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Three compounds with formula [Mn(k(Ns)2]n, in which L is 4-acpy= 4-acetylpyridine {), Etinc = ethyl
isonicotinate 2), and py= pyridine @), have been studied from the magnetic point of view. The new compound
[Mn(L) 2(N3)2]n (2) crystallizes in the monoclinic system, space gré2g/a (No. 14), formula [GeH1sMnNgOy4],

with a = 15.176(5) A,b = 9.060(3) A,c = 15.760(6) A, = 111.62(33, andZ = 4. Compoundd and2 are
two-dimensional systems, wherezass a 3-D compound. Compourfishows ferromagnetic M(iNs), dimeric
entities linked antiferromagnetically to the four neighboring dimeric entities by four end-to-end azido bridges,
leading to an alternate ferromagnet@ntiferromagnetic two-dimensional compound. MO calculations have been
performed to study the superexchange pathway for the manganese 1,3-azido system.

Introduction properties in extended nickel systems has recently allowed new
magnetic systems such as alternating ferromagnatitiferro-
magnetic chains or planés.

The manganeseazido system has been poorly explored to
date, but the few reported compounds show a great variety of

dimensionality and magnetic behaviors. Goher and Mautner

The number of first row polynuclear complexes in which the

paramagnetic centers (coppand nickel) are linked by means

of an azido ligand has markedly increased in the past few years.
The interest of magnetochemists in this ligand is due to two
main reasons: the magnetic behavior of the azido systems . .
changes with the coordination mode of the ligand (end-to-end have reported the monometicompound [Mn(quin)(®)-
coordination gave from moderate to very strong antiferromag- (H20)]:H20 (quin = quinaldinic acid), the complex [NaMn-
netic coupling and end-on coordination generally gave ferro- (PY2)(Ne)2(H20)z] (pyz = 2-pyrazinic acid), which is the first
magnetic coupling), and the nuclearity of the polynuclear structurally character!zed 1.,1-a2|do dmuclear manganese com-
compounds is frequently greater than 2. From these properties 20Und> and the two-dimension&l[Mn(pic)(N3)(Hz0)]a (pic =

azido ligand complexes have been the object of studies on thePicolinic acid), which contains carboxylatananganese M,
superexchange pathway for the two coordination mbgiésnd units linked to the four neighboring M®; units by means of
several homogeneous 1D antiferromagnets have also beerfoUr €nd-to-end azido bridges; the same authors have reported
characterized? giving good examples of the behavior of this e three-dimension&[Mn(py)>(N)z] system. For all of them,

kind of system at low temperatures for exotic effects such as Oy structural data without magnetic studies have been
the Haldane gap phenomenbnCombination of the two published. More recently, Rojet al. reported the structural
and magnetic characterization of the dim&ig; 1-N3)2[Mn-

t Universitat de Barcelona. (terpy)]2(X)2 (terpy = terpyridine) and the ferromagnetic

¥ Alexandria University. _antiferromagnetic alternating cha#{Mn(bpy)(Ns)z] (bpy =

