cu(1)-0(1A) 94.49(7)
N(2)-Cu(1)-0(1A) 90.65(7)
Zn(1)-0(1) 0.191 39(19) Zn(1)-0(4) 0.205 05(19) Zn(1)-N(1) 0.207 1(2)
Zn(1)-NQ2) 0.206 3(2) Zn(1)-0(5) 0.229 6(2)
0(1)-Zn(1)-0(4) 117.56(8) 0(1)-Zn(1)-N(2) 120.23(9) 0(4)-Zn(1)-N(2) 100.49(8)
0(1)-Zn(1)-N(1) 100.31(9) 0(4)-Zn(1)-N(1) 134.46(9) N(2)-Zn(1)-N(1) 79.10(9)
0(1)-Zn(1)-0(5) 100.76(8) 0(4)-Zn(1)-0(5) 60.24(8) N(2)-Zn(1)-0(5) 138.76(9)
N(1)-Zn(1)-0(5) 89.98(9)

Symmetry transformations used to generate the equivalent atoms: 1: A: —x+1, -y, —z+1; 2: A: 2—x, —y, 2—.
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monochromatic Mo Ko (A=0.071 073 nm) radiation at
room temperature. The structure was solved by direct
methods with SHELXS-97 program" and refined by
full-matrix least-squares techniques on F? with SHELXL
-97"1, All non-hydrogen atoms were refined anisotro-
pically and the hydrogen atoms of organic ligands
were generated geometrically. The selected bond
parameters are given in Table 1.

Crystal data for 1: CgHygClCuyNOy,, triclinic,
space group Pl, M=1526.10, a=1.0180 9(5), b=
1.0889 1(5), ¢=1.689 60(8) nm, a=79.250 0(10), B=
74.154 0(10), y=70.473 0(10)°, V=1.688 89(14) nm’,
Z=1, F(000)=778, u(Mo Ka)=0.858 mm™', D.=1.500
gcm™, 9 342 reflections measured, 6 360 unique
(R,=0.022 8), 5 007 observed reflections with I>20 (1),
R=0.045 5, wR=0.119 2, 5=1.027.

Crystal data for 2: C33Hx»CLN,O¢Zn, triclinic, space
group P1, M=740.85, a=1.232 52(16), b=1.285 6(3),
¢=1.291 33(17) nm, @=109.295(3), B=115.476(2), y=
98.143(3)°, V=1.643 9(5) nm’, Z=2, F(000)=756,
#(Mo Ka)=0.961 mm™, D=1.497 g-cm?, 8 994 reflec-
tions measured, 6 360 unique (R;,=0.022 8), 5 007
observed reflections with I>20(l), R=0.045 5, wR=
0.119 2, S=1.027.

CCDC: 859144, 1; 859145, 2.

2 Results and discussion

2.1 IR spectrum

Complex 1: The COO - is coordinated with its
asymmetric and symmetric stretching appearing at
1 587 em™ (¥(0CO),) and 1 385 em™ (¥(0CO),,,)",
respectively. The Av (v (0CO),m-v (0CO),,) are 202
em™  (>200), showing the presence of monodentate
linkage of carboxylates in the dianions. Thus the
carboxylates coordinate to the metal as monodentate
ligands via the carboxylate groups!™.

Complex 2: The COO~ is coordinated with its asym-
metric and symmetric stretching appearing at 1 670,
1 588 ecm™ (#(0CO),) and 1 399 ecm™ (¥(0CO),,)",
respectively. The Av (v (0CO),m-v (0CO),,) are 271
cm™ (>200), 189 cm™ (<200), showing the presence of
and  bidentate

both  monodentate linkages  of

carboxylates in the dianions. Thus, the carboxylates

coordinate to the metal as monodentate and bidentate
ligands via the carboxylate groups!.

In addition, X-ray diffraction analysis further
indicates the monodentate coordination manners of
carboxylate groups in 1 and monodentate and bidentate
coordination manners in 2.

2.2 Description of the structure

The molecular structure of complex 1 is shown in
Fig.1. There are two same coordination centers, Cu(1)
and Cu(1A), in the crystal with same coordination
modes. The Cu(l) ion is five-coordinated by three
carboxylate oxygen atoms (O (1), O (1A), O (4)) from
three different cbba ligands and two nitrogen atoms
(N(1), N(2)) from phen ligands, showing a distorted
square-pyramidal geometry. Two carboxylate oxygen
(0(1), O4)) and two nitrogen (N(1), N(2)) atoms define
an equatorial plane, while the axial coordination sites
are occupied by one carboxylate oxygen atom (O(1A)).
The bond distances of Cu-O in compound 1 fall in the
0.194 15(16)~0.239 98(16) nm range, and those of
Cu-N in 0.200 23(19)~0.202 35(19) nm.

