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Two new polymeric azido-bridged manganese complexes of formulas [Mn(Ns)z(bpee)], (1) and {[Mn(N3)(dpyo)Cl-
(H20)2](H20)} 5 (2) [bpee, trans-1,2-bis(4-pyridyl)ethylene; dpyo, 4,4'-dipyridyl N,N'-dioxide] have been synthesized
and characterized by single-crystal X-ray diffraction analysis and low-temperature magnetic study. Both the complexes
1 and 2 crystallize in the triclinic system, space group P1, with a = 8.877(3) A, b = 11.036(3) A, ¢ = 11.584(4)
A a=7262(2)°, B =T71.06(2)°, y = 87.98(3)°,and Z= 1 and a = 7.060(3) A, b = 10.345(3) A, ¢ = 11.697(4)
A, o = 106.86(2)°, B = 113.33(2)°, y = 96.39(3)°, and Z = 2, respectively. Complex 1 exhibits a 2D structure
of [-Mn(Ns),—], chains, connected by bpee ligands, whose pyridine rings undergo sz— and C—H-+-z interactions.
This facilitates the rare arrangement of doubly bridged azide ligands with one end-on and two end-to-end
(EO-EE-EE) sequence. Complex 2 is a neutral 1D polymer built up by [Mn(N3)(dpyo)CI(H;0),] units and lattice
water molecules. The metals are connected by single EE azide ligands, which are arranged in a cis position to the
Mn(ll) center. The 1D zipped chains are linked by H-bonds involving lattice water molecules and show z— stacking
of dpyo pyridine rings to form a supramolecular 2D layered structure. The magnetic studies were performed in
2-300 K temperature range, and the data were fitted by considering an alternating chain of exchange interactions
with S = 5/2 (considered as classical spin) with the spin Hamiltonians H = —JX(S3iSsis1 + Saiv1Saira) — JZSsi-1Ssi
and H = —JZS,iSoi1 — JZS1m Saivz for complexes 1 and 2, respectively. Complex 2 exhibits small antiferromagnetic
coupling between the metal centers, whereas 1 exhibits a new case of topological ferrimagnetism, which is very
unusual.

Introduction

During the last two decades scientists of different horizons
made significant contributions in the field of molecular
magnetisnt ¢ Coordination chemists initiated to build up
polynuclear architecture of paramagnetic metal ions using
suitable bridging ligand$,® and pseudohalides were one of
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the initial choices for this synthetic workAmong the
pseudohalides, azide has become an extremely popular
bridging ligand due to its versatile bridging modes, which
facilitate the assembly of coordination complexes with
different topology? To explore the magnetochemistry of a
metak-ligand system the knowledge of the structure is very
much importart® and helpful to access the correlation
between single-crystal structure and magnetic propéifies.
date, a considerable number of works have been reported
concerning the versatility of azide to form extended archi-
tectures and obviously to affect their magnetic propeffies.
But chemists have not paid proper attention to the factors
that govern the bridging modes of azide in the formation of
polymeric systems. As one of the main goals in molecular
magnetism is to design molecular-based magnets and/or
single-molecule magnets (SMM¥,to get such systems, the
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understanding of the factors controlling the topology de- complexes with general formula'@n(N3)s] ~,*?> where the

mands giving equal importance to the choice of metal ion bulk of the countercation (G is found to play a key role in

and bridging ligand&? Among the first row transition metal forming u1 N3 (end-to-end, EE)y; 1-N3 (end-on, EO), or

azide systems, a look in the literature of Mn{tBzide ones  alternating EE-EO coordination.

showed that a variety of topologies and/or dimensionalities In this paper we present the syntheses of two new

can be achieved by making minor changes around thepolymeric manganese azide complexes, [Mgfbpee)}-

coordination environment of Mn(Ift"*2 For instance, pack- (1) and{[Mn(N3)(dpyo)CI(H:O).](H:0)}» (2) [bpee,trans

ing forces are a determinant factor for the coordination mode 1,2-bis(4-pyridyl)ethylene; dpyo, 4;dipyridyl N,N'-dioxide]

of azide bridges, such has been reported in the case ofand their characterization by single-crystal X-ray structure
. : . and low-temperature magnetic study. On the basis of the

