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Mono-, di-, and trinuclear copper—azido moieties have been synthesized by varying the size of the countercations.
[BusNJ* yielded a [Cux(Ns)e]?~ copper—azido moiety in [BusNJo[Cua(zes 1-N3)a(N3)s], 1, and [PryN]* yielded a [Cus(Ns)g]*~
moiety in {[PrsNJo[Cus(ees,1-N3)a(Ns)al} n 2, in which symmetry-related [Cus(N3)g]>~ moieties are doubly w;-azido
bridged to form unprecedented infinite zigzag chains parallel to the crystallographic a-axis. In the case of [Et,N]*,
the mononuclear species [EtsN]2[Cu(N3)4], 3, has been formed. All complexes have been characterized structurally
by single-crystal X-ray analysis: 1, Ca;H7:NxoCusy, triclinic, space group P1, a = 10.671(9) A, b = 12.239(9) A, ¢
=10.591(5) A, oe = 110.01(4)°, B = 93.91(5)°, y = 113.28(5)°, V = 1160.0(1) A3; 2, C24HssN25Cus, monoclinic,
space group P2i/n, a = 8.811(2) A, b = 37.266(3) A, ¢ = 13.796(1) A, B = 107.05(1)°, V = 4330.8(10) A3; 3,
CisHaoN14Cu, tetragonal, space group /4/m, a = b = 10.487(1) A, ¢ = 12.084(2) A, v = 1328.9(3) A%. The
variable-temperature magnetic susceptibility measurements showed that although the magnetic interaction in [BusN].-
[Cuz(u1,1-N3)2(N3)4], 1, is antiferromagnetic (J = =36 cm™1), it is ferromagnetic in {[PraNJo[Cus(ee1,1-N3)a(N3)a]} o, 2
(J=7cm™Y). As expected, the [Et;N]o[Cu(N3)s] complex, 3, is paramagnetic.

Introduction monodentate and a bridging bi-, tri-, and tetradentate ligand.
Because of this unique capability, azide attracts a lot of
tracted a lot of attention in recent times because of their I the_design of mono- or_multidimensional metal-
importance in diverse fields, encompassing condensed mattelassembled .az|do.complex%3§.Havmg control over the
physics, materials chemistry, biological chemistry, ‘etc. mo!ecu!ar dimensions and geometry of the metigand .
Among them, azide is the most versatile ligand, and its moiety in the compounds may lead to the control over their

versatility and efficiency lie in its functionality as a terminal magqetlc propertie3in fact, remarka}ble st_ructu_ral varlatlons.
of azido complexes have resulted in a diversity of magnetic

*To whom correspondence should be addressed. E-mail: skonerss@ Pehaviors. In this context, the synthesis of nonserendipitous

The pseudohalide-containing metal complexes have at-

hotfnlgail-cotm- ¢ of Chemistry. Jad Universit products is particularly interesting for gaining deeper insight
epartment O emistry, Jadavpur university. : . .
8 Laboratoire de Chimie de Coordination du CNRS. into magnet_o-structural cqrrelatlons in molecular systems and
';University of Tsukuba. o for developing new functional molecule-based materials. It
Department of Physics, Jadavpur University. has been shown that the magnetic interaction mediated by
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the azido bridge is generally antiferromagnetic for the countercations. A small positive counterion,*Cafforded
u1.3N3 (end-to-end, EE) mode, though, in the recent past, an interesting 3D-stacked honeycomb[{8In(N3)s} ] where
some exceptions have been reportétr theus 1-N3 (end- Cs' ions were entrapped in the hole of the 3D metatido

