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Abstract—Two novel trinuclear complexes have been synthesized, namely [Cu,(oxae),
(H,0),Mn](Cl0O,), (1) and [Cu,(oxae),Cu}(ClO,), (2), where oxae denotes the N,N’-bis(2-
aminoethyl)oxamido dianion. Based on IR, elemental analyses, conductivity measurements
and electronic spectra, the complexes are proposed to have extended oxamido-bridged
structures. The magnetic susceptibility of the complex 1 has been studied in the 4-300 K
range and the observed data were fit by least-squares to a susceptibility equation derived
from the spin Hamiltonian, H = —2J(S,S,+ S,S;) —2J’S,S;. The exchange integrals, J and
J', were found to be equal to — 18 and —0.38 cm™". This procedure indicates the existence
of an antiferromagnetic spin-exchange interaction between the adjacent metal ions. The
powder ESR spectrum of complex 1 has been obtained and discussed.

The area of polynuclear complexes with extended
bridges has attracted the attention of many
chemists.'™ Their work has attempted to mimic the
active sites and functions of biological substances
and to design and synthesize molecular magnets. In
comparison to a number of studies dealing with
binuclear systems, relatively few studies dealing
with magnetic trinuclear systems have been
reported, especially for heterotrinuclear complexes.

Based on the bridging function of the oxamido
group, Kahn er al.*” and our laboratory®"" utilized
N,N’-bis(3-aminopropyl)oxamidocopper(Il) [Cu
(oxpn)] as a bidentate mononuclear fragment to
prepare binuclear and a few trinuclear complexes,
and their magnetic properties and some crystal
structures were studied. Recently, complexes of this
kind with N,N’-bis(2-aminoethyl)oxamido have
been synthesized and characterized in our labora-

*Author to whom correspondence should be addressed.

tory.”> As an extension of the above investigation,
this paper deals with the synthesis and magnetic
and ESR properties of the two novel trinuclear
complexes, [Cu,(oxae),(H,0),Mn](CIO,), and
[Cu,(oxae),Cu](ClO,), - H,O, [where oxae =
N,N’-bis(2-aminoethyl)oxamido dianion].

EXPERIMENTAL

Materials

All of the reagents used in the synthesis were
analytical grade and were purchased from Peking
Chemical Company. Cu(oxae) was synthesized as
described previously.'>"

Preparation of [Cu,(oxae),(H,0),Mn](ClO,), (1)

To Cu(oxae) (188.4 mg, 0.8 mmol) stirred in
absolute ethanol (15 cm®) was added a solution of
Mn(ClO,), * 6H,0 (144.8 mg, 0.4 mmol) in absolute
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ethanol (10 cm?®). The stirring was continued for a
further 5 h to give red microcrystals which were
separated, washed with absolute ethanol and
diethyl ether several times and dried in vacuo.
Found: C, 19.0; H, 3.7; N, 14.4; Cu, 16.7; Mn,
7.0. Calc. for C,;H»;N;0,,CL,Cu,Mn: C, 18.8; H,
3.7;N, 14.6; Cu, 16.7; Mn, 7.2%.

Preparation of [Cu,(oxae),Cu](ClO,),* H,0 (2)

This complex was obtained as blue—green micro-
crystals by the same procedure but using
Cu(ClO,),* 6H,0 (148.2 mg, 0.4 mmol) instead of
Mn(CIO,),*6H,0. Found: C, 19.2; H, 3.4; N,
14.8; Cu, 25.3. Calc. for C,H,;;,N;0,,Cl,Cu;H,0:
C,19.2;H,3.5;N, 149; Cu, 25.4%.

Measurements

Elemental analyses of carbon, hydrogen and
nitrogen were carried out with a Perkin—Elmer
elemental analyser, Model 240. Metal contents were
determined by EDTA titration. IR spectra were
measured on a Shimadzu IR spectrophotometer.
Model 408, using KBr pellets, and the electronic
spectra (DMF solution) were measured on a Hit-
achi-240 spectrophotometer. The molar con-
ductances were measured with a DDS-11A
conductometer. Variable temperature magnetic
susceptibilities were carried out at the Institute of
Physics, Chinese Academy of Sciences using a
vibrating sample magnetometer, Model CF-1. Dia-
magnetic corrections were made with Pascal’s con-
stants for all the constituent atoms, and the
magnetic moments were calculated using the equa-
tion peg = 2.828(xmT)"2. The ESR spectra were
measured with a JES-FEIXG ESR-apparatus using
the X-band.

