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The reaction of a tridentate Schiff base LH (L™: 1,1,1-trifluoro-7-(dimethylamino)-4-methyl-5-aza-3-hepten-2-onato)
with a Ni(ll) salt in the presence of azide salt has led to a new alternating end-on (EO)/end-to-end (EE) azido-
bridged Ni(ll) chain of formula { [Niz(z1,1-N3)(ze1,3-N3)(L)2(MeOH),]} . Its originality lies in the presence of single EE
and EO coordination modes for the azide. It crystallizes in the C2/c space group, a = 21.570(7) A, b = 10.79(1)
A, ¢ =16.154(5) A, B = 120.81(2)°, Z = 4. The chain can be viewed as { Niy(N3)(L),(MeOH),}* dimeric units
linked to each other in a zigzag pattern by the other azide. Magnetic susceptibility and magnetization measurements
have been performed and revealed that the chain can magnetically be depicted as isolated { Nix(N3)} units exhibiting
antiferromagnetic interaction (Jiz ~ =37 cm~%). Ab initio calculations confirmed the efficient magnetic coupling
through the EE bridge and vanishingly small EO {Nix(z11-N3)} interactions.

Introduction strategy consists of varying the magnetic exchange constants
h hf functional molecul il between homospin carrietsFinally, the use of strong
The search for new functional molecular-based materials g otropic metal ions to reduce the magnetization relaxation

has led to tremendous developments in low-dimensional ) ¢ generated the promising field of single-chain magnets
systems, in both chemistry and physics communitfé®ne (SCMs)*

of the main challenges in the synthesis of extended 1D- = pge,4q_halide anions are known to be excellent ligands

systems is to prevent the local magnetic moments from y, ,piain giscrete three-dimensional materials. Among these,
canceling out. Obviously, this condition is fulfilled as soon the azido ligand turned out to be extremely versatile in
as ferromagnetic interactions dominate. However, in the i,iinq metal ions and a remarkable magnetic coupler for
presence of most frequent antiferromagnetic mteractlons_,pmpagaﬁng interactions between paramagnetic ions. The
pioneer approaches were devoted to regular heteros‘p'nstructural variety of the azido complexes ranges from

ferrirrI\agnitic cEairfs holding altﬁrnating spin carriersh molecular clusters to extended 1D to 3D mated&lThe
coupled through a unique exchange constant. Another .y eynression of the versatility of this ligand lies in the
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different coordination modes it can offer. The most common Scheme 1. Schematic Drawing of the LH Ligand

are the end-to-endu( N3, EE) and end-onu 1-N3, EO) FsC
modes, whereas triply{ 1,17 11,1.F) or quadruply f1,1,1.1° W
u1133°% coordinated modes remain relatively rare. An o N

additional interesting feature that illustrates the versatility

of this ligand is in the number of azido ions involved in the

coordination of the metal centers. One, two, or three azides AN
can be encountered, both for the EE and EO médes.us LH

note that, when a single azide connects two metal centers in |
an EO fashion, it is always associated with another bridging

moiety. To our best knowledge, only one exception has beenin these system®:** In that sense, we have recently
reported for a Cu(ll) chai®t Futhermore, different bridging  demonstrated that a relatively small structural deformation
modes of the azido ions may simultaneously exist in the sameof the EE coordination mode can switch the magnetic
species, leading to original alternating topologies and behavior from ferromagnetic to antiferromagnetic in Cu(ll)-

magnetic behaviors exemplified by the reported HHEE],, based complex€$.Apart from the tremendously abundant
which is the most common, and [E<EE—EE],, [EO—EO— Cu(ll) compounds, Ni(ll), Mn(ll), Fe(ll), and Co(ll) azido-
EO—EE],, and [EC-EO—-EO—-EO—EE], sequence¥ bridged chains have been reported in the literature, some of

