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The synthesis, X-ray crystal structures and magnetic properties of the 1-D polymeric coordination compound
MnII(NITpPy)4[N(CN)2]2 (NITpPy = 2-(4-pyridyl)-4,4,5,5-tetramethylimidazoline-1-oxyl 3-oxide) are reported. In
the crystal structure the [MnII(NITpPy)2]

2� units are linked by N(CN)2
� µ-bridging ligands to form one dimensional

polymeric columns. In the columns, the coordinated radicals alternate with uncoordinated ones. The magnetic
properties obey a Curie–Weiss law with weak antiferromagnetic interactions.

Introduction
Richness topology and related physical properties of polymeric
coordination compounds constitute a hot subject of research.1

Thanks to the ability of linker ligands, it is possible to build by
self-assembly compounds with increased dimensionality like
nanoporous materials 2,3 or hard molecular magnets.4,5 The
diamagnetic cyanide anions (CN)�, [C(CN)3]

�, [N(CN)2]
� and

other pseudohalide anions (N3)
�, (NCS)�, (NCO)� are success-

fully used in the design of materials with dimensionality
ranging from 0 to 3-D associated with particular physical
properties.4–16 On the other hand, the paramagnetic NITpPy
[2-(4-pyridyl)-4,4,5,5-tetramethylimidazoline-1-oxyl 3-oxide]
(Scheme 1) was used as a bridging ligand between metals in

many magnetic materials containing a spin residing on the d
orbitals of the metals and π-orbitals of the radicals, such as
Mn(hfac)2(NITpPy) 17 (hfac = hexafluoroacetylacetonato) or in
[Cu(hfac)2]3(NITpPy)2.

18 In the former compound, the metal
sites are µ-bridged via the oxygen atoms of the nitroxide groups,
while they are linked in the second one via both the nitrogen
atom of the p-pyridyl ring and the oxygen atoms of the NO
groups.

Taking advantage of the abilities of both nitroxide radicals
and the above mentioned kind of anions to coordinate transi-
tion metals, we are currently investigating the synthesis of
materials containing metal radical complexes linked by poly-
cyanide anions. We are dealing with the use of the dicyanamide
anions [N(CN)2]

� (Scheme 1) as bridging ligands between
paramagnetic complexes MII(NITpPy)n

2� (M = CuII, MnII, CoII;

Scheme 1 Arrows indicate possible coordination sites.

n = 2–4) focusing in this work on M = MnII. Dicyanamide anion
[N(CN)2]

� can act as a terminal ligand, it can act also as a µ, µ3

and µ4 bridging ligand.4–16 We report here the synthesis, X-ray
crystal structure and magnetic properties of the one dimen-
sional polymeric compound MnII(NITpPy)4[N(CN)2]2.

Experimental
Synthesis

NaN(CN)2 (Fluka), Mn(NO3)2�6H2O (Aldrich) were used as
purchased. NITpPy was prepared as previously described.19 All
experiments were performed under argon using freshly distilled
solvents.

MnII(NITpPy)4[N(CN)2]2. Mn(NO3)2�6H2O (0.287 g, 1
mmol) was dissolved in 5 ml of hot methanol (50 �C) and added
to a 5 ml methanol solution of NITpPy (0.980 g, 4 mmol)
leading to a blue solution. The mixture was stirred for 1 hour.
To this solution was added a methanol solution of Na[N(CN)2]
(0.202 g, 2 mmol) with stirring at 50 �C over 1 hour. The blue
solution was kept overnight at 30 �C and blue needle crystals
were isolated from the solution. Yield: 65%. Anal. obs. (calc.):
C 55.06 (55.59), H 5.67 (5.70), N 22.39 (22.43), Mn 4.44
(4.89)%. Infrared spectra (KBr): νC��

�N 2174vs, 2242m, 2298m
cm�1; νN–O 1371s, 1138m cm�1; νpy 1610m, 1547m, 1448m,
1404m cm�1.

