MAGNETISM, MOLECULE-BASED MATERIALS (MAGNETISM:
MOLECULES TO MATERIALS) pdf
1: Magnetism: Molecules to Materials V â€” University of Utah
Molecule-based magnets, giant magnetoresistance and spin frustration are just a few terms which demonstrate that our
understanding of magnetic behavior, once thought to be mature, has enjoyed new momentum as it is being expanded
by contributions from molecular chemistry, materials chemistry and sciences to solid state physics.

The spin-polarization of these hydrogen atoms, giving rise to spin-alternation in the backbone as shown
schematically in Fig. The proposed hypothesis has been backed-up by theoretical studies [53]. Formulas and
properties of metamagnetic nitroxides 9. Particularly interesting is the magnetization curve for this compound
â€” magnetic hysteresis was observed at 40 mK when the ferromagnetic phase was entered Fig. Similar
behavior is observed when the field is applied in the opposite direction. Illustration of the magnetization curve
at 40 mK for the purely organic metamagnet, 2-naphthylmethyleneamino TEMPO [54]. The formation of salts
of nitroxides functionalized with carboxylate groups is proving to be an interesting way to try and influence
magnetic interactions in these materials by using crystal engineering tools. The sodium and potassium salts of
4-carboxy-TEMPO 10 show ferromagnetic interactions present in their crystals, as determined by
susceptibility Fig. The 10 1 Nitroxide-based Organic Magnets Fig. Magnetic susceptibility data for the sodium
crosses and potassium salts dots of 4-carboxy-TEMPO 10 along with best fits using linear chain dashed line
and Bleaney Bowers solid line models, and the network of sodium ions coordinated to carboxylates and NO
groups [55]. Reproduced by permission of The Royal Society of Chemistry. Crystallization of salts formed
between 2,2,5,5-tetramethylcarboxypyrroline-1oxyl 11 and benzamidinium cations 12 results in solids with
sheet-like structures in which the components are linked by strong hydrogen bonds forming a salt bridge [56].
The magnetic interactions between the radicals are weakly antiferromagnetic. Incorporation of a water
molecule into one of the salts reduced dramatically these interactions, implying that the hydrogen bonds aid
the transmission of exchange interactions. The aforementioned tanol suberate 5 prepared by Rassat and
colleagues [57] is a classic example of this phenomenon, and is representative of the majority of the
oligo-nitroxides derived from TEMPO [58], since the magnetic interaction through the hydrocarbon skeleton
1. The diester 5 has ferromagnetic interactions in the solid within planes [60] containing the radical moieties
from different molecules, which interact antiferromagnetically between them [14]. Therefore, the covalent
linker serves only to influence crystal packing and hence relative arrangements of spins. Relatively short
distances are observed both inter- and intramolecularly, with near orthogonality of the SOMOs, which was
taken as the motive for the ferromagnetic interactions in the material. An efficient approach to the generation
of ferromagnetic interactions within a molecule is to ensure that the SOMO orbitals are orthogonal to one
another [62]. Rassat and Chiarelli designed a family of diradicals meeting this condition because of the
incorporation of a rigid adamantane-type skeleton in the molecules [63]. In all of the family, intramolecular
ferromagnetic interactions are present, as ascertained by studies in solution [64]. However, while radicals 15
and 16 show dominant antiferromagnetic interactions in the bulk state, the diradical 14 which a priori is the
most symmetric D2d of the derivatives is a bulk ferromagnet [65], with the highest Curie temperature TC of
all the reported compounds containing only carbon, hydrogen, oxygen and nitrogen, at 1. Polarized neutron
diffraction studies revealed that the spin density is located mainly in the orbitals of the nitrogen and oxygen
atoms, although some is also detected on the contiguous CH2 groups [67]. The alternation of the sign of spin
density of the carbon atoms linking the two NO groups was taken as an indication that the intramolecular
ferromagnetic coupling is a consequence of exchange through the weakly polarized carbon framework.
