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A new complex {{[Cu(oxbe)]Cu(tmen)}2·2ClO4}n (H3oxbe = N-benzoato-N′-(2-aminoethyl)-
oxamido, tmen = N,N,N′,N′-tetramethylethylenediamine) has been synthesized and characterized
by IR spectroscopy, elemental analysis, and single-crystal X-ray diffraction, and by its magnetic
properties. It crystallizes in the triclinic system, space group P1̄, with a = 1.364(2), b = 1.379(2),
c = 1.516(3) nm, α = 64.402(3), β = 66.098(3), γ = 89.604(3)◦ , V = 2.301(7) nm3, Z = 2, Dcalcd. =
1.71 g cm−3. The structure of 1 consists of tetranuclear units. Through syn-anti carboxylate bridges,
the complex features a chain structure.
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Introduction

The field of molecular magnetism has developed
rapidly in the past two decades. One of the chal-
lenges in the area of molecular and supramolecular
magnetism is to design materials exhibiting expected
magnetic properties [1–4]. To obtain homometallic
or heterometallic complexes, a successful strategy is
the “complex as ligand” approach, i. e., utilizing a
metal complex as a ligand to coordinate an appropriate
additional metal ion [5–9]. Along this line, the use
of mononuclear oxamidato complexes as ligands
toward other metal ions constitutes a step further
to obtain high-nuclearity metal complexes [10–12].
Up to date, a number of symmetrical oxamidato
complexes have been reported [13–15]. However,
owing to synthetic difficulties only few dissymmet-
rical oxamidato coordination polymers have been
published [16–18]. With these facts in mind, we
have recently described three mononuclear copper(II)
complexes [CuL]n− with the bridging ligands L =
N-benzoate-N′-(2-aminoethyl)oxamido (oxbe) and 2-
(2-(2-aminoethylamino)-2-oxoacetamido)terephthalic
acid (aeoe) and its derivative N-(2-aminotereph-
thalic acid)-N′-(1,3-propanediamine)oxamidate (aeop)
(Fig. 1) as precursors for the preparation of both homo-
and heterometallic complexes [19–22]. Here we report
on the synthesis and the structure of a new 1D coordi-
nation polymer {{[Cu(oxbe)]Cu(tmen)}2·2ClO4}n, as
well as on its magnetic properties.
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Fig. 1. Mononuclear copper(II) complexes.

Experimental Section
Materials

The copper precursor (Na[Cu(oxbe)]·1.5H2O) was pre-
pared as described in the literature [22]. Cu(ClO4)2·6H2O
was prepared as an in-house reagent. Other chemicals were
of commercial reagent grade and used without further purifi-
cation.

Caution! Perchlorates are potentially explosive, thus only
a small amount of material should be prepared and handled
with care.
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Table 1. Crystal data and parameters pertinent to data collec-
tion and structure refinement for complex 1.
Empirical formula C34H48N10O16Cu4Cl2
Formula weight 1181.92
Crystal system triclinic
Space group P1̄
a, Å 13.641(2)
b, Å 13.788(2)
c, Å 15.156(3)
α , deg 64.402(3)
β , deg 66.098(3)
γ , deg 89.604(3)
V , Å3 2301.0(7)
Z 2
Dcalcd., g cm−3 1.71
µ(MoKα ), mm−1 2.0
T, K 293(2)
Index ranges −15 ≤ h ≤ 16, −14 ≤ k ≤ 16,

−18 ≤ l ≤ 17
Total / independ. refl. / Rint 11805 / 7921 / 0.0535
Ref. parameters 603
R1 / wR2 [I ≥ 2 σ (I)]a 0.0772 / 0.1981
R1 / wR2 (all data)a 0.1164 / 0.2135
Goodness-of-fitb 1.063
∆ρfin (max / min), e Å−3 1.44 / −0.82
a R1 = Σ‖Fo| − |Fc‖/Σ|Fo|, wR2 = [Σw(Fo

2 − Fc
2)2/Σw(Fo

2)2]1/2,
w = [σ2(Fo

2)+(AP)2+BP]−1, where P = (Max(Fo
2, 0)+2Fc

2)/3;
b GoF = [Σw(Fo

2 −Fc
2)2/(nobs −nparam)]1/2.