(3) (a)lnorganic Materials Bruce, D. W., O’Hare, D., Eds.; John Wiley

& Sons: New York, 1992. (bMolecule-Based Magnetic Materials structural reSL_JIts and _the approprlate_analytlcgl expression
Turnbull, M. M., Sugimoto, T., Thompson, L. K., Eds.; ACS deduced for interpreting the magnetic behavior of these

Symposium Series 644; American Chemical Society: Washington, i
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Table 1. Crystal Data and Refinement Details for Complefesnd 2

1 2
empirical formula GeHzoMnN3N24 C10H14CIMNNsOs
fw 963.66 374.65
cryst system triclinic triclinic
space group P1 P1
a, 8.877(3) 7.060(3)
b, A 11.036(3) 10.345(3)
c, A 11.584(4) 11.697(4)
o, deg 72.62(2) 106.86(2)
p, deg 71.06(2) 113.33(2)
y, deg 87.98(3) 96.39(3)
vV, A3 1022.0(6) 725.5(4)
z 1 2
Dcalea g CNT 3 1.566 1.715
u(Mo Ka)), mm2 0.975 9.410
Omax deg 27.48 64.82
collcd data 11006 6538
unique data 4355 1986
Rint 0.0657 0.0544
refined params 286 220
R1( > 20(1))? 0.0588 0.0617
wWR22 0.1446 0.1765
aR1(F,) = Z||Fol — |Fl/IZIFol, WR2(FD) = [Ew(Fs?> — FA)

SWFR)22

Figure 1. ORTEP drawing of a small portion of the 1D polymeric chain
of [Mn(N3)2(bpee)} (1).

1 was carried out at 293(3) K on a Nonius DIP-1030H system with
Mo-Ka radiation. A total of 30 frames were collected, each with
an exposure time of 1525 min, with a rotation of 6 aboutg.
Intensities of comple® were collected on a Bruker-Nonius FR591
rotating anode (Cu-K) equipped with a Kappa CCD detector. A

Ghosh et al.

complex2. All calculations were carried out using SHELX%Y,
PLATON,}” ORTEP-3!8 and the WinGX system, version 1.64.195.

Results and Discussion

Synthesis.The crystalline compounds of both the com-
plexes have been synthesized using same procedure. The
suitable single crystals of the complexes are grown using
the slow diffusion technique. The chemical reactions of the
syntheses are given schematically:

slow

MnCl, + 2NaN; + bpeem [Mn(N,),(bpee)]

MnCl, + 2NaN, + dpyo&

diffusion

{IMn(N3)(dpyo)CI(H,0),|(H20)} ,

IR Spectroscopy.Complex1 shows two strong peaks at
2076 and 2038 cnt in the IR spectrum, which are assigned
to vadN3) stretching vibrations indicating the presence of two
types of the coordination modes of azideThe v¢(Ns)
stretching vibration also appears at 1331 &nwith a
medium-intensity band. CompleXshows one strong peak
at 2085 cm?, which corresponds ta,dNs) stretching
vibrations of the end-to-end bridging mode of azide. It also
shows a pair of strong absorption bands at 1254 and 1211
cm1, which are assigned as théNO) of dpyo?° These two
sharp peaks indicate that out of the two NO groups only
one NO is involved in coordination; in the case of free ligand
dpyo, thev(NO) band is assigned at 1260 chi° Broad
bands appearing in the range 355200 cm* correspond
to thev{OH) andv,{OH) indicating the presence of a water
molecule?’

Structure Description of Complex 1.The X-ray structure
analysis of compleX reveals a 2D arrangement of Mn-
(N3)2—]n chains, connected by bpee ligands. The two
crystallographically independent manganese ions are octa-
hedrally coordinated to four azides occupying the equatorial
positions and two pyridyl N of bpee in axial positions. The
ORTEP drawing (Figure 1) shows the principal structural
features of compled with the atom-labeling scheme. The
coordination bond lengths and angles shown in Table 2 agree
with the values of other Mnazide systems reported in the
literature13 The Mn—Ngige distances vary from 2.204(5)
to 2.278(5) A, and the MANyee Ones, from 2.267(4) to

total of 60 frames were collected, each with an exposure time of 2.290(4) A. The azido bridges present doubly end-to-

