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ABSTRACT 
In this manuscript, we review the recent progress made on the synthesis of Fe(II) 
coordination complexes with nuclearities two and three, as well as coordination 
polymers, that are relevant for their spin crossover (SCO) properties. The focus 
is put on the contributions made during the last five years. The structure of the 
compounds discussed is described as well as the main features of their magnetic 
properties. This manuscript is organized about the ligand types that serve to 
produce the various coordination systems presented, therefore, the structure of 
these organic donors are all gathered in various figures. The essential SCO 
parameters of all the compounds mentioned in the paper are summarized in a 
comprehensive table. This paper illustrates the richness and importance of the 
coordination chemistry that serves to advance the various facets of research on 
this fascinating phenomenon. 
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LIST of ABREVIATIONS 
 
SCO   spin crossover 
LS   low spin 
HS   high spin 
SCXRD  single crystal X-ray diffraction 
SCSC   single crystal to single crystal 
DMF   dimethylformamide 
1H-NMR  proton nuclear magnètic resonance 
MS   mass spectrometry 
CL   capping ligand 
mer   meridional 
fac   facial 
LIESST  light induced excited spin state trapping 
PB   Prussian blue 
GM   guest molecule 
e.g.   in latin, exempli gratia (for example) 
salen   salicylaldehyde/ethylenediamine based ligand 
abr.   abrupt 
inc.   incomplete 
gr.   gradual 
2-st, 3-st  two and three steps, respectively 
0D, 1D, 2D, 3D zero, one, two and three dimensional, respectively 
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1. Introduction 
 
The phenomenon of spin crossover (SCO) confers the systems exhibiting this 
property the category of molecular switches. The reversible transitions between 
two spin states is accompanied by changes to the magnetic properties, but also 
to many other physical properties. In the case of Fe(II) (d6), the SCO takes place 
between a diamagnetic spin state (S = 0; low spin, LS) and a paramagnetic spin 
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state (S = 2; high spin, HS).[1] Besides the dramatic impact on the magnetic 
behavior,[2] the transition may lead to radically different optical,[3-5] electrical[6-9] or 
chemical properties.[10-11] In addition, with Fe(II) the system experiences 
significant structural changes upon SCO. This is because the metal ion toggles 
between a HS state with two semi-occupied antibonding orbitals and a LS state 
with only occupied non-bonding orbitals. Therefore, the LS to HS transition 
causes an elongation of the coordination bonds to Fe(II) usually of 10-12%. 
Within a crystal lattice, these local structural effects propagate throughout the 
material and determine the dynamic properties of the transition; if the active SCO 
centers of the network are strongly connected by extended covalent or 
intermolecular interactions, the transition will likely be cooperative and may 
exhibit hysteresis and bistability.[12-13] In part for the above reasons, the vast 
majority of SCO systems studied are ferrous coordination compounds. It has 
become clear that complexes of Fe(II) with a majority of N-donors are prone to 
exhibit this behavior. While the number of reported systems is huge, the vast 
majority of SCO research performed in the areas of nano-structuration, advanced 
spectroscopic studies, guest-host research, etc. has focused on a reduced 
number of compounds, or families. This means that there is certainly a large 
amount of knowledge on the fundamentals and the potential of this phenomenon 
ready to be discovered from compounds already available. This shall be a 
consequence of the increased multidisciplinarity that is developing in recent 
years. In this review the focus is placed on the synthesis of SCO Fe(II) 
coordination compounds comprising active molecules of two or three metal 
centers, or coordination polymers, reported since 2012. Another paper of this 
special issue is consecrated already to mononuclear systems, while a third one 
focuses on non-ferrous systems. Clusters or polymers of Fe(II) with SCO 
behavior published previously to this year have been revised through excellent 
reviews.[14-18] 
The special interest in polynuclear compounds is two-fold. On the one hand, 
polynuclear complexes are more prone to exhibit multi-step transitions, because 
of the easy implementation of crystallographically non-equivalent positions. This 
can be designed with the help of non-symmetric bridging ligands, for example. 
Multistep transitions could be the basis for developing multiple-state memories, 
beyond the simple binary system of <1> and <0> states. On the other hand, it is 
easy to envision how polynuclear compounds (and particularly coordination 
polymers) allow to establish stronger connectivity between SCO centers. 
Stronger connectivity typically means enhanced cooperativity, resulting in higher 
critical temperatures, more abrupt transitions, and appearance of wide hysteresis 
cycles. Indeed, most SCO materials with memory effect above room temperature 
are polynuclear complexes and coordination polymers. 
 
The present paper is divided by nuclearities (from dinuclear to trinuclear to 
polymeric) and each block is organized by type of bridging ligands. A common 
feature of all the compounds reviewed in this manuscript is the presence of 
metals coordinatively linked by bridging ligands. All the bridging ligands have 
been named and their structures are shown through various figures. Very often, 
the assistance of additional capping ligands becomes necessary to complete the 
coordination sphere around the metals, and as helpful means to 
control/determine dimensionality. The latter are also listed. A list of all SCO 
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complexes featured in this review is given in a Table 1, where the main 
parameters of the magnetic behavior are indicated. 
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2. Recent Results 
 
2.1 Dinuclear Complexes 
Most discrete Fe(II) coordination compounds showing SCO are mononuclear.[19-

21] These have been reviewed in some other part of this special issue. However, 
there has been an interest in preparing Fe(II) clusters exhibiting this property. On 
the one hand, this allows to probe, on simple systems, the synergy or correlation 
between SCO and intramolecular magnetic exchange.[22] In addition, they afford 
discrete molecules with more than two possible spin registries. In the case of 
dinuclear systems, these are [LS–LS], [LS–HS] and [HS–HS]. Experimental 
systems offer the possibility to study the interplay between these registries in 
comparison to the theoretical studies made on them.[23] In addition, dinuclear 
Fe(II) SCO molecules have shown the ability to tune the stability of the spin state 
at one site, via the structural consequences of the SCO on the other site.[24] 
 