From the magnetic point of view, depending on the them showing promising SCM behavigr.
bonding and symmetry modes of the azido bridge, the sign As part of this work, we recently synthesized a new Cu-

and amplitude of the magnetic exchange can be effectively (Il) azide dinuclear complex, where each metal ion is
tuned. In general, the EE mode favors antiferromagnetic coordinated by a tridentate Schiff base ligand and two azides

interaction, whereas the EO one leads to ferromagneticin an EE modeé> Our aim was then to extend this study to
behavio131t is also known that structural parameters greatly & more anisotropic ion, such as Ni(ll) holdirg= 1 spin

affect the nature and magnitude of the magnetic exchangestates. We here report the synthesis and magnetic charac-
terization of an unprecedented alternating single end-on and

(5) (a) Ribas, J.: Escuer, A.; Monfort, M.; Vicente, R.: Cortes, R.; Lezama, €nd-to-end aZidO'bridg_ed Ni(I1) chafiiNi o(u1,-N3) (1,5-Na)-

L; ROjlo, TI.; Goher(j M. A. S.t Iﬂ\/lllagnetissm: I\lﬂlolecules &o Mattlarials (L)2(MeOH)]} . In the light of the resolved crystal structure,

Il: Molecule-Based MateriatsMiller J. S., Drillon, M., Eds.; Wiley- ; : : :

VCH Verlag GmbH & Co. KGaA: Weinheim, 2002. (b) Ribas, J.. & detailed analy5|s of_ the u_nderlymg magnetic pathways

Escuer, A.; Monfort, M.; Vicente, R.; Cortes, R.; Lezama, L.; Rojo, through the azido bridges is proposed on the basis of

T. Coord. Chem. Re 1999 193 1027. initi i i

For examples, see: (a) Manson, J. L. Arif, A. M. Miller, JCen. correlated ab initio qa_tlc_ulahons. Suph caIchann; allow us

Comm.1999 1479. (b) Liu, F.-C.: Zeng, Y.-F.: Jiao, J.; Bu, X.-H.;  t0 evaluate the sensitivity of the EQO interactions with respect

Ribas, J.; Batten, S. Rnorg. Chem.2006 45, 2776. (c) Monfort, to structural parameters.

M.; Resino, I.; Ribas, J.; Stoeckli-Evans, Angew. Chem., Int. Ed.

200Q 39, 191. (d) Mautner, F. A.; Cortes, R.; Lezema, L.; Rojo, T.

Angew. Chem., Int. Ed. Engl99§ 35, 96.

(7) (a) Halcrow, M. A.; Huffman, J. C.; Christou, Gngew. Chem., Int. P . .
Ed. 1995 34, 889. (b) Halcrow, M. A.; Sun, J.-S.; Huffman, J. C.; Caution! Although we hae not experienced any problem with
Christou, GInorg. Chem1995 34, 4167. (c) Wemple, M. W.; Adams, the reported compound in this work, azide complexes of metal ions
D. M;; Hagen, K. S;; Folting, K.; Hendrickson, D. N.; Christou, G.  are potentially explosie. Only a small amount of material should

Chem. Commun1995 1591. (d) Ma, D.; Hikichi, S.; Akita, M.; ; ;
Morooka, Y. J. Chem. Soc. Dalton Tran200Q 1123. (e) Goher, M. be prepared, and it should be handled with care.

6

~

Experimental Section

A.S.: Cano, J.: Journaux, Y.: Abu-Yussef, M. A. M.: Mautner, F. A.: All chemicals and solvents were used as received. All prepara-
Escuer, A.; Vicente, RChem. Eur. J200Q 6, 778. _ tions and manipulations were performed under aerobic conditions.
(8) Meyer, F.; Demeshko, S.; Leibeling, G.; Kersting, B.; KaiferCem. Synthesis of the Ligand (LH). The synthesis of the ligand LH

Eur. J.2005 11, 1518.