3 min, with a rotation of 3 aboutg. Cell refinement, indexing,
and scaling of the data sets were performed using MosfBecalal*

end and end-on modes between the manganese atoms
in a (-EO-EE-EE-) sequence with intermetallic dis-

and Denzd? The structures were solved by Patterson and Fourier tances of 3.446(2) A (along EO bridge) and 5.334(2) A
analyse¥ and refined by the full-matrix least-squares method based (along EE). On the other hand, the bidentate bridging

onF2 with all observed reflection$.Hydrogen atoms were included
in final cycles of refinement at geometrical positions. A lattice water
molecule (full occupancy) was detected in th@~ourier) map of

bpee spans the metal at 13.917 A. The Mr(BO),—
Mn(1") fragment shows a planar centrosymmetric
ring with a Mn(1)—N(7)-Mn(1) bond angle of

(14) Collaborative Computational Project, NumberA&ta Crystallogr.
1994 D50, 760-763.

(15) Otwinowski, Z.; Minor, W. Processing of X-ray Diffraction Data
Collected in Oscillation Mode. IMethods in Enzymology; Volume
276: Macromolecular Crystallographyarter, C. W., Jr., Sweet, R.
M., Eds.; Academic Press: New York, 1997; Part A, pp 3626.

(16) Sheldrick, G. MSHELX97, Programs for Crystal Structure Analysis,
release 97-2; University of Giingen: Gitingen, Germany, 1997.
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(18) Farrugia, L. J. ORTEP3 for Windowd. Appl. Crystallogr 1997, 30,
565.

(19) FarrugiaL. J. WinGX-A Windows Program for Crystal Structure
Analysis.J. Appl. Crystallogr 1999 32, 837.

(20) Nakamoto, Kinfrared and Raman Spectra of Inorganic and Coor-
dination Compoundsith ed.; Wiley-Interscience: New York, 1986.
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Table 2. Selected Bond Lengths (A) and Angles (deg) of Complex

Bond Lengths

Mn(1)—N(1) 2.233(5) Mn(1)-N(30) 2.267(4)
Mn(1)—N(4) 2.255(4) Mn(2)-N(3) 2.229(5)
Mn(1)—N(7) 2.278(5) Mn(2)-N(6) 2.230(5)
Mn(1)—N(7") 2.204(5) Mn(2)-N(20) 2.284(4)
Mn(1)—N(10) 2.290(4)
Bond Angles
Mn(2)-Mn(1)-Mn(1") 172.42 N(3)-Mn(2)-N(3) 180.0
N(1)—Mn(1)—N(4) 95.09(17) N(6-Mn(2)—N(6) 180.0
N(1)—Mn(1)—N(7) 176.67(16) N(20yMn(2)-N(20') 180.0
N(1)—Mn(1)—N(7") 98.34(18)  N(3)Mn(2)—N(6) 90.78(17)
N(1)—Mn(1)—N(10) 87.11(16) N(3}Mn(2)—N(6) 89.22(17)
N(1)—Mn(1)—N(30) 85.61(16) N(3}Mn(2)—N(20) 89.55(17)
N(4)—Mn(1)—N(7) 87.03(17) N(3}Mn(2)—N(20) 90.45(17)
N(4)—Mn(1)—N(7") 166.55(18)  N(6)-Mn(2)—N(20) 88.38(16)
N(4)—Mn(1)—N(10) 87.65(16) N(6}Mn(2)—N(20) 91.62(16)
N(4)—Mn(1)—N(30) 90.37(15) N(7Mn(1)—N(10) 95.55(16)
N(7)~Mn(1)—N(7") 79.5(2)  N(7)-Mn(1)-N(10)  93.66(16)
N(10)-Mn(1)-N(30)  172.26(16) N(7)—Mn(1)-N(30)  89.99(16)
N(30)—Mn(1)—N(7) 91.83(15)
Azide Bridge Angles
Mn(1")-N(7)-Mn(1)  100.5(2) N(2}N(3)-Mn(2) 131.6(4)
N(2)—N(1)—Mn(1) 129.3(4)  N(5-N(6)-Mn(2)  128.7(3)
N(5)—N(4)—Mn(1) 124.9(3)  N(3FN(2)-N(1) 177.5(5)
N(8)—N(7)—Mn(1) 123.5(4)  N(4¥-N(5)—N(6) 178.2(5)
N(8)—N(7)—Mn(1") 130.8(4)  N(7)»-N(8)—N(9) 175.8(7)

aSymmetry operations:')(—x+ 1, -y + 1, =z (") =X, =y, —z+ 1.