Hydrogen atoms are omitted for clarity

Fig.1 ORTEP drawing of 1 showing the local coordination

environment of Cu(Il) with thermal ellipsoids

One coordination mode of the cbba ligand is
present in the structure of compound 1, namely
monodentate bridging mode. Based on this, two Cu(Il)
ions are linked by cbba ligands to form dinuclear
subunits. Moreover, there are many significant 7-7r
interactions in the packing diagram between the
neighboring aromatic cycles contained in phen and
chba ligands with the distances between ring centroids
in the range of 0.347 93(15)~0.399 18(19) nm (Table

2), as a result, through 77-7 interactions, the network
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Table 2 Parameters between the planes for compound 1

Distance betweenring
Plane )
centroids / nm

Perpendicular distance of Perpendicular distance of

Dihedral angle / (°)

Plane(I) on ring J/ nm Plane(J) on ring / / nm

Plane(1)->Plane(3)A 0.353 59(15) 7.75(12) 0.349 89(10) 0.343 56(11)
Plane(2)->Plane(7)B 0.395 31(16) 2.20(13) ~0.346 11(11) ~0.340 58(11)
Plane(3)->Plane(1)A 0.353 59(15) 7.75(12) 0.343 56(11) 0.349 90(10)
Plane(3)->Plane(7)A 0.372 41(17) 10.82(12) 0.344 91(11) 0.318 66(10)
Plane(4)->Plane(5)C. 0.397 27(17) 26.24(14) -0.309 29(13) 0.385 61(11)
Plane(5)->Plane(4)D 0.397 27(17) 26.24(14) 0.385 62(11) ~0.30929(13)
Plane(6)->Plane(6)E 0.399 18(19) 0 ~0.357 65(14) ~0.357 65(14)
Plane(7)->Plane(2)B 0.395 30(16) 2.20(13) ~0.340 58(11) ~0.346 10(11)
Plane(7)->Plane(3)A 0.372 41(17) 10.82(12) 0.318 66(10) 0.344 91(11)
Plane(7)->Plane(7)B 0.347 93(15) 0 ~0.343 35(10) ~0.343 35(10)

Symmetry codes: A: 1-x, —y, 1-z; B: 1—x, 1-y, 1—z; C: 14x, y, z; D:

structures are further extended into a three-

dimensional supramolecular framework (Fig.2).

e

Fig.2 3D Supramolecular network viewed along the
b axis in 1
The coordination environment of Zn(Il) in omplex
2 is shown in Fig.3. There are one Zn(Il) ion, one bipy
ligand and two cbba ligands in the asymmetric unit.

The Zn(1) ion is five-coordinated by three carboxylate

Fig.3 Coordination environment of Zn(ll) in complex 2

—l+x, y, z; E: 1-x, 1-y, —2.

oxygen atoms (O (1), O4), O(5)) from two different
cbba ligands and two nitrogen atoms (N(1), N(2)) from
bipy ligand, showing a distorted square-pyramidal
geometry. The O(1) atoms locate at the apex site, two
carboxylate oxygen atoms and two nitrogen atoms
(O4), O(5), N(1), N(2)) define an equatorial plane.
The bond distances of Zn-O in complex 2 fall in the
range of 0.1913 9 (19)~0.229 6 (2) nm, and those of
Zn-N in 0.206 3(2)~0.207 1(2) nm.

Two coordination mode of the cbba ligand is
present in the structure of complex 2, namely
monodentate and bidentate bridging mode. The bipy
ligand also exhibits classic chelting mode.

Moreover, there are -7 interactions in complex
2 between bipy ligands in the different moleculores
and cbba ligands in the same moleculores (Fig.4). The
between

centroid-to-centroid  distances adjacent

aromatic rings are 0.377 7 nm for Zn104C2505 and
(C33(C34C35C36C37C38 and 0.399 2 nm for N1C1C2
C3C4C5 and N2C6C7C8CIC10  (1-x, 1-y, 1-z) aro-

Fig.4 Perspective view of the 3D supramolecular network

along the a axis
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matic rings. The perpendicular distances are 0.358 8
nm for Zn104C2505 and C33C34C35C36C37C38 and
0.3482 nm for N1CI1C2C3C4C5 and N2C6C7C8
C9C10 (1-w, 1-y, 1-z) aromatic rings. Therefore,
through -7 interactions, the complex is further
extended into a three-dimensional supramolecular
framework (Fig.4).
2.3 Thermal analysis

TG curve of 1 (Fig.5) show that the first weight
loss of 25.1% from 215 to 251 °C corresponds to the
(caled. 23.6%). Upon further

heating, an obvious weight loss (66.2%) occurs in the

removal of phen ligands

temperature range of 251 ~780 °C, corresponding to
(caled. 68.1%). After 780

C no weight loss is observed, which means the

the release of cbba ligands

complete decomposition of 1. The residual weight

should be CuO.
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Fig.5 TG curve of complex 1
TG curve of 2 (Fig.6) show that the first weight
loss of 71.3% from 152 to 368 °C corresponds to the
removal of cbba ligands (caled. 70.1%). Upon further

heating, an obvious weight loss (17.2%) occurs in the
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40
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T T T T
0 200 400 600 800
Temperature / C

Fig.6 TG curve of complex 2

temperature range of 368 ~828 °C, corresponding to
the release of bipy ligand (caled. 21.1%). After 828 °C
no weight loss is observed, which means the complete
decomposition of 2. The residual weight should be ZnO.
2.4 Luminescence property

The solid-state photoluminescence spectra of 2,
free Hebba and bipy ligands were investigated at room
temperature. Excited by 325 nm, coordination polymer
1 gives wide blue emission with the maximum peak at
501 nm plus shoulder peak at 450 nm (Fig.7).
However, no obvious emission bands are observed for
the free Hebba and bipy ligand in the range of 400~
800 nm under the same experimental conditions. The
significant phenomenon of the fluorescenc emission of
2 here could be tentatively assigned to the ligand-to-
metal charge transfer (LMCT)". For possesses strong
fluorescent intensity, it appears to be good candidates

for novel hybrid inorganic-organic photoactive materials.

1.0 4 501

0.8 - 450
0.6 4

0.4

Intensity / a.u.

0.2

0.0 4

300 400 500 600 700 800
Wavelength / nm

Fig.7  Solid-state emission spectrum of 2 at room

temperature
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