(9) Papaefstathiou, G. S.; Perlepes, S. P.; Escuer, A.; Vicente, R.; Font- (L 1,1,1-trifluoro-7-(dimethylamino)-4-methyl-5-aza-3-hepten-2-

Bardia, M. Angew. Chem., Int. EQ001, 40, 884. onato) has been previously reported (Schenié 1)1,1-Trifluoro-
(10) ((g)) gleyef,th-: KiSfChLef,bP-li_ Pfitékoml\;i H_:heml. C?/\f/anur2003F774N-l 2,4-pentanedione (1 mL, 8.24 mmol) was dissolved in 20 mL of
emesnko, S.; Leibeling, G.; Maringgele, ., Meyer, F.; Men- H H
nerich, C.; Klauss, H.-H.; Pritzkow, Hnorg. Chem2005 44, 519. metha}nol cooled in a_n '(?e bath. Then, 0.95 mL. (8'65 mmol) of
(c) Golze, C.; Alfonsov, A.; Klingeler, R.; Bthner, B.; Kataev, V.; N,N-dimethylethylendiamine was added under stirring. After 12 h
Mennerich, C.; Klauss, H.-H.; Goiran, M.; Broto, J.-M.; Rakoto, H.;  of additional stirring at room temperature, the solvent was removed
ZDZeﬂ%%qko, S.; Leibeling, G.; Meyer, IPhys. Re. B 2006 73, under vacuum. The oily yellow material collected was used without
(11) Mukherjee, P. S.; Maji, T. K., Mostafa, G.; Mallah, T.; Chaudhuri, further pur.lflcatlon. _
N. R. Inorg. Chem.200Q 39, 5147. Synthesis of the CompleX [Ni(#11-N3)(#1,5N3)(L) (MeOH),]}

(12) For recent examples, see: (a) Abu-Youssef, M. A. M.; Escuer, A;; (1). A solution of 0.238 g (1 mmol) of NiGI6H,O with 0.224 g

Goher, M. A. S.; Mautner, F. A,; Reiss, G. J.; Vicente, Rgew. . :
Chem. Int. ed200Q 39, 1624. (b) Abu-Youssef, M. A. M.; D?illon, (1 mmol) of the ligand (LH) in 20 mL of methanol was added to

M.; Escuer, A.; Goher, M. A. S.; Mautner, F. A.; Vicente, IRorg.
Chem.200Q 39, 5022. (c) Gao, E.-Q.; Bai, S.-Q.; Yue, Y.-F.; Wang, (14) Ruiz, E.; Cano, J.; Alvarez, S.; Alemany,J?Am. Chem. Sod998

Z.-M.; Yan, C.-H.Inorg. Chem2003 42, 3642. (d) Liu, F.-C.; Zeng, 120 11122.

Y.-F.; Zhao, J.-P.; Hu, B.-W.; Bu, X.-H.; Ribas, J.; CanoJnbrg. (15) (a) Aronica, C.; Jeanneau, E.; El Moll, H.; Luneau, D.; Gillon, B.;

Chem.2007, 46, 1520. Goujon, A.; Cousson, A.; Carvajal, M. A.; Robert, €hem. A Eur.
(13) (a) Ribas, J.; Monfort, M.; Diaz, C.; Bastos, C.; Solans,Inrg. J. 2007, 13, 3666. (b) Carvajal, M. A.; Aronica, C.; Luneau, D.; Robert,

Chem.1993 32, 3557. (b) Vicente, R.; Escuer, Rolyhedron1995 V. Eur. J. Inorg. Chem2007, 28, 4434.

14, 2133. (c) Escuer, A,; Vicente, R.; Goher, M. A. S.; Mautner, F. (16) (a) Liu, T.-F.; Fu, D.; Gao, S.; Zhang, Y.-Z.; Sun, H.-L.; Su, G; Liu,

A. Inorg. Chem.1998 37, 782. (d) Butcher, R. J.; O’'Connor, C. J.; Y.-J.J. Am. Chem. So@003 125, 13976. (b) Liu, X.-T.; Wang, X.-

Sinn, E.Inorg. Chem.1981, 20, 3486. Y.; Zhang, W. X.; Cui, P.; Gao, SAdv. Mater. 2006 18, 2852.
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Ni(ll) Chain with Alternating Single Azido Bridges

