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A novel heterometallic 3d—4f metal-azido complex of mixed greatly affect the nature and magnitude of the magnetic
ligands, showing unprecedented structure type and interesting exchange interactions in these systérihe metat-azido

magnetic properties, has been hydrothermally synthesized and derivatives of high-dimensional networks are of particular
characterized. interest? Commonly, there are two main strategies that have

been employed in this field: one is to increase the number
of azide ligands by adding a countercation, and another is
The synthesis of heterometallic (38d and 3d-4f) the introduction of a second bridging ligand to extend the
complexes is of current focus, which is justified not only by - architecture$§.With this perspective, what is going to occur
the fascinating structural diversity of such complexes but with the lanthanide as the countercation and isonicotinic acid
also by their potential applications as functional materials as the second bridging ligand? We decided to make the
in magnetism, molecular adsorption, light conversion devices, reaction by a hydrothermal method. Fortunately, we suc-
and bimetallic catalysis. Metal—azido complexes have ceeded in synthesizing and fully characterizing a new unique
attracted great attention because azide is an excellentcompound: [GdNi(isonic)(Ns)»(H20)s]-2H,O (1).” To our
candidate for the design of magnetic materfalgom the knowledge, this is the first example of 3d and 4f metal ions
structural perspective, the diverse bridging modes of azide coexisting in the metatazido derivatives.
can provide a series of novel structures in which it acts as  The structurgof complex1 displays a complicated three-
an efficient magnetic couplérFrom the magnetic point of  dimensional structure, containing one'tibn, two unique
view, the coordination modes of the azide ligands associatedNi" (Ni1 and Ni2) ions, two unique azide ligands, and five
with structural parameters (bond angles and lengths, etc.)
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Figure 1. (a) Local coordination geometry around the metal iond.in

Color scheme: Gd, purple; Nil, orange; Ni2, brown; C, green; O, red; N, _. . . . .
blue. H atoms are omitted for clarity. The striped bonds represent the longer IF |?(urde§. tr(1a) _qu-dliner;su;dnl\?l Ehezt Oft?déRgathN'zN Ch?'t?f Cross'”
Gd—O interactions, and the five unique isonicotinate ligands are denoted inked by the isonicotinate NNi bonds. (b) Schematic view of the overa

as A—E. (b) Connection of Gl by the tridentate isonicotinate into one-  three-dimensional net connectivity, viewed slightly offset from aeis.
dimensional chains (longer G interactions are not shown). All connections by the bldentate isonicotinates or double az_lde bridges are

replaced by direct connections between the metal atoms involved (metal
. . L . . . nodes colored as before), while the tridentate isonicotinate anions are
dlfferent Isonicotinate anIOI"IS, two Of WhICh are U‘Identate represented by JUSt their Carboxylate C (green nodes)'

and three of which are bidentate. The structure also contains
water molecules coordinated to the 'Gébns (one each), the remaining two types of bidentate isonicotinate anions.
and to the Nil ions (two each, in a trans arrangement), andThese anions are N-bound and connect the Nil cations to
also uncoordinated water molecules trapped within the lattice.the Gd' ions: one to a Gd/Ni2 sheet below and one to a
The local connectivity and coordination geometries are Gd/Ni2 sheet above. Thus, the Gd/Ni2 sheets are connected
shown in Figure la. Selected bond lengths and angles arevia the Nil ions into a single three-dimensional network. In
given in Table S1 of the Supporting Information. the complicated overall topology (Figure 2b), the"Gdns

The Gd' ions are seven-coordinate, although there are two act as six-connecting nodes, the Nil and Ni2 ions act as
interactions to carboxylate O atoms (belonging to carboxy- approximately planar four-connecting nodes, and the triden-
lates with the other O already bound to the metal), which tate isonicotinate anions act as three-connecting nodes.
are not substantially longer than the other seven-Gd From magnetic point of view, it is convenient to analyze
bonds; these are shown as striped bonds in Figure 1a. Eackkeparately the possible behaviors of each nonequivalent
Gd" ion is bound to four tridentate isonicotinates, two cation (Gd', Nil, and Ni2) in1: (a) Gd" ions form a
bidentate isonicotinates, and a water molecule. The tridentatepseudo-one-dimensional net in which each one is linked to
isonicotinate anions bridge the dons into one-dimen-  two neighbors through two carboxylates in syanti coor-
sional zigzag chains via the carboxylate groups (Figure 1b). dination mode, (b) Ni2 ions form an one-dimensional
These tridentate isonicotinate anions also coordinate to NiZaIternating EO and EE azide system, and (c) Nil ions are
ions via the N atoms. The Ni2 ions are, in turn, connected simply linked by pyridinecarboxylate bridges. Thus, an
into chains by two alternating types of double azide bridges. accurate fit of the magnetic data in this system is beyond
One type contains two anions bridging in the end-on (EO) any possibility. However, if we take into account several
mode, and the other type contains two end-to-end (EE) features, we can conclude that the only important part in
anions. This results in two-dimensional sheets of alternating the whole structure is the alternating EGE N1-azido
Gd/RCQ and Ni2/N; chains linked by the isonicotinate  system. Indeed, the coupling between"Gidns is always
N—Ni2 bond (Figure 2a). Meanwhile, the three different yery small® and the syr-anti carboxylate pathway always
bidentate isonicotinate ions coordinate to the Nil ions (Figure gives small magnetic coupling even for 'Cions. The Nil
la) in an equatorial arrangement. One type of bidentatejons linked by pyridinecarboxylate bridges can only give a
isonicotinate bridges the Nil ions into linear chains, coor- very small coupling. Figure 3a clearly corroborates this
dinating via its pyridyl N to one Nil and via a carboxylate hypothesis: the reduced magnetizatio2 & tends to ®5.
O to another. Thus, each Nil coordinates to one of theseConsidering the unit Gdiliwe have 11 electrons at the limit
ligands via the N, and to another, trans from the first, via an of saturation. However, as is well-known in the literature,
O atom. The other two equatorial positions are occupied by the alternating E©EE Ni coordination mode corresponds
to an alternating ferromagneti@ntiferromagnetic chain,

