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NEW MANGANESE(I) COMPLEXES OF NITRONYL NITROXIDE RADICALS.
SYNTHESIS, STRUCTURE AND MAGNETIC PROPERTIES

DOMINIQUE LUNEAU AND PAUL REY
Laboratoire de Chimie de Coordination (URA CNRS 1194), CEA-DRFMC-SESAM,
Centre d'Etudes Nucléaires, 17 rue des Martyrs, 38054 Grenoble Cedex 9, France.

Abstract The complex Mn(NITImH)3(ClOg4); [NITImH=2-(2-imidazolyl)-4,4,5,5-
tetramethyl-4,5-dihydro-1H-imidazolyl-1-oxy)] has been synthesized. It crystallizes in
the monoclinic space group P21/n, with a=15.832(3)A, b=10.346(3)A,
c=26.029(4)1\, Bp=106.78(1)°and Z=4. The crystal structure consists of
[Mn(NITImH)3]2* cations and non-coordinated perchlorate anions. Each NITImH
nitronyl nitroxide radical is bis-chelated to the manganese(Il) ion through an oxygen
atom of one of its NO groups and a nitrogen atom of the imidazolyl substituent. The
coordination geometry around the manganese(Il) ion is slightly distorted from
octahedral. The perchlorate anions weakly hydrogen bond the [Mn(NITImH)3]2+
cations in a tridimensional network. Cryomagnetic investigations in the range 2-300K

revealed a strong antiferromagnetic behavior. The T product is 2.91cm3 K.mol-! at

300K, reaches a plateau (1.00 cm3.K.mol-!) between 65 and 15K, then decreases
abruptly. The experimental magnetic data were fit assuming identical nitroxide-

manganese(I) coupling J=-53cm"! based on the isotropic model H=-2%J;;S;S;

associated with an intermolecular antiferromagnetic interaction Z'J'=-1.4cm-! based on
the molecular field approximation and g=2.06.

INTRODUCTION

The design of molecular ferromagnets based on the coordination chemistry of nitronyl
nitroxide radicals, 2-R-4,4,5,5-tetramethyl-4,5-dihydro-1H-imidazoyl-1-oxy-3-oxide
(NITR), is promising. One way to achieve this is to synthesize extended compounds in
which antiferromagnetically coupled metal and radical spin carriers alternate and do not
compensate, leading to ferrimagnetic materials. This was succesfully demonstrated by the
synthesis and characterization of one-dimensional magnetic materials, using
hexafluoroacetylacetonatomanganese(II) and nitronyl nitroxide radicals with alkyl
substituents!. However the low temperatures (8K) at which these materials order
ferromagnetically may be accounted for by the bulkiness of the hexafluoroacetylacetonato
ligands surrounding the metal ion. Such electron-withdrawing? groups are required to
overcome the weak basicity of the nitroxide radical? but they isolate the chains and do not

allow strong interchain magnetic interactions.
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In order to avoid these bulky groups we are presently engaged

Z 4 in the synthesis of new nitronyl nitroxide radicals with strong
donor substituents which would force the coordination of the

+
-'N .
o '\IN\O NO groups through a chelate effect and there by wouid
H N

increase the dimensionality of the compounds. In previous
papers we reported the crystal structure and magnetism of
l=l nickel(If), manganese(Il) and copper(Il) complexes with 2-
NITImH pyridyl4 or 2,2-bipyridyl5 substituted nitronyl nitroxide
showing that chelation was an effective force for coordination
of the nitroxyl group to poorly electrophilic metal centers.

Along this line we have synthesized the 2-imidazolyl substituted nitronyl nitroxide
(NITImH), for which the position of the 2-imidazolyl group allows two symmetrical
chelating sites for the synthesis of extended materials. One of the sites is directly
accessible; the second one may be generated after deprotonation to give the bis chelate
anion (NITIm"). In a first step, and before any attempt to make extended compounds, we
have studied the complexation of the non- deprotonated ligand (NITImH) with various
metal ions in order to characterize the nitroxide-metal magnetic interaction in our
molecular units. In this paper we describe the synthesis, crystal structure and magnetic
properties of the complex Mn(NITImH)3(CiO4)7 formed with the manganese(II)
perchlorate salt.

EXPERIMENTAL SECTION

Syntheses.

The 2-imidazolecarboxaldehyde was purchased from Aldrich while the 2,3-
(dihydroxylamino)-2,3-dimethylbutane was prepared by following reported procedures®.
The free radical was obtained as described by Ullman? for the phenyl substituted analogue
(47%, mp=150-152°C).