Table 3. 7—m and C-H---x Interactions in Complex?

m—s Interactions (Face-to-Face)

dist of dist between
ring(i) —  dihedral angle slip angle centroid () from the (, j) ring
ring(j) @i ,j),deg (i]j),deg ring (), A centroids, A
R(1)— R(2) 2.15 22.72 3.502 3.750(7)
R(2)— R(1) 2.15 20.95 3.461 3.750(7)
C—H---xr Interactions
C—H—R()) H-R,A  <C—H:-+R,deg GC-R,A
C(13y-H—R(1) 3.36 138.44 4.104(7)
C(16)-H — R(2) 3.14 143.25 3.927(6)
C()-H—R@" 3.07 148.45 3.896(6)
C(11yH—R@3) 3.20 137.81 3.938(6)

asymmetry code: (iyx, —y,1—z (i)1 —x 1—y, —z (i) —x, 1
y, =z (iv) x, ¥y — 1, z R(i) and R{) denote thdth/jth rings of bpee:
R(1) = N(10)/C(1)/C(2)/C(3)/C(4)IC(5); R(2¥ N(30)/C(8)/C(9)/C(10)/
C(11)/C(12); R(3= N(20)/C(13)/C(14)/C(15)/C(16)/C(17).

100.5(2y. The Mn—N—N' angles either for the EE or EO
azide fall in a range 123.5(4)1131.6(4}, while the ideal Mn-
(1)—N(1)---N(3)—Mn(2) and Mn(1)-N(4)---N(6)—Mn(2)
torsion angles are 14.3 ane54.1° indicating a chair
conformation for the EE azide bridges. As usual for the EO
bridge the N-N bond lengths are clearly asymmetric, N{8)
N(9) being larger than N(7AN(8) (1.230(8) and 1.058(6)
A, respectively).

In the 2D layered structure, the pyridine rings of bpee
undergoz—s and C-H-:-xr interactions (Table 3). It can
be judicially conjectured that these weak interactions play
an important role in generating such an unusual (-EO-EE-
EE-), sequence (Figure 2), or conversely, they are facilitated
by the alternate double EO and EE bridges of the azide
ligands. The present topology is similar to that reported for
the 1D systems with 3-methylpyridine or 3,4-dimethyl-
pyridine® which has closely comparable intermetallic

Figure 2. 2D layered structure of compleixshowing both adjacent—x

and C-H---r interactions in polymeric chains. Color code: forest green,
manganese; blue, nitrogen; cyan, hydrogen; black, carbon; magenta dotted
line, 7—m or C—H---x interaction.

Figure 3. ORTEP drawing of a small portion of the 1D polymeric chain
of {{Mn(N3)(dpyo)CI(H:0)2](H20)} n (2).

distances (mean values of 3.46 (EO) and 5.42 (EE) A).
Strongz—s and C-H---r interactions among the pyridine
rings are also identified in these systems, although such
interactions were not properly mentioned. As a comparison,
the related compound [Mn@(bpa)l (bpa = 1,2-bis
(4-pyridyl)ethane) reveals a 2D structure formed by:ghi-
azido-bridged metallic chains connected by bpa lig&hds.
Structure Description of Complex 2. The X-ray diffrac-
tion analysis of comple® evidences manganese ions in a
slightly distorted octahedral environment (Figure 3), being
coordinated in the equatorial plane by two water molecules
(Mn—0 = 2.147(3), 2.175(4) A) and two azide nitrogen
atoms (Ma-N = 2.211(4), 2.222(5) A), while the axial
positions are occupied by a chloride ion (M&l = 2.493-
(2) A) and a dpyo oxygen donor (MrO(1) = 2.242(3) A).
The crystal structure consists of neutral 1D polymers built
up by [Mn(Ns)(dpyo)CI(HO),] units and lattice water
molecules. A perspective view of the chain is depicted in
Figure 4, and selected bond lengths and angles are shown

(21) (a) Hernadez, M. L.; Barandika, M. G.; Urtiaga, K. K.; CO8eR.;
Lezama, L.; Arriortua, M. 1.J. Chem. Soc., Dalton Trang00Q 79.
(b) Hong, C. S.; Son, S. K.; Lee, Y. S.; Jun, M. J.; Do, IMorg.
Chem.1999 38, 5602.
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Figure 5. 1D chains locked through—u interactions between adjacent
chains in compleX. Color code: forest green, manganese; blue, nitrogen;
red, oxygen; black, carbon; magenta dotted lime;r interaction.