Table 1. Crystal Data and Structural Refinement Parameterd for

Table 2. Selected Bond Lengths, Distances (A), and Angles (deg} for

refined formula

{[Ni2(u1,1-N3)(u1,3N3) (L) 2(MeOH)] } o
GoH36FsN10Ni204

molecular weight (gnol~1) 711.9

T (K) 293

2 (Mo Ka) (A) 0.71073
crystal color blue
crystal system monoclinic
space group C2/c (no. 15)
a(h) 21.570 (7)
b (A) 10.79 (1)
c(A) 16.154 (5)
p (deg) 120.81 (2)
V (A3) 3228 (4)

z 4

Pealc (9 cnr3) 1.465

w (mm™1) 1.252
F(0000) 25536
R(F)2[I > 30(1)] 0.0521
Ru(F)P[I > 30(1)] 0.0601

S 1.13

Apmin/ Apmax (€ A3) —0.47/0.41
no. of reflections used 1934

no. of refined parameters 193

AR(F) = ZlIFol — IFcll/ZIFol. ® Ru(F) = S[W((Fo — F)¥TwFc72

a solution of 0.130 g (2 mmol) of the Nalih 10 mL of methanol.
Triethylamine (0.5 mL, 3.5 mmol) was added to the resulting green
solution. The brown precipitate that formed was filtered off and
the resulting brown solution was slowly evaporated. After 10 days,
green plate shaped crystals suitable for single-crystal X-ray dif-
fraction were isolated upon filtration. Yield: 28%. Anal. Calcd for
NiC10H1gNsO-F5 (M = 318.0 g mot?): C, 37.8; H, 5.71; N, 22.0;
Ni, 18.5. Found: C, 38.1; H, 5.52; N, 22.1; Ni, 18.0.
Crystallographic Data Collection and Refinement.Diffraction
data were collected at room temperature using a Nonius Kappa
CCD and the related analysis softwarelLorentz—polarization
correction, peak integration, and background determination were
carried out with the DENZO program; frame scaling and unit-cell
parameters refinement were made through the SCALEPACK

program. The lattice constants were refined by least-square refine-

ment using 1934 reflections (0.9% 6 < 24.8). No absorption

Ni1—01 2.035(3) Nit-N3—Nil 133.3(2)
Ni1—N6 2.109(4) Nit-N6—N7 124.1(2)
Nil—N3 2.091(2)

Nil—N2 2.175(4) Nit-N6—N6—Ni1a 180.0(2)
Nil—N1 2.035(3)

Ni1—02 2.138(3)

Ni1—Ni1P 3.8394(9)

Ni1—Ni1P 5.868(2)

aTorsion angle? Symmetry transformations used to generate equivalent
atoms: =X, =Yy, —Z

frequencies ranging from 1 to 1500 Hz. The magnetic data were
corrected for the sample holder and diamagnetic contribution.
Computational Details. Let us mention that all our calculations
were performed using the crystal data and that no geometry
optimizations were undertaken. Since the system we are interested
in consists of open d-shell ions, we favored explicitly correlated
ab initio calculations. Besides, the evaluation of magnetic coupling
constants between tw®= 1 Ni(ll) ions calls for an accurate low-
energy spectrum description-10 cnTl). Thus, rigorous multiref-
erence calculations were carried out including (i) first the leading
physical configurations (complete active space self-consistent field,
CASSCF) and then (ii) dynamical correlation effects using the
dedicated difference configuration interaction (DDCI) methéd
implemented in the CASDI cod Basis sets and pseudopotentials
on the Ni atoms (9s6p6d)/[3s3p3d] and nearest-neighbor atoms
(4s4p)/[3s2p] for N and (4s5p)/[3s3p] for O were used, whereas
the rest of the molecule was described with smaller basis sets, i.e.,
(4s4p)/[2s2p] for C and (3s)/[1s] for H. Such a strategy has been
successfully used in the study of magnetic properties MiR,
perovskite?? Thus, CASSCF calculations implemented in the
MOLCAS 5.4 package were performed, including six electrons in
five MOs 23 This enlarged CAS(6,5) includes two orbitals on each
Ni(ll) center and one doubly occupied ligand orbital. Along this
scheme, one qualitatively introduces in a multireference wave
function the leading physical configurations in the different states
of interest. It has been shown that the use of an enlarged CAS
allows one to reach accuracy with less demanding DDCI-2
calculationg* Therefore, we limited our calculations to the DDCI-2

correction was applied to the data sets. The structure was solved€Vel, using the singlet CASSCF wave function to evaluate the spin

by direct methods using the SIR97 progt&sombined with Fourier
difference synthesis and refined agaifstising reflections with
[I/o(1) > 3] via the program CRYSTALS? All the thermal atomic
displacements for non-hydrogen atoms have been refined with
anisotropic terms. Hydrogen atoms have been located either
theoretically or by Fourier difference. X-ray crystallographic data
and refinement details are summarized in Table 1. Selected

interatomic distances, bond lengths, and bond angles are listed in

Table 2.