Crystallographic data collection and structure determination

A single crystal was mounted on an Enraf-Nonius CAD4 dif-
fractometer equipped with a graphite monochromated MoKα
radiation source (λ = 0.71073 Å). The air-unstable crystal was
protected with glue. Cell dimensions and orientation matrix for
data collection were obtained from least-squares refinement,
using the setting angles of 25 centered reflections. The crystal
data are summarized in Table 1. Intensities were collected by
θ–2θ scans, no significant decay was revealed on the three
standard reflections measured every hour during data collec-
tion. Data reductions and corrections were performed with
MolEN.20 Lorentz polarization and semi-empirical absorption
corrections (ψ-scan method) 21 were applied to intensities for
all data. Scattering factors and corrections for anomalous
dispersion were taken from ref. 22. Structure was solved with
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SHELXS-97 23 and refined with SHELXL-97 23 programs by
full matrix least squares methods, on F2. All non-hydrogen
atoms were refined anisotropically, while hydrogen atoms
were assigned an isotropic thermal parameter 1.2 times that of
the parent atom (1.5 for terminal atoms) and allowed to ride.

CCDC reference number 186/1756.
See http://www.rsc.org/suppdata/a9/a908891a/ for crystallo-

graphic files in .cif format.

Magnetic and spectroscopic measurements

IR characterizations were performed on a KBr pellet sample
with an IR Bomem-Michelson 100 spectrometer. Magnetic
studies were carried out on a powder sample enclosed in a
medical capsule. Magnetic susceptibility measurements were
performed at 0.1 T after zero field cooling, in the temperature
range 2–300 K with a SQUID magnetometer SHE-VTS 906.
Magnetization measurements were made at 2 K in the magnetic
field range 0–4 T.

Results and discussion
Crystal structure

Selected bond distances and bond angles are summarized in
Table 2. An ORTEP 29 drawing of the molecular structure is
shown in Fig. 1. The crystal structure (Fig. 2) contains a mixed

Table 1 Crystal parameters and X-ray diffraction data for Mn-
(NITpPy)4[N(CN)2]2

Chemical formula
Formula weight
Crystal system
Space group
a/Å
b/Å
c/Å
β/�
V/Å3

ρ (calc.)/g cm�3

Z
µ/mm�1

Reflections collected/unique
Rint

R1 [I ≥ 2σ(I)] a

wR2 [I ≥ 2σ(I)] b

C52H64MnN18O8

1124.15
Monoclinic
P21/n
17.768(7)
7.368(4)
21.404(8)
92.78(2)
2799(2)
1.334
2
0.305
6983/6735
0.0795
0.0662
0.1082

a R1 = Σ Fo| � |Fc /Σ|Fo|. b wR2 = {Σ[w(Fo
2 � Fc

2)2]/Σ[w(Fo
2)2]}1/2.

Table 2 Selected bond angles and distances for Mn(NITpPy)4-
[N(CN)2]2

Mn(1) � � � N(9)
Mn(1)–N(1)
N(7)–C(25)
N(8)–C(25)
N(2)–O(1)
N(3)–C(6)
N(5)–O(3)
N(6)–C(18)

N(9)–Mn(1)–N(8)
N(8)–Mn(1)–N(1)
N(9)II–C(26)–N(7)
C(25)–N(8)–Mn(1)
O(1)–N(2)–C(6)
C(6)–N(2)–C(7)
O(2)–N(3)–C(8)
N(3)–C(6)–N(2)
O(3)–N(5)–C(18)
C(18)–N(5)–C(19)
O(4)–N(6)–C(20)
N(6)–C(18)–N(5)

2.204(4)
2.277(3)
1.295(6)
1.131(6)
1.274(4)
1.318(5)
1.282(4)
1.339(5)

89.02(13)
91.46(13)

176.3(5)
155.4(4)
126.6(3)
110.7(4)
119.1(3)
108.2(4)
126.7(4)
113.5(4)
120.8(4)
108.8(4)

Mn(1) � � � N(8)

N(7)–C(26)
N(9)–C(26)I

N(2)–C(6)
N(3)–O(2)
N(5)–C(18)
N(6)–O(4)

N(9)–Mn(1)–N(1)
N(8)–C(25)–N(7)
C(25)–N(7)–C(26)
C(26)I–N(9)–Mn(1)
O(1)–N(2)–C(7)
O(2)–N(3)–C(6)
C(6)–N(3)–C(8)