RESULTS AND DISCUSSION

Elemental analyses have indicated that the reac-
tion of Cu(oxae) with Mn(ClO,),-6H,O or
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Cu(ClQ,), - 6H,0 yielded the trinuclear complexes.
For all complexes, the molar conductance values
(see Table 1) fall in the expected range for 1:2
electrolytes,' indicating that the perchlorate anions
are situated outside the metal coordination sphere.
The significant bands from the IR spectra for the
complexes are given in Table 1. It is noted that the
carbonyl stretching vibration at 1615 cm™' for the
mononuclear fragment Cu(oxae) was considerably
shifted towards higher frequencies (20 cm ! for 1
and 45 cm ™' for 2 in their trinuclear complexes. It is
likely that the bond order of C=0 in the trinuclear
complexes is higher than in its corresponding
mononuclear complex. This shift has often been
used as definite proof of an oxamido bridge."* On
the other hand, the —NH, vibration at 3250 cm™'
for Cu(oxae) was present for all complexes and a
broad, intense band was observed at 1085 cm~',
which is typical for a non-coordinated perchlorate
ion.'®* This is consistent with the measured con-
ductance data. The electronic absorption spectral
data for Cu"-Mn"-Cu" complexes (MeCN solu-
tion) showed a broad band in the visible range at
19.0 x 10° cm~', which may be attributed to the d—
d transition of copper(Il). A strong absorption in
the short wavelength range (at 28.6 x 10°cm ') may
be attributed to the charge-transfer band. Further
investigation on these and similar systems is still
required in order to get a detailed assignment for
charge-transfer. The coordination environment of
manganese(II) in the complex is a distorted octa-
hedron. Thus, according to ligand field theory and
assuming O, symmetry, the ground state of manga-
nese(Il) is °4,,. Because d-d transitions of manga-
nese(Il) °4,, - *T\(G), *T,,(G),*4,,, etc.) are spin
forbidden, in the spectra of Cu"-Mn"-Cu" com-
plex no characteristic band of manganese(Il) was
found. The electronic absorption spectrum for the
Cu"-Cu"-Cu" complex (DMF solution) shows a
strong absorption in the ultraviolet range at
29.9x 10° cm ™" and only a weak absorption in the
visible range at 16.1x 10° ¢cm™" can be observed.
The former may be attributed to the charge-transfer

Table 1. Physical data of complexes

A IR (cm™") UV (10* cm™")
Q 'em?
Complex Colour mol™") —NH, C=0 CIO; d-d CT
Cu(oxae) violet 3250 1615 18.7
[Cu,(oxae),(H;0),Mn](ClO,), red 267 (MeCN) 3250 1635 1085 190 286
[Cu,(oxae),Cu](ClO,),H,O blue— 133 (DMF) 3250 1660 1085 16.1 29.9
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Fig. 1. Coordination environment of the complexes.

absorption band and the latter to the d-d transition.
Based on the composition of these complexes, IR
and electronic spectra and conductivity measure-
ments, the complexes are proposed to have an
oxamido-bridged structure, as shown in Fig. 1.

ESR spectra

The powder ESR spectrum for the trinuclear
complex 1 has been studied at room temperature.

The ESR spectrum of the trinuclear complex 1
exhibits asymmetric broad bands with g, = 2.31,
g, = 1.83 and g = 1.99, implying the existence of a
magnetic spin-exchange interaction between the
copper(ll) ion and the manganese(Il) ion in the
trinuclear complex. Two copper(Il) ions (S, =
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(S, = 5/2) to yield the total spin state St = 7/2, 5/2,
5/2, 3/2. On the basis of a Boltzmann distribution,
some of the coupled states have a thermal popu-
lation at room temperature owing to weaker inter-
action. Thus, the asymmetric broad peaks may be
ascribed to these populated states in the complex.

Spin-exchange interaction of the complexes

The temperature dependences of the sus-
ceptibilities and magnetic moments for the complex
1 are shown in Fig. 2. The observed magnetic
moment at room temperature for complex 1 is less
than the spin-only value (6.40 B.M.) and decreases
steadily with decreasing temperature, implying the
existence of an antiferromagnetic spin-exchange
interaction within each molecule.

In order to understand quantitatively the mag-
nitudes of spin-exchange interaction, the magnetic
analysis was carried out with the susceptibility
equation based on the Heisenberg mode,"”
H=—2J(55,+5,S)—2J'S,S,. Assuming that
the integral between the terminal copper ion is J',

the molar susceptibility of Cu"~Mn"-Cu"

(S, =S8;=1/2,85,=5/2) system is given in eq. (1) :
_ NgZﬂZ

IM = 4K (T—6)

10exp (—7J/kT)+35exp (—2J/kT)

+84exp (—=5J/kT)+35exp(—2J[kT) i
2exp(—7J/kT)Y+3exp (—2J/kT) » (D
+4exp(—5J/kT)+3exp(—2J' /kT)

where ¥y is the susceptibility per trinuclear
complex, 0 is the Curie-Weiss parameter and other
symbols have their usual meanings. As shown in
Fig. 2, a good least-squares fit to the experimental
data was attained with eq. (1). The magnetic par-

S, = 1/2) are coupled with the manganese(Il) ion ameters thus determined are J= —18 cm™',
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Fig. 2. Temperature variation of the magnetic susceptibility and magnetic moment of the [Cu,
(oxae),(H,0),Mn](ClO,),. The curves were calculated using eq. (1).
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J =—-038 cm™', g=2.00 and 6= —2.64 K.
The agreement factor F defined here as
F= z:[(XM)obs,'— (XM)calc.]z/Z(XM)obs. is then equal to
1.3 x 107%. This result also indicates that the com-
plex 1 undergoes an antiferromagnetic spin-exch-
ange interaction between the metal ions.
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