Magnetic Measurements.The magnetic measurements were
carried out with a Quantum Design SQUID magnetometer MPMS-
XL. This magnetometer works between 1.8 and 400 K for dc
applied fields ranging from—7 to 7 T. Measurements were
performed on a polycrystalline sample of 28.15 mg. The ac
susceptibility was measured with an oscillating field of 3 Oe and

(17) NONIUS, Kappa CCD Program Package: COLLECT, DENZO,
SCALEPACK, SORTAV, Nonius B.V., Delft, The Netherlands, 1999.

(18) Cascarano, G.; Altomare, A.; Giacovazzo, C.; Guagliardi, A.; Moliterni,
A. G. G.; Siligi, D.; Burla, M. C.; Polidori, G.; Camalli, MActa
Crystallogr. Sect. AL996 52, C-79.

(19) Watkin, D. J.; Prout, C. K.; Carruthers, J. R.; Betteridge, P. W.;
CRYSTALSChemical Crystallography Laboratory: Oxford, UK, 1999;
Issue 11.

state energies.

Results and Discussion

Synthesis. The synthesis of the polymeric complex is
based on the one-pot method using the LH ligand (Scheme
1) with metal and azide salts in the presence of a base to
deprotonate the ligand. Such a synthetic procedure has
already been conducted with Cu(ll) salts in a Cu(ll)/b/N
1/1/1 ratio and has led to a [@Lp(Ns)] dinuclear complex®
However, the same procedure with Ni(ll) ion has led to the
crystallization of red crystals that have been identified as
[NILN 3] monomers with the Ni(ll) ion in a square plane

(20) Miralles, J.; Castell, O.; Caballol, R.; Malrieu, J.Ghem. Phys1993
172 33.

(21) Ben Amor, N.; Maynau, DChem. Phys. Lettl998 286, 211.

(22) Moreira, I. P. R.; Suaud, N.; Guihery, N.; Malrieu, J. P.; Caballol, R.;
Bofill, J. M.; lllas, F. Phys. Re. B 2002 66, 134430.

(23) Anderson, K.; Fischer, M. P.; Karlstim, G.; Lindh, R.; Malqvist, P.
A.; Olsen, J.; Roos, B.; Sadlej, A. J.; Blomberg, M. R. A.; Siegbahn,
P. E. M;; Kello, V.; Noga, J.; Urban, M.; Widmark, P. ®IOLCAS,
Version 5.4, University of Lund, Lund, Sweden, 1998.

(24) Gelle, A.; Munzarova, M. L.; Lepetit, M.-B.; lllas, Rhys. Re. B
2003 68, 125103.
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b)

> C
Figure 1. (a) View of the dimerid Niz(u«1,1-N3)(L)2(MeOH)} unit, with atomic labels. (b) View of the chain along thxis without the ligands. Hydrogen
atoms have been omitted for clarity.

Figure 2. Perspective view of the chains along tixaxis. Hydrogen and fluorine atoms have been omitted for clarity.