Synthesis of the complex {{[Cu(oxbe)]Cu(tmen)}2·2ClO4}n
(1)

1 mmol (0.362 g) of Na[Cu(oxbe)]·1.5H2O was dissolved
in 15 mL of water, and 20 mL of an aqueous solution con-
taining 1 mmol (0.116 g) of tmen and 1 mmol (0.371 g) of
Cu(ClO4)·6H2O was added under constant stirring. The re-
sulting violet solution was filtered, and finally well-shaped
dark-green single crystals suitable for X-ray crystal analy-
sis were obtained by slow evaporation of the solution (yield
69 %). Anal. for C34H52N10O16Cu4Cl2: calcd. C 34.62,
H 4.37, N 11.89; found C 34.55, H 4.43, N 11.85 %. – IR
(KBr): νC=O 1668 cm−1.

Physical measurements

Elemental analyses for carbon, hydrogen and nitrogen
were performed on a Perkin-Elmer 2400II elemental an-
alyzer. The infrared spectra were recorded on an Avatar-
360 spectrometer using KBr pellets in the range of 400 –
4000 cm−1. Variable temperature magnetic susceptibility
data were obtained on microcrystalline samples from 5 to
300 K in a magnetic field of 10 kG, using a Quantum Design
MPMS-7 SQUID magnetometer. Diamagnetic corrections
were made with Pascal parameters for all constituent atoms.

X-Ray analysis

A single crystal was selected for data collection of com-
pound 1 and mounted on a Bruker Smart APEX diffractome-

Table 2. Selected bond lengths (Å) and angles (deg) for com-
plex 1a.
Cu1–O1 1.894(6) Cu1–N2 1.914(7)
Cu1–N1 1.965(7) Cu1–N3 2.017(8)
Cu2–O4 1.948(6) Cu2–O3 1.975(6)
Cu2–N4 1.996(7) Cu2–N5 2.022(7)
Cu2–O2#1 2.293(6) Cu3–O5 1.883(6)
Cu3–N7 1.906(7) Cu3–N6 1.973(7)
Cu3–N8 2.031(8) Cu4–O8 1.950(6)
Cu4–N9 1.997(8) Cu4–O7 1.994(5)
Cu4–N10 2.037(7) Cu4–O6#2 2.270(6)
O1–Cu1–N2 179.0(3) O1–Cu1–N1 94.3(3)
N2–Cu1–N1 84.8(3) O1–Cu1–N3 98.7(3)
N2–Cu1–N3 82.2(3) N1–Cu1–N3 167.0(3)
O4–Cu2–O3 84.5(3) O4–Cu2–N4 169.5(3)
O3–Cu2–N4 93.4(3) O4–Cu2–N5 92.3(3)
O3–Cu2–N5 170.3(3) N4–Cu2–N5 88.0(3)
O4–Cu2–O2#1 95.4(3) O3–Cu2–O2#1 92.1(2)
N4–Cu2–O2#1 95.0(3) N5–Cu2–O2#1 97.4(3)
N7–Cu3–N6 84.9(3) O5–Cu3–N8 98.3(3)
N7–Cu3–N8 82.4(3) N6–Cu3–N8 163.0(3)
O5–Cu3–N7 178.8(3) O5–Cu3–N6 94.7(3)
O8–Cu4–N9 170.6(3) O8–Cu4–O7 84.1(3)
N9–Cu4–O7 93.6(3) O8–Cu4–N10 92.4(3)
N9–Cu4–N10 88.3(4) O7–Cu4–N10 170.0(3)
O8–Cu4–O6#2 95.0(3) N9–Cu4–O6#2 94.1(3)
O7–Cu4–O6#2 91.5(2) N10–Cu4–O6#2 98.1(3)
a Symmetry codes: #1 –x+2, –y+1, –z+1; #2 –x+1, –y+1, –z+1.

ter with a CCD detector using graphite-monochromatized
MoKα radiation (λ = 0.71073 Å). Lorentz and polariza-
tion corrections were applied, and an absorption correction
was performed using the program SADABS [23]. The crys-
tal structure was solved using SHELXTL and refined using
full matrix least-squares techniques [24]. The the hydrogen
atoms were positioned geometrically and included in the fi-
nal cycles of refinement in a riding model along with the
attached carbon atoms. A summary of the crystallographic
data is given in Table 1. Selected bond lengths and angles are
given in Table 2.

CCDC 800752 contains the supplementary crystallo-
graphic data for 1. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data request/cif.