Figure 4. Perspective view of 1D polymeric chain of compléx
H-bonding (dotted lines) connecting two adjacent chains.

Table 4. Selected Bond Lengths (A) and Angles (deg) of Compigx Table 5. Hydrogen Bonding (A, deg) and—x Interactions in

Bond Lengths Complex22
Mn—0(1) 2.242(3) Mnr-N(10) 2.211(4) . .
Mn—0O(1w) 2.175(4) Mr-N(20) 2.222(5) Hydrogen Bonding Interactions
Mn—0(2w) 2.147(3) Mnr-CI(1) 2.493(2) D—H-A H-A  D-A  <D—H-A
Bond Angles O(lw)-H1---CI(1}  0.86(5)  2.29(5) 3.070(5) 151(8)
O(1)-Mn—-O(lw)  87.45(14) O(@IwWyMn—CI(1)  91.52(11) O(lwy-H2--O(2y  084(7)  1.88(7) 2.717(6)  176(8)

Shn ol Huid chhn i Y cawiicn ome lmp iimg )
—MnN— . n— . . ' :

O(1)-Mn—N(20) 93.22(16) O(WrMn—CI(1)  92.87(11) O@Bw)—H1--O(2w) ~ 0.86(6) 23005 2.741(6)  112(5)
O(1)-Mn—Cl(1)  17459(8) N(10YMn—N(20)  90.84(19)

O(Iw)-Mn—O(2w)  91.53(17) N(10YMn—CI(1)  94.76(12) 7 Interactions (Face-to-Face)

O(1w)—Mn—N(10) 83.19(17) N(20YMn—CI(1) 88.36(14) ing(i) dihedral i | tdi_sdt (C;ff gist(be)tween
_ _ _ rnng(l) — Inedral slip angle centroi rom e, ])rn
O(1w)-Mn—N(20)  174.00(18) N(1}YO(1)-Mn 128.6(2) fingll angle L) deg (i ) deg < ring () A bt 31 ds‘%
Azide Bridge Angles R(1)— R(2)i 2.75 26.44 3.398 3.738(3)
N(11)-N(10)-Mn  127.6(3)  N(10¥-N(11)-N(10) 180.00 R(1)— R(2)i 2.75 29.92 3.395 3.863(3)
N(21)-N(20)-Mn  159.8(4)  N(20}-N(21)-N(20")  180.00 R(2)— R(L)i 2.75 24.63 3.347 3.738(3)
R(2)— R(L)i 2.75 28.50 3.348 3.863(3)

aSymmetry operations:')(—x, —y +2,—z+ 2; (") —x+1,-y + 2,

—-z+ 2. asymmetry code: (iy-x,1—y,2—z (i) —1—x 2—y, 1— z (iii)
=X, 2—Y, 1=z R(i)/R(j) denotes théth/jth rings of dpyo: R(1)= N(1)/

in Table 4. The distances between the Mn(ll) centers C(LVCR)CE)CMA/C(); R} N(2)/C(6)/C(7)/C(8)/C(9)/C(10).
connected by a single EE azide ligand are 6.128 A (along Scheme 1
azide N(10)/N(11)) and 6.634 A (along N(20)/N(21)). The
asymmetry in the Ma-Mn distances for the two crystallo- I I T
graphically independent bridging azides accounts for the M—PE Mo AF Lt —F Mn—AF vl AF v F n
different Mn—N—N angles of 127.6(3) and 159.8¢4)
measured in MAN(10)—N(11) and Mn-N(20)—N(21),
respectively. It is worth to emphasize that the arrangement
of the EE azide ligands in the cis position of each Mn(ll) behaves as a bridging ligand between metal centers as
center is unprecedented. The &te located on the inversion  observed in a homometallic complex of mangarf@senly
centers, and thus, both the Mi:-*“N—Mn ideal torsion a few structures were retrieved from the CSD containing
angles are 1800 monocoordinated dpyo, and these are often associated with

