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A new 3D azido-bridged coordination polymer, [Coy5(N3)(OH)-
(Isonic)], (1), has been synthesized and characterized and its
magnetic properties studied. Isonicotinate acts as a bridging
coligand in this complex. In 1, all of the ligands take tridentate
bridging coordination modes, and the overall structure of 1 exhibits
a new 3,6-connected net topology.

properties high-dimensional metalazido complexes are the
targets for researchers. Therefore, one of the most effective
strategies is the introduction of a second ligand to extend
the architecturé.The reasonable selection of the coligand
is a challenge: pyridine, Schiff base, and polyamine deriva-
tives, which are all neutral, were well used as coligahds,
while negative coligands are scarcely stufliedcause it is
difficult to synthesize the coligating complexes because of

The design and magnetism of coordination polymers are the presence of two different kinds of negative ligands that
of considerable current interest not only for understanding must coexist and compete in the same molecule. Isonicotinate
the fundamental science of magnetic interactions but alsois a negative ligand and has not been well applied in the
for developing new materialsThe key for designing such  metal-azido complexes. In the past, isonicotinate, which
materials is to search for good bridging ligands that can successfully coordinated to metalzido complexes, in effect
effectively mediate the magnetic couplihgAzide is a was an ester and acts as a neutral lig8rd.this work, we
suitable candidate because of its diversity in the structure successfully isolated, by hydrothermal reaction, a 3D azide
and magnetism of its complex&sn most cases, bridging  Cd' complex, [Cas(N3)(OH)(Isonic)}, (1) with isonicotinate
azide ligands take end-to-end (EE) and end-on (EO) coor-as the coligand! It is the first metal azide complex in which
dination modes. In general, the EE mode affords antiferro- isonicotinate acts as a bridging ligand. Furthermore, the
magnetic exchange, while the EO mode shows ferromagneticoverall structure ofl shows a new 3,6-connected net
exchange interactions, and other mixed azide bridging modestopology.
also give interesting magnetic propertfetn the past 2
decades, several mono- and multidimensional metaido
derivatives were reported. _
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X-ray analysi¥’ revealed that the asymmetric unit bf
contains one and a half Co atoms, one isonicotinate anion,
an azide anion, and a hydroxide anion that was calculated
by the valence sum calculatiddsvith the value of 1.069
(Figure S1 in the Supporting Information). Col coordinates
to two cis azide anions, two cis hydroxide anions, one
oxygen, and one nitrogen of two separate isonicotinate
anions, in a trans arrangement. Co2 lies on an inversion
center (all other atoms lie at general positions) and coordi-
nates to two trans azide anions, two trans hydroxides, and
oxygens of two trans isonicotinate anions. All of the
coordination bonds lie within normal distances (Table S1 in
the Supporting Information). I, the azide, the isonicotinate,
and even the OH all perform tridentate bridging coordination
modes, so all ligands each bridge one Co2 and two Co1l ions.

The complicated 3D network created can be described in
terms of sheets of [GEOH),(N3),]?" pillared by isonicotinate
anions (Figure 1a). The sheets contain @iH),(N3)2]>"
subunits, one of which is highlighted in the figure. Two Col
ions are connected to a Co2 ion, each by a hydroxide, an
azide (EE), and a carboxylate bridge belonging to the
isonicotinate pillar. Each subunit is then connected directly
to four adjoining subunits via both azide and hydroxide
bridges, to give a polymeric 2D motif. Alternatively, the sheet
could also be described in terms of chains of Col ions
bridged by hydroxide and azide anions (the chains run in a
horizontal direction in Figure 1a). These chains are then
cross-linked to give the sheet via Co2 ions, which are
connected via the azide, hydroxide, and carboxylate bridges.

These layers are then cross-linked by the isonicotinate ) _
bridges to give an overall complicated 3D network (Figure FOUL () View o the sheet sbsiueure moti A (GO0
1b). If the metals are considered to be 6-connecting nodesof the Co1 “chains” is also indicated (see the text). For clarity, only the
and the ligands 3-connecting nodes, then a 3,6-connectecdtarboxylate and nitrogen of the interlayer Isonic bridges are shown. Color
net is formed, which contains two types of 6-connecting S¢S CoL rebroun o2 purle N e reer O e (o) iew
nodes and three types of 3-connecting nodes (Figure S2 in
the Supporting Information). Nets containing only nodes with Lower values at room temperature indicate perturbation from
connectivity shown by commonly used metal ions and ideal octahedral geometty.Considering the spinorbit
ligands (i.e., 3-, 4-, and 6-connecting nodes) are particularly coupling due to the'T,4 ground state for octahedral Co
important in coordination polymer analysis; this net repre- complexes together with their distortion, exact calculations
sents a new 3,6-connected net topolédyy. for deriving theJ parameter from experimental data in the