Interestingly, in its crystals, the molecules of 14 are not D2d symmetric as result of a non-planar conformation
of the NO group, which therefore finds itself in a chiral C2 situation [68]. One of the most important features
of this family of radicals is the extensive delocalization of the free electron over the aromatic ring, because it
provides a pathway for it to interact magnetically with its neighbors. The most representative examples of this
type of conjugated radicals are summarized below. A very interesting recent development is the report by
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Reznikov and colleagues of vinyl nitroxides, owing to its exemplification of a manner to augment the strength
of intermolecular magnetic interactions in purely organic compounds through enhanced delocalization of the
free electron [72]. The compound 19 Fig. Calculation of the spin densities by ab initio methods suggested
localized spin density on the vinyl carbon atom bearing the cyano group Fig. Views of the calculated spin
density of a model for the vinyl nitroxide In contrast, the oligo-radicals have found great interest in the study
of intramolecular magnetic coupling, an area which is discussed in the next section. One of the principle
interests in such robust high-spin organic molecules is to employ them as magnetically active ligands with
paramagnetic transition metal ions with the purpose of preparing coordination compounds which exhibit
magnetic ordering at the highest possible temperatures. A chapter concerning this pursuit will be presented in
this book. The engendering of ferromagnetic coupling within a molecule relies on certain moieties capable of
sustaining such an interaction, and more often than not the spacer is conjugated. The classic example of this
type of ferromagnetic coupler is m-phenylene [74]. In , the bis-nitroxide 20 was shown to possess a triplet
ground state [75], although the compound is extremely unstable. In attempts to improve the stability of this
bis-nitroxide skeleton, the groups led by Rassat [76] and Iwamura [77] prepared independently the radicals 21
and 22, respectively. In both these radicals, the ground state of the molecule has been shown to be a singlet.
The molecule exhibits an EPR spectrum in which signals attributable to both the quartet and doublet states
were observed, the former being thermally populated with a small energy gap between the two magnetic
states. In the solid state, the NO groups are oriented virtually perpendicularly to the plane of the central
benzene ring. Magnetic susceptibility data of the crystals indicated that the ground state is indeed a doublet,
with dominant antiferromagnetic interactions between two pairs of neighboring free electrons which force the
ferromagnetic alignment of the remaining pair. Ab initio calculations of model compounds showed an angular
dependence of the magnetic interaction through the m-phenylene coupler, and correctly reproduced
antiferromagnetic coupling when the NO group is highly twisted out of the plane of the benzene ring,
implying disjoint molecular orbitals as the origin of this phenomenon [80]. One of the aims concerning the
propagation of ferromagnetic interactions within a molecule is the preparation of polymers consisting of
coupled spins [82]. Towards this goal, Ishida and Iwamura prepared and studied the triradical 24 as a model of
poly[ oxyimino -1,3-phenylenes] [83]. The molecule does indeed have a quartet ground state. To the best of
our knowledge, no information concerning the conformation of the molecule in the solid is available, while in
solution, EPR spectra suggest the presence of several conformers in accord with the complex conformational
space available to this molecule as a result of its four torsional degrees of freedom. Trimethylenemethane
TMM has proved to be another extremely efficient ferromagnetic coupler of unpaired electrons [84], and the
preparation by Iwamura and colleagues of a bis-nitroxide with diphenylethylene spacers between the radical
centers proved its worth [85]. When the nitroxide groups are located in the 4-positions of the benzene ring as
in 25 predicted to be a triplet by the through-bond topology rules magnetic susceptibility measurements of
microcrystalline samples revealed an increase of the effective magnetic moment between 40 and 10 K,
followed by its decrease. The authors ascribed this effect to intramolecular ferromagnetic interactions with
antiferromagnetic interactions between molecules. The energy gap between the triplet and singlet states was
estimated as The corresponding molecules with the phenyl rings substituted at the 3-positions revealed a
singlet ground state, in consonance with the disjoint nature of the molecular orbitals of the two groups. The
completely planar compound 30 expectedly showed the highest conjugation as judged from its UV-visible
