This article was downloaded by: [University of Haifa Library]

On: 16 August 2012, At: 08:58

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and

Liquid Crystals Science

and Technology. Section A.

e Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Magnetism of Pyrimidine-
Bridged Metal(ll) Halide
Complexes

Kenji Zusai ? , Takaharu Kusaka ? , Takayuki Ishida

& | Ralf Feyerherm b , Michael Steiner b & Takashi
Nogami *

# Department of Applied Physics and Chemistry, The
University of Electro-Communications, Chofu, Tokyo,
182-8585, Japan

® Hahn-Meitner-Institute (HMI), 14109, Berlin,
Germany

Version of record first published: 24 Sep 2006

To cite this article: Kenji Zusai, Takaharu Kusaka, Takayuki Ishida, Ralf Feyerherm,
Michael Steiner & Takashi Nogami (2000): Magnetism of Pyrimidine-Bridged Metal(ll)
Halide Complexes, Molecular Crystals and Liquid Crystals Science and Technology.
Section A. Molecular Crystals and Liquid Crystals, 343:1, 127-132

To link to this article: http://dx.doi.org/10.1080/10587250008023514

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250008023514
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 08:58 16 August 2012

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [University of Haifa Library] at 08:58 16 August 2012

Mol. Crysi. and Lig. Cryst., 2000, Vol. 343, pp. 127-132 © 2000 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under the
Photocopying permitted by license only Gordon and Breach Science Publishers imprint.

Printed in Malaysia

Magnetism of Pyrimidine-Bridged Metal(II)
Halide Complexes

KENJI ZUSAI?, TAKAHARU KUSAKA?, TAKAYUKI ISHIDA?,
RALF FEYERHERMP, MICHAEL STEINERP and
TAKASHI NOGAMI?

4Department of Applied Physics and Chemistry, The Umverslly of Electro-
Communications, Chofu, Tokyo 182-8585, Japan and bHahn-Meitner-Institute
(HMI), 14109 Berlin, Germany

Magnetic phase transitions of PM,*CoCly, PMy*CoBr,, and PM,+FeCl; (PM = pyrimidine)
were observed at Ty =4.4, 4.7, and 6.1 K, respectively, as defined by the peak of xac They
are characterized to be isomorphous, belonging to the space group /4,22, and canted antifer-
romagnets below Ty. The neutron diffraction study supports the principally antiferromag-
netic structure.

Keywords: weak ferromagnet; canted antiferromagnet; X-ray diffraction; neutron diffraction
INTRODUCTION

The control of magnetic interactions among the metal spins through bridging
ligands is of great interest for materials chemistry. We have reported the
magnetism of pyrimidine-bridged transition metal complexes (1 and 2) in
connection with the organic high-spin m-phenylene-bridged poly-carbenes and
-radicals (for example, 3) [1]. Indeed the pyrimidines work as a ferromagnetic
coupler, as demonstrated by bisoxovanadium(IV) [2] and linear polycopper(II)
complexes [3] bridged by various pyrimidines. Only a few pyrimidine-bridged
Ti(I1T) and Co(1l) complexes are reported to show ferromagnetic coupling [4].
The magnetic couplings in dinuclear Mo(I) complexes bridged by bipyridyls
were interpreted in terms of the spin polarization mechanism [5]. However, the
pyrimidines can also play arole of an antiferromagnetic coupler, depending on
geometry between nitrogen lone-pair and magnetic orbitals [6,7].
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The cobalt(Il) halide complexes PM2*CoCly and PM2¢CoBr2 (PM =
pyrimidine) have been reported to possess a chiral 3-dimensional network of
cobalt ions and exhibit weak ferromagnetism below 5 K [8]. We have
investigated the magnetisms of various metal(Il) chloride complexes

containing PM bridges.
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RESULTS AND DISCUSSION
PMp°MCl, (n = 1, 2) complexes

Polycrystalline samples of PM-bridged complexes were obtained by mixing
PM and metal(Il) chloride in water, methanol, or ethanol. The formulas were
determined by the elemental analysis (C,H,N).

Figure 1 shows the temperature dependence of MmeTH-! measured at
0.5 T for the complexes obtained here. The 2:1 complexes PM2*MClo (M =
Fe, Co) showed peaks at around 5 and 4 K, respectively. Since details of
PM3+CoCl; have been described elsewhere [8], those of PM2+FeCl; are stated
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FIGURE 1 Temperature dependence of Mo TH-1 for PM/MCl>
complexes.



Downloaded by [University of Haifa Library] at 08:58 16 August 2012

MAGNETISM OF PM-BRIDGED COMPLEXES [4471/129

here. The Curie-Weiss expression [ = CAT- 6) ] with C = 3.40 emu K mol-!
and # = -9.2 K reproduces the data in a temperature range 20 - 300 K. The
isotropic Landé g factor is estimated to be 2.13 with § = 2. The magnetism at
lower temperatures is described in the following section. The Mmo of
PM2*NiCl2 showed a A-type cusp at 16 K (not shown), suggesting an
antiferromagnetic phase transition at about 16 K.