O(3)–N(5)–C(19)
O(4)–N(6)–C(18)
C(18)–N(6)–C(20)

2.221(4)

1.313(6)
1.133(6)
1.355(5)
1.271(4)
1.338(5)
1.266(4)

90.53(14)
173.9(5)
119.4(3)
161.0(4)
122.6(3)
127.3(4)
113.2(4)

119.7(3)
126.5(3)
112.4(3)

Symmetry transformations used to generate equivalent atoms: I x,
y � 1, z; II x, y � 1, z.

stack of coordinated and uncoordinated NITpPy units which
are packed alternatively in the b direction. Fig. 3 shows a side
view of one infinite 1-D stack in which the pyridyl rings of
adjacent radicals are separated by 3.68 Å. The Mn atom is
bonded to two apical NITpPy units and four equatorial
N(CN)2 units which bridge adjacent metal sites along the b axis.
This arrangement is close to that observed in Cu(NITpPy)2-
[N(CN)2]2�3CH3CN 24 which contains only coordinated
radicals. The distorted octahedral metal site is located on an
inversion center, therefore, both radicals and anions are in trans
positions. Each Mn is bonded to NITpPy radicals through the
N atom of the pyridyl rings with Mn–N bond lengths of
2.277(3) Å. The angle between the pyridyl ring and the nitrox-
ide groups is 27.0(1)�. The anions act as µ-bridging ligands with
Mn � � � N8 and Mn � � � N9 bond lengths equal to 2.221(4) and
2.204(4) Å, respectively. The N–Mn–N angles range from
88.54(13) to 91.46(13)�. [N(CN)2]

� has pseudo C2v symmetry
with average C–N and N���C bond lengths of 1.304 Å and 1.132
Å, respectively, as commonly observed in [N(CN)2]

� anions.4–16

The Mn–N���C angles of 155.4(4) and 161.0(4)� deviate from
linearity, while N–C���N angles (mean value 175.1�) are linear.
The angle between Mn(NITpPy)2 units and the b direction is
equal to 8.18(5)�. The shortest distance between successive Mn
atoms is 7.368(4) Å. The shortest contact between nitroxide
groups (O2–O3 = 3.587(6) Å) is established between one NITp-
Py manganese coordinated unit and an uncoordinated radical
belonging to the same stack. The shortest distance between
radicals from adjacent stacks in the a direction is O1–O1 =
3.904(3) Å (Fig. 2).

Fig. 1 ORTEP drawing with 20% ellipsoid probability showing atom
labelling of MnII(NITpPy)4[N(CN)2]2. Symmetry transformations used
to generate equivalent atoms: i: �x, 1 � y, �z; ii: x, y � 1, z; iii: �x,
2 � y, �z.

Fig. 2 Projection of the crystal structure in the ac plane showing pack-
ing of mixed stacks of coordinated and uncoordinated NITpPy units.
The intermolecular distances O1–O1 = 3.904(3) Å and O2–O3 =
3.587(6) Å are shown.
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Magnetic properties

The molar susceptibility was corrected from the sample holder
and diamagnetic contributions of all atoms by using Pascal’s
tables.25 The molar susceptibility measured under 0.1 T, in
the temperature range 2–300 K, obeys a Curie–Weiss law χ =
C/(T � θ) with an almost zero value of the Weiss constant
θ (�0.7 K). The variation of χMT versus T is plotted in Fig. 4.
The χMT value of 5.80 emu mol�1 K observed between 10 K
and room temperature corresponds to what is expected (5.87
emu mol�1 K) for non interacting spins (one SMn = 5/2 and four
SRad = 1/2). This value corresponds to an effective moment of

Fig. 3 Side view of the infinite 1-D chain generated from
Mn(NITpPy)2 units linked by [N(CN)2]2 µ-bridging ligands.

Fig. 4 χMT product as a function of temperature for the MnII-
(NITpPy)4[N(CN)2]2 compound. Measurements performed under 0.1 T.
Inset: χM

�1 plot vs. temperature.