Mn(NITImH)3(C104)7. Methanol solutions of both NITImH and Mn(Cl04);.6H>0 in
stoechiometric amounts were mixed. The resulting blue solution was then filtrated and
allowed to evaporate slowly to a small portion to give dark blue parallelepipedic single
crystals (65%). The elementary analysis agree well with the formula
C30H45N1208Mn(Cl0q);.
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X-ray crystal structure analysis.

TABLET Cystal data, intensity data collections and structure refinement.

Formula C30H45N12014CIbMn  Scan type -6

F.W. 923.6 Scan width (°) 0.80+0.35tg6
Crystal system Monoclinic Scan speed (O_mm-l) 5.03

Space group P2i/n Bmax (°) 25

z 4 Detector height 4

a(A) 15.832(3) Detector width 1.70+2.00tg0
b (A) 10.346(3) Octant measd. +h,+k,+1
c(A) 26.029(4) Nb. of measd. refl. 8149

B ) 106.78(1) Nb. of unique refl. 4408

V(A% 4081.9 Nb. of parameter 459
Dc(gem3) . 1.495 Res. elec. d. (e.A-3)  -0.48, +0.87

w(MoKoa) (cm-1) 5.0 Maximum esd 0.004

Cryst. size (mm) 0.35*%0.25*%0.25 Weigting scheme /682 + 3.10-3F2

Temperature (K) 293 R 0.0532
Diffractometer Enraf-Nonius Rw 0.0571

The intensity data were collected on an Enraf-Nonius CAD4 diffractometer using MoKa
radiation and a graphite monochromator. Crystal structure data are summarized in
TABLE I Cell constants were derived from a least-squares fit of the setting angles for 25
selected reflections with 10°<0<15° The intensities were corrected for Lorentz and
polarization effects but not for absorption. The Mn(II) ion position was found using the
SHEL X868 package. The remaining non-hydrogen atoms were located in a succession of
difference Fourier syntheses and were least-squares refined with anisotropic thermal
parameters using the SHEL X769 package. The hydrogen atoms, except those attached to
the nitrogen atoms (NH) of the imidazolyl groups, were included in the final refinement
model in calculated and fixed positions with isotropic thermal parameters. Morever the
agreement between the single crystal structure and the bulk material has been checked by
comparing the experimental powder X-ray diffraction patern to the simulated one obtained
from the single-crystal data with the LAZY PULVERIX!0 program.

Magnetic Susceptibility Measurements.
The magnetic susceptibility was measured on the bulk material, in the 2-300K temperature

range with a Quantum Design MPMS superconducting SQUID magnetometer operating at
field strength of 0.5 T. The data were corrected for the magnetization of the sample holder
and the magnetic susceptibility was corrected for the diamagnetism of the constituent

atoms using Pascal constants.
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RESULTS AND DISCUSSION
Crystal Structure.
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FIGURE 1 View of [Mn(NITImH)3]2*+ with labeling of non-carbon atoms.

TABLEII Relevant interatomic distances (A) and angles (°).

Mn-Ol 2.175 (4) Mn-03
Mn-0O5 2.178 (3) Mn-N3
Mn-N7 2211 (4) Mn-N11
OI-N1 1.287 (4) 02-N2
03-N5 1.291 (95) 04-N6
0O5-N9 1306 (4) 06-N10
O13-H(N8)i 2.335 (8) O11-H(N12)ii
01-Mn-N3 83.1 (1) 01-Mn-03
01-Mn-N7 85.8 (2) 0O1-Mn-05
O1-Mn-N11 172.2 (2) N3-Mn-O3
N3-Mn-N7 93.9 (2) N3-Mn-05
N3-Mn-N11 91.2 (2) 03-Mn-N7
03-Mn-05 84.4 (1) 03-Mn-N11
N7-Mn-05 169.1 (2) N7-Mn-N11
0O5-Mn-N11 82.9 (2) Mn-O1-N1
Mn-03-N5 128.1 (3) Mn-O5-N9

*:x,y-1,2; it:x-1/2,y+1/2,2-1/2

2.135 (3)
2.224 (3)
2.206 (4)
1.269 (6)
1.270 (6)
1.278 (5)
2.109 (9)