The crystal packing evidences zipped chains linked water molecules (as i@) that facilitate H-bonds with the
through H-bonds and strongstacking (Figures 4 and 5) of  pendant dpyo oxyge#.
dpyo pyridine rings at ca. 3.4 A (Table 5). The H atom of
each coordinated water molecule is hydrogen bonded to theMagnetic Properties and Magnete-Structural
uncoordinated dpyo oxygen of the adjacent chain giving rise Correlation
to a 2D layered architecture (Figure 4). Both the O(2w) Complex 1.As described above, the 2D structure encloses
O(2) (unitat—x — 1, -y + 2, =z + 1) and O(2w}-O(2) hexacoordinated Mn(Il) ions bound to four azides with bpee
(at—x, —y + 2, —z + 1) distances are 2.72 A. O(2w) acts  Jigands at axial positions. We can assume that the long bpee

also & a H acceptor from the lattice water molecule O(3w) pridging ligands do not couple the Mn(ll) ions or in a quasi
(O(2w)—0O(3w) distance of 2.74 A). Moreover, it is interest-

ing to observe that an electrostatic interaction is evident (22) 285(;(]116218-1 59; Tabellion, F. M.; Arif, A. M.; Stang, P.ISt. J. Chem
between O(lW) and the chloride ion &, —yt+1,-z+ (23) Allen, F.’ H.; Kennard, O.; Taylor, R. Cambridge Structural Database.

2 with a O—Cl distance of 3.07 A. Usually the dpyo ligand Acc. Chem. Red.983 16, 146.
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Figure 6. Plot of theymT vs T andM/Ng vs H for complex1. (The solid
line represents the curve obtained with the best-fitted parameters.)

0

negligible strength. Thus, from magnetic point of view, the
structure can be considered as a pseudo-one-dimension
structure with Mn(ll) ions linked by azide ligands in a very
unusual alternating form (-EE-EE-EQ@-and to date only
one similar polymeric arrangement has been repdfted.

Magnetic data, thus, must be treated as derived from an

alternating AF-AF-F one-dimensional system, where the

magnetic repeated unit can be considered as formed by thre&

Mn(ll) ions (S= 5/2), as indicated in Scheme 1.
In all Mn(ll)—azide complexes, generally EE bridging

mode creates antiferromagnetic coupling while EO creates

a ferromagnetic one. The temperature dependence of th
magnetic susceptibility is shown in Figure 6. TheT value

for three Mn(ll) ions at room temperature is 11.20°cnol*

K, a typical value for three quasi-isolated Mn(ll) ions of spin
S = 5/2, with g close to 2.00. When the temperature is
decreasedyuT values decrease to 6.52 ¢mmol™* K at

34 K, then there is an abrupt increase to 10.02 gral™* K

at 5 K, and, finally,ymT values again decrease to 7.56%cm
mol~* K at 2 K. From 5 to 2 K the decreasing experimental
xmT may be due to intrachain antiferromagnetic interactions

(as the actual structure is 2D). The feature is similar to that

reported by Escuer et &l.for a similar 1D complex and is
the typical signature of the so-called topological ferri-
magnetism. The reduced magnetization culviéNp) (for
three manganese ions) ¥ at 2 K also corroborate this

assignment. As indicated in Scheme 1, the ground state musfe spin HamiltonianH = —J25;Spit1

be S= 5/2 for each trinuclear Myentity. Thus, the saturation
value must tend to B3, as found experimentally (Figure 6,
bottom).

The structural findings demand an alternating chain of
exchange interactions with nearest neighbors described by
the spin HamiltonianH = —J2(S5Si+1 + S5+1Ssi42) —
J2S5-1S5, wherel; andJ; stand for the alternating exchange
constants and “classical” spin operators are express&l by
This approximation is justified for Mn(ll) ion, which exhibits
a large spin $ = 5/2). Thus, the experimental data were
fitted according to the reported eq 1 for such 1D system of
Mn(ll), derived from the above Hamiltonias:

N 2
= —S{Q {131 — ") + 4uy(1 — u’u,)) +

2u(1 + u)A(1 — ) + 2u’(1 — AV — uu,)? (1)

