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The structure of [Ni(cyclam)(u: s-dca),Cu(u 15-dca).], a genuine to dicyanamide-bridged systems consists of the cation tem-
3D dicyanamide-bridged bimetallic coordination polymer, is made plation of [M(dca}]~ and [M(dca)]?>~ networks??29:20.3|n

up of 2D [Cu(u-15dca),], layers connected by [Ni(cyclam)(us s- this case, the topology of the final assembly strongly depends
dca),] bridging moieties; it exhibits a ferromagnetic exchange on the size, shape, and charge of the countercation used in
interaction between copper(ll) and nickel(ll) ions through the s s- the templation process. Significantly, paramagnetic metal

complexes can be used as countercations, leading to hetero-
metallic system3?21.3d.3¢|n this context, we have recently
reported a series of polymeric anionic metdicyanamide
complexes containing, s-bidentate dicyanamide bridges,
whose structures consist of (4,4) 2D [M(dda&)™ [M =
Co(ll) and Mn(l1)] layers and [Cu(pCTHJ} template cations

bidentate dicyanamide bridges.

Dicyanamide-bridged extended systems are attracting
much attention because of their fascinating structures and
interesting magnetic properties. In this regard, binary metal

; : ; ; intercalated between the layéfdn these compounds, copper
dicyanamide complexes,-[M(dca),] (dca= dicyanamide), n . '
built from metal-ion nodes and the bifunctional dca ligand atoms of the template cations [Cu(pCTH)]are further

as a spacer, exhibit a 3D rutile-type architectures and S(tam|co?rt(:]|nate_dlat thg zm_al pé)S|t||9ns zy tvlyct)hmt:/lle nitrogen
magnetically order as ferro- or antiferromagnetic spin-canted"’lomSO e axial nonbridging dca ligands of the [M(dke)

systems afT, lower than 47 Kt To modify metar-dca sheets; the long GtN distance of 2.7 A is mainly due to
assemblies, monodentate and bridging ligands have been use[Ee great in-plane bond strength of the N4-pCTH ligand and

as coligands, leading to a wide variety of 1D to 3D systems, the JahH-TeIIer'effect.on the Cu(ll) ion. Following th.e same
some of them exhibiting magnetic ordeAn alternative route strategy but using [Ni(cyclanf] as the template cation, we
have succeeded in obtaining the dca-bridged bimetallic

compound [Ni(cyclam){; s-dca}Cu(u 1 s-dca}], 1 (see Chart
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ugr.es. 1). Herein, we report the synthegisrystal structuré,and
T Universidad de Granada. magnetic properties of this compound.
* Universidad de Valencia. .
$ University of Tetouan. The structure ofl consists of (4,4) 2D [Cuf sdca)]n
(1) Batten, S. R.; Murray, K. SCoord. Chem. Re 2003 246 103 and layers joined by [Ni(cyclam)(; sdca}] units, leading to a

references therein. . . . . . .
(2) (a) Carranza, J.; Sletten, J.; Lloret, F.; Julve, INbrg. Chim. Acta 3D dicyanamide-bridged bimetallic system [Figures 1 and

2004 357, 3304 and references therein. (b) van der Werff, P. M.; 1S (Supporting Information)]. The copper atom assumes a

Batten, S. R.; Jensen, P.; Moubaraki, B.; Murray, K. H.; Cashion, J. i i i
D. Cryst. Eng. Des2004 4, 503 and references therein. (c) Kutasi, tetragonally elongated octahedral Guboordination envi
A. M.; Harris, A. R.; Batten, S. R.; Moubaraki, B.; Murray, K. S.

