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The hydrothermal reaction of Ni(NOs),, NaNs, and nicotinic
acid (Hnic) yielded a 3-D supramolecular framework complex,
[Niz 5(N3)(nic),(Hnic)], (1) with unusual magnetic properties. In 1,
Hnic and nic™* coexist and show different coordination modes
(u2-Hnic-N, O, uo-nic-N,0, and us-nic-N, 0,0 bridging Ni ions), and
azide groups adopt «-1,1 (EO) bridging mode linking Ni" ions with
an unusual Ni-N-Ni angle.

The investigation of molecule-based magnetic materials .
with novel structure has become a fascinating subject in the

fields of material chemistry and inorganic chemists a

versatile bridging ligand with various exchange pathways,
the azide ligand is a good candidate for the design of

magnetic coordination polymetdn this sense, several 1-,
2-, and 3-D complexes have been repoftédHowever,

because of the possibility of explosion, azide must be handled
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carefully; thus, as an efficient synthesis method, hydrothermal
reaction has seldom been applied in the synthesis of such
complexes. An interesting strategy toward high-dimensional
framework derivatives is to incorporate a second bridging
ligand into the metatazido system&As for the compounds
reported to date, most of the coligands are neutral organic
ligands, while charged ligands are very scar&ynthesizing
high-dimensional compounds with azide and negative ligands
represents a challenge for researchers of this topic. Com-
monly, it is difficult for two different kinds of negative
ligands to coexist in the same molecule because of their
competition in the process of self-assembly. Fortunately, we
successfully isolated a 3-D azide"Niompound, [Ni s(Ns)-
(nic)z(Hnic)]n (1) with nic (and Hnic) as coligands, by the
hydrothermal reaction methdX-ray analysi&revealed that
the asymmetric unit of contains one and a half Ni atoms,
one azide ligand, one Hnic molecule, and two nic anions
(Figure S1 of the Supporting Information), in which each
Ni" ion is coordinated in a distorted octahedral geometry.
The Nil ion, being located at a crystallographic inversion
center, is coordinated by two N atoms [NilN4 = 2.127(3)

A] from two azide groups, two N atoms [N#IN3 = 2.097-

(3) A] from two Hnic groups, and two carboxylate oxygen
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(8) Compoundl was hydrothermally synthesized under autogenous

pressure. A mixture of Ni(Ng)»-6H,O, NaNs, Hnic, and HO at a

ratio of 2:1:2:500 was sealed in a Teflon-lined autoclave, heated

to 160°C for 2 days, and cooled to room temperature af@th 1.

The crystals were obtained in ca. 30% yield based on nickel.

Selected IR (KBr, cml): 2060, 1674, 1614 and 1391. Anal. Calcd

for CaeH26NisN120:12 (993.81): C, 43.5; H, 2.6; N, 16.9. Found: C,

43.8; H, 2.2; N, 17.3. Attempts for synthesizitigising the methods

in ref 7b were not successfulCaution! Azide complexes are

potentially explosive. Only a small amount of the materials should be

prepared and handled with care.

Crystal data fod: triclinic, P1,a = 8.6311(11) Ab = 11.3015(14)

A, c = 11.9468(15) A,a = 112.066(2), p = 100.134(2), y =

108.468(2), V = 965.0(2) B, Z=1, 1(Mo Ko) = 0.710 73 A, 5279

reflections collected, 3532 uniquB{ = 0.0257), R1= 0.0358, wR2

= 0.1024 [ > 20(])]. CCDC No. 268808.
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Figure 3. Plot of ymT vs T for 1. The solid line represents the best fit of
applying the formula for a trinuclear Nicomplex by the mean-field
approach.

the typical double EO dinuclear complexes104°). This
difference, together with the simultaneous presence of the
syn—syn carboxylic bridge, should give a decrease in the
ferromagneticl value (the average value for double end-on
azido complexes is ca. 40 cf).° The bridges that link these
trinuclear entities to form the 3-D net are pyridine
carboxylic ligands, giving long distances between adjacent
Ni'" ions. ThisJ' coupling must be, thus, small compared to
that created within the trimeric entity.