86.4 (1)
92.4 (2)
169.4 (1)
96.6 (1)
84.8 (2)
99.4 (2)
100.0 (2)
129.1 (2)
1255 (3)
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The crystal structure consists of the [Mn(NITImH)3]2* cation shown in FIGURE 1 and
of perchlorate anions located out of the Mn(II) coordination sphere. Relevant bond lengths
and angles are given in TABLE II. Each of the three NITImH ligands is bis-chelated to
the Mn(II) ion through an oxygen atom of one of its NO groups and a nitrogen atom of the
imidazolyl substituent. The manganese(1l) coordination geometry in
[Mn(ID(NITImH)3]2+ is octahedral with both the A or A isomer forms encountered in the
crystal cell due to the centrosymmetric P21/n space group. These conformations minimise
the steric hindrance by keeping apart the 2,3.—dimethylbuty] groups of the three nitronyl
nitroxides. The bond angies within the coordination octahedron are significantly distorted
while the Mn-O and Mn-N bond lengths are in the normal range 2. 135(3)-2.178(4)A and
2.206(4)-2.211(4)A respectively for manganese(I)-nitroxide complexes. The shortest
intermolecular distances reported in TABLE II have been found between the oxygen
atoms O11 and O13 of one of the perchlorate anions and the hydrogen atoms H{N12) and
H(N8) of the imidazoly! group of two adjacent IMn(ID(NITImH)3]2+ cations. They are
part of a tridimensional hydrogen bond network connecting the [Mn(II}(NITImH)3]2*
units weakly to each other through the perchlorate anions.

Magnetic properties.

3.0

2.5

2.0

XT(cm3.K.mol' 1)
n
1

o exp.
1.0 fit.
0.5
0.0 T T T T T
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FIGURE 2 Plots of xT vs. T (o experimental, --------- fit).
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The magnetic behavior shown by Mn(NITImH)3(Cl0O4)2 on FIGURE 2 as the product of
the magnetic susceptibility with temperature (xT) versus temperature, is characteristic of a
strong antiferromagnetic coupling. At 300K xT=2.91cm3.K.mol"! is well below the value
(5.5 cm3.K.mol-!) expected for one Mn(II) 5/2 spin and three uncoupled NITImH 1/2
spins. Then T continuously decreases and reaches a plateau between 60 and 15K with a
value of xT (1 cm3.K.mol-!) in agreement with a S=1 ground state corresponding to the
Mn(II) 5/2 spin antiferromagnetically coupled with three NITImH 1/2 spins. Below 15K,
xT decreases abruptly due to the intermolecular magnetic interactions transmited through
the weak intermolecular hydrogen bond network as suggested from the X-ray crystal
structure analysis. Although analytical expressions for the magnetic susceptibility might
be derived, we used a homemade program!! coupled to the Minuit minimization routine,
which diagonalizes numerically the isotropic exchange Hamiltonian (H=-2XJ;;S;S;) for a
cluster constituted of one 5/2 spin interacting with three 1/2 spins. We considered the three
nitroxide-manganese(II) magnetic interactions as identical and took no account of the
nitroxide-nitroxide radical interactions. Moreover, in order to fit the sharp decrease at low
temperature we included in the model an intermolecular interaction (Z'J') considering the
molecular field approximationl2. A good agreement was obtained for the overall
temperature range with an antiferromagnetic nitroxide-manganese(ll) interaction
J=-53cm-!, an intermolecular interaction Z'J'=-1.4cm-! and g=2.06 as shown in
FIGURE 2. The nitroxide-manganese(Il) interaction found here is lower in magnitude
than those reported for previous nitroxide-manganese(Il) complexes4 13, however the
comparison with copper(Il)-manganese(Il) compounds!4 still shows that stronger

interactions are obtained between manganese and radicals.
CONCLUSION

The bis-chelating ligand NITImH affords for the first time a complex in which the
octahedral coordination sphere of a poorly electrophilic metal center is completed solely by
nitronyl-nitroxide radicals showing once again the effectiveness of the chelating effect to
force the coordination of the nitroxyl group. Morever a strong manganese(I)-nitroxide
antiferromagnetic interaction (-53cm-!) is observed. This is of importance or one who
wants to synthesize a ferromagnet with the ferrimagnetic approach, for the
antiferromagnetic coupling between the uncompensated spins must be as high as possible
independently of the required tridimensionality. Indeed the present complex is our
molecular unit for building up extended materials and we can reasonably expect the

magnitude of the antiferromagnetic nitroxide-manganese(Il) interaction to be kept in these
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compounds. Thus we have recently synthesized both a one- and a two-dimensional
compounds for which the structural and magnetic properties studies have not been yet
completed but preliminary results show that both compounds exhibit a ferrimagnetic
behavior with the minimum of the T product (or the long range correlation betweens the
spins) to be above 200K as expected for an antiferromagnetic nitroxide-manganese(II)
interaction in the range of -50cm-1 (kT/J=2.98 for a 1/2-5/2 chain)15.
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