§ Present address: Chemistry Department, Faculty of Science, Kuwait pyimridi ; ; too N
University, P. O. Box 5969 Safat, 13060 Kuwait. glzpi)é/gdl;?iz)éewshlch show simultaneous end-to-end and end-on
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Table 1. Crystal Data for [Mn(EtincYNs)2 (2) Table 2. Atomic Coordinates %10% and Equivalent Isotropic
chemformula  [GHMNNsO,]  V, A® 2014(1) Displacement Parametersi{A 10%) for [Mn(Etinc)z(Ns)] (2)
formula weight  441.31 4 4 Xla Y/b Zlc U(egp
Shace group fszl/f;gz'% 14) ;Il—&I\SI:o Ka, A 200) o Mn(1) 1130(0) 4915(1)  4954(1) 38(0)
b A 9 0'60(3) Ao grem3 1.455 N(11) 1714(3) 3402(5) 4213(4) 75(4)
oA 15.760(6) C(T\'Z'ogKa) mmt .67 N(12) 2188(3) 2380(5) 4344(3) 50(3)
o de 90.00 ”R ’ 0.047 N(13) 2355(3) 1323(6) 4445(4) 84(4)
B, deg 111.62(3) R 0.045 N(21) —255(3) 3739(4) 4479(3) 43(3)
' eg 90.00 : N(22) —442(3) 2591(6) 4139(4) 66(4)
v, deg : N(23) —633(5) 1458(7) 3822(6) 178(9)
5 ,fg]ﬁ?g = >{IFol — IFcl}/IFo. "Ra(Fo) = [WE(IFol — IFcl)? ggg %gg% %ggg %géﬁ% gf;g))
Wk .
c() 2792(4) 3281(6) 7767(4) 57(4)
P ; _ C(3 2813(3) 1765(6) 7711(4) 44(4)
ethyl |son|cot|nate), and for comparative purposes some struc o) 2269(3) 1111(6) 6905(3) 46(4)
tural and magnetic properties of [Mn(piNs)2]n (3, py = c(5) 1750(3) 1998(6) 6184(4) 47(4)
pyridine). Syntheses and some magnetic properticsvaére c(6) 3424(4) 911(7) 8517(4) 53(4)
reported as a preliminary communicatitih Compoundl was 0(1) 3889(3) 1460(5) 9229(3) 86(3)
found to be a Heisenberg two-dimensional antiferromagnet, 8((%) %gg% —135;2((‘;)) ggigg)) 5;81((2))
comp_oundz_ls an alternating fe_rromagneﬂ@ntlfer_romagngtlc o) 3986(4) —2944(7) 8623(5) 93(6)
two-dimensional system, arlis a three-dimensional antifer- N(2) 623(3) 6340(5) 3671(3) 42(3)
romagnet. o C(9) 637(3) 7801(6) 3714(4) 50(4)
EPR and susceptibility measurements show that compound C(10) 149(3) 8682(6) 2981(4) 50(4)
1 has 3D magnetic order below 28 K. Systems of this kind ~ C(11) —382(3) 8024(6) 2164(4) 47(4)
may be studied from two very different points of view: the g(ig) *i%(‘;) %‘;%%(%) 22%17‘:'1(‘2 %%(42
ordered low-temperature phase and the paramagnetic high- c§14§ 7977((4)) 8887((7)) 1360((5)) 60((4))
tempergture reg_io_n. Our interest is focused on the latter 0(3) —1454(4) 8329(5) 645(3) 115(5)
magnetic propertiese., the superexchange pathway for the end-  O(4) —969(3) 10293(4) 1512(3) 69(3)
to-end azide-manganese system. We have explored the factors C(15) —1574(4) 11234(7) 787(4) 74(5)
that influence the coupling by MO extended-Huckel calculations, ~ C(16) —1526(4) 12723(7) 1227(5) 88(6)
and the results were compared with those obtained for the ay(eq) is defined as one-third of the trace of the orthogonalizgd
nickel(ll)—azido system. tensor.
Experimental Section unit-cell parameters were determined from automatic centering of 29

