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34 MAGNETIC INTERACTIONS IN MOLECULAR SYSTEMS

the increase of � spin density on the NO groups must be compensated by a cor-
responding increase of � spin density on C, i.e. by a build-up of a negative spin
density on that atom.

These spin polarization mechanisms are operative also in coupled systems, and
they are responsible of some coupling mechanisms, which can be either ferro- or
antiferromagnetic in nature.

2.3.3 Some examples

In general it is much easier to realize the conditions for antiferromagnetic coup-
ling, therefore in the following we will show which are the conditions under
which ferromagnetic coupling can be observed in coupled systems. The key is
always that of realizing orthogonality conditions, and at the same time con-
straining the two magnetic orbitals to have a large overlap density. Examples of
orthogonal orbitals are shown in Fig. 2.8. 1 is the case of a binuclear copper(II)–
oxovanadium(IV) complex (Kahn 1993). Copper(II) has a dx2–y2 magnetic
orbital, while oxovanadium(IV) has a dxy magnetic orbital. The two are obvi-
ously orthogonal, but they both have large overlap densities on the bridging
L ligand, thus providing the required large overlap density for ferromagnetic
coupling.

In all these cases the orthogonality between the orbitals is symmetry determ-
ined. It is possible, however, to realize orthogonality by accident. An example
is shown in 2 of Fig. 2.8. The magnetic orbitals of the two copper ions can be
considered to a good approximation to be essentially dx2–y2 plus a small amount
of copper 4s. For a general angle Cu–O–Cu the two orbitals have overlap S �= 0,
and antiferromagnetic coupling, but when the O–Cu–O angle is close to 96� the
overlap accidentally goes to zero, and in complexes with angles close to this the
coupling is ferromagnetic (Hatfield 1983).

Spin polarization mechanisms are responsible of ferromagnetic coupling in
3 of Fig. 2.8. It corresponds to the case in which a magnetic orbital, say dz2

in a tetragonally elongated manganese(III) ion, has non-zero overlap with the
empty dx2–y2 orbital of a neighbouring ion. We may imagine that a fraction of
unpaired electrons is transferred into the dx2–y2 orbital, and this, according to
Hund’s rule, will polarize the unpaired electron in the dz2 orbital, thus providing
a ferromagnetic coupling.
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Fig. 2.8. Magnetic orbitals inCu2+–VO2+,1, Cu2+–Cu2+,2, andMn3+–Mn3+,3.
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the increase of � spin density on the NO groups must be compensated by a cor-
responding increase of � spin density on C, i.e. by a build-up of a negative spin
density on that atom.

These spin polarization mechanisms are operative also in coupled systems, and
they are responsible of some coupling mechanisms, which can be either ferro- or
antiferromagnetic in nature.

2.3.3 Some examples

In general it is much easier to realize the conditions for antiferromagnetic coup-
ling, therefore in the following we will show which are the conditions under
which ferromagnetic coupling can be observed in coupled systems. The key is
always that of realizing orthogonality conditions, and at the same time con-
straining the two magnetic orbitals to have a large overlap density. Examples of
orthogonal orbitals are shown in Fig. 2.8. 1 is the case of a binuclear copper(II)–
oxovanadium(IV) complex (Kahn 1993). Copper(II) has a dx2–y2 magnetic
orbital, while oxovanadium(IV) has a dxy magnetic orbital. The two are obvi-
ously orthogonal, but they both have large overlap densities on the bridging
L ligand, thus providing the required large overlap density for ferromagnetic
coupling.

In all these cases the orthogonality between the orbitals is symmetry determ-
ined. It is possible, however, to realize orthogonality by accident. An example
is shown in 2 of Fig. 2.8. The magnetic orbitals of the two copper ions can be
considered to a good approximation to be essentially dx2–y2 plus a small amount
of copper 4s. For a general angle Cu–O–Cu the two orbitals have overlap S �= 0,
and antiferromagnetic coupling, but when the O–Cu–O angle is close to 96� the
overlap accidentally goes to zero, and in complexes with angles close to this the
coupling is ferromagnetic (Hatfield 1983).

Spin polarization mechanisms are responsible of ferromagnetic coupling in
3 of Fig. 2.8. It corresponds to the case in which a magnetic orbital, say dz2

in a tetragonally elongated manganese(III) ion, has non-zero overlap with the
empty dx2–y2 orbital of a neighbouring ion. We may imagine that a fraction of
unpaired electrons is transferred into the dx2–y2 orbital, and this, according to
Hund’s rule, will polarize the unpaired electron in the dz2 orbital, thus providing
a ferromagnetic coupling.
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Fig. 2.8. Magnetic orbitals inCu2+–VO2+,1, Cu2+–Cu2+,2, andMn3+–Mn3+,3.
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the increase of � spin density on the NO groups must be compensated by a cor-
responding increase of � spin density on C, i.e. by a build-up of a negative spin
density on that atom.

These spin polarization mechanisms are operative also in coupled systems, and
they are responsible of some coupling mechanisms, which can be either ferro- or
antiferromagnetic in nature.

2.3.3 Some examples

In general it is much easier to realize the conditions for antiferromagnetic coup-
ling, therefore in the following we will show which are the conditions under
which ferromagnetic coupling can be observed in coupled systems. The key is
always that of realizing orthogonality conditions, and at the same time con-
straining the two magnetic orbitals to have a large overlap density. Examples of
orthogonal orbitals are shown in Fig. 2.8. 1 is the case of a binuclear copper(II)–
oxovanadium(IV) complex (Kahn 1993). Copper(II) has a dx2–y2 magnetic
orbital, while oxovanadium(IV) has a dxy magnetic orbital. The two are obvi-
ously orthogonal, but they both have large overlap densities on the bridging
L ligand, thus providing the required large overlap density for ferromagnetic
coupling.

In all these cases the orthogonality between the orbitals is symmetry determ-
ined. It is possible, however, to realize orthogonality by accident. An example
is shown in 2 of Fig. 2.8. The magnetic orbitals of the two copper ions can be
considered to a good approximation to be essentially dx2–y2 plus a small amount
of copper 4s. For a general angle Cu–O–Cu the two orbitals have overlap S �= 0,
and antiferromagnetic coupling, but when the O–Cu–O angle is close to 96� the
overlap accidentally goes to zero, and in complexes with angles close to this the
coupling is ferromagnetic (Hatfield 1983).

Spin polarization mechanisms are responsible of ferromagnetic coupling in
3 of Fig. 2.8. It corresponds to the case in which a magnetic orbital, say dz2

in a tetragonally elongated manganese(III) ion, has non-zero overlap with the
empty dx2–y2 orbital of a neighbouring ion. We may imagine that a fraction of
unpaired electrons is transferred into the dx2–y2 orbital, and this, according to
Hund’s rule, will polarize the unpaired electron in the dz2 orbital, thus providing
a ferromagnetic coupling.
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Fig. 2.8. Magnetic orbitals inCu2+–VO2+,1, Cu2+–Cu2+,2, andMn3+–Mn3+,3.
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