on, EO) bridging mode, ferromagnetic ordering is established network; this is also the case for a cation such asfifte!”-1°
when the Cu-N—Cu angle is small, which has been But, for a bigger cation, tetraethylammonium, a polymeric
attributed to a spin-polarization effectHowever, Jierro IS double-chain type structure was found in the complex
expected to decrease with increasing-Gl+Cu angle, and [EtaN].[Mn2(N3)s(H20)].28 The magnetic properties of cop-
the EO azido bridge can propagate antiferromagnetic cou-per—azido polymeric structures have seldom been reported.
pling if the bridge angle is large enough (critical angle A weak ferromagnetic interaction (6.2 ch —2JSS
~108).56 More recent theoretical studies suggest a smaller formalism) has been evaluated in [@u{-N3)(u13N3)(4-
critical angle ¢104°).” Other structural parameters, such as Etpy)].'* by neglecting the weak antiferromagnetic interac-
Cu—N (azido) distance, mean out-of-plane deviation of the tion that may be expected through the EE azido bridges and
azido group, geometry of the ligand environment to thé Cu by considering EO azido-bridged dinuclear units as an

centers, etc., shall also be considéeiéd@herefore, EO azido-
bridged polynuclear metal complexes certainly have rel-
evance to the field of molecular magnetism. Different types
of polymeric structures, 1D [G(u1 1-N3)4(3-picoline}]n,®
[Cu3(,ul,1-N3)5(/11,1,1-N3)(2-benzoylpy)],9 [CU(IAlyl-N3)2(3,4-
lutidine)]n,*° [Cus(u,1-N3)s(2,6-lutidine}],*° [Cu(us, 1-N3)(py-
N-oxide)L,ll [Cu(ulyl-Ng)z(Z-Me,5-Etpy)}1,12 [CU(uj_,l-Ng)z(z-
Clpy)]n"® [Cu(u1,5N3)2(3-benzoylpy),* { [Cu(us-Na) (u1 1,5
N3)(3-Etpyhl[Cu(u1,zNa)2(3-Etpyk]}n,** { [Cuz(ut1,-Na)a(3-
Clpy)al[Cu(us,5N3)2(3-Clpy)]} n,'> and [Cus(us,-Na)o(us,1,r
N3)(u1.1,5N3)(2-bis(pyrazol-1-yl)methaneff and 2D [Cuf, -
N3)2(2,3-diMepy)}t? and [Cufer,1-N3) (i1, 3N3)(4-Etpyk]n, 4
were found for several coppeazido systems including
ancillary ligands. To our knowledge, the only polymeric (1D)
copper-azido system devoid of ancillary ligand id1e,N]-
[Cu(N3)s]}n, in which the copper(ll) cations are connected
by a triple bridge including twqu; N3 and oneus 1-N3
bridging aniong’ On the other hand, a diversity of struc-

approximation. A combination of alternatinglid;-J>J,-
ferromagnetic (5.3 cnt) and antiferromagnetic{9.8 cm?)
interactions within a ring of 12 locab = 1/2 centers
(analytical expression) has been considered as an approxima-
tion for evaluating the magnetic behavior{¢€ux(u1,1-N3)2-
(3-Clpyul[Cu(u1,3N3)2(3-Clpy)]} n.t® A weak ferromagnetic
interaction has been evaluated in pGuY 1-N3)2(u1,1,-N3)-
(u1.1,5N3)(2-bis(pyrazol-1-yl)methaneg)f by neglecting the
very weak antiferromagnetic interaction that may be expected
through the intertetranuclear EE azido bridges, by ap-
proximating the interactions through the long EO azido
bridges with a molecular-field correction terg(—0.4 K),

and by considering the short EO azido bridges as the main
magnetic mediators yielding intradinuclear ferromagnetic
interactions (5.9 cmt, — 2JSS formalism). Finally, a weak
antiferromagnetic interactionJlk = —3.6 K) has been
evaluated i{ [MesN][Cu(N3)3]} » by considering interactions
between nearest neighbors of a Heisenberg chain, with the

tural and magnetic behaviors has been observed amonghermal variation of the magnetic susceptibility being ap-

Mn"—azido moieties simply by varying the size of the
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proximated by an empirical functiofi.