Hereu; = coth@y/KT) — KT/Jy, up = coth@/kT) — KT/Jy, Ji

= JYS+ 1), andg = g[S+ 1)]¥2 The bestl parameters
obtained areJ; = —10.20 cm?, J, = 0.60 cnt?, and
g=2.01 withR= 2.5 x 102 These values are comparable
to those reported by Escuer et al. for the single analogous
complex®® This model provides a good fit ¢giu T variation
over the temperature range-300 K, with a discrepancy
that does not exceed experimental uncertainty. In particular
the minimum ofyyT and the divergence at low temperature
are well reproduced. The AF and F exchange interactions
obtained with this model lie in the same range as those
reported for azido-bridged complexes. Coupling constant
calculations on homogeneous azide chains show that the AF
interaction through a double end-to-end azide bridge leads
to relatively highJ values!'-*3within the range-7 to —13
a(fmfl. Moreover, thel values reported for the double end-
on azide bridge&'® with comparable MaRN—Mn bond
angles (around 100, are closer to or lower than 2 crh

Finally, complexl represents a new example of the rare
phenomenon of homometallic ferrimagnetism, also named

topological ferrimagnetism. Very recently, another topologi-
al ferrimagnetic 1D system with Mn(Hazide (in EE form),
containing also diazine bridging ligands, has been repétted.

Complex 2.The temperature dependence of the magnetic

susceptibility is shown in Figure 7. Thg T value at room
Jemperature is 4.18 c¢hmol! K, a typical value for an
isolated ion ofS = 5/2 with g close to 2.00. When the
temperature is decreased, T values smoothly decrease to
0.23 cni mol™* K at 2 K. Theyw value is 0.013 crhmol™?

at 300 K and increases smoothly with decreasing temperature
to a maximum value of 0.098 ¢chmol~?* from 7 to 2 K
(Figure 7, inset). Both the curves are clearly indicative of
small antiferromagnetic coupling between Mn(ll) ions.

As illustrated above, the crystal net consists of a one-
dimensional polymer with bridging azide ligands (alternating
different Mn—N—N angles of 127.6(3) and 159.8{)Thus,
magnetic data must be treated as derived from an alternating
S = 5/2 one-dimensional system. Like compléxthese
structural findings also demand an alternating chain of
exchange interactions with nearest neighbors described by

— 2S5 +1S+2.
Experimental data for such a 1D system of Mn(ll) were fitted

(24) Gao, E.-Q.; Yue, Y.-F.; Bai, S.-Q.; He, Z.; Yan, C.-H.Am. Chem.
Soc 2004 126, 1419.
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On the other hand, only two 2D and one 3D complexes with
four single EE azide ligands about the manganese(ll) center
have been reported, namely [Mn(migds)2]n (minc =
methyl isonicotinatej? [Mn(dena}(Ns),], (dena= diethyl-
nicotinamide)® and [Mn(4,4-bpy)(Ns)2]» (4,4-bpy = 4,4-
bipyridine)?° respectively.

Assuming that the MaN distances do not vary consider-
ably, the most useful structural parameters to correlate with
the AF coupling via EE azide bridges are the MX—N
angles and the dihedral MINNN—Mn angle3 The reported
EHMO calculation® showed that the AF coupling presents
a maximum for a MA-N—N angle close to 110 while it

would be very small for MARN—N angle near to 150 Here
] the two alternating MarN—N angles are 127.6(3) and 159.8-
(4)°. Thus, according to these theoretical calculati®risis
possible to assigh = —3.5 cnT? to the former MR-N—N
angle andJ, value of—0.12 cnt! to the larger one, 159.8-
(4)°. The same calculations demonstrate that the AF coupling
diminishes as MARN—N—N—Mn torsion angle decreases,
but the effect can be neglected2rbeing that the group is
coplanar (torsion angles of 180
The close comparable complex reported by Kahwith
- identical trans-located azide ligands, presents—Mr-N
0 10000 20000 30000 40000 50000 angles of 118.2 and 125.,2a Mn—NNN-—Mn torsion angle
H/ Gauss of 53.2, and aJ value of —4.8 cn1. Thus, although the
Figure 7. (A) Plot of the yuT andyy (inset) vsT and (B) plot of the M—N-—N angles are smaller, favoring the AF coupling, the
M/NS vs H for complex2. (Solid lines represent the curves obtained with  tgrsion angle is greater than that 2f favoring the ferro-
the best-fitted parameters.) . . .
magnetic coupling. On the other hand, a subtle difference
according to the reported eq 2 derived from the Hamiltonian; Petween Mn(ll) Kahn's complex andl is that the former
11c was the first coordination polymer with trans-located single
EE bridging azide ligands, whereasis the first having a
single EE azide in the cis position. This subtlety has already
(2 been discussed for Ni(ll) analogous comple3ddew similar
complexes are necessary to be synthesized to draw magneto
structural correlations for these types of systems.