absorption spectrum, while the other compounds all contain twisted conformations. Indeed, the compound 31
which does not contain the TMM-type moiety also obeys the Curie-Weiss law in the temperature range
studied by the authors, and the through space dipolar interaction between the two electrons, measured by the
zero-field splitting parameter D, was similar to the other compounds reflecting similar effective spin density
distribution for these derivatives. The behavior of compound 29 is radically different. The intensity of the
half-field signal drops rapidly upon decreasing the temperature, indicating a singlet ground state well
separated from the triplet state. This observation serves to emphasize the dramatic effects that conformation
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can have on intramolecular magnetic interactions. Solid state magnetic data for these radicals has yet to be
reported. Oligo 1,2-phenylenevinylene has also shown to be an efficient spin coupler that might be interesting
for preparing super-high-spin polymers. The value of the magnetic coupling in 32 is approximately 1. The
authors suggested that the motive 1. The authors implied that the presence of spin defects might not be so
important in super-high-spin polymers containing these fragments than in other polyradicals. Experimental
evidence for such a proposal will be highlighted later. The orders of spin density in the molecules determined
by polarized neutron diffraction [91], different spectroscopic techniques EPR [90, 92], NMR [93], ENDOR
[94] and ab initio calculations [7] agree that in the nitronyl nitroxide unit the free electron in the singly
occupied molecular orbital SOMO is distributed mainly over the two oxygen and two nitrogen atoms of the
ONCNO conjugated system. The central carbon atom of this moiety is a node in the SOMO, a situation which
limits delocalization of this electron over the substituents located at the 2-position of the imidazolyl moiety but
permits the spin polarization phenomenon thereby creating an alternating spin density on the pendant group. It
is well known that the properties of the nitronyl nitroxides are determined principally by the nature of the
substituent located at this position and more importantly by the spin density on their atoms As a result of this
situation, great effort has been expended recently in order to study in detail by EPR and NMR spectroscopies
the spin distribution on the substituents, and to elucidate how this delocalization is influenced by the
molecular conformation, as well as the molecular surroundings solvent, neighbors, etc. All the bulk
ferromagnetic nitronyl nitroxides described so far are presented in approximate chronological order in Table 3,
along with crystallographic information and most pertinent magnetic data. As shall be appreciated during the
discussion that follows, the balance between ferro- or anti-ferromagnetic intermolecular interactions is an
extremely delicate one, which can be influenced drastically by small changes in crystal structures. For this
reason, it is convenient to discuss the radicals in comparison with their most similar chemical cousins. The
structurally most simple nitronyl nitroxides are those in which a single atom or small group is attached to the
carbon atom at the 2-position of the imidazolyl ring, the parent molecule being HNN 35 [90]. In both its
crystalline phases reported so far, the molecule forms non-covalent dimers in the solid state of the type shown
in Fig. Structures and magnetic properties of nitronyl nitroxides with ferromagnetic ordering. Given the
considerable differences in the antiferromagnetic interactions between the two phases, the non-covalent dimer
was judged to be magnetically irrelevant. The derivative radicals with either iodine or bromine atoms or a
cyclopropane group at the central carbon atom of the ONCNO unit all have honeycomb structures, and thus
present similar magnetic behavior to each other, with competing ferro- and antiferromagnetic interactions, the
latter compound exhibiting an antiferromagnetic ordering at 1. The magnetic behavior of this crystalline phase
along with those of the other three known phases of this radical will be discussed in more detail in another
chapter in this series by its discoverer. The structure in the crystals is three dimensional [], with non-covalent
interactions between the oxygen atoms of the two NO groups and the nitrogen atom of the nitro group
presumably of a Coulombic nature in one direction and the hydrogen atoms of the phenyl ring in another. The
oxygen atoms of one molecule are located over the NCN unit of an adjacent molecule, while a short distance
between an oxygen atom of the second molecule is located close to the CH group in the 3-position of the 1.
