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STRUCTURE AND MAGNETISM OF A NEW 2-D BIMETALLIC
COMPOUND OF Mn(ll) AND Cu(ll).

MARIA CRISTINA BURLA,' BRUNETTO CHIARI,® ANTONIO CINTI,®
and OLIVO PIOVESANA.

‘Dipartimento di Scienza della Terra, Sezione
Cristallografia, °Dipartimento di Chimica, Universita
di Perugia, 06100 Perugia, Italy.

ABSTRACT We present the X-ray structure and the
magnetic properties of the new compound
{[Cu(en),];IMN(NCS),]}(NCS), (en = H,N-CH,-CH,-NH,) .

INTRODUCTION

In recent years there has been an intensive search for
molecular-based ferromagnets with high T,.'

Most of the strategies so far developed on this purpose
have made use of ferromagnetic or ferrimagnetic 1-D chains
as structural building blocks.':? Ferromagnetic ordering
below a critical temperature (that is most generally a 3-D
phenomenon, it may exceptionally occur in two dimensions but
never in one dimension) can be achieved if the 1-D chains are
assembled in a ferromagnetic fashion within the crystal. 1In
that case, for a Heisenberg model, T, = S®(|Jynerachatn
Jintercnain| )2 /K. Thus, the success of the 1-D approach
crucially depends on our ability to govern both the sign and
magnitude of interchain exchange within the crystal lattice.

From a chemical viewpoint, the not easy task of
controlling factors such as the relative positions of the
chains in the structure or interchain distances between
magnetic centers has to be accomplished through the synthesis
process, lattice changes induced by thermal treatments etc.

Although, in principle, systems in which the spin
carriers are chemically linked in a 2-D or 3-D network should
offer prominent advantages over the 1-D ones, attempts at
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constructing such networks of higher dimensionality have been
relatively few.*»* With an aim toward increasing the number
of 2-D bimetallic systems and contributing to understand
their potential, we here describe a novel compound of Mn(II)
and Cu(II), this being {[Cu{(en),],[Mn(NCS),]1} (NCS),, where en
= H,N-CH,-CH,-NH,.

STRUCTURAL INFORMATION

The compound crystallizes in the triclinic space group PT1.
Cell constants are: a = 11.175(2), b = 11.832(2), c =
9.197(2) A, a = 111.47(2), B = 103.35(2), y = 98.45(2) °.
Z =1. The structure was refined to an R value of 0.034, for
2377 reflections and 189 parameters.

A schematic view of the structure, along the [0 0 1]
direction, is presented in Figure 1. Each Mn(II) ion is
octahedrally coordinated to six N-bound NCS  groups, each of
which is S-bound to the apical position of a nearly planar
Cu(en), fragment. All the Mn~(NCS) angles are ~ 172° but the
bridging (NCS)"Cu angles are of two types: ~80° in the case
of the four bridgind 1ligands occupyng the equatorial
positions on the Mn atom and -145° for the remaining two.
Owing to this feature, cross-linked chains directed along the
[1 0 0] and [0 1 1] directions, respectively, generate
infinite pseudo 2-D networks parallel to (0 1 T). In each
plane, the chain along [1 O 0] consists of alternating and
uniformly spaced Mn and Cu atoms (Mn...Cu = 5.599 A, (NCS)~Cu
~ 90°), while two Cu atoms intervene between successive Mn
atoms along [0 1 1]. The Mn...Cu separation along this
latter direction alternates between 5.587 A and 6.862 A; the
corresponding (NCS)~Cu bridging angles are -~90° and. ~145°,
respectively.

The shortest M...M interplanar contact occurs between
Mn and Cu, 6.435 A.

MAGNETIC PROPERTIES
The magnetic behavior of the compound is presented in Figure
2, in the T vs T fashion, y being the corrected molar
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Figure 1. A schematic view of the structure of the
compound along the c axis. The carbon atoms
of the ligands, as well as the non-coordinate
NCS anions have been omitted for clarity.
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magnetic susceptibility per MnCu, unit. At room temperature,
the xT product has a value of 5.80 emu.mol™'.K, appropriate
for three S=1/2 and one S$=5/2 virtually independent spins.
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Figure 2. Plot of T (per MCu, unit) vs T between 3 and
270 K. The full line through the data
represents the fit discussed in the text.

Upon cooling, xT weakly increases, reaches a maximum (6.21
emu.mol'.K) around 20 K, and finally decreases steeply when
T approaches zero.

