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Two new two-dimensional copper(II) coordination polymers, [Cu(L)(BDC)]·H2O (1) and
[Cu2(L)0.5(SIP)(OH)(H2O)]·2H2O (2) [L = N,N′-bis(3-pyridylamide)-1,6-hexane, H2BDC = 1,3-
benzenedicarboxylic acid, H3SIP = 5-sulfoisophthalic acid (3,5-dicarboxybenzenesulfonic acid)],
have been synthesized hydrothermally by self-assembly of the flexible bis-pyridyl-bis-amide lig-
and L and the aromatic polycarboxylate ligands H2BDC or H3SIP. X-Ray diffraction analysis re-
veals that complex 1 displays a metal-organic coordination layer with a binodal (3,5)-connected
{42.67.8}{42.6} topology, in which the L ligands adopt a µ2-bridging mode (via ligation of the
pyridyl nitrogen atoms). Complex 2 also exhibits a layered network based on tetranuclear copper
clusters [Cu4(µ3-OH)2(H2O)2(O2C-)4], L ligands and SIP anions, showing a binodal (4,8)-connected
network with {414.610.84}{44.62} topology, in which the L ligands adopt a µ6-bridging coordination
mode (via ligation of the pyridyl nitrogen and carbonyl oxygen atoms). Adjacent layers in 1 and 2 are
further linked by hydrogen bonding interactions to form three-dimensional supramolecular frame-
works. The electrochemical behavior of the two complexes in bulk-modified carbon paste electrodes
has been investigated.
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Introduction

The construction of metal-organic coordination
complexes has attracted considerable attention in the
field of crystal engineering and materials chemistry,
stemming from their fascinating architectures and po-
tential applications in host-guest chemistry, catalysis,
luminescence, and magnetism [1 – 4]. The proper se-
lection of organic ligands is a key factor because delib-
erate structural changes of the organic building blocks
such as length, flexibility and symmetry can dramat-
ically change the final structures of the complexes.
A large number of coordination complexes with vari-
ous structures have been prepared based on rigid, linear
bipyridyl ligands [5 – 12]. However, to our knowledge,
the use of flexible bipyridyl ligands showing confor-
mational freedom was less explored [13 – 17].

Recently, using the rigid bis-pyridyl-bis-amide
ligand 4-bpcb [4-bpcb = N,N′-bis(4-pyridylamide)-
1,4-benzene], we have obtained a novel three-
dimensional metal-organic coordination polymer

[Cu3(4-bpcb)3(BTC)2]3 · ∼12H2O, in which discrete
(H2O)12 clusters are dispersed in the three-fold
interpenetrating 3D metal-organic framework [18].
With the semi-rigid isomeric bipyridyl ligands
bis(3-pyridylformyl)piperazine (3-bpfp) and bis(4-
pyridylformyl)piperazine (4-bpfp) and with aro-
matic polycarboxylate ligands 1,3-H2BDC (1,3-
H2BDC = 1,3-benzenedicarboxylic acid) or 1,3,5-
H3BTC (1,3,5-H3BTC = 1,3,5-benzenetricarboxylic
acid) as the bridging ligands, our group has obtained
two layered structures and a novel 3,5-connected
binodal 3D topology [19]. As an extension of our
study, we prepared the bipyridyl ligand N,N’-bis(3-
pyridinecarboxamide)-1,6-hexane (L) containing
a flexible bridging group. Its backbone -(CH2)6- can
be bent to satisfy the coordination requirements of
metal centers, and the amide groups can provide
additional coordination sites, which may lead to
intriguing complexes and novel structure topolo-
gies. Additionally, the L ligand has heteroatoms
as hydrogen-bonding acceptors, which may further
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Fig. 1 (color online). The coordina-
tion environment for the Cu(II) ion
in complex 1 (ellipsoids at the 50%
probability level). All H atoms and
lattice water molecules are omitted
for clarity.

affect the final structures and the properties of the
complexes.

In this paper, we report the synthesis of two new 2D
copper(II) coordination polymers [Cu(L)(BDC)]·H2O
(1) and [Cu2(L)0.5(SIP)(OH)(H2O)]·2H2O (2) with
L as the main linker and BDC or SIP as aux-
iliary ligands [H3SIP = 5-sulfoisophthalic acid (3,5-
dicarboxybenzenesulfonic acid)]. Their thermal sta-
bility and electrochemical properties in bulk-modified
carbon paste electrodes (CPEs) have been examined.

