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Three-Dimensional Oxalate-Bridged Heterometal Table 1. Crystal Data fof K[Cu(trans[14]dien)]Cr(ox} »*
Supramolecular Complex with a Large Helical empirical formula GH3,CrCuKN,Or2
fw 699.16
Tunnel of 21.191x 9.294 & T e
Hao-Yu Shen/* Wei-Ming Bu,$ Dai-Zheng Liao,* ' Y] 0.71073 A
Zong-Hui Jiang," Shi-Ping Yan,' and Geng-Lin Wang' space group Cc
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Department of Chemistry, Nankai University, Tianjin, b= 15.4092(14) AB = 104.754(10)
300071, P. R. China, Laboratory of Supramolecular c=18.205(3) Ay = 90°
Chemistry and Spectroscopy, Jilin University, Changchun, Vo! 2819-7(6) R

Jilin Province, 130023, P. R. China, and State Key

Laboratory of Coordination Chemistry, Nanjing University, o 1.647 gfcrd
.. . Pcalcd 1.628 g/cn%
Nanjing, 210008, P. R. China  3ps coeff 1.355 mmt
- final Rindices | > 20(1)] R1=0.0481, wR2= 0.0616
Receied Noember 16,1999 pinjices (all data) RE 0.0644, wR2= 0.0756
Introduction aR1=3IIF| — [FdU3 |Fol; WR2 =[5 (W(Fs? — F)?)/3 (W(Fo))]Y>

w = 1/[0%F?) + (0.063F)2 + 0.000(P], whereP = (F2 + 2F2)/3.

Heterometal polynuclear complexes have been the subject
of many recent studies with the hope of mimicking the active assembled by a macrocycle complex and oxalate-containing
site of some metal enzymes containing dissimilar metal ions, compound is quite scarce.
such as cytochrome oxidase and superoxide dismutase, and | this work we focus on the use of&r(ox); and [Cu(trans-
elulcidating the mephapism of spin couplir!g between paramag-[14]dien)](CIQy), as a building block in designing a novel
netic metal ions in view of the electronic structures of the heterobimetallic supramolecular complex, where (trans[14]dien)
interesting metal ions. With the development of the strategy of js 57 7 12,14,14-hexamethyl-1,4,8,11-tetraazacyclotetradeca-4, -
“‘complexes as ligands’, the heteropolymetallic systems are 11.diene. The preparation, structural characterization, and
arousing a lot of interest among physicists and inorganic magnetic properties of the unique 3D complg&[Cu(trans-
chemists in seeking for designing new molecule-based magnetici1 4]dien)]Cr(ox}} , are reported. This compound contains two
materials: _ _ types of coordination modes of oxalate ligand (monodenate and

In the field of molecular-based magnetism, structurally high-  pjs-pidentate fashions) and a macrocycle ligand. Although Kahn
dimensional heterometallic oxalate-bridged networks have at- gt gJ. reported a Cr—Ni''; complex by using KCr(ox)s*3H;0
tracted increasing interest in recent ye%rrJéJ.Som_e molecule-  and [Ni(Mes[14]ane-N)](CIOs), in 198917 the structure of our
based magnetism with long-range ferromagnetic orderings waspresent compound is unique. The magnetic investigation showed

observed at 648 K.1%"1* Recently, some materials with Spin-  that the oxalate-bridged chromium(H#gopper(ll) units were
glass-like behavidr'>and molecular superconductors were also  antiferromagnetically coupled (= —9.88 cnt?).

reported® However, a network with a unique large tunnel
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resge;lri%hl%i(\eg?étijt;n. K3Cr(ox) and [Cu(trans[14]dien)](Cl). were prepared according
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Table 2. Selected Interatomic Bond Distances (A) and Angles (deg] K§€u(trans[14]dien)]Cr(ox} 2