From a magnetic point of view, in almost all octahedral : —
(14) Other reported 3D 3,6-connected topologies for coordination polymers

|
Co' complexes, thgmT (or uer) values at.room temperature_ include the most common net, rutiletl), for the three-letter net
are greater than those expected for an isolated spin-only ion  codes: (a) Ockwig, N. W.; Delgado-Friedrichs, O.; O’Keeffe, M.;

(b)

— -1 — 3 indicati Yaghi, O. M.Acc. Chem. Re2005 38, 176 and the associated website
(XM_T 1.87 Crﬁ_mOI K _for a S_ i /2 |0n), |nd|(_:at|ng that http://okeeffe-ws1.la.asu.edu/RCSR/home.htm, Schiafli symbd)£4.6
an important orbital contribution is involvé@iTypical values (42.619.8%). (b) Batten, S. R.; Hoskins, B. F.; Moubaraki, B.; Murray,
of T (or lueﬂ) are 2.75-3.4 cn® mol! K (4_7_5_2 ﬂB)- K. S.; Robson, RJ. Chem. Soc., Dalton Tran999 2977. (c) Batten,

S. R.; Jensen, P.; Moubaraki, B.; Murray, K. S.; RobsonCRem.
Commun1998 439 and thesit net (4.6),(42.6.8%). (d) Kim, J.; Chen,

(11) Complexi was synthesized under autogenous pressure. A mixture of B.; Reineke, T. M.; Li, H.; Eddaoudi, M.; Moler, D. B.; O’Keeffe,
Co(NG;)2:6H20, NaNs, Isonic, LiIOH, and HO at a ratio of 6:2:2:1: M.; Yaghi, O. M.J. Am. Chem. So001 123 8239. (e) Jensen, P.;
1000 was sealed in a Teflon-lined autoclave, heated to°CAfor 2 Price, D. J.; Batten, S. R.; Moubaraki, B.; Murray, K.Chem—Eur.
days, and cooled to room temperature af@€h*. The crystals were J.200Q 6, 3186. (f) Wan, S.-Y.; Huang, Y.-T.; Li, Y.-Z.; Sun, W.-Y.
obtained in ca. 10% yield based on cobalt. Anal. Calcd foHg- Microporous Mesoporous Mate004 73, 101. (g) Batten, S. R.;
Co;NgOs (539.07): C, 26.7; H, 1.9; N, 20.8. Found: C, 26.2; H, 2.1; Hoskins, B. F.; Robson, RAngew. Chem., Int. Ed. Endl995 34,

N, 21.1.Caution! Azide complexes are potentially explasiOnly a 820. (h) Chae, H. K.; Kim, J.; Friedrichs, O. D.; O’Keeffe, M.; Yaghi,
small amount of the materials should be prepared and handled with O. M. Angew. Chem., Int. EQ003 42, 3907. (i) Chae, H. K.; Siberio-
care Paez, D.Y.;Kim, J.; Go, Y.; Eddaoudi, M.; Matzger, A. J.; O'Keeffe,

(12) Crystal data fol: monoclinic,P2;/c, a= 6.4218(3) Ab = 18.0665- M.; Yaghi, O. M.Nature2004 427, 523. (j) Beauvais, L. G.; Shores,

(10) A, c=7.8665(4) Ap = 112.1820(10), V=845.12(7) B,z = M. P.; Long, J. RChem. Mater1998 10, 3783.
2, (Mo Ka) = 0.710 73 A, 4497 reflections collected, 1568 unique (15) (a) Mabbs, F. E.; Machin, D. Magnetism and Transition Metal
(Rnt = 0.0264), R1= 0.0274, wR2= 0.0727 | > 20¢(l)]. CCDC ComplexesChapman and Hall: London, 1973. (b) Figgis, B. N.;
No.: 286944. Hitchman, M. A.Ligand Field Theory and Its ApplicationsViley-

(13) Brown, L. D.; Altermatt, DActa Crystallogr., Sect. B985 244. VCH: New York, 2000.
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Figure 2. ymT vsT plot for 1. The solid line indicates the best fit (see the
text for the formula used).
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Figure 3. Scheme of the central part @fwith structural data important

from a magnetic point of view. The -RCOO bridge on the right part is

omitted for clarity. A topology of spins is drawn.