Results and Discussion

Complex 1 was synthesized hydrothermally in
∼ 31% yield based on Cu. Crystals were washed with
water and dried in air. Likewise, complex 2 was synthe-
sized in a hydrothermal reaction in ∼ 25% yield based
on Cu.

Crystal and molecular structure of
[Cu(L)(BDC)]·H2O (1)

Single-crystal X-ray analysis has shown that com-
plex 1 is a layer polymer based on L and BDC as
bridging ligands. The coordination environment of the
Cu(II) ion is shown in Fig. 1. The Cu1 ion is coordi-
nated by four carboxyl oxygen atoms from three BDC
ligands with Cu–O distances of 1.960(2)−2.533(3) Å,
and two nitrogen atoms from two L ligands with Cu–N
distances of 2.011(3) (Cu1–N1) and 2.016(3) Å (Cu1–
N4), showing a distorted octahedral geometry. Both
carboxyl groups of the BDC ligand are deprotonated
and show two different coordination modes: a biden-
tate bridging mode and a chelating mode. Each BDC
ligand links three adjacent Cu(II) ions to construct
a neutral {Cu2(BDC)2}n ribbon as shown in Fig. 2a.
The L ligands display a µ2-bridging coordinated mode
(via ligation of the pyridyl nitrogen atoms). The dihe-
dral angle between the pyridyl rings is 1.78◦. The L
ligands connect the Cu(II) ions belonging to adjacent

{Cu2(BDC)2}n ribbons to form a layer (Fig. 2c). In the
layer, the Cu(II) ions are linked by µ2-bridging ligands
L resulting in a [Cu–L]n polymer chain, in which the
non-bonding distance Cu···Cu is 18.16 Å (Fig. 2b).

Each Cu(II) ion is surrounded by two L and three
BDC ligands, and thus can be defined as a 5-connected
node. Each BDC links three metal Cu(II) ions, and
is to be regarded as a 3-connected node. The L lig-
and associated with two 5-connected Cu(II) ions serves
as a simple linear linker. Thus the 2D structure of
complex 1 is best described as a (3,5)-connected
network with {42.67.8}{42.6} topology, as shown in
Fig. 2d. Moreover, the layers of 1 are extended to a 3D
supramolecular frameworks by two types of hydrogen
bonding interactions [N–H···O: N3···O5 = 3.339(7),
C–H···O: C26···O5 = 3.220(5) Å], as shown in Fig. 3.

Crystal and molecular structure of
[Cu2(L)0.5(SIP)(OH)(H2O)]·2H2O (2)

X-Ray diffraction analysis has revealed that com-
plex 2 is a 3D supramolecular network based on coor-
dination polymeric layers formed by tetranuclear cop-
per clusters [Cu4(µ3-OH)2(H2O)2(O2C-)4], ligands L
with µ6-bridging mode and SIP anions. As shown in
Fig. 4, the fundamental building unit is composed of
two crystallographical independent Cu(II) ions (Cu1,
Cu2). Cu1 is six-coordinated by two oxygen atoms
from the carboxyl groups of two SIP ligands with dis-
tances of 1.971(2) (Cu1–O3) and 1.982(3) Å (Cu1–
O7#1), one oxygen atom from a coordinated wa-
ter molecule (Cu1–O2 2.285(2) Å), one oxygen atom
from a carbonyl group of L (Cu1–O1 2.542(3) Å), one
hydroxyl oxygen atom O5#1 (Cu1–O5#1 1.980(2) Å),
and one nitrogen atom from a pyridyl group (Cu1–
N1 2.045(3) Å), showing a distorted octahedral geom-
etry. The other Cu(II) ion (Cu2) is five-coordinated
by two oxygen atoms belonging to two SIP ligands
(Cu2–O4 1.922(3), Cu2–O6 1.933(2) Å), two hydroxyl
oxygen atoms with the distances 1.961(2) (Cu2–O5)
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(a)

(b)

(c)

(d)

Fig. 2 (color online).
(a) The neutral
{Cu2(BDC)2}n ribbon-
like chain formed by
the BDC ligand in
complex 1; (b) the
[Cu–L–Cu] polymer
chain formed by
the L ligand; (c) the
polymeric layer of
1 formed by BDC
and L ligands; (d) the
schematic network
in 1 (orange ball and
line: BDC ligands;
blue line: L ligands).
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Fig. 3 (color online). The 3D
supramolecular framework of
complex 1 formed by hy-
drogen bonding interactions
[hydrogen bonds: blue dot-
ted line, N3···O5; green dotted
line, O5···C28].