Synthesis. Compounds1 and 3 were synthesized following  reflections (8 < 6 < 14°) and refined by least-squares methods.
published method¥: Compound? was prepared as follows: 5 mL Inte_ns_mes were collected with .graphlte-monochromated Ma K
of a water solution of sodium azide (0.42 g, 6.5 mmol) was dropwise radiation, using theo-scan technique. For the compou@d 5067
added to a mixture of 10 mL of a water solution of manganese chioride reflections were collected in the rangé § 2 < 55° (+h, +k, +1),
trihydrate (0.591 g, 3mmol) and 20 mL of ethanolic solution of etnyl and 1859 reflections were assumed as observed by applying the
isonicotinate (1.5 g, 10 mmol). The final clear solution was kept in a conditionF > 30(F). Two reflections (111; 003) were collected every
refrigerator for 2 or 3 days to produce the complex as well-formed hour and used for intensity correction (intensity of the two standard
yellow crystals. Anal. Found (% (calcd (%)): C, 43.6 (43.55); H, reflecthns dropped (_:ontlnuously durln_g Qata collectlon' by 44%).
4.1 (4.10); N, 25.4 (25.38); Mn, 12.4 (12.24). IR spectra: in addition Corrections were applle_d for Lorenf_po_lanzatlon effects, for mterysnty
to the characteristic bands of the corresponding pyridyl derivatives, a decay, and for absorption (transmission factors: 0-98800) using
very intense band due to thes of the azido groups appears close to the DIFABS computer prograr. The structure was solved by
2080 cn! for compoundsl and3, whereas compour@ishows a more Patterson synthesis using the SHEL1§(®mp_uter program, and refined
complicated pattern with three signals at 2112, 2085, and 2058.cm by full-matrix least-squares methods, using the SHELsomputer
Spectral and Magnetic Measurements. Infrared spectra (400 program. The function minimized wagw([|Fol — |Fc[]? wherew =
4000 cn1?) were recorded from KBr pellets on a Nicolet 520 FTIR ~ 0-4955/67Fo + KIFol?) (k= 0.0). f, f', andf" were taken from ref 18.
spectrophotometer. Magnetic measurements were carried out with aHydrogen atoms were located on calculated positions and assigned with
Faraday type magnetometer (MANICS DSMS8) equipped with an SiX common isotropic temperature _factors (sepat#iso) values for
Oxford CF 1200 S helium continuous-flow cryostat working in the ~€ach type of hydrogen in each Etinc molecule). The fiReactor
temperature range 300-4 K. The magnetic field was 1.5 T ap- Was 0.047 R, = 0.045) for all observed reflections. The number of
proximately; this magnetic field is correct for studying the paramagnetic Parameters refined was 268. Maximum shift/es®.05. Maximum
region, but not for the ordered phase, out of the range of this work, for @nd minimum peaks in the final difference synthesis were 0.30 and
which low-field measurements are needed. Diamagnetic corrections ~0-32 € A, respectively. Final atomic coordinates and significant
were estimated from Pascal tables. EPR spectra were recorded with 820nd parameters are given in Tables 2 and 3, respectively.
Bruker ES200 spectrometer at X-band frequency equipped with an
Oxford liquid-helium cryostat for variable temperature work.
Crystallographic Data Collection and Refinement of the Struc- Description of the Structures. [Mn(4-acpyk(Ns)2]n (1).
tures. [Mn(4-acpy)(Na)z] (1). Crystallographic data and details about  The structure of consists of 2D manganesazido sheets. Each
the strugturg dr;e:ermlnatlon were previously reported in a preliminary manganese atom is placed in a centrosymmetrical octahedral
communicatiori environment. The coordination polyhedron is formed by two

[Mn(Etinc) 2(Ns)2] (2). A piece of a transparent yellow crystal L . . . .
(approximate size: 0.45% 0.35x 0.23 mm) was selected and mounted 4-acetylpyridine and four azido ligands coordinatedtrans

on a modified STOE four-circle diffractometer. The crystallographic
data, conditions retained for the intensity data collection, and some
features of the structure refinement are listed in Table 1. The accurate

Results and Discussion

(15) Walker, N.; Stuart, DActa Crystallogr 1983 A39, 158.

(16) Sheldrick, G. MActa Crystallogr 199Q A46, 467.
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determinationUniveristy of Cambridge: Cambridge, England, 1976.

(14) Escuer, A.; Vicente, R.; Goher, M. A. S.; Mautner, Fliorg. Chem (18) International Tables for X-ray Crystallographitynoch Press: Bir-
1995 34, 5707. mingham, England, 1974; Vol. IV, pp 99410, 149.
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Table 3. Selected Bond Lengths (A) and Angles for
[Mn(Etinc)2(Ns)2]n (2)

Manganese Environment

Mn(1)—N(1) 2.295(5) Mn(1}N(21) 2.226(4)
Mn(1)—N(2) 2.281(5) Mn(13-N(13b) 2.164(5)
Mn(1)—N(11) 2.189(5) Mn(1}N(21c) 2.218(4)