The magnetic properties of compléxas ayuT vs T plot
(xwm is the molar magnetic susceptibility for three'Nons,
measured at 0.1 T) are shown in Figure 3. The valug,dt
at 300 K is 3.5 criK mol~1, which is as expected for three
magnetically quasi-isolate8= 1 ions @ > 2.00). Starting

atoms [Nit-O1= 2.077(2) A]. The Ni2 atom is coordinated ~ from room temperaturgguT values increase to 45 K, with
by an azide N atom [Ni2N4 = 2.092(3) A], two N atoms & maximumyyT value of 4.8 cri K mol™*. Below 45 K,
[Ni2—N2 = 2.139(3) A; Ni2-N1A = 2.108(3) A] from two there is a clear decrease to approximately £ Knmol ™ at

nic ligands, and three oxygen atoms [Ni@2a= 2.066(2) 2 K. This feature is characteristic of noticeable ferromagnetic

A; Ni2—03a= 2.074(2) A; Ni2-05 = 2.091(2) A] from interactions within the trinuclear entities and antiferromag-
three nic ligands. As shown in Figure 1, the azide ligands netic interactions between them. Furthermore, the presence
take EO bridging mode, while the nic ligands act in two of the D parameter for the Niions may also be the reason
modes (Scheme S1 of the Supporting Information): one is for the clear decrease in the low-temperature region. The
tridentateus-N,0,0 (syn—syn), and the other is bidentate reduced molar magnetizatiort @ K (Figure S3 of the
u2-N,0. Such a coordination mode is different from that in Supporting Information) clearly corroborates this global
the analogue Mhcomplex? in which the nic coligand acts antiferromagnetic behavior at low temperature (or, once
as a tridentat@s-N,0,0 mode only. Azide, together with a  @9ain, the presence of an important zero-field-splitting
tridentate nic, links Ni ions to form a 1-D chain, which is  Parameter). Th&1/Nj curve does not follow the Brillouin
linked to adjacent chains by bidentate nic groups to form a Shape, and at 5 T, tHé/Nf value is close to 4.6l instead
2-D sheet (Figure S2 of the Supporting Information). Further, ©f 6 (the value for three Niions ferromagnetically coupled,

the Hnic ligands also adopt a bidentate mode to link the 2-D @ssumingg = 2.00). _ _
sheets into a 3-D network (Figure 2). The magnetic pathways in compl&are shown in Scheme

1. To fit the experimental values, we have made several
approaches. The first one was to consider only the high-
temperature region, cutting the experimental curve at dif-
ferent temperatures and fitting with the typical formula given
in the literature for a linear trinuclear Nicomplex, using
the HamiltoniarH = —J3 SS.12 As can be seen from Figure
S4 of the Supporting Information, the best fit is obtained by
cutting at 100 K with the following parameters: = 21.7
cmt, g=2.05, andR = 1.9 x 10 Considering thus that

Figure 2. 3-D structure ofl with organic ligands simplified.

The basic building block of complek is the trinuclear
Ni3 entity, which contains two bridging Nigands, EO, and
syn—syn carboxylate. The former most often shows ferro-
magnetic coupling? while the later displays antiferromag-
netic coupling’ In the first case, the NiN—Ni angle is very
important for the magnitude of the ferromagnetic coupting.
This angle, forl, is 125.22, greater than those reported for
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the J value is close to 2322 cnt?, we treat to fit all 50100 150 200 250 30
experimental values assuming eithér (intramolecular TIK

coupling parameter, .eV|dent in this 3'P net.) Or.the existence Figure 4. Plot of ymT vs T for 1 compared to the curves obtained with
of aD parameter, which cannot be omitted il domplexes,  differentD values.

being on the order of 47 cnmr®. Unfortunately, both . . .
. is very good at higher temperatures. As a conclusion, we
parameters) and D, have the same effect and cannot be . .
. . deduce that the two factord' (and D) are important and
studied simultaneously because they are strongly correlated. . . . -
. . . . ... cannot be neglected but the intertrimer interactidyi¢ more
Thus, in a first approach, we fit the experimental data with . .
. N important than thé parameter. WithJ', we found a good
the same formula as that for a trinuclear' Momplex but ) . : : .
. o - . fit, whereas with onlyD, it was impossible to have a good
introducing in the fit aJ' value, by means of the mean-field _. .
fit of the experimental data.

approximationt® The results are shown in Figure 3, giving
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