Neglecting interactions between bimetallic planes, the
exchange problem for the present compound involves a 2-D spin
Hamiltonian with at least three coupling constants,
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corresponding to the three different separations observed
between nearest neighboring Mn(II) and Cu(II) ions along the
[1 00] and [0 1 1] crossing chains. Since such a complex
Hamiltonian cannot presently be used for data analysis, the
following approximate model, suggested by the structural
data, was tentatively selected for estimating exchange.

As indicated in Figure 1, the 90° exchange pathways
involve apical Cu-S distances (3.041(1) A and 2.984(1) A)
that are considerably shorter than the corresponding distance
of 3.156(1) A for the 145° exchange pathway. Figure 1 also
shows that if the increase in the Cu-S distance is
accompanied by a significant decrease in the magnitude of the
exchange coupling constant, as expected from orbital overlap
considerations alone, the 2-D network can be treated as a
system of weakly interacting 1-D chains.

The chains, formed by the alternation of (Cu-Mn-Cu)
trinuclear units and Cu atoms along the [1 O 0] direction,
can be schematized as hereunder, where S, symbolizes the
effective spin of the trinuclear unit.

- SO - S - S - S

On the assumption of purely isotropic interactions, the
magnetic susceptibility of the S,S, chain, x...., can be
generated considering S, as a classical spin (whatever the
temperature may be, 7/2 = S, = 3/2) and §, as a quantum
spin.® The equation for x,.. (per MnCu, unit, and writing
the exchange constant as -2J) is:

Loratn = (Nis?/3KT) {06, [Scu (S, +1) (1-P) + 2RQ] + (1)
4gcugtSCust(R+Q) + gtzstzl (St+1) (1'P)/st +
2P1}/(1-P)

where P, Q and R are functions of 2J /KT, J, being the

exchange integral between the S, and S, spins.
At each temperature, the S, effective spin is given by eq
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2, where x, is the susceptibility of the trinuclear unit.
Se = {-1 + [(1 + 4x,T/(g,°0.1251) 1'%} /2 (2)

Xy 1is calculated from eq 3, where J, describes the
Mn(II)...Cu(II) interaction within the trimer.

% = (Np’g2/4KT) [10 + 35 exp(5J,/KT) + (3)
35 exp(7J,/KT) + 84 exp(12J,/kT)] / [2 +
3 exp(5J,/kT) + 3 exp(7J,/kT) + 4 exp(12J,/kT)]

Residual 2-D interactions were accounted for by the
addition of a mean field correction term to eq 1. The
equation for the susceptibility (per MnCu, unit) then has the
form of eq 4. J’ is the interchain exchange-coupling energy,
and z is the number of nearest neighbors, two in this case.

X = Xonata! [T - XMmm(ZZJ’/Ngﬁh2)] (4)

The best fit from eq 4 to the data was found for J, =
+1.28 cm', J, = +0.32 cm™', and J’ = -0.09 cm' (with g, = 2.04
and g, = 2.13). F = %, (%) " (x ™ - 2% = 4x10°, for
118 observations. As it also appears from Figure 2, the fit
may be considered as fairly good.

The exchange constants are all weak, as reasonably
expected from the rather large distances between magnetic
ions, and the |J,| > |J.} > |J’] sequence parallels the
relative lengths of the proposed superexchange paths. In
addition the equal sign found for J, and J, is consistent
with the similar bridging geometry ((N-C-S)"Cu ~ 90°) within
the trinuclear units and the chains along [1 0 O].

The unusual ferromagnetic coupling between Mn(II) and
Cu(II) suggested by the model for the 90° bridging geometry
may be traced back to the nature of the ligand orbital that
interacts more strongly with the copper xy-like magnetic
orbital directed toward the nitrogen ligands. This is® the
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HOMO n,"™ « [3p,(S)-2p,(N)] orbital whose lobes point toward
the CuN, plane. For an (N-C-S)"Cu angle of ~90° there is
zero overlap between this orbital and the xy magnetic orbital
of copper, which favors ferromagnetic Mn(II)...Cu(II)
exchange.

To conclude, the present compound, despite a seemingly
favorable'®? structure in which Mn(II) and Cu(II) are the
nearest neighboring magnetic ions throughout the whole
lattice, is far from being a suitable candidate for molecular
ferromagnetism. Actually, it exhibits a ground state of low
spin multiplicity. Model calculations indicate that such a
feature arises from exchange of opposite sign between the
Mn(II) and Cu(II) ions. The ferromagnetic exchange between
Mn(II) and Cu(IlI), although unusual, may be explained by
local symmetry considerations.
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