_ N92ﬂ2(1 +u; + u, + uyu,
X7 T3kT | @—uuw)

Hereu; = coth(y/kT) — kT/J;, u, = coth@x/KT) — kT/J,, J;
= JYS+ 1), andg = g[S+ 1)]¥2 The best] parameters
obtained areJ; = —3.5 cm?, J, = —0.12 cm?, and
g = 2.00 withR = 2.5 x 10°% The smallJ values can be From the above study, it is clear that for the generation of
corroborated by the curve of the reduced magnetization new magnetic materials with azide ligands the design of
(M/NB) vs H at 2 K. This curve (Figure 7 bottom) provides different topologies is very important. For this reason we
avalue of 4.9\5 at 5 T, and it does not follow the Brillouin  have to depend on factors which stabilize different topologies
formula for an isolate® = 5/2 system. Theoretical values or dimensionalities of the azide coordination around the metal
are slightly above the experimental ones, in agreement with center. With pyridine derivatives, such as in compleit
a weak antiferromagnetic coupling. seems documented that the stability of the unusual bridging
To compare these calculated parameters with those = mode of azide, responsible of the topological ferrimagnetism,
reported in the literature for similar complexes, it must be is mainly due the directionat—x and C-H---xr interactions.
noticed that a very few Mn(ll) complexes with single EE In 2 weak interactions also play a key role to generate the
azide bridge have been reported to date. Kahn et al. reported
the synthesis and magnetic studies of a trans-coordinated 1026) (a) Stults, R. B.; Marianelli, R. S.; Day, V. Whorg. Chem 1975
s razide-Mn chain compound, namely MN(L@(PRY]®> o722 O)Reddy K B Rapseliarn, 11 i Tuchagues ety
(L = 2,13-dimethyl-3,6,9,12,18-pentaazabicyclo[12.3.1]- Z.; Mak, T. C. W.; Yu, B.Inorg. Chim. Actal99§ 271, 99.

- - i (27) Escuer, A,; Vicente, R.; Goher, M. A. S.; Mautner, F.JA.Chem.
octadeca-1,(18)2,12,14,16-pentaene). Other 1D chains of Mn Soc.. Dalton Trans1097 4431

(I) ions linked by a single azide bridge in trans (or CiS) (28) Goher, M. A. S.; Abu-Youssef, M. A. M.; Mautner, F. A.; Vicente,
position were not reported, contrary to well-known related R.; Escuer, AEur. J. Inorg. Chem200Q 1819.

. (29) Martin, S.; Barandika, M. G.; Lezama, L.; Pizarro, J. L.; Serna, Z. E.;
Nl(”)'based compounég and to a few Mn(III) SyStem§ Ruiz de Larramendi, J. |.; Arriortua, M. |.; Rojo, T.; Cost®&.Inorg.

Chem 2001, 40, 4109.
(25) Sra, A. K.; Sutter, J. P.; Guionneau, P.; Chasseau, D.; Yakhmi, J. V.; (30) Escuer, A.; Vicente, R.; Goher, M. A. S.; Mautner, Fl#org. Chem
Kahn, O.Inorg. Chim Acta200Q 300, 778. 1996 35, 6386.
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overall structure. At this juncture, the main challenge is how  Note Added after ASAP: This article was released ASAP

to control these weak interactions to convert them to be moreon February 12, 2005, with two minor errors in the chemical
directional for the generation of complexes with desired reactions of the syntheses due to a production error. The
structure as well as magnetic properties. We are presentlycorrected version was posted on February 17, 2005.

working on this perspective. Supporting Information Available: Tables of X-ray crystal-
Acknowledgment. We acknowledge the CSIR (India) lographic data in CIF format for the structures reported in this paper.

and Spanish Government (Grant No. BQU2003/0539) for This material is available free of charge via the Internet at

financial support. The authors gratefully acknowledge Dr. NtP://pubs.acs.org.

Golam Mostafa of Jadavpur University, Jadavpur, India, for

various scientific discussions. IC048466W

Inorganic Chemistry, Vol. 44, No. 6, 2005 1793