N(1)-Mn(1)-N@2)  175.2(2) N(21}Mn(1)-N(13b) 169.1(2)
N(1)-Mn(1)-N(11)  89.4(2) N(21}Mn(1)-N(21c) 76.6(2)
N(1)-Mn(1)-N(21)  93.2(2) Mn(1}N(11)-N(12) 139.7(4)
N(1)-Mn(1)-N(13b)  86.6(2) N(12}N(13)-Mn(la) 157.2(5)
N(1)-Mn(1)-N(21c)  94.5(2) Mn(1}N(21)-Mn(lc) 103.4(2)
N@2)-Mn(1)-N(11)"  87.2(2) Mn(1}N(21)-N(22) 128.8(4)
N@2)-Mn(1)-N(21)  90.3(2) N(22)-N(21)-Mn(lc) 126.9(4)
N(2)-Mn(1)-N(13b) ~ 90.5(2) Mn(1)}N(1)-C(1) 119.6(3)
N(2)-Mn(1)-N(21c)  89.4(2) Mn(1)}N(1)-C(5) 122.0(4)
N(11)-Mn(1)-N(21)  92.2(2) Mn(1}N(2)-C(9) 121.7(4)
N(11)-Mn(1)-N(13b) 98.7(2) Mn(1}N(2)-C(13)  118.8(4)
N(11)-Mn(1)-N(21c) 168.3(2)

Azido Ligands
N(11)-N(12) 1.144(7) N(21)N(22) 1.157(7)
N(12)—-N(13) 1.158(7) N(22)N(23) 1.132(9)

N(11)-N(12)-N(13) 177.5(6) N(21}N(22)-N(23) 178.3(7)

Figure 1. ORTEP drawing (50% of the thermal ellipsoid probability)
arrangement, elongated along the axis defined by the pyridyl ©f [MN(ENC)(Na)z] (2) with atom labeling scheme.
ligands, MA-N(1) = 2.291(3), MA-N(11) = 2.192(3), and ) ) .
Mn—N(13) = 2.214(3) A. Each azido ligand acts as a bridge 9eneral schema of four azido end-to-end bridges, linked to the
with the next manganese atom in the end-to-end coordination four neighboring manganese atoms and two pyridyl ligands in

mode, Mn-N(11)-N(12) = 151.6(2}, Mn—N(13)—-N(12b)= transarrangement, like compourid but giving, in this case, a
129_0'(”, and Mn-azido—Mn torsion angle, defined as the 3D compound. The structure shows channels along the solid
dihedral angle between the MN(11)-N(12) and N(12)- in which the pyridyl ligands are placed, as can be shown in

N(13c)-Mn' = 79.6. As a consequence of these asymmetric Figure 3. When the axial ligand has a voluminous group
bond angles and the torsion MiNs—Mn angle, the planes  attached to the 4 position, steric hindrance forces the structure

defined by the manganese atom and the four N-(azido) atomst0 open to a 2D arrangement with the axial ligands placed out

show a dihedral angle of 83.3 The minimum Mr-Mn of the sheet, as occurs thand2. Bond parameters in the
interplane distance is 11.563(5) A. The structuré if similar bridging region are similar to those found fbr
in its general trends to the [Mn(EtOMBCN)], two-dimen- Magnetic Data and Coupling Constants Evaluation. The

sional compound showing the most significant differences in Molar magnetic susceptibilities Tof [Mn(4-acpyk(Ns)2]n (1),
the more asymmetric manganegeseudohalide bond angles  [MN(EtiNC)(Na)a]n (2), and [Mn(py}(Ns)a]a (3) are plotted in

Mn—N—C = 169.0(1} and Mn-S—C = 103.6(1}.1° Figure 4. In the three cases th@ value increases when the
[Mn(Etinc) 2(Ns)2]n (2). The structure also consists of a 2D  {€mperature decreases, reaching a well-defined maximum at 50.5
manganeseazido compound, with each manganeserans K for 1, 35.0 K for2, and 50 K for3.

octahedral environment, bonded to four azido ligands and two  The experimental data fat in the range 35300 K have
axial pyridyl—(ethyl isonicotinate) ligands. A labeled schema begn fitted to the expression for the quadra}tlc-laygr Heisenberg
is shown in Figure 1. Ir2, the four azido bridges show the antl_ferromagnet high-temperature expansion series o_f Bines
two coordination modes: two azido ligands are coordinated in derived fromH = 5 ., —JSS, wherej n, runs over all pairs of
the end-on mode between two manganese atoms, giving a planaf€arest spinsandj. The best fit parameters wede= —3.83-
and centrosymmetric M, unit. Each MaN, fragment is (1) cnT%, g = 2.00(0),R = 7.8 x 10°%, as was previously
linked to the four neighboring MiN, units by means of four re_portedl.4 Thel \(alue and the position of the maximum agree
end-to-end azido bridges. Then, the structur@ isfrelated to ~ With the expressiorkTma/|J] = 1.12S + 1) + 0.10, from
compoundL, but holding dinuclear MiN, units instead of single ~ Which aJ = —3.55 cn1* value is expected. _
manganese atoms in [Mn(4-acpis)2], as is shown in Figure _ For c_ompoundz simultaneous ferro- and_ al_wtlferr_omagnetlc
2. Bond parameters in the end-on units show normal values interactions are expected. The plangNunits in which there
for this kind of unit: Mn(1)-N(21) = 2.226(4) A, Mn(1)- are two end-on bridging azido ligands with the-d—M bond

