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The first azide(u11)-bridged binuclear cobalt(ll) complex with a
chelated imino nitroxide radical, [Co,(immepy)a(N3)4]-2EtOH, was
structurally and magnetically characterized, where immepy =
4,45 5-tetramethyl-2-(6"-methyl-2'-pyridyl) imidazoline-1-oxyl. Five
nitrogen atoms complete the coordination sphere of the Co(ll) ion,
showing a distorted trigonal bipyramid geometry. Two N3~ anions
act as bridges between cobalt ions in the w11 coordination mode,
resulting in a binuclear structure with an inversion center. Magnetic
studies show that ferromagnetic couplings occurred between the
adjacent cobalt(ll) ions through N3~ (u1,1) bridges, and antiferro-
magnetic couplings between the cobalt(ll) ions and organic radicals.

Recent efforts in molecular magnetism have produced a
plethora of fascinating molecule-based matefitsthe field,
the binuclear complexes of transition metals are one of the
more extensively studied system3he azide anion is a
versatile ligand which can link to transition metal atoms with
different coordination modes, thus allowing for the assembly
of binuclear complexes with a wide range of magnetic
behavior. When the azide group acts as a bridging ligand
with end-on coordination, the resulting binuclear complexes
usually show ferromagnetic behavior. In contrast, when it is
coordinated in an end-to-end fashion, antiferromagnetic
coupling results.On the other hand, these systems provide
excellent examples on which the development of molecular
magnetism of suitable theoretical models affords a better
understanding of the exchange interaction in lattices. Since
ferromagnetism in molecular complexes is much less frequent
than antiferromagnetism, the ferromagnetic end-on azide-
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bridged transition metal complexes are especially interesting.
As a result, extensive magnetostructural work has been
carried out on azido-bridged binuclear copper{lthanga-
nese(Il)? and nickel(IIf complexes, and their DFT calcula-
tion results have been reportétrew studies of binuclear
cobalt(ll) complex with azide(, 1) bridges were reported so
far, although the honeycomblike layer cobalt(ll) comglex
with azidef; 1) bridged and one-dimensional chain cobalt-
(1) complexX® with u; -N3z andu; >-Ns alternate bridges have
been reported. Additionally, the binuclear Co(ll) derivative
of Carcinus maenasiemocyanin Co(Ih-Ns;—Hc has also
been studied? noteworthily, their structures were not
determined by single-crystal X-ray diffraction. In this
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contribution, we report the synthesis, structure, and magnetic
properties of an azide( 1)-bridged binuclear Co(Il) complex
with a chelated imino nitroxide radical, [onmepy)}(Ns)4]
2EtOH. To the best of our knowledge, this is the only
crystallographically characterized example of a binuclear
cobalt(ll) complex with an azidg( ;) bridge.
4,4,5,5-Tetramethyl-2-(6nethyl-2-pyridyl)imidazolin-
1-oxyl radical (immepy) was prepared by the literature
method!**?The title complex was prepared as follows: Solid
NaN; was added to the solution of immepy and Co(@O
6H,0 in ethanol. The mixture solution was stirred af60
for 5 h, blue precipitates formed, and then the precipitates
were removed by filtration. The filtrate slowly evaporated
at room temperature in the dark for a month, and the blue &,
single crystal suitable for X-ray analysis was obtained. Anal. N\
Calcd for GoHigCoN1g04: C, 42.77; H, 5.75; N, 29.95.  Figure 1. ORTEP drawing of the complex. Thermal ellipsoids are drawn
Found: C, 42.85; H, 5.63; N, 29.85. The IR spectrum at the 30% probability level. The uncoordinated EtOH molecules are omitted
displays two strong bands at 2067 and 2047 §mespec- for clarity.
tively, which are the characteristi§N;~) band. The strong - T T T - T T
band observed at 1372 ctnis thev(N—O) band. g
Elemental analyses for carbon, hydrogen, and nitrogen  6-
were carried out on a Vario EL Il elemental analyzer. The
infrared spectrum was taken on an AVATAR FT-IR spec-
trophotometer in the 4000400 cnm! region, using KBr
pellets. Single-crystal X-ray diffraction measurements were
carried out on a Bruker Smart 1000 diffractometer equipped
with graphite-monchromated Modradiation ¢ = 0.71073

%, Tlem’ K mol ]
¢

A). Data were collected at room temperature by ¢hen 1%
scan technique in the range 2242 6 < 25.02 with a total i 1oo

of 3544 reflections collected including 1913 independent ]

reflections R, = 0.1646). Temperature dependent magnetic 0 5 100 150 200 250 300
susceptibilities were measured on a MPMS-7 SQUID mag- T/IK

netometer. Diamagnetic corrections were made with Pascal’sFigure 2. The plots ofymT andym versusT for the complex, the solid
constants for all constituent atoms. line showing the best fit to the values.