configuration. It is only in the presence of an excess of azide bridging mode with one of the neighboring Ni(ll) ion,
that the extendefNi(u1,1-N3)(u1,5N3)(L) 2(MeOH)]}, com- whereas the second is bridged by a single EE azido linkage.
plex (1) is formed. The slow evaporation of the solvent The chain can therefore also be viewed{&,(N3)(L)2-
allows the crystallization of well-defined crystals character- (MeOH),} ™ dinuclear units linked to each other in a zigzag
ized by X-ray diffraction. pattern by the other azide (Figure 1) with a center of
X-ray Single-Crystal Structure. Complex1 crystallizes symmetry lying in the middle of this EE azido bridge.
in the monoclinicC2/c space group. Its structure consists of ~ The Ni(ll) ions are crystallographically equivalent and
Ni(ll) cations surrounded by one protonated coordinated located in a distorted Nié), octahedron. The two oxygen
solvent molecule (MeOH) and one deprotonated ligand.(L  atoms come from a coordinated methanol with-i bond
The resulting Ni(L)(MeOH)} units are bridged to each other length equal to 2.138(3) A and from the Ligand with
by single azido ligands, giving a neutral monodimensional Ni—O equal to 2.035(3) A. Two nitrogen atoms are part of
compound running along theaxis of the unit cell (Figure  the L~ ligand with Ni—N bond lengths equal to 2.035(3)
1). The chains are parallel and well-isolated from each other, and 2.175(4) A and the two others from the Ilgands with
as the shortest distances between the chains are 10.79 andi—N equal to 2.091(2) and 2.109(4) A for EO and EE
12.06 A (Figure 2). bridging modes, respectively (Table 2).
Two azide coordination modes are present in an alternating In the EO unit, the Ni+N3—Nil' 133.3(2} bond angle
fashion along the chain. Each Ni(ll) cation has one EO is higher than traditionally found in previous dimefibli-

1130 Inorganic Chemistry, Vol. 47, No. 3, 2008
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a)
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Figure 3. ymT (a) andywm (b) thermal evolution of compountrecorded
at 1000 Oe (withym = M/H). Solid lines show the best fit obtained from
the dimeric model.
(u1.1-N3):Ni} entities (between 10%and 103). Interestingly,
though, on going from double to triple azido bridges between
Ni(ll) ions, a decrease in the reported-NNI—Ni bond angles
from ~103° to ~86° is observed.Therefore, one may expect
an increase of this parameter with only one EO azide link,
in agreement with the 133 3salue. The EE azido bridge
unit displays an expected NiIN6—N7 bond angle of
124.1(2y, which falls within the usual bond angles valdes.
The EE azido coupler exhibits a symmetric coordination
mode and a torsion angle,of 18C° (defined as the dihedral
angle between the NiAN6—N7 and Ni1—N6—N7 planesy.
Due to the alternation of EE and EO bridging modes, two
different Ni—Ni distances are observed, a short one at
3.839(1) A and a long one at 5.868(2) A along the EO and
EE linkage, respectively (Table 2).

Magnetic Properties The magnetic behavior of is
shown in Figure 3. At 300 K, theuT product is 1.90 crfh
K mol~1. This value is slightly lower than the expected value
for two Ni(ll) metal ions § = 1, g = 2). Decreasing the
temperature, theuT product continuously decreases to reach
0.008 cni K mol~t at 1.8 K, indicating dominant antiferro-

50

of magnetic exchanges. Therefore, two hypotheses are
possible: (i) alternating ferro-/antiferromagnetic (F/AF)
interactions, where the antiferromagnetic coupling is domi-
nant as no maximum is observed on e curve, and (ii)
alternating antiferro-/antiferromagnetic (AF/AF) interactions.
Data simulations performed either with the equation proposed
for an alternating F/AF S= 1 Heisenberg chath or
considering the chain as an N-spin ring (witiNa= 8) led
to values of about-37 cn1? for J and around zero fod'.
The incertitude onJ' is so large that even the sign of this
parameter is undetermined. On the basis of the result that
[J] > |J|, the data were therefore simulated using a dinuclear
approach described by the following Heisenberg spin Hamil-
tonianA = —2J § & including a single exchange constant
(J). In addition, the paramagnetic impurity was taken into
account agm = (1 — p)ymimen T PG2(S + 1)/8T (where
100Qv is the percentage of this impurity), as well as a
temperature-independent paramagnetic (TIP) contribution.
Very good agreement with experimental data was found with
the refined parameteig = 2.15,J = —37.1 cnT?, yp =
6.3 10“ cm® mol™, and 0.7% of paramagnetic impurity
(Figure 3). Let us note that thg e value falls in the range
of previously reported values ifiNi,} dinuclears® Such
good agreement with this simple model indicates that the
introduction of additional parameters is not relevant and
would only lead to overparametrization of the fit. Therefore,
the magnetic behavior of the chalrtends to be equivalent
to that of {Niy} isolated entities. Hence, the singlet spin
ground state rules out any chance to observe SCM behavior.
As a matter a fact, we did not detect any out-of-phase ac
signal.