N(21c) = 2.218(4) A, Mn(1}-N(21)-Mn(1c) = 103.4(2}, angle in the 106105 range are ferromagnetic for ¥ Cu,
N(21)-Mn(1)—N(21c) = 76.6(2f. End-to-end azido bridges  Ni. and Mn, and on the other hand the end-to-end azido bridges
are strongly asymmetrical: Mn@N(11)-N(12)= 139.7(43, give from moderate to strong antiferromagnetic coupling as a
Mn(la)-N(13)-N(12) = 157.2(5}. The dihedral angle Mn function of the bridging bond angles. From the structural data,
N3—Mn defined as the angle between the planes MAaKI)L1)— the behavior oR should correspond to ferromagnetic manganese
N(12) and N(12)-N(13)-Mn(la) is 55.3(10), and the acute  dimeric entities Jec) coupled antiferromagneticallyge) in a
angle between neighboring M, units is 67.49(17) The quadratic layer. Analytical solution is not available for this
intersheet MA-Mn distance is close to 15 A for several topology, but according to the structural data the valudeef
manganese atoms. should be close to that found for compouh@nd Jeo should

Itis interesting to compare these structures with the previously alS0 to be close to the value found for the dim&rantity (us,1-
reported [Mn(py)(Ns)s], complex 3, which shows the same Ng)?[Mn(terpy)z]z(X)z. Therefqre, the ferro- and antiferromag-
netic interactions may be easily evidenced from the plotnf

(19) McElearney, J. N.; Balagot, L. L.; Muir, J. A.; Spence, R.Ahys.
Rev. B 1979 19, 306. (20) Lines, M. E.J. Phys. Chem. Solids97Q 31, 101.
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Figure 2. Packing plots of [Mn(4-acpyjNs)2]n (1) and [Mn(Etinc}(Ns)2] (2) showing the four end-to-end azido bridges around each manganese
atom for 1, the four end-to-end azido bridges around eachM4rsubunit for2, and the large intersheet separation due to the 4-acpy or Etinc
ligands.
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.
005t T
L ]
004} .
= .
L]
x L ]

0,03 &

0,02

50 100 150 200 250 300
T(K)
Figure 4. Molar magnetic susceptibilitys T plots for 1 (dot center

circle), 2 (solid circle), and (solid squares). Solid lines show the best
fit obtained forl and3. (Data recorded at 1.5 T for all of them.)

>k

found wereJ = —1.35(1) cn1l, g = 2.030(5),R = 5.04 x
1075,

The EPR spectra performed on polycrystalline samples at
variable temperature foll show that the linewidth of the
isotropic signal atg = 2 is temperature dependent, peak-to-
peak 30 G at room temperature, increasing strongly below 100
K. At 28 K the linewidth is 300 G, and below this temperature
the compound becomes silent to EPR. CompoB8nshows
similar EPR behavior. This property allows a more precise
indication of the ordering temperature which is close to 28 K
for 1 and 35 K for3. Compound2 shows a single isotropic
. . . signal atg = 2, peak-to-peak 46 G at room temperature, 51 G
The experimental data for compoudcan be fitted with at 77 K, and 80 G at 4 K. The order fais probably not

the simple cubic expansion serfsalthough the number of . : .
neighboring manganese atoms is 4. The best fit parametersicmeved due to the extremely large intersheet distance of 15

Figure 3. View of the position of the pyridyl ligands for compound
3. The lower size of the axial ligand i permits the arrangement of
the pyridyl rings along channels in the 3D solid.