The structur® of the title complex is shown in Figure 1. o o ) )
Five nitrogen atoms complete the coordination sphere of the c00rdination mode, resulting in a binuclear structure with
Co(ll) ion, showing a distorted trigonal bipyramid geometry, @n inversion center. The €dCo distance of 3.344 As
of which three nitrogen atoms, N2, N4A, and N7, construct €Ssentially too long to exist in a metahetal bond* The
the trigonal plane, and two, N(1) and N(4), occupy the axial @ngle of Co:-N4—ColA is 103.4(3), which falls in the
positions. The distortion along the axial direction is dem- "ange 106-107, corresponding to an MN—M bond angle
onstrated by the NtCol—N4 angle of 171.7(2) Thebond (M = Cu, Ni, and Mn(I))> The dihedral angle between
lengths of Ce-N in the plane (CotN2, Col-N4A, and thellmm.o nitroxide fra'gme:-nt and .the pyndme ring of the
Col1-N7, equal to 2.062(7), 2.049(8), and 2.029 A, respec- "adical is 8.2(10), which is consistent with that of the
tively) are shorter than those of €t (Col-N1 = 2.235 corresponding [NiCl(immepy)L(u-Cl)z} .*° o
A and Co1t-N4 = 2.209 A) down the axial direction. Two The variable temperature magnetic susceptibility data for
N3~ anions act as bridges between cobalt ions inthe a crystalline sample of the complex was measured on SQUID

susceptometer over the temperature rang8d® K with an
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temperature further lowered. This magnetic behavior indi- Scheme 1
cates the presence of ferromagnetic interactions in the

complex.
On account of the distorted trigonal bipyramid geometry l <0 | L0 J'<0l T 150 | 120 J1>0T
of the Co center andA, ground state with no angular Rad—Co(Il—Co(Il—Rad Rad—Co(Il—Co(Il—Rad
momentum, the magnetic data were fit by eq 1 derived from s=1,2 32  3/2 1,2 172 3/2  3/2 1,2
the approximate mod€lpreviously reported: S=1 S=4
NgzizA = 2 spin states (Scheme 1), respectively. The plotsl o
M= T B 1) H are shown in Figure 3, and the corresponding experimental
values Q) are displayed between the two solid lines that

A= 184 exp[(6, + 4J,)/KT] + 84 exp[&,/kT] + correspond to the (Ap= 4 and (B)S= 2 states. However,

30 exp[(6), — 33,)/KT] + 6 exp[(&, — 5J,)/kT] + the experimental values are closer to those of3he?2 state

and far from thes= 4 state, which confirms that the ground

168 exp[(4; + 2J,)/KT] + 60 exp[(4; — J)/KT] + state ofS= 2 results from ferromagnetic interactions between

12 exp[(4, — 3J,)/KT] + 30 exp[(2, + J,)/KT] + the units consisting of Co ion and radical and antiferromag-
6 exp[(2, — 23,)/KT] netic coupling within the unit.

8
B = 9 exp[(&J; + 4J,)/KT] + 7 exp[a),/KT] +

5 exp[(&); — 3J,)/KT] + 3 exp[(&); — 5J,)/KT] + I
exp[(6), — 6J,)/KT] + 14 exp[(4, + 2J,)/kT] + 6t
10 exp[(@, — J)/KT] + 6 exp[(4), — 3J,)/KT] + s

5 exp[(2, + J,)/KT] +3 exp[(, — ,)/KT] +
exp[(2), — 2J,)/kT]

7 F

M/ NB

whereJ; corresponds to the coupling between the cobalt(ll)

ion and radical and, stands for coupling between the €B

units fabricated through N bridges. T
The least-squares analysis of magnetic susceptibility data I

ledtoJ; = —15.4 cm?, J, = 17.7 cmt, g = 2.08, andR =

4.32 x 10°° (the agreement factor defined Rs= 3 (yobsd— 0 10000 20000 30000 40000 50000

ycaled?(ovsd?). The J; < 0 indicates antiferromagnetic H/G

coupling interaction between Co(ll) ion and radical. The Figure 3. Experimental field dependence of the magnetization for the

parameted, > 0 suggests ferromagnetic interaction between fso(;ﬂg%”gp?g ;r;‘tje'z””o“'” curves based d8= 2 (solid B) andS =4

the Co—R units, which may be attributed to the polarization o ) ] )

effect of azideg:y) bridges and is consistent with the In cc_)nclusmn, an amde—b_ndgeq binuclear c_obalt(ll) com-

magnetic properties in the end-on azide-bridged transition Pléx simultaneously containing immepy radical was suc-

metal complexes reported previously. Tiealue is lower cessfully isolated, and structurally and rr_1agnet_|cally char-

than the value for normal Co complexes, but is similar to acten;ed. To our knowledge, th.e complex |s_the first example

that of the Co complex with similar geometry in the of a binuclear Co(Il) complex bridged Iy ;-azide. Magnetic

literaturel” study revealed ferromagnetic coupling between the units of
To further support the nature of the interaction provided CO(l) ion and radical, and antiferromagnetic interaction

by the temperature dependence of magnetization, the fieldWithin the unit.
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