Ab Initio Calculations. In order to support the analysis
of the magnetic properties and to have some insight on the
exchange mediated by the EO bridge, ab initio calculations
were performed ord. The alternation of EO and EE units
strongly suggests the presence of two magnetic exchange
pathways that can be accessible through diimers spec-
troscopy analysis. Since the Ni(ll) ion is formally,dne
expects exchange interactions betwé&es 1 ions giving
rise to three spin states in the;Ninits, namely singlet (S),
triplet (T), and quintet (Q) states. Therefore, we looked into
the spin state splitting in the two dinuclear moieties extracted
from the crystal structure shown in Figure 4. This particular
strategy has been successfully reported in the solid-state
chemistry literature, and DDCI-2 calculations have already
been performed on this type of dinuclear #i©ur CASSCF
calculations on th& state, based on enlarged CAS(6,5) space

magnetic interactions between the Ni(ll) ions and the that includes two orbitals on each Ni(ll) center and one

presence of a diamagnetic ground state. The susceptibilitydoubly occupied ligand orbital, display the expected magnetic
shows a rounded maximum at 110 K at about 0.0093 cm orbitals (Figure 4). These active MOs are very similar to

mol~t and a strong decrease to 0.0012%¢nol ! at 13 K. the T and Q orbitals, while the three states are almost de-
The sharp increase ipy below 13 K can be attributed to ~ generate at this level of calculation in both dimers. However,
paramagnetic impurities with Curie-type behavior. This is the dynamical correlation effects are likely to change this

confirmed by theM vs H measurements at 1.'85 K.’ which (25) Borras-Almenar, J. J.; Clemente-Juan, J. M.; Coronado, E.; Lloret, F.

reveal the presence of a small paramagnetic residual con-"" chem, Phys. Lettl997, 275, 79.

tribution (impurity or chain defects).
The presence along the chain of two different kinds of
Ni—Ni bridges is consistent with the presence of two kinds

(26) Demeshko, S.; Leibeling, G.; Dechert, S.; Fuchs, S.; Pruschke, T.;
Meyer, F.Chem. Phys. Chen2007, 8, 405.

(27) Castell, O.; Caballol, R.; Garcia, V. M.; Handrick, Korg. Chem.
1996 35, 1609.
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Figure 4. EE (a) and EO (b) dimeric units together with tke(middle)
andZ (bottom) MOs of the Ni(ll) ions.

state of affair. The latter were included at a DDCI-2 level
using the singlet MOs.

In a Heisenberg picturdd = —2J § S, and the energy
separations are|§ and 4J| between the quintet and singlet
and between the quintet and triplet states, respectively.
Within the EE unit, a relatively large antiferromagnetic
exchange constant)Jfg = —53 cnt?) is calculated in
relatively good agreement with the extracted value from
experimental dat# This is to be contrasted with the EO
Ni, unit, which exhibits a negligibly small magnetic interac-
tion (a0 = Jeo/|Jeg| ratio ~ 0.02). Our ab initio calculations
not only confirm the isolated dimers picture but also associate

the leading antiferromagnetic exchange pathway to the EE

bridging mode. In the light of the calculateBd — Es)/(Eq

— Ey) ratio?® let us mention that the deviation from a pure
Heisenberg picture is negligible (less than 2%), ruling out
the speculated participation of quadratic tefhs.