Figure 4: the maximum of susceptibility indicates that Jae
is not zero and the high values @fy in the same range of
temperatures show that the ferromagnetic coupling condtant
is far from negligible.

(21) De Jongh, L. J.; Breed, D. Solid State Commuri974 15, 1061. MO Calculations. The superexchange pathway through end-
(22) Richards, P. M.: Salamon, M. Bhys. Re. B 1974 9, 32. ' to-end azido bridges between copper or nickel ions has been

(23) Shia, L.; KoKosza, GJ. Chem. Phys1974 60, 1101. widely studied during the past few years, and a model was
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Scheme 1 _9qdxi-y?
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proposed in which the antiferromagnetic componeigt)( of ] —
the coupling constand was successfully correlated with the
bond parameters, mainly the.NIN—N bond angles and the Ni ‘_l 4+
N—N-—N-—Ni torsion angle. More recently, this model has been """,""’ S
applied to the general pseudohalide end-to-end brifigEkis RN 4
model has been checked for a number of compounds and offers A R
a convenient description of the superexchange pathway and aFigure 5. MO diagram for an [(NH);—Mn—N—N—N—Mn(NHz)4]**
good approximation to the magnitude of thealues. Forthe  system calculated from the parameters-M-N = 120°, Mn—N—
case in which the metallic ions bridged by the pseudohalogen N—-N—Mn torsion angle= 180", and the remaining bond parameters
ligands are nickel(ll), the magnetically active atomic orbitals '[r,:fr:ﬁ;‘]a?rg' trgee;f;( té;hsecﬂgmggiggﬁﬂnm:L#'?EZ of the azido and the
are the ¢¢—2 and the ¢, whereas the filled,} atomic orbitals g gure.
remain inactive; in contrast, when th_e paramagnetic centers are, . zero, as expected, and that the other three possible pathways
manganese(ll), all of the atomic orbitals of the metallic ion are

tentially able to off | trocti h are effectively active, of which the most effective is the
potentially able lo olier a more or less eflective superexchange superexchange through the interaction of threotbitals with
pathway. In this work we attempt to extend the model

the correspondindly, MO of the azide bridge, as occurs for

previously checked for the nickel case to the most general Casecopper or nickel ions. Thedorbitals also interact withil,,
of the manganese(ll).

_— . and most interestingly, th rbitals can interact by means of
The approach to the problem was similar to that previously gly, theb y

. - X i the ITy, MO of the bridge, which for copper or nickel is
reported ffor the dn'gkel case. '\/R;thfgggml calculations orthogonal to the active magnetic orbitals and remains inactive.
\c/jv_ere _p(?r ormet m_T‘eanZ cl) € | ot pro%r%f _an t?'d The next step was the calculation of a Walsh diagram for

Imeric fragment, which Mmodels a single end-1o-end azIdo bidge e symmetric variation of th@, » values in the range 90
between two manganese ions (Scheme 1).

Calculati ¢ 4b . _ | 18C°, Figure 6. The d interactions were similar to those
__aiculations were periormed by varying tHe= f3> angles previously found for the nickel case\(z%) show a maximum
in symmetrical form, maintaining the rest of the parameters

. for 812 = 110, and an accidental orthogonal point was found
constant and, on the other hand, varying the-Mi-N—N— between 165 and 170 The A(x2) gap is the maximum for the
Mn torsion angle, keeping the remainder parameters constant,ﬂ12 value of 180 and decreases continuously to zero figk
gpgh;algggcﬂ;\ g frzo;r ;ri%elhﬁsztgndard atomic parameters  _'qy (Figure 6a). A(y2) shows a constant value in all of the

. o . )
For a [MnMn] system, and with the assumption that the Przrange and is independent of fwalue. In Figure 63 A

. ; and their three components are plotted; as occurs for the nickel
Hoffmann relationshif® between thelar and the gaps between P P

i case, this plot indicates a maximum of thg for low Mn—
MOs .Of the same symmetry, it (Z:an be assumed that theN—N bond angles close to 11@nd a minimum ofla¢ for large
magnitude ofJar is a function ofy A%