Cryst. Eng. Des2004 4, 605 and references therein. (d) Konar, S.; (3) (a) van der Werff, P. M.; Batten, S. R.; Jensen, P.; Moubaraki, B.;

Dalai, S.; Ribas, J.; Drew, M. G. B.; Zangrando, E.; Chaudhuri, N. R. Murray, K. S.; Tan, E. H.-KPolyhedron2001, 20, 1129. (b) van der
Inorg. Chim. Acta2004 357, 4208 and refrences therein. (e) Sun, Werff, P. M.; Batten, S. R.; Jensen, P.; Moubaraki, B.; Murray, K. S.
H.-L.; Gao, S.; Ma, B.-Q.; Su, Gnorg. Chem.2003 42, 5399 and Inorg. Chem2001, 40, 1718. (c) Jager, L.; Wagner, C.; Korabik, M.;
references therein. (f) Gao, E.-Q.; Bai, S.-Q.; Wang, Z.-M.; Yan, C.- Zygmunt, A.; Mrozinski. JJ. Mol. Struct 2001, 570, 159. (d) Batten,
H. Dalton 2003 1759. (g) Wang, Z.-M.; Sun, B.-W.; Luo, J.; Gao, S. R.; Jensen, P.; Moubaraki, B.; Murray, K.Ghem. Commur200Q
SW.;. Liao, C.-S; Yan, C.-H.; Li, Ylnorg. Chim. Acta2002 332 2331. (e) Raebiger, J. W.; Manson, J. L.; Sommer, R. D; Geiser, U.;
127. (h) Colacio, E.; Lloret, F.; Maimoun, I. B.; Kivé&aR.; Sillanpa, Rheingold, A. L.; Miller, J. SInorg. Chem2001, 40, 2578. (f) Tong,
R.; Suaez-Varela, JInorg. Chem.2003 42, 2720. (i) Sun, H.-L; M.-L.; Ru, J.; Wu, Y.-M.; Chen, X.-M.; Chang, H.-C.; Mochizuki,
Wang, Z.-M.; Gao, Slnorg. Chem2005 44, 2169. K.; Kitagawa, S.New. J. Chem2003 27, 779.
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Cu Cu shorter Cu-N axial distance, in good accord with the fact
that the in-plane bond strength provided by the nitrogen
atoms of the N4-macrocyclic ligand in the former is greater
than that provided by the nitrile nitrogen atoms of the
dicyanamide ligands in the latter. The singlg-dca bridges
connect each copper(ll) atom to four neighboring ones,
leading to distorted rhombus-grid-like sheets parallel to the
ab plane (Figure 1). Within buckled rhombus;Mnits, the
intralayer M+-M separations through the dicyanamide bridge
are 8.323(1) A, whereas the MM distances through the
diagonals are 13.145(2) and 10.213(2) A. The sheets are
similar to those observed in the 2D compounds [Cu(pCTH)]-
[M(dca)]?" [M=Co(ll) and Mn(ll)]. Sheets are further linked
into ana-Po network via axially bound [Ni(cyclam); =
dca}] “pillars”.

Ni(ll) atoms, which lie on inversion centers, exhibit a
slightly axially distorted octahedral Ng\coordination en-
vironment, which comprises four nitrogen atoms of the
cyclam ligand in equatorial positions (NN distances of
2.073(2) and 2.080(0) A], and two nitrile nitrogen atoms of
u1,zdca bridging ligands with a NiN distance of 2.115(3)

A (Figure 1).

Within the 3D structure, there exist weak hydrogen-
bonding interactions involving the noncoordinated nitrile
nitrogen atom of the:; -dca bridges and the NAH group
of the cyclam ligand of a neighboring unit, with a N&I1'
distance of 3.0112)AF=1—-x2—-y, 2 — 2.

Figurg 1. (Top) Perspective_vigew of a fragment of the structurel_of Complex1 represents the first example of a genuine 3D
showing theu; s- andus s-dca bridging modes. Hydrogen atoms are omitted . . . L .
for clarity. (Bottom) [Cuft1 s-dca)] rhombus-grid-like sheets df. bimetallic system containing dca bridging ligands between

two different paramagnetic metal ions. Although the bimetal-
lic complex [Cu(pn)][Mn(dca)]?® (pn = 1,3-diaminopro-