Cu-N(3) 1.973(8) CrO(3) 1.982(7) O(9yK#2 2.365(8)
Cu—N(1) 1.977(8) Cr0O(1) 1.987(8) O(10yK#2 2.389(9)
Cu—N(4) 2.009(9) Cr0(6) 1.984(7) O(11K 2.374(8)
Cu-N(2) 2.017(8) K-O(8)#3 2.473(9) O(12)K 2.387(9)
Cr—0(4) 1.943(8) K-O(10)#4 2.389(9) O(BK#1 2.333(9)
Cr—0(5) 1.981(8) K-O(7)#3 2.333(9) O(8yK#1 2.473(9)
Cr—0(2) 1.974(7) K-O(9)#4 2.365(8)
N(3)—Cu—N(1) 178.6(6) O(5)-Cr-0(2) 170.7(3) O(4yCr—0(1) 176.0(3)
N(3)—Cu—N(4) 93.9(4) O(4y-Cr—0(6) 92.0(4) O(5)-Cr-0(1) 90.3(3)
N(1)—Cu—N(4) 85.2(4) O(5)-Cr—0(6) 82.3(3) O(2)-Cr-0(1) 81.7(3)
N(3)—Cu—N(2) 86.0(4) 0(2)-Cr—0(6) 93.1(3) O(6)-Cr—0(1) 91.8(4)
N(1)—Cu—N(2) 94.7(3) O(4)-Cr—0(3) 83.3(3) O(3)Cr-0(1) 93.1(3)
N(4)—Cu—N(2) 171.0(4) O(5)Cr-0(3) 90.6(3) O(12yK—0( 11) 71.6(3)
O(4)-Cr—0(5) 91.5(3) 0(2)Cr-0(3) 94.6(3) O(10)#4K—0(11) 92.0(3)
0(4)-Cr—0(2) 96.7(3) 0(6)Cr—0(3) 171.4(3) O(7)#3K—0(8)#3 70.8(3)
O(7)#3-K—O(9)#4 99.2(3) O(9)#4K—O(10)#4 70.6(3) O(9)#4K —O(8)#3 92.0(3)
O(7)#3-K—0(12) 104.6(4) O(12YK—O(10)#4 90.4(3) O(12)K—0(8)#3 171.5(3)
O(9)#4-K—0(12) 95.8(3) O(7)#3K—0(11) 100.4(3) O(10)#4K —O(8)#3 95.3(3)
O(7)#3-K—0(10)#4 162.9(3) O(9)#4K —0O(11) 158.9(3) O(1BK—0(8)#3 101.9(3)

a Symmetry transformations used to generate equivalent atomsx, #1.,z + 1/2; #2,x — 1/2,y + 1/2,z, #3,%, -y, z — 1/2; #4,x + 1/2,y —
1/2,z

conditions for the collection of intensity data, and some features of the
structure refinements are listed in Table 1. Cell parameters were
determined by least-squares calculations based on the setting angles
and 46 reflections withd angles ranging from 4.63to 14.72 at
293(2) K. A total of 2925 independent reflections were measured (
20(1)). No absorption correction was made during processing. Hydrogen
atoms were added theoretically, refined with riding model position
parameters, and fixed with isotropic thermal parameters. The structure
was solved by direct methods (SHELX88)!and refined by the full-
matrix least-squares method with use of the SHELXL-93 package of
program. The final refinement was by full-matrix least square§®n
The final R1=0.0481, wR2= 0.0616 ( = 20(l)), R1= 0.0644, wR2
= 0.0756 (all data), an® = 1.151. The largest peak and hole in the
final difference Fourier map had values of 0.546 antl142 e A3,
respectively. Significant bond parameters are given in Table 2.
Magnetic Measurements.The magnetic susceptibilities were mea-
sured on polycrystalline samples at fields of 10000 G and at temper-
atures ranging from 2 to 300 K with use of a vibrating sample
magnetometer, model CF-1.

BN
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.

Results and Discussion

Description of the Structure. An ORTEP drawing of K- =3
[Cu(trans[14]dien)]Cr(ox}n is shown in Figure 1. The €t Figure 1. ORTEP drawing of K[Cu(trans[14]dien)]Cr(ox3} n.
and K' ions in this molecule are alternately linked by three
oxalate ligands to three neighboring metal ions. In each the present compound is composed of hexagons only. In the
[KCr(ox)3]2~ unit, a copper(ll) atom is coordinated to an oxygen present compound, each Cr(Ill) or K(I) site surrounded by three
atom of 0X~ in monodentate fashion. Both €rand K" ions oxalate groups is chiral and the three-dimensional network is
are located in an octahedral environment with-Cr distances generated by an alternation Cr(lll) and K(l) sites. Another
in the region of 1.9431.987 A, and K-O distance in the region  interesting phenomenon is that there are helical tunnels with
of 2.333-2.389 A. The copper(ll) ion assumes a five- the size of 21.19% 9.294 & in the direction of the diagonal

coordinated square pyramidal environment, with—Gldis- line of a andb axes, and the copper(ll) units are located in
tances in the region of 1.972.017 A and a Ct:O(8) distance these tunnels, as shown in Figure 2. In comparing to the square
of 2.6 A. Every three alternately connected knd three Cf meshes, the enlargement of the grids in the tunnels can have

ions form a hexacyclic ring which further extends to a three- some influence on the dimension-controlled properties and may

dimensional network. It is interesting to contrast the structure be useful in guest exchange and catalysis.