Fig. 4 (color online). The coordination environment of the
Cu(II) ions in complex 2 (ellipsoids at the 50% probability
level). All H atoms and solvent water molecules are omitted
for clarity.

and 1.975(2) Å (Cu2–O5#1), and one carbonyl oxygen
atom from a L ligand (Cu1–O1#2 2.323(2) Å) to com-
plete a distorted tetragonal pyramidal geometry.

The Cu1 and Cu2 ions are connected by four
carboxylic groups with bidentate coordination fash-
ion to form a tetranuclear copper cluster [Cu4(µ3-
OH)2(H2O)2(O2C-)4], as shown in Fig. 5a. The Cu–
Ohydroxy bond lengths are within the normal range [20,
21], and the non-bonding Cu···Cu separations are
5.860 Å (Cu(1)···Cu(1)#1), 3.355 (Cu(1)···Cu(2)#1),
3.194 (Cu(1)···Cu(2)), and 2.929 Å (Cu(2)–Cu(2)#3),
which is slightly different from those of 5.938, 3.471,
3.202, and 3.056 Å in a related tetranuclear copper
cluster previously reported [22].

The tetranuclear clusters are connected into neutral
[Cu4(OH)2(SIP)2]n ribbons (Fig. 5a) through bridging
SIP ligands with a bis(bidentate) bridging mode of the
carboxyl groups. These ribbons are linked by the flex-
ible ligand L to form a layer. The L ligand displays
a µ6-bridging coordinated mode [each oxygen atom of
a carbonyl group coordinated to two different Cu(II)
ions, and each nitrogen atom of a pyridine group coor-

dinated to one Cu(II) ion], which is different from that
of L in complex 1. To the best of our knowledge, the
µ6-bridging coordinated mode has not been reported in
other complexes containing bis-pyridyl-bis-amide lig-
ands [23 – 28]. It thus represents the highest number
of metal ions bridged by bis-pyridyl-bis-amide ligands.
Ignoring the connection of the SIP ligands, these adja-
cent Cu(II) ions are linked by the µ6-bridging L lig-
ands and µ3-bridging hydroxyl oxygen atoms to form
a coordination polymeric layer, as shown in Fig. 5b.
The two pyridyl rings in complex 2 are parallel with
the dihedral angle at 0◦.

In order to simplify the 2D network of com-
plex 2, the [Cu4(µ3-OH)2(H2O)2(O2C-)4] tetranu-
clear clusters and the SIP and L ligands can be
considered as connecting nodes or linkers. Each
[Cu4(µ3-OH)2(H2O)2(O2C-)4] tetranuclear cluster is
surrounded by four SIP ligands and four L ligands,
acting as an 8-connected node. Each L ligand serves
as a 4-connected node, joining together four adja-
cent tetranuclear clusters (via two pyridyl nitrogen
atoms and two carbonyl oxygen atoms). The SIP unit
connecting with two 8-connected tetranuclear clus-
ters serves as a “V”-shaped linker. The overall topol-
ogy of the 2D network for complex 2 is best de-
scribed as a 4,8-connected {414.610.84}{44.62} topol-
ogy (Fig. 5c). Figure 6 shows that a 3D supramolecular
network is generated via interlayer C–H···O hydrogen
bonding interactions. The carbon atom C13 of SIP and
the oxygen atom O2 of coordinated water molecules
connect these adjacent polymeric layers through the
hydrogen bonding interactions with a C13–H13A···O2
distance of 3.257(5) Å.

IR spectra

The IR spectra of 1 and 2 are consistent with the
structural characteristics as determined by single crys-
tal diffraction. The typical stretching bands of carboxy-
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(b)

(c)

Fig. 5 (color online). (a) The neu-
tral [Cu4(OH)2(SIP)2]n ribbon of
complex 1; (b) the polymeric
layer formed by L ligands and
hydroxyl oxygen atoms; (c) the
schematic layer in 2 (the color
of balls and lines: pink balls,
8-connected tetranuclear copper
clusters; orange lines, ‘V’-shaped
linker SIP; blue balls and lines, 4-
connected L ligands).
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Fig. 6 (color online). The
3D supramolecular frame-
work of complex 2 formed
by hydrogen bonding
interactions [hydrogen
bond: green dotted line,
C13···O2].

late groups from the BDC ligands appear at 1358 and
1615 cm−1 for complex 1. Asymmetric and symmetric
C–O stretching modes of the carboxylate groups of the
completely deprotonated SIP ligands correspond to the
strong features at 1378 and 1603 cm−1 for complex 2.
The presence of the sulfonate groups can be corrobo-
rated by strong S–O stretching vibrations 1444 cm−1

for 2. Weak absorptions in the region of 3040 to
3420 cm−1 for 1, and 3088 to 3400 cm−1 for 2, can be
attributed to ν N−H of the ligand L. The strong broad
band at around 3433 cm−1 for 1 and 3450 cm−1 for 2
is assigned to the vibrations of hydroxyl groups from
water molecules.