Further exploration of copper(lazido systems based on
various countercations has allowed us to structurally and
magnetically characterize Cuazido systems containing
either tetraethylammonium, tetrapropylammonium, or tet-
rabutylammonium countercations. Interestingly, the variation
in the size of the cations yielded diverse copper(dzido
nuclearities as well as magnetic properties: J8u[Cu,-
(u1.1-N3)2(N3)4], 1, is dinuclear and shows an antiferromag-
netic behavior{ [PrsN]2[Cus(t1,1-N3)a(N3)4] } n, 2, cOnsists of
bis-u; 1-Ns-bridged linear trinuclear copper(tazido moi-
eties and shows a ferromagnetic behavior; N Cu(N3)4],

3, is mononuclear and shows a paramagnetic behavior. It is
noteworthy that none of these complexes have any coligands.

Experimental Section

Materials. Copper(ll) nitrate trihydrate (Aldrich) and sodium
azide (Sigma) were used without further purification. All other
chemicals used were of AR grade.

Synthesis. Caution! Although our samples mer exploded
during handling, azide metal complexes are potentially expéosi
only a small amount of material should be prepared, and it should
be handled with care

(18) Goher, M. A. S.; Cano, J.; Journaux, Y.; Abu-Youssef, M. A. M.;
Mautner, F. A.; Escuer, A.; Vicente, Rhem—Eur. J.200Q 6, 778.

(19) Mautner, F. A.; Coft® R.; Lezama, L.; Rojo, TAngew. Chem., Int.
Ed. Engl.1996 35, 78.
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Synthesis of Compounds 1, 2, and &ll three compounds were  Table 1. Summary of Crystal Data and Refinement Parameters for
prepared by following a similar process. A methanolic solution (15 Complexesl—3

mL) containing copper(ll) nitrate trihydrate (0.25 g, 1.03 mmol) 1 2 3
was mlxgd with an aqueous solution of sodium azide (0.75 g, 11.54 % 0 GH7NaClo  CoHedN2sCls  CreHaoN1aCU
mmol) dissolved in a minimum volume of water. An aqueous g (A) 10.671(9) 8.811(2) 10.487(1)
solution of either tetrabutyl-1), tetrapropyl- R), or tetraethylam- b (A) 12.239(9) 37.266(3) 10.487(1)
monium bromide3) (0.94 mmol) was added to this reaction mixture ¢ (&) 10.591(5) 13.796(1) 12.084(2)
with continuous stirring. The stirring was continued for another 2 & (deg) 110.01(4) 90.0 90.0
Ting. 9 _ 5 (deg) 93.91(5) 107.05(1) 90.0
h, and a black precipitate was obtained. It was then filtered off and , (geg) 113.28(5) 90.0 90.0
dried in a desiccator. Black block crystals of compouhd®, and V (A3) 1160.0(1) 4330.8(10) 1328.9(3)
1 4 2

3 suitable for X-ray analysis were obtained upon slow evaporation Z

of the dark mother liquor at room temperature. JRb[Cu(u1 1- Sp‘?c(g g;r?fé? E1237 i2§1/26 Ii/nz]lz
Na)2(Na)s], 1, was obtained in ca. 90% yield. Anal. Calcd for '(,;C(%COO) 462 1876 526
CsH7N2Cp: C, 44.5; H, 8.4; N, 32.4%. Found: C,44.5;H,7.8; u(MoKa)(mm?) 0.962 1511 0.852

N, 32.8%. IR (KBr pellets, cmt): v.{azido) 2070, 2039. [RN].- R1, wR2 0.063,0.167  0.0457,0.1028 0.0343, 0.1095
[Cus(ir +-N3)a(Na)a], 2, was obtained in ca. 70% yield. Anal. Calcd Srfi’une@reﬂns o el L

for CaaHseN26Cus: C, 32.2; H, 6.3; N, 40.7%. I_:ound: C,32.2;H,  gpserved refins 1664 4182 767

6.0; N, 41.4%. IR (KBr pellets, cm): v.dazido) 2140, 2040. [1 > 20(1)]

[EtsN]2[Cu(N3)4], 3, was obtained in ca. 20% yield. Anal. Calcd  maxAlesd 1.048 0.000 0.000

fOI' ClGH40N14CU: C, 390’ H, 82, N, 39.8%. FOUnd: C, 388, H, final AAE,Smax/min 0.83,*1.08 0.435,*0.556 0.371r0.215
8.4: N, 40.1%. IR (KBr pellets, cm): vadazido) 2040. Though @A™
the X-ray quality single crystals of compléxwere obtained within
2—3 days, it took several weeks to obtain single crystal2 ahd
3 that were suitable for X-ray analysis.