2.1.1 Complexes with ‘N-N’- diazole bridges 
Heterocyclic five or six membered rings containing the ‘N-N’- diazole moiety are 
excellent bridging ligands, and are found profusely in coordination chemistry 
compounds (specially the former).[16, 25] Of particular relevance for the topic of 
SCO is the group of 1,2,4-triazoles (trz, Fig. 1), which give place to a largely 
studied family of Fe(II) complexes. Most triazoles lead to 1D coordination 
polymers with formula [Fe(trz)3]n(X)2n (X– are counterions; see below),[18] 
however, a few discrete Fe/trz complexes have also been reported.[16, 26] One of 
the most interesting precedents is the complex [Fe2(L1)5(NCS)4] (1; L1, N-
salicylidene-4-amino-1,2,4-triazole).[27] It features two Fe(II) centers bridged by 
three triazole ligands (L1) and bound to two additional capping L1 donors, with 
the coordination of each metal completed by two cis SCN– groups. This 
compound exhibits abrupt SCO centered at T1/2 = 150 K, as determined through 
magnetic measurements and confirmed by Mössbauer spectroscopy. The latter 
technique showed that the transition between the [LS–LS] and the [HS–HS] 
states occurs without the intermediacy of any [LS–HS] phase. Because of the 
photochromism of L1, complex 1 is fluorescent and the emission is very sensitive 
to the spin state, so that the SCO can be monitored through the luminescence of 
a probe that is well separated from the metal centers. To the publication of 1 
followed reports on a few other derivatives. The structure of the complex 
[Fe2(L2)5(NCS)4] (2, Fig. 2; L2, 4-phenylimino-1,2,4-triazole)[28] is completely 
analogous to 1. It features the SCO of approximately half of its metal centers with 
a T1/2 value of 115K. The analysis of the molecular structure 2 at 100K reveals 
that each Fe(II) center of the molecule exhibits parameters half way between the 
LS and the HS states, thus suggesting that, at this temperature, the lattice does 
not contain ordered [LS-HS] entities. Therefore, the mixed-spin system, 
containing [HS–HS] entities at low temperature, offered the possibility to probe 
for the first time the intramolecular antiferromagnetic interaction between both 
metals. If crystals of 2 are left in air, they turn into powder following the exchange 
of lattice methanol molecules by water. This changes the spin state of 2 into [HS-
HS] for the whole range of temperatures and confirms the intramolecular 
antiferromagnetic coupling. A similar solvent effect was observed on the 
analogue [Fe2(L3)5(NCS)4] (3; L3, 4-(2-pyridyl)-1,2,4-triazole).[29] Interestingly, 
two solvatomorphs could be prepared independently by using, respectively, 
MeOH/EtOH and water as solvents and the products were perfectly characterized 
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by single crystal X-ray diffraction (SCXRD). The former incorporates molecules 
of MeOH and EtOH in the lattice and exhibits a SCO of 50% of the metal centers. 
The other derivative features water lattice molecules and 100% of its iron centers 
are in the HS state down to 2K. The interesting difference with 2 is that the low 
temperature phase of the mixed-spin compound is now made of ordered [LS-HS] 
molecules. This behavior was confirmed thoroughly on the new derivative 
[Fe2(L4)5(NCS)4] (4; L4, 4-phenyl-1,2,4-triazole).[30] The MeOH·EtOH solvate 
exhibits the same structural features and magnetic behavior as its analogue with 
3. The preparation of 4 in ethanol affords the EtOH solvate, also undergoing SCO 
of 50% of its iron centers. This solvate exhibits in the atmosphere a single crystal 
to single crystal (SCSC) transformation described as 4·2EtOH + 1.5 H2O → 
4·2EtOH·1.5H2O. As an attempt to correlate the SCO properties with the 
electronic properties of ligand substituents, the 2,5-dichloro version of L2 (i.e. 2,5-
dichloro-4-phenylimino-1,2,4-triazole; L5) was employed to make the complex 
[Fe2(L5)5(NCS)4] (5). Its H2O solvate was found to exhibit complete SCO with a 
T1/2 35 K higher (at 150 K).[31] This shift is attributed, in part to a larger electron 
withdrawing capacity of the substituents, although there could be other effects 
playing a role. 
One strategy for enforcing the formation of discrete dinuclear molecules with ‘N–
N’ bridges from triazole or pyrazole moieties is by incorporating to these rings 
substituents with donor atoms also capable of coordinating the metals. These 
ligands, together with XCN– anions (X=S, Se or BH3) furnish a suitable recipe for 
the preparation of SCO complexes.[14] The early examples where made of 3-(2’-
pyridyl)-pyrazole (L6)[32] and 3,5-bis-(2’-pyridyl)-pyrazole (L7),[33] and served, for 
example, to characterize for the first time an ordered phase with two components, 
the [LS–LS] and the [LS-HS], at the intermediate plateau of a two-step SCO.[34] 
In addition, thanks to the synthetic versatility allowing to change the neutral 
terminal ligands that complete the coordination sphere of the metal ions, this 
family of compounds was used to probe the tunability of the SCO temperature as 
a function of this ligand.[35] One of these compounds, [Fe2(NCSe)2(L7)2(py)2] 
(6)[36] was used to establish a relationship between the lattice at the atomic level 
and the macroscopic orientation of the LS-HS interface during the thermal 
transition. It was found that the orientation of this interface is that causing the 
least mismatch between both phases at the nanoscale.[37] The above dinuclear 
compounds and these made with the triazole analogue 3,5-bis-(2’-pyridyl)-1,2,4-
triazole (L8)[36] have constituted a suitable basis to calculate whether the 
transition between the [HS–HS] and the [LS–LS] state shall occur directly or 
through the formation of an ordered phase of the intermediate [LS–HS] 
component.[38] Very recently, the related asymmetric ligand 3-(2’-pyridyl)-4-(p-
tolyl)-5-(3’-pyridazine)-1,2,4-triazole (L9) was used to prepare the analogous 
dinuclear complex [Fe2(L9)2(MeCN)4](BF4)4 (7).[39] The lattice of this molecule 
was shown to undergo various solvent exchange processes as SCSC 
transformations, which were accompanied by changes to the spin state of the 
Fe(II) ions and therefore, of color. These phenomena convert this system into a 
candidate of molecular chemical sensor of small molecules or gases.[40] Thus, 
exposure of 7 to EtOH transforms it into [Fe2(L9)2(EtOH)4](BF4)4 (8) while the 
process can be reversed by passing vapors of MeCN on 8. The latter compound 
is in turn converted to [Fe2(L9)2(H2O)4](BF4)4 (9) employing H2O in the gas phase. 
One remarkable thing is that 9 is in fact polymeric, and forms as a result of a 
change in coordination mode of L9, which turns from µ into µ3 by rotation of the 
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pyridazine group. The polymerization is reversible by dehydration through 
heating, followed by exposure to an MeCN atmosphere. 
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Figure 1. Structure of bridging ligands mentioned in this review. 
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Figure 1 (continued I). Structure of bridging ligands mentioned in this review. 
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Figure 1 (continued II). Structure of bridging ligands mentioned in this review. 
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Figure 2. Molecular structure of [Fe2(L2)5(NCS)4] (2).[28] Color guide; Fe (LS), 
red; C, grey; N, purple; S, yellow. H-atoms not shown. 
 