Thermal properties

To examine the thermal stability of the title com-
plexes, thermogravimetric (TG) analyses were carried
out in the temperature range of 30 – 600 ◦C (Fig. 7).
The TG curves of complexes 1 and 2 exhibit two
weight loss steps. For complex 1, the first step from
80 to 140 ◦C is attributed to the loss of the lattice wa-
ter molecules. The weight loss is about 3.8%, corre-
sponding to the calculated value of 3.2%. For complex
2, the continuous weight loss from 85 to 210 ◦C is at-
tributed to the loss of the lattice water and coordinated
water molecules. This weight loss is about 8.5%, in
correspondence with the calculated value of 8.9%. The
second sharp weight loss was observed beginning at
about 260 ◦C for 1 and 280 ◦C for 2, which can be as-
cribed to the decomposition of the organic ligands. The

Fig. 7 (color online). Thermogravimetric curves of 1 and 2.

remaining weights (13.4% for 1, 26.3% for 2) corre-
spond to the percentage (13.9% for 1, 26.5% for 2) of
CuO [29]. For compound 1, the second weight loss in
a very narrow temperature range might be attributed to
the fast decarboxylation process. Compound 2 requires
high temperatures that may be caused by the presence
of sulfonate groups.

Electrochemical behavior of 1-CPE and 2-CPE

To study their electrochemical behavior, carbon
paste electrodes bulk-modified with complexes 1 and
2 (1-CPE and 2-CPE) were fabricated as the work-
ing electrodes due to the insolubility of the two com-
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Fig. 8. Cyclic voltammograms of title complexes bulk-modified carbon paste electrodes (1-CPE and 2-CPE) in 1 M H2SO4
aqueous solution in the potential range of 600 to –700 mV (scan rate: 80 mV s−1).

plexes. Compared with other film-modified electrodes,
the bulk-modified CPEs show long-term stability and
especially good surface renewability by simple me-
chanical polishing in the event of surface fouling,
which is important in practical application [30]. The
cyclic voltammograms of the 1-CPE and 2-CPE were
obtained in 1 M H2SO4 aqueous solution, as shown in
Fig. 8. In the potential range from 600 to −700 mV,
a redox couple was observed which should be ascribed
to Cu(II)/Cu(I) [30, 31]. The mean peak potentials
E1/2 = (Epa + Epc)/2 were −18 mV for 1-CPE, and
7 mV for 2-CPE. The electrochemical behavior of 1-
CPE and 2-CPE is thus similar to that of other re-
ported copper(II) complexes [18, 19]. The slight dif-
ference of peak potentials for 1-CPE and 2-CPE can
be attributed to the different structures of the two cop-
per(II) complexes.

Conclusion

In summary, two new copper(II) coordination poly-
mers constructed from the flexible bis-pyridyl-bis-
amide ligand L and aromatic polycarboxylate lig-
ands H2BDC or H3SIP have been synthesized hy-
drothermally. The compounds display layer struc-
tures with different topologies. The different coordi-
nation modes of the L ligand play an important role
in governing the coordination motifs and the final
structures. CPEs bulk-modified with the two insolu-
ble copper(II) complexes show good stability in 1 M

H2SO4 aqueous solution, and thus may be used as

Table 1. Crystal data and structure refinement for complexes
1 and 2.