Physical Measurements.The facilities used for all physical ~ Results and Discussion
measurements and the specific procedure used for fitting the
magnetic data have been described previotfsly.

X-ray Crystallography. A black plate crystal ofl was selected
for collecting X-ray data on a Rigaku AFC7S diffractometer with
graphite-monochromated Modkradiation ¢ = 0.71073 A). Over
the course of data collection, the standards decreased by 4.2%. The
structure was solved by direct methods (SIR?92nhd expanded
using Fourier techniquei.The structure was refined by full-matrix
least-squares oR? using anisotropic thermal parameters for non-
hydrogen atoms. The hydrogen atoms were included but not refined.

Atomic scattering factors were taken from ref 22. All calculations

were performed using the TeXsan crystallographic software package

of Molecular Structure Corf? The max and min peaks on the final

difference Fourier map were 0.83 and.08 e A3, respectively.

Crystallographic data for complek are summarized in Table 1.

Bruker P4 and Bruker-Nonius CAD4 diffractometers with graphite-

monochromated Mo ¥ radiation ¢ = 0.7093 A) andv—26 scan Figure 1. ORTEP view of the [Cp(u1,-N3)2(N3)s]*~ anion of complext
mode were used to collect X-ray data from rectangular block With an atom numbering scheme.

crystals of complexe® and 3, respectively. Over the course of

data collection, the standards decreased by 3%. The structuzes of lected in Table 2. The t t lated (—
and3 were solved and refined with SHELXS 97 and SHELXL 97, are collected in Table 2. The two symmetry-related,(—y,

respectively* The structures were refined by full-matrix least- 2 COPper centers of the dinuclear complex anion are
squares onF2 using anisotropic thermal parameters for non- coordinated by four nitrogen atoms: two from terminal azido
hydrogen atoms. The hydrogen atoms were included but not refined.groups with Cu-N distances of 1.906(5) and 1.912(5) Aand
The max and min peaks on the final difference Fourier map were two from EO pseudosymmetrically bridging azido ligands
0.435 and 0.371eA—3and—0.556 and-0.215 ¢ A-3for 2 and with Cu—N distances of 1.953(5) and 2.006(4) A. The
Cul-N1—Cul* (=Cul*~N1*—Cu) angle is 104.3(2) The
(20) Altmore, A.; Cascarano, G.; Giacovazzo, C.; Gugaliradi, A.; Burla, coordination environment around each copper cation may
) Bt B i e € o . ge D described as distorted square planar. The Qusepara:
Gelder, R.: Israel, R.: Smits, J. M. NDIRDIF 94: The DIRDIF 94 tion within the dinuclear complex anion is 3.126(2) A, similar
program system, Technical Report of the Crystallography Laboratory  to that of the other reported caséd. is the first example of
University of Nijmegen: The Netherlands, 1994. a CU' compound including exclusively azido ligands acting

(22) Cromer, D. T.; Waber, J. Tnternational Tables for X-ray Crystal-
lography, The Kynoch Press: Birmingham, England, 1974; Vol. IV,

3, respectively. Crystallographic data for complezeand 3 are
also summarized in Table 1.

X-ray Structure of Complexes 1, 2, and 3The structure
of 1 consists of [Cu(N3)e].~ anions (Figure 1) and tetrabu-