entire temperature range are only possible through sophis-
ticated computer programs, based on full-diagonalization 1 continuously decrease to 0 émol~! K at 2 K. From 50

methodst® 1D systems of Cbare frequently associated with

to 2 K, there is a different slope in the curve. At high

anisotropic Ising systems, and they can be fitted in the low- temperature, the effect of the spiorbit coupling is manifest,

temperature zone assuming again an effective Spin'/,.1”
More recently, Rueff et df©have proposed a phenomeno-
logical approach for some low-dimensional'Gystems that
allows one to have arestimateof the strength of the

while at low temperatures, the antiferromagnetic coupling

is dominant.
The fit value obtained with the Rueff procedureAst+
B = 3.53 cn? mol™ K, which perfectly agrees with those

antiferromagnetic exchange interactions. They postulate thegiven in the literature for the Curie consta@ & 2.8—-3.5

phenomenological equation
amT = Aexp(—E/KT) + B exp(—E,/KT)

in which A + B equals the Curie constars=2.8—3.4 cn?
mol~! K for octahedral Ct) and E; and E; represent the
“activation energies” corresponding to the sporbit cou-

pling and the antiferromagnetic exchange interaction. This 3): The Cot-03—

equation, thus, adequately describes the-spibit coupling

(high-temperature region) and the exponential low-temper- (148.12). The Co2-03—Col-

cm® mol™ K);17ed Ej/k = 127 £ 2 K is of the same
magnitude as those reported by Rueff et al. for several 1D
and 2D Cd complexes’ed As for the value found for the
antiferromagnetic exchange interaction, it is noticeable
(Eo/lk = 4.5 K), corresponding td = —9 K, according to
the Ising chain approximationuT O expd/2kT).

The 2D network has many magnetic pathways (Figure
Co2 pathway is predominant and anti-
ferromagnetic because of the high value of the angle
N4 moiety will likely be

ature divergence of the susceptibility. Very good results have ferromagnetic owing to the azido bridge in EO geométry,

been reported in 1D and 2D €acomplexes’sdIn almost
all of these complexe&,/k, the effect of spir-orbit coupling
and site distortion, is on the order 6f100 K17¢d

As indicated in the structural pat,is a complicated 3D

although the oxo and syrsyn carboxylato bridges will
diminish theJ value. The Cot03—Col one could be ferro-
or antiferromagnetic because of the value of the angle (p4.3
close to 90. If this pathway was antiferromagnetic, spin

network. However, we can consider the existing 2D entities ,qyation could be a significant feature of the entity. Al

as quasi-isolated from a magnetic point of view because theCol—(NS)z

linkage among them is only through the long isonicotinate
bridging ligand, which can only create a very small, almost
negligible, magnetic couplingJ(~ 0 cmY). With this

assumption, it is possible to fit the experimental magnetic
data using the above-mentioned formula of Rueff and et

a|_17c,d

Thus, applying this formula, we can only give an average
Jvalue. TheyyT vs T plot for 1 (ym is the molar magnetic
susceptibility for one Cbion) is shown in Figure 2. The
T value at 300 K is 2.5 cAmol™ K. The ywT values of

(16) MAGPACK Program: BorrstAlmenar, J. J.; Clemente-Juan, J. M.;
Coronado, E.; Tsukerblat, B. 3. Comput. Chen2001, 22, 985 and
references cited therein.

(17) (a) Fisher, M. EJ. Math. Phys1963 4, 124. (b) Angelow, S.; Drillon,
M.; Zhecheva, E.; Stoyanova, R.; Belaiche, M.; Derory, A.; Herr, A.
Inorg. Chem1992 31, 1514. (c) Rueff, J.-M.; Masciocchi, N.; Rabu,
P.; Sironi, A.; Skoulios, AEur. J. Inorg. Chem2001, 2843. (d) Rueff,
J.-M.; Masciocchi, N.; Rabu, P.; Sironi, A.; Skoulios, B&hem—
Eur. J.2002 8, 1813 and references cited therein.
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—Col (EE,u1 3 through N2) pathways will be
antiferromagnetic but weak owing to its nonplana#ity.

In summary, a new 3D azido-bridged coordination polymer
exhibiting a new 3,6-connected net topology was obtained,
and its magnetic properties were studied. It is the first metal
azide complex with isonicotinate as a bridging coligand.
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