A set of ligands related to L8 and L9 are these derived from 3,5-bis-(((2-
pyridylmethyl)-amino)-methyl)-4H-1,2,4-triazole (L10), which bear one additional 
nitrogen donor moiety at each side of the triazole, appropriately disposed to yield 
dinuclear complex cations, [Fe2(L10)]4+ (10), similar to 6 – 9, while coordinatively 
saturating both Fe centers. Such molecules are prone to exhibit SCO properties 
with relative independence of the counter-ion identity, since the latter would not 
act as ligand. The differences caused by solvation effects and lack of structural 
information for the whole series prevented to extract a general picture on the SCO 
behavior.[41] Following a commendable effort in synthetic organic chemistry, a 
large series of derivatives of L10 was prepared with various substituents at 
position 4 of the central tetrazole. This lead to an investigation of the effect of this 
substituent on the SCO. The behavior observed consisted on complete, gradual 
[HS-HS] to [HS-LS] transitions upon cooling from room temperature or on the 
persistence of the HS state in both metals. It was concluded that the differences 
were rather attributed to packing effects.[42] One such complex, [Fe2(L11)](BF4)4 
(11; L11, 3,5-bis-(((2-pyridylmethyl)-amino)-methyl)-4-(p-tertbutylphenyl)-1,2,4-
triazole, Fig. 3), was found to exhibit abrupt SCO between the [LS–HS] and the 
[HS–HS] states with a 22 K wide hysteresis loop.[24] A scan rate dependence of 
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this loop showed that the experiment dynamics only affects the position of the 
cooling branch, making the loop wider upon slowing the decrease of the 
temperature. In a very interesting development with this kind of ligands, a similar 
family of compounds of the parent ligand 3,5-bis-(((2-pyridylmethyl)-sulfanyl)-
methyl)-4H-1,2,4-triazole (L12) was created.[43] This set of donors was employed 
to investigate anew the effect of the substituents on the SCO properties of the 
Fe2 complexes of the type [Fe2(L12)]4+ (12), that predictably would form, in this 
occasion featuring N4S2 coordination environments around the metals. This study 
is of interest since Fe(II) complexes exhibiting this environment and spin 
transition behavior are very scarce. It unveiled a variety of SCO properties, 
including the observation of the [LS-LS] state in some of the derivatives, and also 
revealed that the tendencies observed in the solid state are opposite to these 
seen in solution. Thus, the SCO in the solid state is dominated by packing effects 
whereas the σ-donating ability of the triazole substituent dominates the SCO 
temperature in solution. Another variation in this category of ligands is changing 
the nature of the central heterocycle. Thus, ligand 2,5-bis-((2-pyridylmethyl)-
amino)-methyl-1,3,4-thiadiazole (L13) combines with the bridging N–N diazole in 
this ring an atom of sulfur.[43] This leads undoubtedly to changes to the electronic 
environment around the metals and, according to the authors, also provides a 
higher flexibility in the coordination geometry. The result of this is that with (L13) 
the corresponding [Fe2(L13)]4+ (13) cations have a much more marked tendency 
to remain in the [LS-LS] state, only starting to undergo thermal SCO from 250 K 
or higher temperatures. This family of compounds was used to illustrate the 
crucial influence of the lattice solvent molecules on their solid-state magnetic 
properties.[44] Thus, while the complex 13(BF4)4·4DMF is in the [LS–LS] state up 
to 300 K, the product resulting from thermally removing the solvent molecules 
becomes [HS–HS] near room temperature and then experiences a SCO to the 
[LS–HS] state at 280K. This radically distinct behavior is reversed back to the 
original one by exposing the solid to an atmosphere of DMF. This process of 
solvent desorption/adsorption can be repeated over several cycles, with the 
consequent changes to the magnetic properties. In view of these interesting 
results this research was extended to the ligand 2,5-bis-((2-pyridylmethyl)-
amino)-methyl-1,3,4-oxadiazole (L14), which compared with L13, bears an 
oxygen atom instead of a sulfur atom on the central diazole ring.[45] Changing the 
counter anion within the set of compounds [Fe2(L14)]X4 (14) led to dramatically 
distinct SCO properties ranging from [HS-HS] in the whole temperature range 
studied (X=BF4–), a SCO from [HS-HS] to [LS-HS] centered near 147 K (X=ClO4–) 
to a similar spin transition with a 26 K wide hysteresis. This is a very rare case of 
hysteresis of a polynuclear SCO complex. 
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Figure 3. Molecular structure of [Fe2(L11)](BF4)4 (11).[24] Color guide; Fe (HS), 
yellow; C, grey; N, purple. H-atoms not shown. 
 
2.1.2 Triple stranded helicates or mesocates 
Of the large family of coordination supramolecular helicates,[46-47] very few have 
been exploited in the context of SCO. Here, helicates are coordination complexes 
of two or more metals contained in the axis of the helix, coordinated by bridging 
ligands constituting the strands. In the case of dinuclear systems, if the chirality 
at the metal centers are different, the molecules constitute mesocates (they are 
identical to their mirror image). Among the earliest precedents is a family of Fe(II) 
dinuclear triple-stranded helicates made of bis-methyleneimineimidazole 
moieties. These helicates exhibit spin transitions from the [HS–HS] states at room 
temperature, of varying completeness and temperature, depending on the nature 
of the counter-ion (i.e. PF6–, BF4– or ClO4–),[48] while a related helicate with a very 
similar ligand showed marked changes to the magnetic properties as a result of 
thermal desolvation and a very rich photomagnetic behavior.[49] Much more 
recently, an analogous ligand, comprising a shorter spacer (N,N’-bis(1Himidazol-
4-ylmethylene)benzene-1,3-diamine, L15), was shown to impose a strain within 
the molecular ensemble, causing the formation of a mesocate ([Fe2(L15)3](BF4)4), 
15) rather than a helicate, with fixed Fe–N distances that force the [HS-HS] state 
down to 2K.[50] The equivalent to L15 with pyridyl, rather that imidazolyl (N,N’-
bis(pyridine-2-ylmethylene)benzene-1,3-diamine, L16) exerts the same effects, 
producing the corresponding mesocate [Fe2(L16)3](BF4)4 (16), which exhibits a 
SCO at 350 K, contrary to what is expected for pyridylimine Fe(II) tris-chelates, 
usually found in the LS state. A similar ligand featuring two connected 1-(2-
pyridyl)pyrazoles instead of imidazolimines (4,4’-(methylene)-bis-(1-(2-
pyridyl)pyrazole, L17) also yields the expected helicate, [Fe2(L17)3](BF4)4 (17).[51] 
This complex was characterized by SCXRD and also in solution, via 1H-NMR and 
mass spectrometry (MS). All the experiments confirmed the [LS–LS] state of the 
metals at all temperatures. 
The ligand 1,1′-(1,2-ethanediyl)-bis-1,2,3-triazol-4-yl-methylideneamino-2-
ethylpyridine (L18) comprises two tridentate ‘N,N,N’ coordination pockets 
separated by a flexible spacer.[52] This confers this donor the ability to form double 
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stranded (instead of triple stranded) dinuclear helicates around six-coordinate 
metal ions. The complex formed by reaction with Fe(PF6)2, [Fe2(L18)2](PF6)4 (18), 
falls under this definition. It shows a gradual and incomplete SCO starting from 
the low temperature [LS-LS] state, before it continues in a very abrupt manner to 
a complete [HS-HS] state. The sudden change of dynamics starts in fact before 
reaching 50% conversion of the Fe centers, it is reversible and yields an 11 K 
wide hysteresis. No other helicates featuring hysteresis have been reported so 
far. 
The possibility of preparing SCO supramolecular helicates offers the possibility 
of exploiting their potential to encapsulate functional guests as a way to combine 
magnetic switching abilities with other properties. This, shall be done using the 
cavity available at the center of the assembly by benefiting from its internal 
symmetry and its ability to establish supramolecular interactions with guests. 
Ligand 1,3-bis[1-(pyridine-2-yl)-pyrazol-3-yl]benzene (L19) exhibits two 
imidazolylpyridine chelating units, known to confer SCO properties to Fe(II),[53] 
separated by a phenylene spacer.[54] The N–H moieties of the pyrazolyl fragments 
point towards the interior of the cavity of the helicate formed upon coordination 
with Fe(II), becoming thus poised for their interaction through hydrogen bonds 
with guests acting as acceptors. This cavity is well suited for fixing Cl– and Br– 
anions. Thus, the composite supramolecular ensembles X@[Fe2(L19)3]X(PF6)2 
(X=Cl, 19; Br, 20, Fig. 4) were prepared and characterized. SCXRD and magnetic 
measurements show that 19 and 20 exhibit ordered [LS–HS] mixed-spin 
molecules that change thermally to [HS-HS]. The guest serves to tune the SCO 
temperature, which is shifted by 40 K (from 265 to 305 K in going from Br– to Cl–). 
The SCO of one of the metal ions of the X@[Fe2(L19)3]3+ entities can be followed 
by monitoring the variation of the average Fe–N distances with temperature via 
SCXRD while the other metal center maintains constant parameters (Fig. 4). 
Interestingly, 19 and 20 experience SCSC transformations upon exposure to air, 
by exchange of some lattice MeOH molecules by H2O. The resulting 
solvatomorphs experience a two-step (19, Cl) or a gradual (20, Br) SCO from the 
[HS–HS] to the [LS-LS] in passing through the [LS–HS] species. The three states 
of these hydrates were also characterized by SCXRD. 1H NMR and MS 
demonstrated the persistence of these inclusion helicates in solution, together 
with small amounts of the guest free species, as well as of a supramolecular 
assembly resulting from the recognition of two mononuclear [Fe(L19)3]2+ units 
entangled together with a central X– (Cl or Br) anion. The latter could be 
subsequently isolated under the appropriate experimental conditions and 
characterized.[55]  
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Figure 4. (left) Temperature dependence of the average Fe–N distances for 
compound Br@[Fe2(L19)3]Br(PF6)2 (20) as determined through single crystal X-
ray diffraction and (left) molecular structure of this compound.[54] Color guide; Fe 
(LS), red; Fe (HS), yellow; C, grey; N, purple; H, white. Only H-atoms of N-H 
groups shown. 
 