Chart 1. dca Coordination Modes Observedin

N X' pane) also exhibits a 3D structure with s-dca bridging
/c/ ¢ o N ligands between Cu(ll) and Mn(ll) ions, the €N amigeboNd
/N/ \N\ Z° °x is no more than semicoordinated-fiCu distance of 2.519(2)
M s M M/N ", N A], and consequently, the compound can better be considered

as made of [M(dca)?~ anionic chains, with terminal dca
ligands and doubl@; s-dca bridges, and [Cu(p#}}" coun-
tercations. It should be noted that, very recently, a bimetallic
complex containing:; s-dca bridges between Gd(lll) and
Cu(ll) ions was reported, but this compound exhibited a 2D
structure®

ronment, in which the nitrile nitrogen atoms of fqurs-dca

bridging ligands occupy the equatorial positions with-M

distances of 1.979(1) and 1.994(1) A, whereas the axial
positions are occupied by the amide nitrogen atoms of two
u1zbridging dca ligands at a greater €N distance of . o
2.374(2) A because of the Jahieller effect of the Cu(ll) ; gl())/mspc!g)r(f: ngéa'wi?ﬁlii anefcr:edp%:gg I'(%azgfc:;é rgla-

o W\ , ,5-

atom. Compared to [Cu(pCTH)IM(de) 1 exhibits amuch 1 8. o ¢ dmpdo= 2,5-dimethyl-pirazine.dioxide) and

(4) The compound was prepared as follows: To a methanol solution (20 complex1, all of them have M-Namigedistances longer than
mL) containing Cu(S@)2°5H,0 (0.034 g, 0.1 mmol) and Na(dca) 25 A297
(0.036 g, 0.4 mmol) was slowly added an orange methanol solution . . .
(20 mL) of [Ni(cyclam)(CIQ),]™ (0.046 g, 0.1 mmol). After the The magnetic properties df in the form of yuT vs T
resulting solution had been filtered and allowed to evaporate slowly plots (v being the molar susceptibility) are presented in
at room temperature for several weeks, blue crystals suitable for X-ray Fi 2
analysis were obtained.Yield: 30% based on nickel. IR (KBr;§m lgure 2.

2295, 2229, 216%(CN). Anal. Calcd for GgHagN1eCUNi: C, 36.85; At room temperature, the produghT is 1.63 cni mol!
H, 4.12; N, 38.19%. Found: C, 36.90; H, 4.61; N, 38.54%.

(5) Crystal and structure refinement parametersfo€;gH,4N16CuNi, K, which agrees V\_’e” with the_ value expected f_or an
M = 586.78, monoclinic, space gro@2/c, a = 10.2128(16) Ab = uncoupled system with one Cu(ll) ioB € /) and one Ni(ll)
13.145(2) Ac = 18.350(3) A = 102.151(3), V = 2408.2(2) &, ion (S= 1), assuming an average valueg# 2.18. Upon

Z =4, pcaica= 1.618 g cn3, u(Mo Ko)= 1.708 mnt?, T = 293 K.
F(000) = 1204, R1= 0.0262 (wR2= 0.0689) for 2728 unique
reflections Rnt = 0.0192) with a goodness-of-fit of 1.067. Data were (6) Costes, J. P.; Novitchi, G.; Shova, S.; Dahan, F.; Donnadieu, B.;

collected by w/20 (20max = 56.3) on a Bruker SMART CCD Tuchagues, J. Rnorg. Chem.2004 43, 7792.