Results and Discussion

IR spectra

The IR spectra of the ligand H3oxbe and the
mononuclear complex Na[Cu(oxbe)]·1.5H2O have
been reported [22]. The strong νC=O (oxamido) band
at 1649 cm−1 in the spectrum of the mononuclear pre-
cursor is replaced by a strong band at 1668 cm−1 for
complex 1. Such a hypsochromic shift indicates that
the oxamidate C=O group is coordinated to the copper
ion. In addition, the ν(NH2) vibration at ca. 3307 cm−1
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Fig. 2. Tetranuclear unit of complex 1. Hydrogen atoms and
perchlorate anions are omitted for clarity.

for H3oxbe is still present for complex 1 with a small
shift to 3315 cm−1 [22]. Such a blue shift indicates that
the nitrogen atom of -NH2 is coordinated to the copper
ion. A broad strong band at ca. 1119 cm−1 is charac-
teristic of a perchlorate ion.

Description of the crystal structure

The X-ray single-crystal structure analysis has re-
vealed that complex 1 crystallizes in the space group
P1̄. As shown in Fig. 2, complex 1 consists of a tetranu-
clear unit and two perchlorate anions. In the tetranu-
clear unit, the four Cu(II) ions are all in a distorted
square-pyramidal coordination. The Cu1 and Cu3 ions
are coordinated by one oxygen atom and three nitro-
gen atoms from oxamidate bridges. The axial positions
are filled with one oxygen atom from other oxami-
date bridges. The square-planar environments of Cu2
and Cu4 are formed by two nitrogen atoms from the
tmen ligand and two oxygen atoms from the oxami-
date bridges. The apical position is occupied by an-
other carboxylate oxygen atom with the Cu–O bond
length 2.293(6) Å, which is comparable with the val-
ues found in another complex reported by us [22]. The
Cu–N distances are distributed in the range 1.906(7)–
2.031(8) Å, and the Cu–O distances are in the range
1.883(6)– 2.293(6) Å, similar to the values reported in
the literature [22]. The Cu· · ·Cu distance through the
oxamido bridge is 5.202(2) Å.

These tetranuclear units are linked by coordinative
bonds between carboxylic oxygen atoms and Cu ions
to form a new 1D coordination polymer, as illustrated
in Fig. 3.

Fig. 3. Visualization of the new chain structure of com-
plex 1. Hydrogen atoms and perchlorate anions are omitted
for clarity.

Magnetic properties

The magnetic susceptibility of the complex was
measured in the range of 5 – 300 K. The curves of χM
and µeff versus T are shown in Fig. 4. At room tem-
perature, the µeff value of complex 1 is 2.38 µB, which
is slightly lower than that expected for uncoupled binu-
clear ions (2.45 µB). Upon cooling, the µeff value of the
complex decreases regularly, approaching a minimum
around 5 K with µeff = 0.89 µB, which possibly is due
to antiferromagnetic interactions between the tetranu-
clear units.

The magnetic analysis was carried out by using
the theoretical expression of the magnetic suscepti-
bility deduced from the spin Hamiltonian H = −2 J
ŜCu1 ŜCu2. The expression of the magnetic suscep-
tibility for a Cu(II)-Cu(II) binuclear unit is χM =
2Ng2β 2

KT

[
1

3+exp(−2J/KT )

]
+ Nα , Nα = 120×10−6 cm3

mol−1.
The molecular field approximation (z j′) to deal

with magnetic exchange interactions between binu-
clear units gives the expression χM

′ = χM
1−(2z j′/Ng2β 2)χM

.
In order to overcome the paramagnetic impuri-

ties, we have introduced ρ to take into account the

Fig. 4. χM and µeff versus T plots for complex 1.
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presence of such impurities. Thus, the expression
of the magnetic susceptibility for this system be-
comes χM

′ = χM(1−ρ)+ Ng2β 2

3KT ∑Si(Si + 1)ρ , where
J is the exchange integral between two copper ions
in the binuclear moiety and Nα is the temperature-
independent paramagnetism. The best-fit parameters
are J = −170.8 cm−1, g = 2.24, ρ = 0.08, and z
j′ = −6.3 cm−1. The agreement factor R = Σ(χobsd −
χcalcd)

2/Σχobsd
2 = 2.49 × 10−3 is satisfactory as seen

in Fig. 4. The negative J and z j′ values suggest
that the interactions between Cu(II) ions and between
binuclear systems are all antiferromagnetic. To our

knowledge, no formula is available in the literature to
reproduce the magnetic susceptibility of such a com-
plex system. Therefore, its magnetic properties are in-
terpreted only tentatively. The susceptibility data show
a slight unexplained deviation in the high-temperature
part (250 – 300 K).
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