2.1.3 Complexes with 4,4’-dipyridyl-type ligands 
A useful approach to prepare multinuclear SCO compounds is by linking 
preformed coordinatively unsaturated coordination complexes with the 
appropriate bridging ligands. Complexes possessing labile, easy to substitute 
ligands are also suitable building blocks. Poly-pyridyl ligands are perhaps the 
most popular bridging ligands in this area of supramolecular coordination 
chemistry.[56-59] In the context of Fe(II) SCO, the first dinuclear complexes made 
in this way incorporated 4,4’-bipyridine (L20) as bridging ligand.[60] Complex 
[Fe2(NCS)4(CL1)2(L20)] (21; CL1, 2,6-bis-(3-pyrazolyl)-pyridine, Figure 5) 
features two equivalent, separated Fe(II) building blocks within a molecule, each 
containing two trans-NCS– terminal ligands in addition to a meridional (mer) 
capping ligand (CL1; 2,6-bis-(pyrazol-3-yl)-pyridine). It exhibits [LS–HS] to [HS–
HS] SCO and this transition can also be triggered by light irradiation through the 
light induced excited spin state trapping (LIESST) effect. Changing the capping 
ligand from CL1 to di(2-picolyl)amine (CL2) leads to the analogous complex 
[Fe2(NCS)4(CL2)2(L20)] (22).[61] Since the capping ligand is now facial (fac), the 
NCS– ligands in 22 are cis. This complex exhibits a full transition from [HS–HS] 
to [LS–LS], passing through a recognizable phase composed of [LS–HS] species. 
The related bridging ligand 4,4′-dipyridylethyne (L21) was employed in 
combination with the N2O2 Shiff base donor CL3. Since the latter imposes the 
occupation of four equatorial positions around a metal center in a square 
geometry, the only two remaining sites for octahedral coordination are trans axial. 
This favors, in combination with linear bridging ligands, the formation of 1D 
coordination polymers (see below). Discrete dinuclear complexes could be 
obtained capping both ends with solvent terminal ligands, leading to 
[Fe2(CL3)2(L21)(ROH)2] (23, R=Me or Et).[62] The nature of the donor atoms 
around the Fe(II) centers, N3O3, favors a HS state, which is observed with these 
compounds at all temperatures. The metathesis of these terminal ligands by N-
based terminal ligands would perhaps confer SCO properties to the assembly. 
Subsequent synthetic work was conducted in order to draw structure/property 
correlations. This was done by changing the nature of the bridging ligand while 
maintaining the rest of the molecular structure intact within complexes of the type 
[Fe2(NCS)4(CL2)2(L)] (eg. L=L20, 22; L22, 4,4′-dipyridylethene, 24). These 
studies revealed that simply comparing solvatomorphs or even polymorphs of the 
same compound yields completely different magnetic properties.[63] Analysis of 
the magnetic properties of several solvates and polymorphs of, eg. 22 and 24 in 
light of their SCXRD structures revealed that the SCO properties were mostly 
related to the local distortion around the FeN6 coordination polyhedron, rather 
than to the electronic or structural properties of the bridging ligands.[64] These 
distortions are in turn related to the packing of the molecules within the crystal 
lattice. This study was completed with the synthesis of a new family of 
compounds, this time featuring a new terminal ligand; NCBH3–. The new group of 
compounds, [Fe2(NCBH3)4(CL2)2(L)] (L=L20, 25; L21, 26; L23, 4,4′-
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dipyridylethane, 27) served to confirm elegantly the conclusions extracted from 
the previous investigation.[65] 
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Figure 5. Structure of capping ligands mentioned in this review. 
 
2.1.4 Complexes with poly-dipyridyl-type ligands 
The evidence that pyridyl donor groups favor the manifestation of SCO properties 
upon coordination to Fe(II) centers motivates the synthesis of ligands 
incorporating several such groups. Some of these are designed to act as bridging 
ligands, as an extension of the bis-pyridine species of the previous section. One 
of the significant early precedents was the complex [Fe2(L24)2(NCS)4]·(28; L24, 
2,5-bis-(2’,2’’-dipyridylamino)pyridine). It was a remarkable contribution since it 
exhibits a two-step full SCO, involving transitions between the three states [LS–
LS], [LS–HS] and [HS–HS], which were all characterized by SCXRD, for the first 
time in a dinuclear Fe(II) system.[66] This compound, prepared as a solvate with 
four molecules of CH2Cl2 molecules per complex, exhibits remarkable partial or 
total desolvation effects, which are reversible and are accompanied by drastic 
changes to the magnetic properties. The dependence of these properties as a 
function of the degree of solvation with CH2Cl2 or CHCl3 as well as their capacity 
to undergo LIESST effect were reported in a subsequent paper.[67] 
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A related ligand comprising three chelating units, 2,4,6-tris-(2’,2’’-dipyridylamino)-
1,3,5-triazine (L25), had also been employed to obtain dinuclear Fe(II) 
complexes.[68] With complexes [Fe2(L25)(H2O)2S2]X2 (S, X = MeOH, ClO4–, 29; 
MeCN, BF4–, 30), it was shown that the nature of the solvate ligand influences 
dramatically the magnetic properties, in going from a SCO system (29) to a fully 
HS complex at all temperatures (30). Another complex featuring Fe–N bonds with 
the central triazine of L25 was also obtained, [Fe2(L25)Cl2](CF3SO3)2 (31). This 
compound is in the [HS–HS] state down to low temperature, where the onset of 
very unusual ferromagnetic coupling is detected. 
More recently, the synthesis of two new polypyridyl ligands has been reported; 
2,5-bis-(N,N-bis-(2-pyridylmethyl)aminomethyl)-pyrazine (L26) and 2,3-bis-(N,N-
bis-(2-pyridylmethyl)aminomethyl)-pyrazine (L27).[69] These ligands possess up 
to eight N-donor atoms and they react with Fe(II) to form dinuclear complexes 
engaging all these hydrogen atoms, thus acting as bis-tetradentate donors. The 
resulting complexes, [Fe2(L26)2(NCS)2] (32) and [Fe2(L27)2(NCS)2] (33), show 
very gradual SCO to the [HS–HS] state, starting from an intermediate and from a 
quasi-pure [LS–LS] state, respectively. Upon desolvation at 400 K (by loss of one 
molecule of DMF and two molecules of H2O), complex 32 experiences a marked 
change of behavior, then exhibiting an extremely abrupt SCO with a small 
hysteresis (and T1/2 values of 184 and 189 K). Dessolvated 32 and complex 33 
were irradiated at low temperature with light of 532 nm, both systems showing a 
rapid transition to metastable [HS–HS] states. In both cases, this transition 
unveils the existence of intramolecular antiferromagnetic interactions. Three 
ligands very related to L26 and L27 were prepared in order to extend further this 
investigation. These are derivatives of L28 (4,6-bis-(N,N-bis-(2-
pyridylmethyl)aminomethyl]-2-phenylpyrimidine), an comprise a central 
pyrimidine (instead of pyrazine).[70] The difference is that half or all of the 
methylpyridine arms are replaced by ethylpyridine. In all cases, complexes 
analogous to [Fe2(SCN)4(L28)2] (34) were prepared, where the NCS– ligand could 
also be replaced by NCSe– or NCBH3–. Interestingly, unlike with the previous 
examples, all these compounds were found in the [HS–HS] state at all 
temperatures. The authors of this study suggest that the weaker field furnished 
by the pyrimidine central ring is the reason of this magnetic behavior. They also 
mention that the distortion of the coordination geometry around the metal centers 
is significantly distorted. This could also be the reason for the spin state observed 
in this family of compounds. 
 