6.81 µB (µth (theoretical µ) = 6.85 µB). Below 10 K, the suscepti-
bility data deviate from a Curie Law (see inset Fig. 4) suggesting
the existence of weak antiferromagnetic interactions in this
compound as indicated by the abrupt decrease of the χMT
product. The magnetization measured at 2 K, shows a quite
linear behaviour from 0 up to ≈2.5 T; the magnetic moment did
not saturate under our experimental conditions and reached
a value of 6.71 µB at 4 T, that is about 75% of the expected
saturation moment (9 µB). The problem we are faced with is to
identify the origin of the weak antiferromagnetic interaction.
A priori, there are three possibilities of interaction, namely:
(i) Mn()–coordinated NITpPy, (ii) coordinated NITpPy–
noncoordinated NITpPy, (iii) Mn()–Mn() through the
N(CN)2

�  bridge. It is well established that the spin density on
the nitrogen atom of the NITpPy pyridine ring is negligibly
small. Therefore, the interaction between the Mn() ion and
the coordinated radical should be negligibly small as well. The
shortest O–O separation between coordinated and noncoord-
inated radicals is equal to 3.59 Å, which should also lead to a
very weak interaction,26–28 with a J parameter smaller than 0.1
cm�1 in absolute value. Such an intermolecular interaction
cannot explain the profile of the curve of Fig. 4. On the other
hand, the capability for N(CN)2

� to play the role of magnetic
coupler is now well documented; some three dimensional
dicyanamide-bridged compounds exhibit a long-range mag-
netic ordering.4,8 Most likely, the low temperature magnetic
behaviour arises from the weak antiferromagnetic coupling
between Mn() ions through the dicyanamide bridge.

Conclusion
The in situ reaction of Mn2�, NITpPy and [N(CN)2]

� yielded
a one dimensional compound formulated as MnII(NITpPy)4-
[N(CN)2]2 and containing columns of [MnII(NITpPy)2]

2� units
linked by N(CN)2

� µ-bridging ligands. In the columns, the
coordinated radicals alternate with uncoordinated ones in the b
direction. While building such polymeric materials is achieved,
magnetic interactions are not observed in this compound prob-
ably for structural reasons which reveal large distances between
spin carriers. In order to build materials with higher dimen-
sionality and magnetic interactions, we are investigating related
compounds by using other paramagnetic metals (CuII, CoII)
and also other bridging ligands such as C(CN)3

� and para-
magnetic hexacyanometallates M(CN)6

3�, M = Fe3�, Cr3�.

Acknowledgement
We thank Professor Olivier Kahn (ICMC Bordeaux) for helpful
discussion.

References
1 (a) B. F. Hoskins and R. Robson, J. Am. Chem. Soc., 1990, 112,

1546; (b) S. R. Batten and R. Robson, Angew. Chem., Int. Ed., 1998,
37, 1461; (c) S. R. Batten, B. F. Hoskins and R. Robson, New
J. Chem., 1998, 22, 173.

2 A. F. Wells, Three-dimensional Nets and Polyhedra, Wiley, New
York, 1977.

3 (a) R. W. Gable, B. F. Hoskins and R. Robson, J. Chem. Soc., Chem.
Commun., 1990, 762; (b) L. Carlucci, G. Ciani, D. W. v. Gudenberg
and D. M. Proserpio, New J. Chem., 1999, 23, 397.

4 J. L. Manson, C. R. Kmety, Q.-Z. Huang, J. W. Lynn, G. M.
Bendele, S. Pagola, P. W. Stephens, L. M. Liable-Sands, A. L.
Rheingold, P. W. Epstein and J. S. Miller, Chem. Mater., 1998, 10,
2552 and references therein.