diffractometer with graphite-monochromated MaKadiation ¢ = (7) (a) Vangdal, B.; Carranza, J.; Lloret, F.; Julve, M.; Sletted, Chem.
0.71073 A). The structure was solved by direct methods and refined Soc.Dalton Trans.2002 819. (b) Xu, Y.-Q.; Luo, J.-H.; Yuan, D.-
on F2 using the SHELX-97 progratfh of the WINGX pack!® Q.; Xu, Y.; Cao, R.; Hong, M.-CJ. Mol. Struct.2003 658 223.
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1.7 1,3 and uy s superexchange pathways, have indicated that
£ 00000000000 0 0 0 © © the magnetic exchange interaction mediated by the former
"5 167 f superexchange pathway is stronger than that mediated by
E o1 g the lattert011
£ 1.57 Qf g o r.q The decrease iguT between 20 and 2.5 K can only be
= 14_3 (3 ascribed to the zero-field splitting (ZFS) of the tetragonally
= ' TR elongated Ni(ll) ions. In fact, theu T data in the 36-2.5 K
1.3t temperature range can be very well reproduced (inset of
0 10 20 30 Figure 2) by using the following equations for an isolated
TIK Ni(ll) ion with ZFS plus an isolated Cu(ll) ion
Figure 2. Plot of ymT vs T for 1. The solid line (inset) represents the best
fit to eq 1 (see text). 1 + ZXD Ngzﬂz
cooling of the compound, thguT value remains almost Zm 3 4kT (1)

constant until 20 K, then decreases sharply to reach a 22
minimum value of 1.42 cfimol! K at 2.5 K, and finally _ 2Ng’B"  exp(-D/kT)

increases to a value of 1.46 émol ! K at 1.9 K. To o KT 1+ 2expD/KT)

understand the magnetic behavioroft is important to note

the existence of two different exchange pathways in the 3D and

network: (i) the single longu;s-dca bridge linking two

neighboring copper(ll) atoms through short Qpigie 2Ng2B° 1 — exp(-DIKT)

equatorial bonds (ca. 1.98 A) and (ii) the single short 20T T 1+ 2 exp(-D/KT)

u1zdca bridge connecting one axial position of a Cu(ll) ion

(ca. 2.37 A) with the adjacent Ni(ll) ion. The first pathway whereD (axial zero-field splitting parameter) is the energy
is known to produce very weak antiferromagnetic interactions difference betweeMs = +1 andMs = 0 levels. The best fit
(hereafter AF) with—J < 1 cnr~.” The magnetic interaction  |eads to the valueD| = 5.1(6) cnt? (the sign ofD cannot
through theu, s-dca pathway is expected to be weak as well be determined from powder magnetic susceptibility data) and
because the Mise—Cu distance is relatively long and the g,..= 2.184(1). The/D| value is similar to that observed
spin density on the axial positions is very small (the @ for other compounds containing Ni(ll) ions with tetragonally
magnetic orbital is located in the equatorial plane). In elongated octahedral geometriéd? The value of the
principle, this latter interaction could be either ferromagnetic magnetization at the maximum applied field (5 T) of 2.74
(hereafter F) or AF in nature. In summary, from a magnetic Nj (Figure S1) is near the expected magnetization vilye
point of view, 1 contains AF copper(ll) planes and alternating = g(Syi + Scy) = 3.27 N3.

Cu—Ni chains with either F (ferromagnetic chains) or AF In conclusion, complexl can be described ag s-dca
(ferrimagnetic chains) interactions. Although the shape of bridged CuNi ferromagnetic chains with very weak antifer-
theymT vs T curve resembles that of a ferrimagnetic chain, romagnetic interchain interactions through thes-dca
this can be ruled out because of the hjghT value at the  bridges that connect copper(ll) ions. These weak AF interac-
minimum (1.42 crd mol™* K). For such a ferrimagnetic  tions could ultimately lead to 3D antiferromagnetic order
chain, a much lower value (about 0.6 tmol™ K) is  (Figure S2). However, this ordering would be observed below
expected at the minimufTherefore, the increase gfT 1.9 K because of the small magnitude of the magnetic

at low temperature is indicative of F interactions between exchange interactions through the two types of dca bridges.
copper(ll) and Ni(ll) ions along the chain. This agrees well )

with the ferromagnetic behavior observed for the recently Acknowledgment. This work was supported by the
reported dinuclear complex @u(u:s-dcaf (L is a cryptand  SPanish Ministry of Science and Education (Project BQU2001-
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CuNi ones. The opposite would produce a steady decrease

in xmT at low temperature. In good accord with this result, (10) Nuttal, C. J.; Takenobu, T.; lwasa, Y.; Kurmoo, Mol. Cryst. Lig.
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