2.1.5 Complexes with other types of bridging ligands 
A few other bridging ligands have been used recently to form dinuclear Fe(II) 
molecules with SCO properties. One such bridging ligand is the cyanocarbanion 
L29 (2-dicyanomethylene-1,1,3,3-tetracyanopropanediide dianion).[71] The use of 
flexible tetradentate capping ligands CL4 (tris(2-pyridylmethyl)amine) and CL5 
(bis(2-pyridylmethyl)-(2-anilylmethyl)amine) leave two remaining sites on Fe(II), 
featuring a cis configuration, in perfect disposition for the binding of two L29 
ligands and the formation of dinuclear complexes [Fe2(L29)2(CL4)2] (35) and 
[Fe2(L29)2(CL5)2] (36). Both complexes exhibit SCO, with very different transition 
temperatures (more than 170 K of difference). In fact, compound 35 is obtained 
as a MeOH solvate (one methanol molecule per complex) however, it loses this 
solvent in contact with air. Therefore, it is not possible to know if the original 
solvate has SCO since the solvent desorption occurs before any transition is 
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observed. The measured [LS] to [HS] transition corresponds to that of the 
dessolvated species. The SCO of complex 36 is not superimposable in the 
cooling and warming branch, presumably also because of solvent desorption. 
However, the latter occurs near room temperature, after the SCO of the solvate.  
The ligand 2,5-dianilino-1,4-benzoquinone (L30) was prepared with various 
substituents ‘X’ at positions ‘3’ and ‘6’ (X=H, F, Cl, Br, I) in order to study the 
electronic effects on the SCO properties of dinuclear complexes 
[Fe2(L30)(CL4)2](TFPB)2 (37) and the derivatives, prepared by design, using CL4 
as capping ligand (as in the previous complexes) and the bulky anion tetrakis-
(3,5-bis(trifluoromethyl)phenyl)borate (TFPB).[72] The five derivatives experience 
a one-step incomplete SCO from a mixture of HS/LS state to the [HS-HS] state. 
There is a correlation between T1/2 and the substituent with the following order; H 
> Br > Cl > F. The percentage of HS Fe centers remaining at low temperature 
follows the inverse order, consistent with larger stabilization of the HS by a more 
electronegative substituent. If the temperature is decreased further, the 
magnetization measurements indicate the existence of ferromagnetic interactions 
between HS Fe(II) centers, with responses that become more important as the 
percentage of HS species is larger. This indicates that the mixed spin state is 
formed by [LS–HS] and residual [HS–HS] with no presence of [LS–LS] molecules. 
Quantitatively, the magnetic susceptibility curves are consistent with this 
hypothesis. The latter was corroborated by Mössbauer spectroscopy, which 
probed the presence of either only one type of HS Fe(II) for the [HS-HS] (high 
temperature), or in addition, upon reduction of the temperature, of the presence 
of two new doublets for the Fe centers in the [LS–HS] species. 
Ligands L31 (double deprotonated 2,5-bis-(4-(isopropyl)anilino)-1,4-
benzoquinone) and L32 (double deprotonated 2-(4-(isopropyl)anilino)-5hydroxy-
1,4-benzoquinone) are two quinoid derivatives similar to L30. The former is 
symmetrical and the second has different donor sets at each site. In the case of 
L31 and L32, the corresponding dinuclear complexes [Fe2(L31)(CL4)2](OTf)2 (38) 
and [Fe2(L32)(CL4)2](OTf)2 (39) were prepared in order to compare a symmetric 
complex with the asymmetric one.[73] Complex 38 behaves in a similar way to 37 
and its analogues (see above), exhibiting an incomplete SCO, structured in two 
steps (one more gradual than the other) with higher T1/2. At low temperature, 
evidence of ferromagnetic coupling within [HS–HS] species is also observed 
here. The authors propose that the low temperature regime contains [LS–LS], 
[LS–HS] and [HS–HS], following two subsequent and incomplete SCO processes 
from [HS–HS] to [LS–HS], and then from the latter to [LS–LS]. The asymmetric 
analogue (39) exhibits a much cleaner SCO from a mixed spin system (1:1 HS 
and LS) to a [HS–HS] with a wide hysteresis. The low temperature regime does 
not indicate any kind of exchange coupling, suggesting that the system is 
composed exclusively of [LS–HS] species. 
 
2.2 Trinuclear Complexes 
Most of the trinuclear Fe(II) complexes exhibiting spin transition reported recently 
are linear species of three metal ions linked pairwise by triple bridges made of 
1,2,4-triazoles. The early examples consist of three Fe(II) in the HS state, of 
which the central one, with a FeN6 coordination environment, undergoes a spin 
transition to the LS state upon cooling.[74-76] These molecules always respond to 
the general formula [Fe3(trz)6(L)6](A)6, where trz is a triazole ligand, L are neutral 
monodentate ligands (usually solvent molecules) and A– is a counterion. Very 
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recently, an interesting variation of this pattern was reported, using a 1,2,4-
triazole bridging ligand bearing a negatively charged substituent; 4-(1,2,4-triazol-
4-yl)ethanesulfonate (L33).[77] The reaction of an organic salt of L33 with 
Fe(ClO4)2 in water led to [Fe3(L33)6(H2O)6] (40) the first neutral cluster of its kind. 
This compound crystallizes with several molecules of water. It features three HS 
Fe(II) ions at room temperature and experiences SCO of the central one. 
Complex 40 is partially desolvated above room temperature. The new phase is 
[HS–LS–HS] and reaches the [HS–HS–HS] state above 350 K. This SCO 
features a wide hysteresis in a remarkable case of high temperature cooperativity 
for a discrete compound (T1/2↑ = 357 K and T1/2↓ = 343 K). Interestingly, the 
system can be further desolvated by heating above 370 K. The resulting phase 
remains [HS–HS–HS] at all temperatures. The three phases and their transitions 
following desolvation were characterized by powder X-ray diffraction. A 
remarkable extension of this interesting avenue was made with the use of the 
dianionic triazole 4-(1,2,4-triazol-4-yl)ethanedisulfonate (L34) as bridging ligand. 
The resulting trinuclear complex with Fe(II) is then anionic, necessitating cations 
to achieve electroneutrality with formula (Me2NH2)6[Fe3(L34)6(H2O)6] (41).[78] At 
room temperature and below, compound 41 is found in the familiar [HS–LS–HS] 
state. Above 400 K, it converts into another phase that exhibits the [HS–HS–HS] 
state. This phase shows remarkable properties; it features a reversible [HS–HS–
HS] to [HS–LS–HS] SCO associated to a wide hysteresis (T1/2↓ = 310 K, when 
cooling down at almost static scan rate). The [HS–HS–HS] state is easily trapped 
thermally at low temperature, and this metastable stable state only relaxes to the 
stable [HS–LS–HS] state when the temperature reaches TTIESST = 250 K, the 
highest observed to date. 
A triangular [Fe(II)3] cluster has been recently reported. It is made with the 
compartmental ligand L35 (3,5-bis-(6-(pyridine-2-yl)-pyridine-2-yl)-pyrazole), 
which has been originally designed to bind two octahedral metal ions occupying 
three mer coordination positions of each, leading to tetranuclear grid assemblies 
of composition [M4(L35)4]n+. Some of them have shown multistep SCO 
processes, following the sequential transition of some of their individual metal 
centers.[79] By reducing the amount of Fe(BF4)2 in its reaction with L35, a defect 
grid [Fe3(L35’)2(L35)2](BF4)2 (L35’, deprotonated L35; 42) was obtained.[80] This 
compound crystallizes from MeCN with two solvent lattice molecules and exhibits 
the [LS-HS-LS] state between 2 and 380 K in a closed container. SCXRD data 
show that the central Fe(II) center is the one in the HS state. If complex 42 is 
deprived of the solvent lattice molecules by heating it in an open container, the 
system shows a [LS-HS-LS] to [LS-HS-HS] SCO with hysteresis (T1/2↑=355 K 
and T1/2↓ = 329 K). It was found that this hysteresis experienced consecutive 
widening with repeated cycling. This was shown to be caused by the gradual 
reduction of crystal sizes. Desolvated 42 showed also to be sensitive to the 
vapors of small molecules, in all cases drastically reducing or quenching the SCO 
altogether.  
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2.3 Coordination Polymers 
 
