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We report on the magnetic behavior and single-crystal EPR spectra of the chain complex
Mn,(EDTA)-9H,0 characterized by two different alternating sites for the manganese ions.
Magnetic susceptibility data are indicative of weak antiferromagnetic exchange interactions
between the manganese ions, showing a maximum of about 3 K. This behavior can be
accurately described on the basis of a Heisenberg chain model that assumes classical spins,
giving J /k = — 0.72 K and g = 2.0. The EPR spectra are typically low dimensional, with an
angular dependence of the linewidth of the type (3 cos’ @ —1)" (n=4/3 or 2). Nevertheless,
such a behavior cannot be reproduced from a one-dimensional model with dipolar broadening.

An alternative broadening mechanism arising from single-ion zero-field splitting is then

suggested.

1. INTRODUCTION

Large interest in the study of the static thermodynamic
properties of one-dimensional (1D) systems has recently
been stimulated by the discovery of new materials, for in-
stance the ferrimagnetic chains.' Nevertheless, very few in-
vestigations have been devoted to the spin dynamics of this
type of systems.” As a part of our studies on low-dimensional
magnets, we have examined the magnetism and single-crys-
tal EPR spectra of the two-sublattice manganese chain
Mn,(EDTA)-9H,0 in order to obtain information on mag-
netic interactions and spin dynamics.

II. RESULTS AND DISCUSSION
A. Structure

The structure of [Mn(H,0),Mn(EDTA)(H,0)]
-4n(H,O) consists of infinite zig-zag chains parallel to the a
axis of the orthorhombic cell with alternating Mn(II) co-
ordination sites. One manganese ion, indicated as [Mnl], is
hexacoordinated to four water molecules and to two oxygen
atoms of the EDTA ligands, while the other, [Mn2], is hep-
tacoordinated to four oxygen atoms and to two nitrogen
atoms belonging to the EDTA ligand and to a water mole-
cule. On the other hand, slight alternating Mn1-Mn2 dis-
tances occur along the chain which are related to different
bridging carboxylate topologies.

B. Magnetic properties

Magnetic susceptibility data down to 2 K are indicative
of weak antiferromagnetic exchange interactions between
the manganese ions, with y7" decreasing at low tempera-
tures, and y showing a maximum about 3 K (Fig.1). Owing
to the large spin of Mn(1I), these data have been fitted with a
classical-spin Heisenberg chain model.* A very satisfying de-
scription of the experiment, in all the range of temperatures,
is obtained with the following set of parameters:
J/k= —0.72 K and g = 2.0 (in the Hamiltonian the ex-
change constant is written as — J). This result suggests that
the effect of other factors, as a J alternation due to the alter-
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nating metallic distances, or the single-ion zero-field split-
tings, are negligible in the present case. On the other hand, as
regards the interchain interactions, the occurrence at
T. = 1.5 K of a transition to long-range magnetic ordering,*
suggests that these are quite important. Thus, using the
Richards expression,’ that relates the j/J ratio (j being the
interchain interactions) with the critical temperature T, , we
obtain j/J=0.03.

C. Single-crystal EPR spectra

Suitable EPR single crystals of Mn,(EDTA)-9H,0
show well-developed 101 and 101 faces, so that the spectra
were recorded rotating around three orthogonal directions
X, Y, and Z with Y parallel to b and X, perpendicular to the
101 face, making an angle of 41.5 ° with a.

Only one signal centered at g = 2 is observed for each
orientation of the static magnetic field at both X- and Q-band
frequency, showing a practically frequency-independent
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FIG. 1. Magnetic behavior of Mn,(EDTA)-9H,O. The full line corre-
sponds to the best fit with the Heisenberg classical spin chain model
(J/k= —072K, g =20).
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linewidth. The low-temperature spectra do not show any
remarkable evidence of g shift effects, with only a general
broadening of the lines. The angular dependence of the
linewidth in the XZ (ac) plane at room temperature is re-
ported in Fig. 2. This behavior can be reproduced with func-
tions of the type

AB,, =a+b(3cos’§—1)", (1)

with n = 2, 4/3; 0 is the angle of the static magnetic field
with a. The linewidth along b is comparable to that along c.
The experimental angular dependence of the linewidth is an
evidence for low-dimensional magnetism.® An angular de-
pendence of the linewidth described by Eq. (1) with
n = 4/3, where 8 is the angle of the static magnetic field with
the chain axis, is typical of a well-behaved linear chain Hei-
senberg antiferromagnet. A n = 2 in Eq. (1) can reflect the
importance of broadening mechanisms different from inter-
chain dipolar interaction or a bidimensional behavior, with
the @ angle of the external magnetic field perpendicular to
the magnetic plane of the compound. The line shapes are
almost Lorentzian at all angular settings. In order to discuss
the angular dependence of the linewidth we focus on the
structural features of the compound.

Considering the spins localized on the Mn(II) ions we
attempted to estimate the angular dependence of the dipolar
broadening effect on the EPR lines by evaluating the secular
part of the second moment relative to the [Mn]-[Mn] inter-
actions’

M, =38(S + Dppg®y 3 rj°(3cos’ 6, — )%, (2)
T

where 6, and r; are, respectively, the angle formed by the
static magnetic field with the vector connecting the two
paramagnetic interacting centers, and the distance between
them. In the calculations, the summation over / accounts for
nonequivalent sites in the unit cell. Each [Mn1] is surround-
ed by four nearest-neighbors [Mn2] atoms: two [Mn2] be-
longing to the same chain of the central [Mn1] at 617.7 and
619.3 pm, and the other two belonging to different chains at
612.4 pm (Fig. 3). The calculated angular dependence of the
linewidth does not reproduce the experimental data. In fact,
as expected on the basis of the structural data, the strongest
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FIG. 2. Angular dependence of the AB,,;, linewidth in the ac plane at room
temperature and Q-band frequency. Full lines correspond to the best fits to
the expression (1), for (a) n=2and (b) n =4/3.

6007 J. Appl. Phys., Vol. 67, No. 9, 1 May 1990

FIG. 3. Schematic view of the manganese “lattice” in Mn,(EDTA)
*9H,O showing the connections between the chains. Filled and open
points correspond to hexacoordinated [Mnl} and heptacoordinated
[Mn2} manganese ions, respectively.

calculated dipolar interaction is in the ac plane, with maxi-
ma along X and Z axes, and not, as experimentally observed,
along the orthorhombic axes, thus indicating that the one-
dimensional model with dipolar broadening is not adequate.

An angular dependence of the linewidth of the type
(3 cos? @ — 1)7 is also expected for bidimensional systems,
where 0 is now the angle between the direction of the static
magnetic field and perpendicular to the magnetic plane. In
the present compound, however, no reliable exchange path-
ways yielding to magnetic bidimensionality can be found in
the bc plane, perpendicular to the direction exhibiting maxi-
mum linewidth.

Between other possible broadening mechanisms, the
single-ion zero-field splitting must be taken into considera-
tion.” [Mn1] and [Mn2] can have different D tensors but,
unfortunately, it is not possible to obtain independent infor-
mation on their principal values and directions. Literature
data for Mn{Il) compounds indicate that D generally does
not exceed 0.1 for Mn(II) in distorted octahedral environ-
ments, even if several systems appear to have larger zero-
field splitting,* but similar information is not available for
heptacoordinated manganese ions. However, it can be ex-
pected to be fairly large and comparable to the exchange
interaction. Thus, a large zero-field splitting with principal
axes parallel to @ might explain the angular dependence of
the linewidth, but until independent experimental informa-
tion is obtained, we can not speculate further on this point.
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