Mn—N-—N values, close to 160 Therefore, for the manganese
2_ _ B _ 2 _ case Jar is always different from zero.
ZA - |E<I)(x2 y2(5>) E(D(XZ yz(a))| + |Eq)(22(5>) The study of the torsion angle affords the same qualitative
E®(Z ) I* + [ED(Xy) — ED(xy)I° + [EP(XZ) — results: the antiferromagnetic interaction should be maximum
5 2 for a planar arrangement of the manganese ions and the azido
Eq)(xz(a))| + |Eq)(y2(3)) - EdD(yz(a))| bridge and should be minimum for high torsion values, b\
o ) ) ) for torsion 90 is also different from zero, due to the interactions
Taking into account the chosen model, in whighatomic 4 4 and g, in contrast to the nickel case, for which torsion
orbitals are always placed in the MiN (azido) bond direction, 90 is an accidental orthogonal point.

the d2—y> and dy atomic orbitals always remain orthogonal to The main conclusion derived from this analysis is that an

M;—NH;, N=N=N"

trz'e I\élOs of the bridge and theinE(I)(xZ — i) — EP(E — end-to-end azido bridge between two manganese(ll) ions should
Y @)I* and|E@(xy(s) — EP(Xy)|” are always zero. The aboye alwaysbe significantly antiferromagnetic.
expressions are then reduced to the pathwaysadtmponent: The d,, pathway, Figure 7, should also be active for other
2 .2 2 2 pseudohalogen bridges, such as cyanate or thiocyanate, and MO
ZA =A (22) + A + A2 calculations for the thiocyanate bridge, modeled according to

. . . Scheme 1, and taking the bond lengths asH8n= 2.40 A,

The first step was the calculation of a MO diagram for a o ~_ 160 A G-N = 1.15 A. and N-Mn = 2.10 A are in
gxe? ﬁ_l,z T#Z(g_value. . -ghe resukll';%s Zshowzn |ndFA|%]ure . good agreement with this assumption. This means that as a
nalysis of this diagram indicates thaf(x* — y*) and A%(xy) general trend, the superexchange through the pseudohalide
(24) Mealli, C.: Proserpio, D. MJ. Chem. Educ1990 67, 3399, bridges should generally be antiferromagnetic for manganese-

(25) Hay, J. P.; Thibeault, J. C.; Hoffmann, R.Am. Chem. Sod 975 (). The above results for the azido bridge are in good
97, 4884. agreement with the magnetic behavior of compouhdsd 3:
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Figure 6. Walsh diagram plots ofA (a) andYA? (b) vs the symmetric variation of the MAN—N bond angles, showing thezdd,, and d,

contributions.

Figure 7. Plot of the gxs MO for two extreme Ma-N—N bond
angles of 99 and 180 showing the constant overlap and their constant
contribution toJar.

the two compounds show medium MiN—N bond angles, but
despite the extremely high MiN—N—N—Mn torsion angle,
the compounds are significantly antiferromagnetic. Nickel
compounds with similar torsion angles are effectively non-
coupled or showd values lower than-4 cntl, for a lower
number of electrons. On the other hand, the validity of our

results can be checked in another way: for copper or nickel-

(11, for which theIly, superexchange pathway is not available,
when the bridging ligand is thiocyanate, which showsN+—C
bond angles typically close to 170the interaction is always
ferromagneticas expected. From our conclusions, for the case
of the manganese ion the coupling shouldabéferromagnetic

thiocyanate bridged compounds, such as the chromium(ll)
dimer® (NBug)4[Cr(NCS)]» (J = —8.8 cnt1), the manganese-
(1) chaing” [Mn(acac}(Ns)], or [Mn(acac)(NCS)}, (J= —5.3
and—1.5 cnt?, respectively), the manganese(ll) diffgMn -
(trenp(NCS)](BPhy)2 (J = —0.2 cntl), the two-dimensional
[MN(EtOH)z(SCN)], complex?® structurally analogous tb (J
—0.6 cnT?), the manganese(ll) ch&hMn(bipy)(NCS))]n

(J = —2.5 cm}), or the manganese(lll) [Mn(salen)§}, and
[Mn(salen)(NCS)] chaing® (J = —5.4 and —0.44 cn1?,
respectively), which, in agreement with the above conclusions,
effectively show antiferromagnetic coupling in all cases.
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