SCO coordination polymers are built from polydentate ligands able to act as 
bridges between the active metal centers, thus creating a true infinite coordination 
structure in addition to furnishing the appropriate ligand field strength to observe 
this phenomenon. Only few multidentate ligands can match these two 
requirements. In most cases, combinations of ligand types are necessary, 
including ancillary terminal ligands, to achieve all these conditions. The 
coordination modes, local geometry and ligand skeleton will modulate the 
network dimensionality. 
In this section, we have classified the different materials based on their bridging 
ligands, as a means to further understand their activity and effect upon the 
magnetic bistability. A very comprehensive and detailed review on SCO 
coordination polymers was published in 2013 by Muñoz, Real et al.[15] Because 
of this, we will focus on the most recent 2013-2017 literature to cover the 
significant advances in the field and some future trends. 
It is easy to derive that coordination polymers are more prone to exhibit high 
cooperativity SCO, given the long-range connectivity between active centers 
mediated by the bridging ligands. In general, this should yield abrupt transitions, 
and wide hysteresis, and these was the initial driving force for their study. This is 
however not always the case, and many polymeric structures also exhibit non-
cooperative transitions, including incomplete or multi-step transitions with 
intermediate phases. As discussed in the introduction, the latter is also an 
attractive possibility with unique technological applications. 
The polymeric nature of these materials also gives them an especial stability in 
the solid state, allowing the reversible incorporation of guest molecules in their 
structure. Post-synthetic exchanges of solvent, and organic molecules, in 
addition to chemical reactions within their robust architecture offer unparalleled 
possibilities in the field, since molecular SCO materials are prone to irreversible 
changes upon desolvation or solid-state solvent exchange reactions. A 
comprehensive review on guest chemistry of SCO coordination polymers was 
recently published by Cirera.[81] 
 
2.3.1 Polymers with 1,2,4-triazole ligands 
 
1,2,4-triazole (L36) and its derivatives have been exploited for decades as a 
source of high temperature, wide thermal hysteresis SCO materials.[82-84] Easy 
preparation from readily available raw materials in combination with their robust 
and abrupt thermal transitions at/above room temperature made them unique 
candidates for memory devices and sensors. The materials of this family are 
formed by triply-bridged Fe 1D chains, where all Fe centers are structurally 
identical, possessing an N6 coordination (Figure 6).[16, 85-87] The bistability and 
magnetic features of these materials, despite their stiff architecture, may be tuned 
by modification on the triazole functional group on the N4 position, by the anions 
compensating the overall cationic charge (the ligands are typically neutral), and 
by the solvent content. Variations of these main elements have been exploited 
for the last decades, and little surprises are expected. 
Most efforts are currently being directed to their exploitation at the nanoscale.[85, 

88-89] Remarkably, these materials retain the memory effect down to very small 
sizes (< 5 nm),[90-91] including core/shell architectures.[92] 
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Figure 6. Scheme of the triazole-bridged FeII 1D chains. Structural base for most 
triazole-based SCO coordination polymers. 
 
Another interesting research line is the use of these robust materials as 
components for multifunctional composites in the search for synergy. The most 
relevant results were found in combination with organic conductors,[93] and elastic 
polymers, [94]where the spin transition triggers (tunes) the polymer properties. The 
latter case is particularly appealing since it opens a new field of application for 
SCO compounds as components for actuators.[95] 
Optical activity has also been introduced in this family, by using a chiral anion to 
neutralize the charge of the cationic chains.[96] Synergy between both properties 
generates switchable chiro-optical features. Additionally, this strategy also 
promotes molecular recognition. For instance, [Fe(L37)3](R-CSA) (43; L37 = 4-
amino-1,2,4-triazole; R-CSA = R-camphorsulfonate) is sensitive to the inclusion 
of chiral guests.[97] Although changes in transition temperatures are small (< 2 K), 
it was concluded that this material can distinguish between R- or S-2-butanol, as 
detected by magnetic or spectroscopic techniques. 
Some interesting attempts to improve the processability of these materials have 
been reported recently. For example, films of [Fe(L38)3](DBS)2 (44; DBS = 4-
dodecylbenzenesulfonate; L38 = 4-dodecaoctyl-1,2,4-triazole), possessing 
substituted with long alkyl chains, can be spin-coated from an homogeneous 
suspension of the material in common solvents. This long alkyl chain ligands 
decrease cooperativity, but maintain room temperature bistability.[7] This 
technique also allowed for the processing of thermochromic fibers.[98] 
Substitution at the N4 position with other groups, such as alkylcarboxylates, was 
also studied. The use of ethyl-1,2,4-triazol-4-yl-propionate (L39) yielded the first 
case of a two-step spin transition in these compounds in the corresponding BF4– 
salt [Fe(L39)3](BF4)2 (45).[99] With the related ligand ethyl-4H-1,2,4-triazol-4-yl-
acetate (L40), a complete [Fe(L40)3]X2·xS (46; X= various anions; S=solvent) 
series was obtained, tuning the memory effect at, below and above room 
temperature with different anions and solvent content. A widest thermal 
hysteresis of 60 K was found for the NO3–, solvent free derivative.[100] 
The robust and reliable spin transition of these 1D derivatives has also been 
exploited for the preparation of a variety of sensors. For example, a pressure 
sensor was developed with [Fe(L41)3]I2·H2O (47; L41 = 4-(2’-hydroxyethyl)-1,2,4-
triazole).[101] 
 
2.3.2 Polymers with cyanide ligands 
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Cyanometallates (Figure 7) have been very useful building blocks for the 
development of molecule-based materials due to their double function. On the 
one hand, they act as multidentate ligands for transition metal cations via the N-
end of the cyanide moieties; at the same time, they act as functional units, due to 
their electro-active metal-cores. The combination of cyanometallates with a 
second metal cation yields the large family of Prussian blue (PB) derivatives;[102] 
an extended family of three-dimensional coordination polymers. The extreme 
ligand field difference between both ends of the cyanide ligand, i.e. very strong 
field at the C-end and weak by the N-end, has not promoted the appearance of 
SCO in pure PB analogs, although they show often SCO-related phenomena 
involving charge transfer processes.[103] 
The structure of these materials can be tuned by incorporation of additional 
ligands, which break the 3D network and, more importantly, modify the crystal 
field around the second metal cation. This strategy was very successful for the 
development of spin crossover materials. The first examples appeared by 
combining square planar tetracyanometallates, [M(CN)4]n–, with bridging N-
heterocycles, such as pyrazine (L42). In these clathrates, FeII octahedral centers 
are coordinated by four weak ligands (cyanometalates) on the equatorial 
positions; and by two relatively strong field ligands (eg. pyrazine) at the axial 
positions, connecting two adjacent layers. This combination forms a 3D network 
(Figure 8) exhibiting a cooperative spin transition,[104-106] even as nanoparticles 
(<2 nm).[107-108] Very fast spin transitions (≈ 20 ps) have been found in 
nanocrystals of the classical compound [Fe(L42)Pt(CN)4] (48), with dimensions 
below 25 nm.[109] This confirms that SCO transitions may be fast enough for 
applications in information storage. 
 