Formula C26H28CuN4O7 C17H21Cu2N2O12S
Formula wt. 572.07 604.51
Crystal size, mm3 0.21× 0.16× 0.14 0.16× 0.14× 0.12
Crystal system triclinic triclinic
Space group P1̄ P1̄
T , K 293(2) 293(2)
a, Å 9.460(5) 10.6562(9)
b, Å 10.020(5) 10.7128(9)
c, Å 14.017(5) 11.1145(10)
α , deg 87.754(5) 70.2720(10)
β , deg 84.017(5) 68.8180(10)
γ , deg 77.789(5) 82.9120(10)
V , Å3 1291.3(10) 1113.64(17)
Z 2 2
Dcalcd, g cm−3 1.47 1.78
µ (MoKα ), mm−1 0.9 2.1
F(000), e 594 600
hkl range −11≤ h≤+11 −12≤ h≤+13

−8≤ k ≤+11 −9≤ k ≤+13
−16≤ l ≤+16 −12≤ l ≤+13

θmax, deg 25.00 26.00
Refl. collected/ 17 401/ 6418/
unique/Rint 4489/0.0385 4324/0.0141
Refl. “observed” 4034 3741
with I > 2 σ(I)
R1 [I > 2 σ (I)]/wR2 0.0440/0.1054 0.0388/0.1100
(all data)
∆ρfin (max/min), e Å−3 1.34/−1.37 1.65/−0.81

electrode materials. Further studies on metal-organic
complexes with this flexible bis-pyridyl-bis-amide lig-
and and its analogs are underway in our labora-
tory.
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1
Cu(1)–O(2) 2.081(2) Cu(1)–O(4)#2 1.960(2)
Cu(1)–O(1) 2.533(3) Cu(1)–N(1) 2.011(3)
Cu(1)–O(3)#1 2.232(2) Cu(1)–N(4) 2.016(3)
O(4)#2–Cu(1)–N(1) 88.80(10) O(4)#2–Cu(1)–N(4) 89.80(10)
N(1)–Cu(1)–N(4) 177.75(11) O(4)#2–Cu(1)–O(2) 146.41(9)
N(1)–Cu(1)–O(2) 90.88(10) N(4)–Cu(1)–O(2) 91.26(10)
O(4)#2–Cu(1)–O(3)#1 126.95(9) N(1)–Cu(1)–O(3)#1 89.21(10)
N(4)–Cu(1)–O(3)#1 90.23(10) O(2)–Cu(1)–O(3)#1 86.62(8)
O(4)#2–Cu(1)–O(1) 90.10(9) N(1)–Cu(1)–O(1) 93.63(10)
N(4)–Cu(1)–O(1) 88.12(10) O(2)–Cu(1)–O(1) 56.40(8)

Symmetry code for 1: #1 −x, −y+2, −z; #2 x, y−1, z

2
Cu(1)–O(3) 1.971(2) Cu(2)–O(4) 1.922(3)
Cu(1)–O(5)#1 1.980(2) Cu(2)–O(6) 1.933(2)
Cu(1)–O(7)#1 1.982(3) Cu(2)–O(5) 1.961(2)
Cu(1)–N(1) 2.045(3) Cu(2)–O(5)#1 1.975(2)
Cu(1)–O(2) 2.285(4) Cu(2)–O(1)#2 2.323(2)
Cu(1)–O(1)#2 2.542(3)
O(3)–Cu(1)–O(5)#1 91.06(10) O(4)–Cu(2)–O(6) 87.26(11)
O(3)–Cu(1)–O(7)#1 172.14(12) O(4)–Cu(2)–O(5) 173.84(11)
O(5)#1–Cu(1)–O(7)#1 91.43(10) O(6)–Cu(2)–O(5) 93.81(10)
O(3)–Cu(1)–N(1) 90.23(11) O(4)–Cu(2)–O(5)#1 93.95(10)
O(5)#1–Cu(1)–N(1) 164.70(11) O(6)–Cu(2)–O(5)#1 169.06(10)
O(7)#1–Cu(1)–N(1) 89.34(11) O(5)–Cu(2)–O(5)#1 83.85(10)
O(3)–Cu(1)–O(2) 88.26(13) O(4)–Cu(2)–O(1)#2 96.76(11)
O(5)#1–Cu(1)–O(2) 97.95(15) O(6)–Cu(2)–O(1)#2 108.90(10)
O(7)#1–Cu(1)–O(2) 84.01(14) O(5)–Cu(2)–O(1)#2 88.65(10)
N(1)–Cu(1)–O(2) 97.33(16) O(5)#1–Cu(2)–O(1)#2 81.79(9)
O(3)–Cu(1)–O(5)#1 91.06(10) O(4)–Cu(2)–O(6) 87.26(11)

Symmetry code for 2: #1 −x, −y+1, −z; #2 −x, −y, −z

Table 2. Selected bond lengths
(Å) and angles (deg) for com-
plexes 1 and 2.