The authors suggested that the short NO to aryl or CN distances could be possible sources of the
ferromagnetic interactions. A number of heterocyclic nitronyl nitroxide derivatives have been reported, many
of which display interesting magnetic properties on their own, and especially when complexed with transition
metal ions []. It has been shown by ENDOR and TRIPLE spectroscopy that correct positioning of the
heteroatoms in the heterocyclic substituent can enhance negative spin density on the pendant group when
compared with hydrocarbon analogs []. The radical 3QNN 37, Table 3 crystallizes [] in a non-centrosymmetric
space group, and has a three-dimensional structure which is maintained by hydrogen bonds between the
hydrogen atoms of the methyl groups in the nitronyl nitroxide moiety and both oxygen atoms of the same
fragment in neighboring molecules as well as the nitrogen atoms of the pendant heterocycle. Close
examination of a. These antiferromagnetic interactions were ascribed to the close approach of two NO groups
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within the dimers present in the crystals. The family of nitronyl nitroxide with either 2-, 3-, or 4-pyridyl as
substituent show antiferromagnetic interactions in the case of the first two [], of which the 3-derivative
apparently orders at 1. This latter compound crystallizes to form a sheet-like structure [], in which chains of
molecules pack in a head-to-tail arrangement, this disposition being maintained by hydrogen bonds between
the oxygen atom of the radical unit and the hydrogen atoms of the pyridyl ring, as represented in Fig. A
schematic representation of the one-dimensional ribbons of molecules formed by 4PYNN 38 in the solid state
[]. Both molecular structures have a high twist angle between the component rings, presumably because of
repulsive electrostatic interactions between the oxygen and nitrogen atoms of the radical and pyridyl units,
respectively. Interestingly, in 6A2PYNN, a strong intermolecular hydrogen bond between the alkyne proton
and an NO group leads to the formation of zigzag chains Fig. The ferromagnetic interactions, confirmed Fig.
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2: Magnetism: Molecules to Materials IV - Google Books
The book spans recent trends in magnetism for molecules -- as well as inorganic-based materials, with an emphasis on
new phenomena being explored from both experimental and theoretical viewpoints with the aim of understanding
magnetism on the atomic scale.

Eugenio Coronado and Dante Gatteschi introduce the issue and the importance of the field. Molecular
magnetism designates a relatively recent and emerging field of research that focuses on the use of molecular
approaches to design, create and study new classes of magnetic materials in which the properties can be tuned
at the molecular level. In the last two decades this field has rapidly evolved from the design of new
molecule-based magnets possessing higher critical temperatures, toward the development of more complex
magnetic materials with one or more functional properties of interest bistable magnetic materials with
switching properties, or multifunctional materials coupling magnetism with a second property , to the
investigation of nanosized magnetic molecules and other nanostructures exhibiting quantum effects, and
finally to materials processing aimed at applications. The current trends in this research field can be bunched
together around three main classes of molecular materials: But the ability to use conventional organic
synthetic methodologies to modulate and combine properties of molecule-based materials justifies the
optimism offered by the molecular approach for the development of new materials that is unparalleled in the
world of atom-based solid-state chemistry. These molecular materials exhibit bistability at the molecular level
and therefore their magnetic properties can be tuned by the application of external stimuli light, pressure,
temperature, Archetypes of switching magnetic materials are the so-called spin-crossover compounds 1 and
the magnets based on Prussian Blue analogues for which temperature-, light-, and pressure-switching have
been demonstrated. Furthermore, on a truly molecular basis, cyanide bridged high-spin clusters have recently
been identified as photo-physically interesting, and a photo-induced electron transfer has been shown to
influence the magnetic properties of the metal complex. Due to their switchable properties, the above materials
are potentially useful for technological applications in molecular electronics, information storage or sensing.
These materials are hybrids generally formed by two molecular-based networks, where each network furnishes
distinct physical properties. As the two networks are generally quasi-independent of each other from the
electronic point of view, a coexistence of the two physical properties is anticipated in these materials. A
remarkable example of this type is that of the magnetic molecular conductors. Some relevant results in this
area have been the discovery of paramagnetic molecular metals and superconductors in the s, and the
discovery of ferromagnetic molecular metals in This type of crystalline material, which present layered
nanostructures with alternating conducting and magnetic networks, has been the subject of thorough studies to
understand the interplay of magnetism and super conductivity and the novel properties resulting from this
combination such as, for example, the observation of field-induced superconductivity in one case. These
results have set the possibility to achieve more technologically relevant goals, including potential applications