(8) Crystal data for complex: monoclinic,P2(1)h, a = 8.1859(9) A b
= 26.853(3) A,c = 16.8859(18) A = 95.351(2}, V = 3695.6(7)
A3, Z = 4, A(Mo Ka) = 0.710 73 A, 23 167 reflections collected, (9) Gheorge, R.; Kravtsov, V.; Simonov, Y. A.; Costes, J.-P.; Journaux,
8701 unique Rint = 0.0465), R1= 0.0283, wR2= 0.0789 [ > 20- Y.; Andruh, M. Inorg. Chim. Acta2004 357, 1613 and references
(1], CCDC no. 281775. cited therein.
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Thus, cutting theymT curve at 125 K and subtracting the
theoreticalymT values due to one ddand one Ni (not
coupled; ca. 7.8% 1.1= 9 cn?® mol* K), we have fit the
values using the El Fallah formula for these kindsSef 1
alternating systems, which is completely valid at these
temperaturedt The El Fallah formula is double: assuming
the alternation parameter between 0 and 2 or between 2 and
oo 6. Using the two different formulas, the best fit was found
—— ”:E:”“‘z(.;’zs.o - with the first (0 < oo < 2) with the following values:Jar =
—65.3+ 0.3 cnmt, o0 = 0.39+ 0.03 (which representh =
26.1 cnT?), Qaverage= 2.13, andR (agreement factory 4.6
x 107¢ (Figure 3b).

It is important to underline that, with all of these
simplifications, theseJ values perfectly agree to those
reported in the literature for these kinds of systems. For
example, the EE part depends on thangle (between the
plane formed by the two azido bridges and the Ml —N

0.6 ——————r plane). In1, this plane is 22.8 According to the literatur&,
120 0 e o Mo Eme e when this plane is close t& &theJ value can be less negative
Figure 3. (a) Plot of ymT vs T for 1. Inset: plot of the reduced than—100 cn1. Ford angles close to 20theJ values are
magnetization &2 K for 1. (b) Plot ofymT vs T for 1 in the interval 125 less AF, varying from—40 to —80 cnt?, depending on the
300 K (open tria_ng[es). Th_e solid line represents the best fit obtained with gther factors (distances, other distortions, éi?c'.l)hus, the
the parameters indicated in the text. .
Jvalue calculated fot, —65.3 cn1?, is in perfect agreement
generally with noticeabld values. If we subtract from the ~ With that expected.
theoretical value of 11 electrons the 2 electrons corresponding For EO systems, according to the literattfféhe J values
to this chain, we obtain, precisely, the value df® as  depend mainly on the NiN—Ni angle. This angle is always
experimentally occurs. In this treatment, logically, we do not Very close to 108 as in1. All of the J values reported in
take into consideration thgvalue of the Ni ions, which is  the literature are between 25 and 70 ¢nbeing dependent
>2.00. on the torsion angle between thg blidge and the NiN—

This feature corroborates that the interaction amontj Gd Ni—N rhombus. This torsion tends to diminish the ferro-
ions themselves is very smatnd the interaction among magnetism. Iri, this angle is 33 The experimental value
Gd" and Ni' through pyridinecarboxylate will be small, of +26.1 cn! seems, thus, consistent for this kind of
which corresponds to the long distance and lack of any Structure.
important magnetic pathway through this carboxylate. Fur-  In conclusion, we have successfully obtained a three-
thermore, assuming any small magnetic coupling, it will dimensional heterometallic 3dif metal-azido complex of
likely be ferromagnetic because the coupling betweeh Ni mixed ligands by hydrothermal synthesis, which is the first
and Gd' is experimentally ferromagneti€. Finally, the ~ report of such complexes in this field. The synthesizing
coupling between Niions through the same carboxylate Method has been proven to be an effective way to obtain
ligand will be very small, aimost negligible. If any, it will such complexes. The magnetic properties have been studied,
likely be antiferromagnetic. and we expect that those complexes will find applications

The plot ofy,T vs T values is shown in Figure 3a. From such as in magnetic materials.
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