tylammonium cations. Selected bond lengths and bond angles

Table 2.2 A. (25) (a) Tandon, S. S.; Thompson, L. K.; Bridson, J. N.; McKee, V.;
(23) TeXsan: Crystal Structure Analysis Packadéolecular Structure Downard, A. J.Inorg. Chem.1992 31, 4635. (b) Goher, M. A. S.;
Corp,, 1985 and 1999. Al-Salem, N. A.; Mautner, F. A.; Klepp, K. CRolyhedron1997, 16,
(24) Sheldrick, G. MSHELX 97 Package for Crystal Structure Solution 825. (c) Escuer, A.; Goher, M. A. S.; Mautner, F. A.; Vicente, R.
and Refinement)niversity of Gdtingen: Gitingen, Germany, 1997. Inorg. Chem.200Q 39, 2107.
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Figure 2. (a) ORTEP view of comple®, [PraN]2[Cus(u1,1-N3)a(Ns)4], with an atom numbering scheme. (b) A zigzag 1D chain ofs[@14-N3)a(N3)s]2~
complex anions.
either as terminal donors or as:-Nazigbridges. Its structure  N10, N19, and N22 of 0.012(5) A. The Cul and Cu3 copper-
is related to, but is different from, that of the [§N3)g]>~ (I1) centers, coordinated by four bridging and one terminal
complex anion of th¢[Cuy(tppz)(Ns)2][Cu2(Ns)e]} n polymer, azido ligands, display a distorted square pyramidal geometry.
where one copper is pentacoordinated and two terminal azidoWhile N1, N4, N7, and N13(N1', N13, N19, and N16)
ligands also act ag; 1-Nazigo bridges?® occupy the basal positions of the bipyramidal coordination
The crystallographic asymmetric unit of complex environment of Cul (Cu3), the apical position is occupied
consists of a trinuclear [G(u1,1-N3)4(N3)4]>~ anion and two by N22 (N10). The trigonality indext(= (¢1 — ¢2)/60,
tetrapropylammonium cations. A perspective view of the where¢; and¢, are the two largest EM—L angles of the
asymmetric unit with an atom numbering scheme is given coordination spheré) has been calculated for the two
in Figure 2a, and selected bond lengths and angles are listegpentagonal copper sites.= 0.209 and 0.206 for Cul and
in Table 2. The copper centers are exclusively coordinated Cu3, respectively, confirming the square pyramidal character
by azido nitrogen atoms, and they are bridged in an EO modeof both sites £ = 0 infers a perfect square pyramid, and
only. The two halves of the complex anion are related by a = 1 infers a perfect trigonal bipyramid). The pentacoordi-
pseudocenter of inversion located at the central copper cationhated Cul and Cu3 cations are pseudosymmetrically bridged
Cu2. The tetrapropylammonium cations, however, are not to the symmetry-related+x, —y, —z) Cu3 and Cul cations
related by this pseudoinversion center. The coordination of neighboring trinuclear units through the above-mentioned
environment of the central Cu2 cation can be better describedpairs of EO azido ligands (N1 and N18nd N13 and N1
as distorted square planar with a maximum deviation of any respectively) to form a zigzag 1D chain (Figure 2bjs the
in-plane atom from the least-squares plane through Cu2, N7,

(27) (a) Hathaway, B. JStruct. Bondingl973 14, 49. (b) Addison, A.
(26) Carranza, J.; Brennan, C.; Sletten, J.; Clemente-Juan, J. M.; Lloret, W.; Nageswara, T.; Reedijk, J.; van Rijn, J.; Verchoor, GJ.Chem.
F.; Julve, M.Inorg. Chem.2003 42, 8716. Soc., Dalton Trans1984 1349.
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Figure 3. Perspective view showing two chains of [{ut 1-N3)a(N3)s]2~ complex anions together with the intercalateds{t- cations.

first example of a Ci1D chain including exclusively azido

ligands acting either as terminal donors or (a5-Nazido

bridges. Its structure is significantly different from that of

{[Me4N][Cu(N3)s]}n, where the Clications are connected

by a triple bridge including twe; N3 anions and ong; :-

N3 anion!” The tetrapropylammonium cations occupy the

void space between tH¢§Cus(u1 1-N3)s(N3)2]? }n chains. The

Cul--Cu2 and Cu2-Cu3 distances in the complex

anion are 3.178 and 3.176 A, respectively, whereas

Cul:++Cu3 (Cu3--Cul) = 3.105 A. The CutN1—-Cu3

(Cul—N1'—Cu3) and Cu3-N13—Cul (Cul-N13—Cu3)

a_ngles are equal to 101f02_nd 102.13 respectively. Other _ Figure 4. ORTEP view of complex3, [E&NJJCU(Na)d, with an atom

distances and angles are in the range of the correspondingumbering scheme.