5 M. Kurmoo and C. J. Kepert, New J. Chem., 1998, 22, 1515 and
references therein.

6 S. R. Batten, P. Jensen, B. Moubaraki, K. S. Murray and R. Robson,
Chem. Commun., 1998, 439.

7 J. L. Manson, W. E. Buschmann and J. S. Miller, Angew. Chem., Int.
Ed., 1998, 37, 783.

8 J. L. Manson, C. Campana and J. S. Miller, Chem. Commun., 1998,
151.



132 J. Chem. Soc., Dalton Trans., 2000,  129–132

9 I. Potocnak, M. Dunaj-Jurco, D. Miklos and J. Jager, Acta
Crystallogr., Sect. C, 1996, 52, 1653.

10 I. Potocnak, M. Dunaj-Jurco, D. Miklos, M. Kabesova and J. Jager,
Acta Crystallogr., Sect. C, 1995, 51, 600.

11 Y. M. Chow, Inorg. Chem., 1971, 10, 1938.
12 D. Britton and Y. M. Chow, Acta Crystallogr., Sect. B, 1977, 33,

607.
13 D. Britton, Acta Crystallogr., Sect. B, 1990, 46, 2297.
14 Y. M. Chow and D. Britton, Acta Crystallogr., Sect. B, 1975, 31,

1934.
15 J. Mrozinski, M. Hvastijova and J. Kohout, Polyhedron, 1992, 11,

2867.
16 H. Köhler, A. Kolbe and G. Z. Lux, Anorg. Allg. Chem., 1977, 428,

103.
17 (a) A. Caneschi, D. Gatteschi, P. Rey and R. Sessoli, Inorg. Chem.,

1988, 27, 1756; (b) A. Caneschi, D. Gatteschi, J. P. Renard, P. Rey
and R. Sessoli, Inorg. Chem., 1989, 28, 1976; (c) A. Caneschi,
D. Gatteschi, R. Sessoli and P. Rey, Acc. Chem. Res., 1989, 22, 392.

18 A. Caneschi, F. Ferraro, D. Gatteschi, P. Rey and R. Sessoli, Inorg.
Chem., 1991, 30, 3162.

19 E. F. Ulman and R. H. Holm, J. Am. Chem. Soc., 1970, 82, 2979;
(b) M. S. Davis, K. Morokuma and R. W. Kreilick, J. Am. Chem.
Soc., 1972, 94, 5588.

20 MolEN (Molecular Structure Enraf-Nonius), Enraf-Nonius, Delft,
The Netherlands, 1990.

21 A. C. T. North, D. C. Philips and F. S. Mathews, Acta Crystallogr.,
Sect. A, 1968, 24, 351.

22 International Tables for X-Ray Crystallography, Vol. IV, Kynoch
Press, Birmingham, 1974.

23 G. M. Sheldrick, SHELX 97, Program for the Refinement of Crystal
Structures, University of Göttingen, Germany, 1997.

24 I. Dasna, M. Fettouhi, S. Golhen, L. Ouahab and O. Peña,
manuscript in preparation.

25 For diamagnetic contributions see: (a) P. W. Selwood, Magneto-
chemistry, Interscience Publishers, New York, 1956; (b) F. E. Mabbs
and D. J. Machin, Magnetism and Transition Metal Complexes,
Chapman and Hall Ltd, London, 1973; (c) O. Kahn, Molecular
Magnetism, VCH Publishers, New York, 1993.

26 M. Fettouhi, M. Khaled, A. Waheed, S. Golhen, L. Ouahab,
J.-P. Sutter and O. Kahn, Inorg. Chem., 1999, 38, 3967.

27 (a) A. Caneschi, F. Ferraro, D. Gatteschi, P. Rey and R. Sessoli,
Inorg. Chem., 1990, 29, 1756; (b) A. Caneschi, F. Ferraro, D.
Gatteschi, P. Rey and R. Sessoli, Inorg. Chem., 1990, 29, 4217;
(c) A. Caneschi, D. Gatteschi, J. Langier, P. Rey and R. Sessoli,
Inorg. Chem., 1988, 27, 1553; (d ) A. Caneschi, F. Ferraro,
D. Gatteschi, P. Rey and R. Sessoli, J. Am. Chem. Soc., 1986, 108,
6935.

28 (a) J.-P. Sutter, M. L. Kahn, S. Golhen, L. Ouahab and O. Kahn,
Chem. Eur. J., 1998, 4, 571; (b) J.-P. Sutter, S. Golhen, L. Ouahab
and O. Kahn, C.R. Acad. Sci., Ser. 2, 1998, 63.

29 C. K. Johnson, ORTEP, Report ORNL-5138, Oak Ridge National
Laboratory, Oak Ridge, TN, 1976.

Paper a908891a