in spintronics and nanoelectronics. The achievement of such goals will need the development of feasible
processing techniques for convenient organization of the magnetic conductors as thin films or size-controlled
nanostructures. As far as the molecular nanomagnets are concerned, significant efforts are being devoted to
obtain single-molecule magnets SMMs as they represent the ultimate step in the process of miniaturisation of
magnetic molecular materials. Most of these molecular systems are polynuclear metal complexes formed by a
magnetic cluster of exchange-coupled transition metal ions surrounded by shells of ligand molecules. These
nano-scale magnetic materials exhibit slow relaxation of the magnetization at low temperatures with magnetic
hysteresis analogous to that observed in bulk magnets, but with interesting quantum effects such as the
quantum tunnelling of the magnetization. For that, much research is now being performed including the
preparation of novel series of SMMs aiming at raising the energy barrier for magnetization reversal, and the
organization and addressing of these SMMs on surfaces. Other applications of these nanomagnets that are
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being explored are in magnetic cooling as magnetic refrigerants due to the large magnetic entropy variations
related to their large spin, and in biomedicine as magnetic contrast agents in magnetic resonance imaging and
in hyperthermic treatment of tumours, just to mention two examples of interest. Another field which is
developing very fast is that of single-chain magnets, one-dimensional homologues of SMMs, in principle
capable of giving rise to higher blocking temperatures. Nanostructured materials comprise either those
materials having a nanometric size nanoparticles, nanorods, The molecular approach to the nanostructured
molecular materials allows us to produce interesting examples of this kind. One example worth mentioning is
that of the superparamagnetic nanoparticles in which the size is controlled by molecules used as capping
ligands, templates or capsules. The peripheral molecules used in these cases can be useful for the
processability of the nanoparticles and for incorporating some useful functionality to the nanoparticle
biocompatibility, for example , which can be of interest for its applications. On the other hand, these
molecules can also be functionalized to favour self-assembling processes, thus generating supramolecular
organizations of nanoparticles in 1, 2 and 3 dimensions. Current interest is also devoted to the generation of
molecular nanostructures in 2 dimensions. Thus, as we have described before, the development of synthetic
strategies to organize SMMs, or other magnetic molecules such as the switching spin-crossover complexes, on
surfaces is one of the hottest topics in nanomagnetism both from the fundamental point of view to explore the
magnetic properties and the electron transport through a single molecule, and the role of the substrate in these
properties , and from the point of view of applications magnetic recording, quantum computing, Other types of
nanostructures are the magnetic multilayers which are of utmost importance in spintronics. However, these
nanostructures have been scarcely explored in the field of molecular magnetism, as this field has been strongly
focused on the preparation of crystalline materials. The situation is now starting to change and processing
techniques, such as the Langmuirâ€”Blodgett method or chemical vapor deposition, are expected to become
more common in this field, in a way similar to what has happened in molecular opto-electronics in the
preparation of OLEDs, for example. Indeed, the collaboration between chemists and physicists that was
essential for the development of magnetochemistry in the s is now expanding to incorporate other scientific
communities working on surface and materials science and engineering, medicine, biochemistry and
biophysics. In this frame, major advances in molecular magnetism will certainly occur via a stronger
integration of these communities. The purpose of this themed issue is to highlight recent progress and
perspectives in this multidisciplinary field. We hope that this issue will offer a valuable reference for the
molecular magnetism community. This issue contains five feature articles which illustrate the current
state-of-the-art and identify key challenges in future developments of the field: The issue also contains many
original contributions highlighting new achievements in the design, synthesis, magneto-structural
characterization and modelling of new molecule-based magnets i and of new magnetic clusters and chains ii ,
including the enhancement of the properties in molecular nanomagnets; the search for new multifunctional and
hybrid materials iii , including those exhibiting magnetic switching; and finally, the processing of all these
types of materials as nanoparticles, nanocrystals and magnetic nanocomposites iv. We would like to thank all
the authors of this themed issue for their efforts in presenting high-quality contributions. We wish also to
thank all the staff members of the RSC for their kind assistance and dedication to this themed issue, in
particular Graham McCann, Carol Stanier and Rebecca Gillan, and the entire Production team. Plate1 Eugenio
Coronado References J.
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3: Molecule-based magnets - Wikipedia
Magnetism: Molecules to Materials V March Combining the contemporary knowledge from widely scattered sources, this
is a much-needed and comprehensive overview of the field.