reported datd.'” The azido ligands with (Cu)N—N

distances of 1.176(7A1.227(8) A and (Ca#N—)N—N (Cu—N—)N—N bond distance (1.142(3) A). This result

distances of 1.128(6)1.159(7) A and N-N—N bond angles  suggests that the covalency of the "€azido bond is

of 176.1(8)-179.7(7y are almost linear. The bulky tetra- appreciable, and the main contribution to the ground-state

propylammonium cations are of expected geometry and geometry of the coordinated azido is provided by the two

provide an interchain distance 6f10.5 A and numerous  canonical structures;N=N*=N~ < —N"—N*=N.

hydrogen contacts between anions and cations. The nitrogen Magnetic Properties. The temperature dependence of the

atoms of two terminal (N6, N18) and three bridging azido molar magnetic susceptibility,,, for complexesl, 2, and

ligands (N9, N21, N24) are hydrogen bonded to the carbon 3 in the 2-300 K temperature range was measured with a

atoms of the [PIN]* cations. The C1 and C11 atoms of the Quantum Design MPMS superconducting quantum interfer-

[PruN]* cations are connected by two bridging azido ligands ence device (SQUID) magnetometer under magnetic fields

(N21, N24) related by inversion and translation along the of 20 kG (for 1) and 10 kG (for2 and3) and is shown in

[101] direction. Other hydrogen contacts between translation- Figures 5 and 6 fot and2, respectively. TheuT value of

related anions and cations result in a complex network of 0.72 cn¥-mol~K at 300 K for complexl is slightly smaller

hydrogen bonds in complex than the value expected for two magnetically uncoupled
The crystal structure of compleX consists of discrete  copper(ll) ions guT = 0.75 cn¥-mol-K for g = 2.0),

monomeric [Cu(N)4] anions and tetraethylammonium cat- whereas theuT value is 1.18 crirmol™-K at 300 K for

ions (Figure 4), and selected bond lengths and angles arecomplex2, which is slightly higher than the value expected

given in Table 2. The copper(ll) center lying on the 4/m for three magnetically uncoupled copper(ll) iops = 1.12

site (0, 0, 0) is surrounded by four symmetry-related azido cm®-mol~*-K for g = 2.0). Upon cooling, theuT value for

ligands, forming a square planar Culrrangement. The  complexl decreases gradually with temperature until ca. 175

coordinated azido anions are nearly linear, but the K and then decreases rapidly, reaching a minimum of 0.045

(Cu—)N—N bond length (1.185(3) A) is longer than the cm?mol K at 1.96 K, indicating a bulk antiferromagnetic
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Table 2. Selected Bond Distances (A) and Bond Angles (deg) of
Complexesl—3