Experimental Section

Materials and methods

All reagents employed were commercially available and
used as received without further purification. L was synthe-
sized by the literature method [32, 33]. FT-IR spectra (KBr
pellets) were taken on a Magna FT-IR 560 spectrometer,
and the elemental analyses (C, H, and N) were carried out
on a Perkin-Elmer 2400 CHN elemental analyzer. Thermo-
gravimetric analysis was carried out with a Pyris Diamond
TG-DTA instrument. The electrochemical experiments were
performed using a CHI 440 electrochemical quartz crystal
microbalance. A conventional three-electrode cell was used
at room temperature. The CPEs bulk-modified with the title
complexes (1-CPE and 2-CPE) were used as working elec-
trodes. An SCE and a platinum wire were employed as refer-
ence and auxiliary electrodes, respectively.

Synthesis of [Cu(L)(BDC)]·H2O (1)

A mixture of CuCl2·2H2O (0.051 g, 0.3 mmol), H2BDC
(0.025 g, 0.15 mmol), L (0.033 g, 0.1 mmol), H2O (12 mL),
and NaOH (0.014 g, 0.35 mmol) was stirred for 30 min in air,

then transferred and sealed in a 25 mL Teflon reactor, which
was heated at 120 ◦C for 6 d, leading to the formation of blue
block-shaped crystals of 1, which were washed with water
and dried in air. Yield: ∼ 31% (based on Cu). – Anal. for
C26H28CuN4O7: calcd. C 54.54, H 4.93, N 9.79; found C
54.44, H 4.85, N 9.88. – IR (KBr, cm−1): ν = 3433 s, 3420
w, 3305 w, 3240 w, 3102 w, 3040 w, 2946 m, 2862 w, 2359
m, 2335 w, 1645 s, 1615 s, 1538 w, 1502 w, 1419 s, 1358
w, 1322 m, 1287 m, 1262 s, 1217 s, 1149 m, 1062 w, 1036
w, 1005 s, 908 w, 848 s, 759 s, 718 m, 668 m, 632 s, 608 w,
533 m.

Synthesis of [Cu2(L)0.5(SIP)(OH)(H2O)]·2H2O (2)

The synthesis method of 2 was similar to that for 1 ex-
cept for ligand H3SIP (0.040 g, 0.16 mmol) as the substitute
of H2BDC, and the different amount of NaOH (0.0152 g,
0.38 mmol) added to adjust the pH. Yield: ∼ 25% (based on
Cu). – Anal. for C17H21Cu2N2O12S: calcd. C 33.75, H 3.50,
N 4.63; found C 33.84, H 3.40, N 4.52. – IR (KBr, cm−1):
ν = 3454 s, 3400 w, 3340 m, 3281 w, 3234 w, 3128 w, 3088
w, 2764 w, 2518 m, 2472 w, 2359 s, 2253 w, 2167 w, 2100
w, 2027 w, 1941 w, 1776 m, 1696 m, 1603 s, 1550 s, 1444



X.-L. Wang et al. · 2D Copper(II) Complexes 885

s, 1378 s, 1318 m, 1258 w, 1193 s, 1099 w, 1053 m, 974 m,
867 m, 814 w, 781 m, 735 s, 681 s, 629 s, 582 s.

Crystal structure determinations

Crystallographic data for the title compounds were col-
lected on a Bruker Smart 1000 CCD diffractometer with
MoKα radiation (λ = 0.71073 Å) in ω scan mode in the
range of 2.08 ≤ θ ≤ 25.00◦ for 1 and 2.05 ≤ θ ≤ 26.00◦

for 2. The structures were solved by Direct Methods using
the program SHELXS of the SHELXTL package and refined
by full-matrix least-squares methods with SHELXL [34, 35].
The atoms C15, C16, C18, and O6 of complex 1 were found
to be disordered and refined in a split-atom model. All non-
hydrogen atoms were refined anisotropically, and all hydro-
gen atoms were placed in geometrically idealized positions
and refined isotropically with fixed displacement factors. The
OH hydrogen atoms in 2 could not be found in difference

density syntheses but were included in the final molecular
formula, which has also been done in similar metal-organic
complexes previously reported [19]. A summary of crystal
data and structure refinements for the two complexes is pro-
vided in Table 1. Selected bond lengths and angles of the title
complexes are listed in Table 2.

CCDC 885865 (1) and 887509 (2) contain the supple-
mentary crystallographic data for this paper. These data can
be obtained free of charge from The Cambridge Crystallo-
graphic Data Centre via www.ccdc.cam.ac.uk/data request/
cif.
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