Background[ edit ] Molecule-based magnets comprise a class of materials which differ from conventional
magnets in one of several ways. Most traditional magnetic materials are comprised purely of metals Fe, Co, Ni
or metal oxides CrO2 in which the unpaired electrons spins that contribute to the net magnetic moment reside
only on metal atoms in d- or f-type orbitals. In molecule-based magnets, the structural building blocks are
molecular in nature. These building blocks are either purely organic molecules , coordination compounds or a
combination of both. In this case, the unpaired electrons may reside in d or f orbitals on isolated metal atoms,
but may also reside in highly localized s and p orbitals as well on the purely organic species. Like
conventional magnets, they may be classified as hard or soft, depending on the magnitude of the coercive
field. Another distinguishing feature is that molecule-based magnets are prepared via low-temperature
solution-based techniques, versus high-temperature metallurgical processing or electroplating in the case of
magnetic thin films. This enables a chemical tailoring of the molecular building blocks to tune the magnetic
properties. Specific materials include purely organic magnets made of organic radicals for example
p-nitrophenyl nitronyl nitroxides, [2] decamethylferrocenium tetracyanoethenide, [3] mixed coordination
compounds with bridging organic radicals, [4] Prussian blue related compounds, [5] and charge transfer
complexes. In this regard, they are contrasted with single-molecule magnets , which are essentially
superparamagnets displaying a blocking temperature versus a true critical temperature. This critical
temperature represents the point at which the materials switches from a simple paramagnet to a bulk magnet,
and can be detected by ac susceptibility and specific heat measurements. History[ edit ] The first synthesis and
characterization of molecule-based magnets was accomplished by Wickman and co-workers in This was a
diethyldithiocarbamate-Fe III chloride compound. For metallic magnets, the unpaired electrons align through
quantum mechanical effects termed exchange by virtue of the way in which the electrons fill the orbitals of the
conductive band. For most oxide-based ceramic magnets, the unpaired electrons on the metal centers align via
the intervening diamagnetic bridging oxide termed superexchange. The magnetic moment in molecule-based
magnets is typically stabilized by one or more of three main mechanisms: Through space or dipolar coupling
Exchange between orthogonal non-overlapping orbitals in the same spatial region Net moment via
antiferromagnetic coupling of non-equal spin centers ferrimagnetism In general, molecule-based magnets tend
to be of low dimensionality. Classic magnetic alloys based on iron and other ferromangetic materials feature
metallic bonding , with all atoms essentially bonded to all nearest neighbors in the crystal lattice. Thus, critical
temperatures at which point these classical magnets cross over to the ordered magnetic state tend to be high,
since interactions between spin centers is strong. Molecule-based magnets, however, have spin bearing units
on molecular entities, often with highly directional bonding. In some cases, chemical bonding is restricted to
one dimension chains. Also, large parts of the magnetic material are essentially diamagnetic, and contribute
nothing to the net magnetic moment. These aspects of molecule-based magnets present significant challenges
toward reaching the ultimate goal of "room temperature" molecule-based magnets. Low-dimensional
materials, however, can provide valuable experimental data for validating physics models of magnetism which
are often of low dimension, to simplify calculations. Applications[ edit ] Molecule-based magnets currently
remain laboratory curiosities with no real world applications, largely due to the very low critical temperature
at which these materials become magnetic. This is related to the magnitude of the magnetic coupling, which is
very weak in these materials. In this regard, they are similar to superconductors , which require cooling for
use. Recently, oxo dimeric Fe salen -based magnets "anticancer nanomagnets" in a water suspension
demonstrated intrinsic room temperature ferromagnetic behavior, as well as antitumor activity, which possible
medical applications in chemotherapy , [9] [10] [11] [12] magnetic drug delivery , magnetic resonance
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imaging MRI , and magntic field-induced local hyperthermia therapy.
4: Molecule-based magnetic materials : theory, techniques, and applications in SearchWorks catalog
Magnetism: Molecules to Materials II: Molecule-Based Materials. Edited by Joel S. Miller and Marc Drillon c Wiley-V
Magnetism: Molecules to Materials II.

5: Magnetism: Molecules to Materials V - Google Books
Request PDF on ResearchGate | Magnetism: Molecules to Materials V | Combining the contemporary knowledge from
widely scattered sources, this is a much-needed and comprehensive overview of the.

6: Magnetism: Molecules to Materials II: Molecule-Based Materials: 2 - PDF Free Download
Molecule-based magnets, giant magnetoresistance and spin frustration are just a few terms which demonstrate that our
understanding of magnetic behavior, once thought to be mature, has enjoyed new momentum as it is being expanded
by contributions from molecular chemistry, materials chemistry and.
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