Complex1
Cul—-N1 1.953(5) CutN1* 2.006(4)
Cul-N7 1.912(5) CutN4 1.906(5)
N2—N3 1.139(6) NE-N2 1.208(5)
N5—N6 1.163(7) N4-N5 1.164(6)
N8—N9 1.129(6) N7N8 1.198(6)
N10-C5 1.511(6) N16-C1 1.527(5)
N10-C13 1.526(6) N16-C9 1.510(6)
Cul-N1-Cul* 104.3(2) N1-Cul-N7 163.9(2)
N1-Cul—N4 100.0(2) N+Cul—-N1* 75.7(2)
N4—Cul—N7 95.0(2) N7Cul—-N1* 89.7(2)
N4—Cul—N1* 173.7(2) NI-N2—N3 178.4(6)
Complex2
Cul-N1 2.032(5) CutN4 1.946(5)
Cul-N7 2.029(4) CutN22 2.348(4)
Cul—-N13 1.990(4) CuzN7 2.002(4)
Cu2-N10 1.961(4) CuzN19 2.001(4)
Cu2—-N22 1.957(4) Cu3N10 2.334(5)
Cu3-N13 2.002(4) Cu3N16 1.944(5)
Cu3-N19 2.041(4) Cu3N1 1.992(4)
N1-Cul-N4 157.8(2) N+Cul-N7 92.9(2)
N1—-Cul-N22 104.8(2) N4-Cul-N7 90.4(2)
N4—Cul-N22 97.2(2) N7Cul—-N22 74.5(2)
N7—Cu2-N10 95.6(2) N7Cu2-N19 179.3(2)
N7—Cu2-N22 84.5(2) N16-Cu2—-N19 84.4(2)
N10—Cu2-N22 179.9(2) N19-Cu2—-N22 95.5(2)
N10—-Cu3—-N13 103.8(2) N16-Cu3—-N19 74.6(2)
N10—Cu3-N16 97.8(2) N13-Cu3—-N16 158.2(2)
N13—Cu3—-N19 92.3(2) N16-Cu3—N19 90.7(2)
Cu2-N7—-Cul 104.0(2) Cuz2N10-Cu3 94.98(18)
Cu2-N22—-Cul 94.68(18) Cuz2N19-Cu3 103.6(2)
Cul—-N1-Cu3 101.0(2) Cu3-N13-Cul 102.1(3)
Cul-N1'-Cu3 101.0(2) CutN13—-Cu3 102.1(3)
Complex3
Cu—N1 1.975(2) NEN2 1.185(3)
N2—N3 1.142(3) N4-C1 1.521(2)
c1-C2 1.506(3) N(1)#+Cu—N(1) 180.00(14)
N(1)—-Cu—N(1)#2  90.0 N(L)#E+Cu—N(2)#2  90.0
N(3)—N(2)—N(1) 176.4(3)

behavior. On the other hand, for compl2xupon cooling,
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Figure 5. ym vs T andymT vs T experimental data for complek The
solid lines result from a least-squares fit of the data with the model described
in the text.
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Figure 6. ym vs T andymT vs T experimental data for compleX The

solid lines result from a least-squares fit of the data with the model described

in the text.

103), {[Cux(tppz)(Ns)2][Cux(N3)e]} 2 exhibits weak ferro-

xmT increases gradually until ca. 75 K and then increases magnetic interactions; magnetic properties have not been

rapidly, reaching a maximum of 2.71 émol %K at 5.8
K, indicating the operation of a dominant ferromagnetic
interaction between the copper centers of comgleX slight
decrease ofmT below 5.8 K will be discussed later. The
amT value for complexd is equal to 0.36t 0.02 cni-mol 1-K

reported fo Ko [Cux(N3)s][Cu(pyrazinato)(N)]} .2 Interest-
ingly, these results agree with the lower valuel(Q4°)
recently predicted for the critical angléds shown by Table

3, regardless of their ferro- or antiferromagnetic behavior,
the four compounds have similar €M and Cu--Cu dis-

over the whole temperature range, confirming the paramag-tances, confirming the conclusions drawn by Escuer €al.

netic nature of this mononuclear species.

To model the magnetic properties of complexa simple
isotropic model of two magnetically coupl&= 1/2 spins
was consideredH = —2J5-$, spin Hamiltonian). Fitting
of the data, with theg factor set to 2 and considering a
paramagnetic impurity fractiom, yielded the parameter
values of] = —36(2) cnt! andp = 4.3% with an agreement
factor of R = 2.7 x 1073, Figure 5 shows the result of this
fit. A comparison with the few reported complexes con-
taining the symmetrical or pseudosymmetrical {0l)e]
core (Table 3P2¢ confirms that among the magneto-

Although the structural analysis of compl&xshows that
there is no symmetry operation within the trimetallic repeat
unit, the pairs of CuxNazige—Cu2 and Cuz Nazig—Cu3
angles are very similar (CudN7—Cu2 = 104.02,
Cul—-N22—Cu2= 94.67, Cu2-N10—Cu3= 95.00, and
Cu2—-N19—-Cu3= 103.55), allowing us to consider a single
exchange constari, for both interactions despite the absence
of an inversion center. A rigorous analysis would require a
different exchange constat, for the intertrimer interaction
characterized by the Ca'IN1—-Cu3 and Cu3-N13—Cul
angles of 101.02 and 102.13 respectively. However,

structural correlations considered in the literature (see considering that the average values for €,iqo—Cu2,