The 1:1 complexes PM*MCl; (M = Mn, Co, Cu) exhibited antiferro-
magnetic coupling without any phase transition down to 1.8 K. A shoulder of
the Mot THY of PM*CoCl2 at 4 K is due to contamination of PM 2°CoCl3.

Weak ferromagnetism of PM2-FeCl
In order to clarify the nature of the anomaly of PMy*FeCly, we measured the
field-cooled magnetization (FCM), remnant magnetization (RM), and zero-
field-cooled magnetization (ZFCM). The FCM (3 Oc) showed an upsurge at
6.4 K on cooling, and, after removal of the applied field at 4.5 K, the RM
completely disappeared at 6.3 K on heating. The ZFCM (3 Oe) increased with
increasing temperature and exhibited a peak at 6.1 K.

Figure 2a shows the temperature dependence of the xac' (in-phase
component) and X" (out-of-phase component) at an applied field of 1 Oe with

104 Hz. A sharp peak of the yac' and small hump of the yac" at 6.1 K, which
we define as a transition temperature TN, were observed. Under the same
conditions, Tn's of PM2°CoCly and PM2*CoBry were 4.4 K and 4.7 K,
respectively.

The M-H curves of PM2*FeCl2 were measured below Tn. As Figure 2b
shows, together with an S-shape magnetization curve in a low-field region, a
lincar field dependence up to 7 T due to strong antiferromagnetic interaction
was observed at 2.0 K. This behavior is typical of a weak ferromagnet {10,11].
The spontaneous magnetizations estimated by H — ( extrapolation were 2.5
x103 erg Oe! mol-! at 2.0 and 3.0 K, which are 11% of a theoretical value.
Assuming that the spontaneous magnetization is attributed to the residual
moment from the spin canting, the cant angle is 6°. Similar measurements of
PM2+CoCl7 and PM2+CoBr2 revealed the cant angle of 9° at 3.0 K {8].
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FIGURE 2 (a) Temperature dependence of ac susceptibilities of
PM3*FeCl3. (b) Magnetization curve of PM2*FeCl2 measured at 2.0 K.

Crystal structure of PM2+FeCly
Combined X-ray and neutron diffraction of PM2*FeCl; and the Rietveld refine-
ment gave satisfactory results; PM2°FeCl2 has an isostructure of PM2+CoCl2
(tetragonal, 74122) [8] with a = b = 7.4292(3) A, ¢ =20364(1) A. The Fe-N
and Fe-Cl distances are estimated to be 2.26 and 2.39 A, respectively.

Attention must be paid to the local FeN4Cly geometry, in which all of
PM nitrogen atoms are equatorially coordinated. We have pointed out that the
electron spins in magnetic dx2.y2 orbitals are antiferromagnetically correlated
through the PM molecular orbital(s), i.e., by a superexchange mechanism [9],
when the nitrogen lone pair and dx2.y2 orbitals have an appreciable orbital
overlaps on both sides [6,7]. In spite of partly different d-clectron
configurations (tzg*eg? for Fe(Il) vs. t2g%eg? for Co(II)), magnetic correlations
due to eg orbitals may be found similar to each other.

Magnetic structure of PM+FeCla, PM3+CoCl2, and PM2°CoBr;

Neutron powder diffraction has been carried out on the diffractometers E2 and
E6 (HMI) at various temperatures using non-deuterated samples. The
difference diffractogram of PM2*FeCl2 (Figure 3) shows the additional Bragg
intensities produced by the long-range magnetic ordering. The rule h+k+l =
even for the observed magnetic Bragg reflections (hkl) indicates that in priciple
the body centering is conserved. The presence and strengths of the reflections
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(000) suggest that the magnetic moments lie perpendicular to the ¢ axis. The
solid line is a fit of the magnetic structure model shown in Figure 4. The
ordered moment is 3.8 + 0.3 up at 1.6 K. The intensity of the magnetic
reflections decreased continuously with rising temperature and vanished at 6.4
+ 0.2 K. The diffraction measurements on PM2*CoCly and PM2+CoBro
afforded similar results indicating the long-range antiferromagnetic ordering
with 2.7 and 1.7 up ordered moments, respectively.
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FIGURE 3 Difference of the two neutron powder diffractograms
measured at 1.6 K (below 7)and 7.0 K (above i) for PMp*FeCla. The
wavelength was 2.448 A,

FIGURE 4 Model for a basic magnetic structure. Small canting is
omitted.

The antiferromagnetic coupling through PM bridges is clearly indicated.
However, canting direction can not be determined only by these diffraction
data. The residual moment is suggested to survive along the unique ¢ direction
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for symmetry reasons [11]; a small canting towards the ¢ axis from the starting
structure (Figure 4) would lead the observed weak ferromagnetism.
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