 
Figure 7. Cyanometallates bridging ligands for the construction of spin crossover 
polymers. M1 = Ag, Au; M2 = Ni, Pd, Pt; M3 = Fe, Co; M4 = Nb 
 
One of the most interesting prospects for these materials is the possibility to 
switch between spin states at high temperatures through electromagnetic 
irradiation. Through a mechanism different to the LIESST phenomena, these 
materials have shown light-controlled bistability within the thermal hysteresis 
cycle.[110-112] 
One of the most recent developments was the observation of a four-step spin 
crossover in the material [Fe(L43)(Au(CN)2)2]·xEtOH (49; L43 = 3,6-bis(4-
pyridyl)-1,2-diazine).[113] Remarkably, this compound can be obtained from its 
components, but also from post-functionalization of a preformed derivative, by a 
solid state reaction.[114] It is also remarkable that all Fe ions are equivalent in the 
full HS or LS states, but the compound changes lattice and periodicity to stabilize 
phases with inequivalent Fe(II) sites of variable LS/HS ratios. Theoretically, 
multistep switchable cooperative solids could open the way for three- or several-
bit electronics,[115] and this family of materials is particularly prone to this 
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phenomenon. A three-step transition was also found in the related clathrate 
[Fe(L44)Pt(CN)4] (50; L44 = S,S’-bis-(4-pyridyl)methylenedithiolate.[116] 
The record temperature for this type of materials was obtained for the compound 
[Fe(L42)(Au(CN)2)2] (51), an interpenetrated solvent free 3D network.[117] This 
dense structure exhibits an 18 K wide hysteresis loop above 340 K. The 
isostructural silver analog [Fe(L42)(Ag(CN)2)2] (52) was reported as diamagnetic 
at room temperature,[118] and only very recently, its high temperature behavior 
has been studied. As the Au compound, a hysteresis loop appears at very similar 
temperatures.[119] The major difference is that the Ag analog needs to be first 
desolvated to show bistability. 

 
Figure 8. 3D network in the [Fe(L42)Pt(CN)4] (48) crystal structure (Fe, yellow; 
Pt, grey; C, black; N, light blue. H-atoms omitted for clarity).[109] 
 
When the bridging bis-monodentate ligand is long enough, interpenetrated 3D 
structures are typically observed. An interpenetrated 3D network is obtained from 
the combination of [Fe(L45)2(Au(CN)2)2]·(GM) (53; L45 = 2,5-bis(pyrid-4-
yl)pyridine; GM = guest molecule). This ligand has an uncoordinated nitrogen 
atom to act as H acceptor. The hysteretic transition of this material is extremely 
sensitive to the guest molecules, with tunable transition temperatures over a 
range of 130 K, being lower for non-polar guests (T1/2 > 120 K for S = 
cyclohexane) and increasing with polar guests (T1/2 > 250 K for S = 
isopropanol).[120] 
Flexible ligands, such as N,N’-bis(4-pyridylmethyl)piperazine (L46), yield 
interpenetrated 3D polymers with linear [M(CN)2]– dicyanometallates, 
[Fe(L46)(M(CN)2)2] (M = Au, 54; Ag, 55), but not with the square planar 
[Ni(CN)4]2–. The interpenetrated networks show spin transitions, more abrupt for 
the Ag derivative, while the Ni analog is a HS compound.[121] 
As mentioned above, the robust 3D structure of these clathrates, allows for 
reversible incorporation of guest molecules into their porous structure. Guest 
effects have been also recently reviewed. [122] An interesting approach, regarding 
the effect of guest molecules on the magnetic features, is the use of functional 
molecules, which can be further modified in situ to tune the transition. This was 
achieved by incorporation of maleic anhydride into the classic [Fe(L42)Pt(CN)4] 
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(48) clathrates. Humid atmosphere easily hydrolyzes the anhydride yielding 
maleic acid, while heating induces the reverse transformation. This allows a 
perfect control upon the spin transition from 275 K for the empty material, down 
to 200/170 K (2-step) for the anhydride guest, and to 150 K (incomplete) for the 
acid guest.[123] 
Guest effects were also studied for the expanded framework [Fe(L23)Pt(CN)4] 
(56). This material can host relatively large molecules, such as stilbene. The 
guest molecule also affects significantly the magnetic properties, what has been 
ascribed to the flexibility of the bridging ligand.[124] The expanded 3D network 
[Fe(L47)(Au(CN)2)2] (57; L47 = 1,4-bis(4-pyridyl)benzene) is especially sensitive 
to aromatic guests, with a record 73 K wide thermal hysteresis when naphthalene 
is incorporated into this porous structure. Comparatively, no hysteresis is 
observed when using simple benzene molecules instead.[125] 
Another guest-sensitive 3D polymer is [Fe(L20)(Au(CN)2)2] (58). The cubic holes 
in this structure can be occupied by a variety of organic molecules, from benzene 
to p-xylene. This small modification in the size of the guest promotes a change in 
the spin transition of over 30 K. The transition temperature decreases down 50 K 
when the aromatic guest is substituted by chloroform, another fine example of the 
subtlety of the spin transition phenomena.[126] The related [Fe(L20)Ni(CN)4] (59) 
is also sensitive to ethanol, or acetone vapors, changing from two-step to one-
step spin transitions.[127] 
Tris-monodentate ligands have also yielded 3D polymers with dicyanometallates. 
In this case, pillared structures are formed with hexagonal planes linked by the 
dicyanometallates, yielding porous 3D polymers.[128] [Fe(L48)2/3(MI(CN)2)2] (60; 
L48 = 2,4,6-tris(4-pyridyl)-1,3,5-triazine; MI = Ag, Au) for instance, can reversibly 
incorporate aromatic rings. It is remarkable that five membered rings of almost 
identical sizes (furan, pyrrole and thiophene) can be distinguished by these 
clathrates, resulting in modifications of up to 60 K in T1/2.[129] This is a remarkable 
example of the subtlety of SCO phenomena. 
Enhanced porosity has been achieved with extremely long bis-monodentate 
ligands, such as 1,4-bis(4-pyridylethynyl)benzene (L49), which is part of the 
framework [Fe(L49)M(CN)4] (M = Pt, 61; Pd, 62; Ni, 63). The host-guest chemistry 
of these materials has not been exploited yet, but promising results are 
envisioned in light of the effect observed preliminary for solvation/desolvation 
upon the SCO features.[130] 
Analogous clathrates were also obtained with the planar [PdII(SCN)4]2– anions. 
For example, [Fe(L42)Pd(SCN)4] (64) is HS at all temperatures at ambient 
pressure, due to the weaker ligand field with respect to [PdII(CN)4]2–. Under 
pressure, spin transition behavior appears, resulting in an almost complete 
transition above 0.9 GPa.[131] 
The use of substituted pyrazines, such as 2-fluoropyrazine (L50), also yields the 
classic pillared 3D structure.[132] An interpenetrated 3D network was obtained as 
[Fe(L50)(Au(CN)2)2] (65), showing a robust 40 K wide hysteresis cycle, in the 
220–270 K range. However, depending on preparation conditions, L50 may also 
act as terminal ligand. Terminal ligands (Figure 4), such as pyridine (CL6),[133-134] 
occupy the axial positions, isolating the cyanide-bridged tetragonal 2D network. 
These layered structures have also shown interesting spin crossover 
phenomena. 
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The L50 analogs, chloro- and 2-methyl-pyrazine (CL7, CL8), only yield 2D 
networks, acting as pyridine-like terminal ligands, as in [Fe(CL7)2M(CN)4] (66, M 
= Ni, Pd, Pt; Figure 9).[135] All these materials show spin transition with significant 
thermal hysteresis cycles, up to 30 K wide. The one with 3-aminopyridine (CL9) 
is an interesting case where the change from Ni to Pd or Pt severely affects the 
hysteresis of the spin transition, in width (from 27 to 37 K) and position (from 150 
up to 190 K).[136] Hydrogen bonding promoted by the amine group was identified 
as responsible for the enhanced cooperativity in these compounds. 4-X-Pyridine 
(CL10), where X is Cl, Br or I, yield 2D isostructural coordination polymers with 
[Au(CN)2], e.g. [Fe(CL10)2((Au(CN)2)2] (67; X=Cl), exhibiting a significant effect 
of the halide on the spin transition cooperativity, from abrupt to gradual.[137] A 
lower transition temperature and no hysteresis were found, for example, on the 
compound [Fe(CL11)2(Au(CN)2)2] (68; CL11 = 4-(3-pentyl)pyridine), with a large 
aliphatic substituent on the pyridine-like ligand.[138] 