Introduction), i.e.,J vs the Cu-N—Cu 6#-angle, 0 is the

Cu2—Nazicg—Cu3, and Cu3Nasige—Cul are close to

prevailing factor. Indeed, among the complexes collated in each other, this could lead to overparametrization, and

Table 3, only those ([GiH2L2)][Cu,(N3s)s]?*2and1) having
the largerg-angle (~104°) exhibit antiferromagnetic interac-
tions, whereas among those having a sméHangle (102.5
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furthermore, it would make the problem intractable because
there is no analytical expression for a ferromagnetic
J—J--+J---J—J chain.



Cation-Dependent Nuclearity of the CoppeAzido Moiety

Table 3. Comparison of Metric Parameters and Magnetic Interactions for Complexes Containing #sj¢}.Core

compound CtN1 (A) Cu—N1* (A) Cu—N-—Cu* (deg) Cu--Cu* (A) J(cm™) ref
[Cuz(H2L2)][Cuz(N3)e] 1.975(7) 1.982(7) 104.1(3) 3.121(2) —42 25a
{[Cua(tppz)(Ne)2[Cu2(N3)e]} n 1.980(2) 1.988(3) 102.93(10) 3.103(6) +3.4 26
{ Ko[Cux(N3)s][Cu(pyrazinato)(N)]} n 2.011(5) 1.997(6) 102.5(2) 3.126(2) 25b
[BusN]o[Cus(Na)g] 1 1.953(5) 2.006(4) 104.3(2) 3.126(2) —36 this study

Accordingly, the data were fitted to an expression derived (ANIMAG) predicted such a drop belo3 K for J > 0 and

from a high-temperature series expansion forSas 1/2 an applied field of 10 kG. Therefore, in agreement with
Heisenberg chaiff previous report& we suggest that the origin of thjg,T
decrease at low temperature may rather be a Zeeman splitting
 NGBYN2R of the £ms levels within the lowest-lying spin multiplets.
™M= T (5) ) Concluding Remarks

Complexesl and 2 are the first examples of Cu

whereN = 1.0+ 5.797 9916 + 16.902 65§ + 29.376 88§ compounds including exclusively azido ligands acting either
+ 29.832 959* + 14.036 91§°5, D = 1.0 + 2.79799 + as terminal donors or g% 1-Nazigo bridges. In complex,

7.008 6789> + 8.653 8644 + 4.574 3114 andy = although the Cl—Na.iqo—CuU' angle is moderately large
J/2KT. (104.3), the intradinuclear magnetic interaction is signifi-
The spin Hamiltonian formalism considered wad>SS.1. cantly antiferromagnetic)(= —36(2) cnt*). On the other

The experimental molecular magnetic susceptibilitigs, hand, in complex, the smaller Cl—Nazigs—CU' angles
previously mentioned refer to 1 mol of [A]2[Cus(N3)g], (average values for CttiNazigs— Cu2, Cu2-Nazigs—Cu3, and
and in contrast, eq 1 refers to 1 mol®& 1/2 spins, which ~ Cul—Nazig—Cu3* are 99.35 99.28, and 101.58 respec-
implies ym = 3y- tively) allow for prevalence of the ferro- over the antifer-

Fits were carried out down to 16 K, below which the romagnetic contribution to the magnetic interactions extended

theoretical curve and experimental data diverged. The best-over the 1D chains. As a whole, these results not only
fit parameters werd = 7.0(4) cntt andg = 2.246 with an  confirm the prevailing role of the Ct-u1,1-Nazies—CU' angle
agreement factor oR = 7.5 x 1075, Figure 6 shows the  On the ferro- vs the antiferromagnetic nature of the magnetic
results of this fit. TheyyT decrease below 5.8 K may arise  interaction in these doubly EO azido bridged"Ciystems

for different reasons. Weak antiferromagnetic interchain but also tend to validate the lower value recently predicted
interactions, although unlikely because of the large distancefor the critical angle ¢104°).”
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