of the present compound with those of some previously reported The Magnetic Studies.The magnetic behavior of the title

3D [M2'(ox)3]?~ and{M'M"(ox)3]} %~ type network$?23We compound has been studied and is represented in Figure 3, in

found out that the main difference between the present one andthe form ofyT vs T. The observegmT value is 3.558 crhK

the previously reported ones is that the latter ones are composednol™! at 292.5 K, which is lower than the spin-only value of

of octagons and squares in three-dimensional networks, while4.24 cn? K mol~1 for the uncoupled Cu(lF-Cr(lll) dimer unit,

probably because of the existence of an effective antiferromag-

(20) SPD-PLUS Enraf-Nonius: Delft, The Netherlands, 1985. netic coupling at room temperature as jhd product is not a

gg Egﬁ'g”gi&d‘i-_ mg%técirgﬁ}i'é%%-ig?%gf‘a 467. plateau at room temperature. A gradual decreasgn is

(23) Decurtins, S.; Schmale, H. W.: Schneuwly, P.; Ensling, J.; Gutlich, observed as the temperature is decreased, indicating the presence
P.J. Am. Chem. S0d.994 116,9521. of an antiferromagnetic intrachain interaction.
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Figure 2. View of the crystal cell of K[Cu(trans[14]dien)]Cr(oxg}n in the direction of the diagonal line af andb axes.
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Figure 3. Plots of the productgnT vs temperature fof K[Cu(trans-
[I4]dien)]Cr(ox)s}n. The solid line represents the best fitting (see text
for the fitted parameters).

Scheme 1. Relationship of the Magnetic Exchange
Coupling of{ K[Cu(trans[14]dien)]Cr(0xg} n

In order to analyze the magnetic data, we used an approxima-
tion?425 for the system shown in Scheme 1. As indicated in
Scheme 1, the title complex can be considered as a uniform
chain formed by C+OX—Cu binuclear units, for simplicity

J J
...SD...SU...SD...
where$S, symbolizes the effective spin of heterobinuclear unit

(Cu”iCr"')

wherelJ is the exchange coupling parameter associated with a

Cu'—Cr""" binuclear pair, and)' refers to the interbinuclear
magnetic parameter of the &uCr"" unit. On the assumption
of purely isotropic interactions, the susceptibility of binuclear
unit (CU'—Cr'") »y, is calculated from eq 1. Assuming th&

2o = Xeu-ce = (NGFBKTH{[10 + 2 exp4IKT)V[5 +

3 exp(-4J/kM]} (1)

is treated as a classical spigwr = 2, S can be calculated

from eq 2, and the magnetic susceptibility of the chain can be

described by the classical spin model (eq 3) derived by F&her,
with u = coth[J Sew(Serr + 1)KT] — KT/ Sere(Serr + 1).

(S + 1) = 3Kt T/NGey B° @
Im = INCA S(Sg + /KT + WA - 10)  (3)

The least-squares fit from eq 3 to the data was found Wwith
-9.88 cml, J = —2.72 cnl, g = 2.05. The agreement
factor, defined as = Ji(yi%s — xica92/(y°P92, was 8.72x
1073, for all of the 92 observations. But the absolute value of
the coupling constand’ seems to be slightly larger for the
diamagnetic—ox—K—ox— bridge. This may be due to the
limitation of the present approximate model. Nevertheless, this
result (negative and smalland smallJ’ values) indicates that

a weak antiferromagnetic intrachain interaction exists between
the Cr(lll) and Cu(ll) ions within the title compound.

In general, Cr(ll)-Cu(ll) systems show ferromagnetic
coupling due to the strict orthogonality of the magnetic orbitals,
(thglegl= O, (g)3(Cr)—(ey)X(Cu). However, the crystallographic
data of the title complex has indicated a five-coordinated square-
pyramid environment for Cu(ll). The axially distorted geometry
of Cu(ll) is important as it removes the strict orthogonality of
the g and b4 orbitals on Cli and CH' ions, thus introducing
an antiferromagnetic interaction between th#d @nd CUi within
the complext’”
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