Discussion

The magnetic exchanges mediated through the EE and EQ,

azido bridging modes have been extensively experimentally
and theoretically studied. Concerning the EE coordination

Bonnet et al.

is always ferromagnetic for NIN—Ni angles ranging from

80° to 11C.1* Whereas calculations and experimental data
agree well for double-bridged Ni(ll) complexes, they notably
differ for triple bridge systems, as the nature of the magnetic
interaction (ferromagneti¢ vs antiferromagneti®) is very
sensitive to small NiN—Ni angle variations. Iri, the Nil—
N3—Nil" angle is 133, much greater than the one usually
encountered in other EO bridges associated with an almost
null ferromagnetic coupling constant. One may therefore
wonder whether a variation of this particular structural
parameter may induce ferromagnetic character enhancement.
The aim of this study is first to know if a chain picture can
be recovered with such a single EO bridge. Besides, this
ferromagnetic coupling can be used to geneBate2 units.
Fora >> 1, the system might be viewed as a combination
of EO bridgedS = 2 units, antiferromagnetically coupled
through EE coordination mode of the azido bridge. Thus, a
“Haldane-like” chain could be accessible. Indeed, the
Haldane conjecture predicts that chains should be gapped in
the case of integer spin quantum number, whereas the energy
levels are gapless in the case of half-integer sigich a
“Haldane-like” picture could be extended to the already
reported alternating EEO chains.

Therefore, similar ab initio calculations (i.e., CASSEF
DDCI-2) were performed to investigate the variation of the
magnetic exchange constaii, with respect to the Nit
N3—Nil' valence anglef, in the EO unit. The value was
artificially modified from 120 to 14CQ by displacing the k|
moieties perpendicular to the NNi direction, while the rest
of the dimer was not altered. Let us mention that the-Nil
N3 and Ni1—N3 distances were modified by less than 9%
as@ is varied. From this magnetostructural inspection, the
magnetic exchange constant variations are smaller than 1
cm 1. Such values are not relevant from a computational
point of view. Thus, even though our attempt to geneate
= 2 “Haldane-like” chains was not successful, we believe
that the combination of different local spin natures and
magnetic interactions still deserves particular attention.

Concluding Remarks.Using the azido bridge versatility,
we have prepared and characterized an unprecedented 1-D
alternating EO/EE Ni(ll) system. The magnetic data suggest
that the chain behaves as isolated antiferromagnetic Ni
dimers with Jag of —37 cmt. Our ab initio calculations
confirmed this particular picture, and we attributed this
ntiferromagnetic exchange to the EE coordination mode of
the azide ligand. As a matter of fact, the magnetic coupling
through the EO azide bridge is negligibly small,= Jeof

mode, a general observation of the reported studies revealq Jee] ~ 0.02. Therefore, even if the system can be considered
that the amplitude of the exchange interaction is smaller in 53¢ a1 extended chain from the chemical point of view, it is

single bridges than in double and triple ofidhe values of
Ni1l—N6—N7 angle equal to 124°1and Ja,r = —37 cnt?t

are consistent with the values found in the literafure.
Interestingly, single EO coordination modes are rather
unusual as, to our knowledge, it has only been reported for
a Cu(ll) chain'! Previous DFT calculations performed on
double and triple EO bridges have shown that the interaction

(28) Atthe CAS-DDCI-2 levelEq — Es = 320 cnt andEq — Er = 216
cm 1,
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magnetically described as isolated antiferromagnetic dimers.
On the basis of magnetostructural correlations, our calcula-
tions suggest that the magnetic interaction on the EO unit is
not sensitive to the NiN—Ni valence angle. In order to

(29) Beer, P. D.; Drew, M. G. B.; Leeson, P. B.; Lyssenko, K.; Ogden, M.

I. J. Chem. Soc. Chem. Commu995 929.

Ribas, J.; Montfort, M.; Kumar Gosh, B.; Solans,Ahgew. Chem.,

Int. Ed 1994 33, 2087.

(31) (a) Haldane, F. D. MPhys. Re. Lett.1983 50, 1153. (b) Yamashita,
M.; Ishii, T.; Matsuzaka, HCoord. Chem. Re 200Q 198 347.

(30)



Ni(ll) Chain with Alternating Single Azido Bridges

enhance this particular interaction, and generate syntheticedged for kindly providing the CASDI code, and the IDRIS
models ofS = 2 “Haldane-like” chains, we believe that one national computer resources center for computer time.

may consider different synthetic routes. Supporting Information Available: X-ray crystallographic file
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