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Molecular magnetism has travelled a long way from the pioneering studies on electron exchange and
double exchange or spin crossover and valence tautomerism in small oligonuclear complexes, from
mono- to di- and tetranuclear species, to the current investigations about magnetic anisotropy and spin
dynamics or quantum coherence of simple mono- or large polynuclear complexes, behaving as switch-
able bistable molecular nanomagnets for potential applications in information data storage and process-
ing. In this review, we focus on the origin and development of the research in the field of molecular
magnetism from a coordination chemistry viewpoint, which dates back to the establishment of magne-
tochemistry as a novel discipline among the molecular sciences. This overview is conceived as an attempt
to orientate coordination chemists regarding their role in the future direction that molecular magnetism
will undergo in its further evolution toward molecular spintronics and quantum computation. A partic-
ular emphasis will be given to some selected recent advances in single-molecule spintronic circuitry and
quantum computing devices based on the large class of multiresponsive and multifunctional magnetic
metal complexes to stimulate the progress in the field of molecular magnetism.
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Contents
1.  Introduction and back@roUnd . . ... ... ... . .ttt e e e e e e 18
1.1.  Molecular magnetism. An interdisciplinary research field . ... ... ... .. i e 18
1.2.  Coordination chemistry approach to molecular magnetism. A suitable choice. ... ....... ... .. it ieienann 24
2. AIMS AN SCOPE . .ttt ettt e et e e e e e e e e e e e e e e e e e e e e 25
2.1. Molecule-based and single-molecule magnetism. Two worlds inone. . ....... ... it ittt 25
2.2.  Single-molecule magnetism. A COLIECTIVE VOYAZE . . . . ottt ittt e ettt e e e e e e e ettt ettt e et ettt 25
3. Electron exchange and double eXChange . . ... ... ... . e 26
3.1. Homo- and heterometallic dinuclear complexes and metal-radical analogues. . . ....... ... ittt in it 26
3.2.  Homo- and heterovalent dinuclear COMPIEXES . . . . ..ttt et e et ettt e e ettt et et ettt ettt ettt 42
4,  Spin crossover and ValenCe tautOMIBIISIN . . . . o\ vttt ittt e ettt et e et et et e e e e e e e e e e e e e 47
4.1. Mono- and dinuclear iron complexes and cobalt-polyoxolene radical analogues. . . .............iuitiinnnn i iinnnnnnn. 47
4.2. Di- and tetranuclear iron cyanide complexes and iron-cobalt analogues . ... ... ...ttt e 54
5. Magnetic anisotropy and SPin AYNAITHCS . . . ..ttt vttt ettt ettt et et et e et ettt e e e e et e e e e e e e e 57
5.1.  Homo- and heterovalent metal 0X0 CIUSTOIS . . . . . .. v .ttt ittt ittt e e e e e ettt e e e e ettt et 57
5.2.  Homo- and heterometallic cyanide polyhedra .. ... ... ... it it e ettt e e 64
6. Spin dynamics and qUANTUM COMEIEICE . . . . ...ttt et et et et e e et et et e e e e e et et ettt ettt ettt ettt eaans 68

* Corresponding authors.

E-mail addresses: jefeso84@gmail.com (J. Ferrando-Soria), miguel.julve@uv.es (M. Julve).
1 Present address: EaStCHEM School of Chemistry, The University of Edinburgh, EH9 3F] Edinburgh, UK.
2 present address: Laboratoire de Physique de la Matiére Condensée, CNRS Ecole Polytechnique, 91128 Palaiseau, France.

http://dx.doi.org/10.1016/j.ccr.2017.03.004

0010-8545/© 2017 Elsevier B.V. All rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.ccr.2017.03.004&domain=pdf
http://dx.doi.org/10.1016/j.ccr.2017.03.004
mailto:jefeso84@gmail.com
mailto:miguel.julve@uv.es
http://dx.doi.org/10.1016/j.ccr.2017.03.004
http://www.sciencedirect.com/science/journal/00108545
http://www.elsevier.com/locate/ccr

18 J. Ferrando-Soria et al./ Coordination Chemistry Reviews 339 (2017) 17-103

6.1. Mononuclear metal complexes and metal-radical analogUes. . . . . ... ... ittt e 68
6.2.  Heterometallic flUOride TINES . . . . ..ottt et e ettt e e e e e et et et et e e e e 83
7. Conclusions and OULIOOK . . . . ..ottt e e e e e e e e e e e e e e e e e e e e e 90
7.1.  Molecular magnetism. Where the sidewalk ends . . .. ... ... it it ettt e e e 20
7.2.  Toward molecular spintronics and quantum computation through metallosupramolecular chemistry. Final coda................... 94
ACKNOWIBAGEIMEIIES . . . o vttt ettt ettt et e e e e e e e et e e e e e e e e e e e e e e e e e e e e 94
L 2 (<) 4 Lol PP 94

1. Introduction and background
1.1. Molecular magnetism. An interdisciplinary research field

Molecular magnetism has always attracted the attention of a
great number of research teams worldwide due to its multidisci-
plinary character [1]. Lying at the crossing point of several disci-
plines such as organic and inorganic chemistry, physical and
materials chemistry, solid-state and applied physics, theoretical
and computational physics, or bioinorganic chemistry, molecular
magnetism exceeds its own field of research of magnetochemistry
to include other domains of physics and biology [2,3].

Polymetallic complexes with magnetic and electronic interac-
tions between metal centers are a major topic of molecular elec-
tronics [2] and molecular biology [3]. From a fundamental
viewpoint, electron exchange and electron transfer are intimately
related processes that rely on the transmission of spin- and
charge-based electronic effects, respectively. The transport of elec-
trons across relevant length scales in either nanometer-scale

metal-based electronic devices [2a] or in electron-carrier
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metalloproteins [3a] provides noteworthy examples of long-
distance electronic coupling in artificial and natural systems,
respectively. The genesis of molecular magnetism appears ligated
to the study of the magnetic and electron transport properties of
metalloproteins with paramagnetic metal active centers and their
biomimetic (or bioinspired) model compounds, from the smaller
dinuclear iron methane monooxygenase hydroxylase (MMOH)
and tetranuclear iron high potential iron-sulfur protein (HIPIP) to
the larger iron-oxo/hydroxo core of ferritin containing about
4500 metal ions, as depicted by Fig. 1 [3a].

In some proteins, metal centers and organic radical cofactors
work in combination to carry out catalytic multielectron redox
transformations of small substrates like ortho-thiol substituted
tyrosines and ortho-quinone derivatives in mononuclear copper
galactose oxidase (GAO) and amine oxidases (OAs) respectively,
or tyrosyl radicals in the R, component of dinuclear iron ribonu-
cleotide reductase (RNR Rj), as depicted by Fig. 2 [3k]. In
particular, the tetranuclear manganese oxygen evolving complex
(OEC) of photosystem II (PSII) in green plants and certain
bacteria and algae catalyzes the four-electron oxidation of two
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Fig. 1. Structures of the metal active site of Fe, MMOH (a), Fe4 HIPIP (b), and Fe,O(OH) ferritin (c), showing the catalytic cycle of MMOH with the proposed assignment of the
metal oxidation states for the various Fe; intermediates. Adapted with permission from Refs. [3r,w,x].
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