 
Figure 9. 2D network in the [Fe(CL7)2Ni(CN)4] (66) crystal structure. (Fe, yellow; 
Ni, deep blue; C, black; N, light blue; Cl, green. H-atoms omitted for clarity).[135] 
 
Some 1,2,4-triazole ligands may also act as terminal ligands in combination with 
cyanometallates to yield 2D networks. This is the case of L3 in the 2D material 
[Fe(L3)2Pt(CN)4] (69). The L3 ligands are interdigitated between layers, creating 
two inequivalent Fe(II) sites. There is a first order spin transition from a fully HS 
state to an intermediate LS-HS state, while the ground LS state can only be 
accessed via reverse-LIESST effect. The strong metastability of the intermediate 
state was correlated to the antiferroelastic interactions between layers.[139] 
A two dimensional network was also obtained with 5-methyl-2-(thienyl)vinyl-
1,2,4-triazole (CL12).[140] This ligand occupies the axial positions of the Fe(II) 
centers in [Fe(CL12)2Pd(CN)4]·nH2O (70). This material is particularly interesting 
since in the hydrated form is a HS compound, but an abrupt transition with a ≈20 
K wide hysteresis appears upon dehydration. Spin transition can also be induced 
under pressure but in this case, the material goes through a two-step process. 
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This illustrates the importance of the crystallographic transitions associated to 
SCO when it comes to promote cooperative phenomena. 
If bis-dentate chelating ligands (instead of bismonodentate ligands) are combined 
with [M(CN)4]2– moieties, the formation of a 3D or 2D structure is precluded, and 
1D polymers are obtained. This is the case, for example, with 2-picolylamine 
(CL13) or 2-(1H-pyrazol-3-yl)-pyridine (CL14). The corresponding zig zag chains 
[Fe(CL13)2M(CN)4] (71, Figure 10) and [Fe(CL14)2M(CN)4] (72; M = Pd, Pt) 
exhibit abrupt spin transitions between 100 K and 300 K depending on solvent 
and counter anions.[141] Only very narrow hysteresis were found in all these 
materials. 

 
Figure 10. 1D network in the [Fe(CL13)2Pd(CN)4] (71) crystal structure. (Fe, 
yellow; Pd, grey; C, black; N, light blue; Cl, green. H-atoms omitted for clarity).[141] 
 
1D polymers are obtained with 4-amino-3,5-bis(pyridine-2-yl)-1,2,4-triazole 
(CL15) of formula [Fe(CL15)2M(CN)4] (73; M = Pt, Ni). In this structure, the two 
CL15 ligands occupy the equatorial positions, and the chain grows through the 
M(CN)4 bridging axial positions in trans. These chains are LS at room 
temperature while the HS is populated above 300 K, although decomposition 
occurs before the transition is complete.[142-143] 
Most examples described this far were obtained with linear dicyanometallates or 
square planar tetracyanometalates. Fewer examples have been reported with 
cyanometallates with higher coordination numbers. However, a remarkable 
example has been obtained with an octacyanometallate and the ancillary ligand 
4-pyridinealdoxime (CL16); [Fe2(CL16)8Nb(CN)8] (74).[144] The spin transition is 
gradual, between 100 and 200 K. The unprecedented phenomenon occurs at low 
T, where the compound shows LIESST effect. Population of the HS state via 
irradiation triggers ferromagnetic exchange between both types of metal. As a 
result of this, the material becomes magnetizable and thus a molecular base 
magnet exhibiting a hysteresis. This represented the first reported LIESST-
promoted magnet. Following this work, analogous phenomena were also 
observed using the simple pyrazole ligand (CL17), in [Fe2(CL17)8Nb(CN)8]·4H2O 
(75),[145] although in this case the spin-crossover is pressure-induced. Another 
ligand that promotes SCO phenomena in octacyanide-based coordination 
polymers is (2-pyridyl)methanol (CL18), which leads to the product 
[Fe2(CL18)8W(CN)8]·nH2O (76) with a high dependence on hydration. In this 
case, only two positions on the Fe centers are occupied by CN ligands.[146] 
 
2.3.3 Other ligands 
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There are few bridging ligands able to form binary (MLn) coordination networks 
when combined with metal centers, providing ligand fields of the appropriate 
strength to bring bistability with a simple ML6 coordination mode. The 1,2,4-
triazole ligand is a major example, as described in section 2.3.1. 
 
One interesting 1D chain is obtained with the rigid ligand 1,4-bis(tetrazol-1-
ylmethyl)benzene (L51), which forms triple bridges between octahedral Fe(II) 
centers. The shape of this ligand creates a porous structure, [Fe(L51)3](ClO4)2 
(77), that recognizes CO2 molecules.[147] The inclusion of these molecules from 
the gas phase induces a minor change (but measurable) in T1/2. When this 
polymer is diluted in the solid state with the structurally analogous bis-triazole 
(L52), as a way to tune the spin transition, the weak ligand field of L51 brings 
down the T1/2 from 200 K for the pure compound of tetrazole to 60 K for the solid 
solution (ratio 2/1). The all triazole compound [Fe(L52)3](ClO4)2 (78) is HS.[148] 
 
Ligand 1,3-di(tetrazol-1-yl)propane (L53), analogous to L51 with substitution of 
the benzene ring by a flexible alkyl chain, also forms 1D chains with formulae 
[Fe(L53)3]X2 (79; X=ClO4– or BF4–) with abrupt spin transitions and no hysteresis. 
Efficient LIESST effect was observed.[149] Several analogous 1,ω-
di(azolyl)alkane-type ligands (L54) yield cationic 2D networks of formula 
[Fe(L54)3]2+ (80), typically with incomplete or gradual spin transitions, due to the 
flexibility/elasticity of the alkane chain.[150] The latter remains crystallographically 
disordered in the HS or the LS state, even under pressure or after light-induced 
transitions at very low temperature. 
 
6,6’-Bis(1H-tetrazol-5-yl)-2-2’-bipyridine (L55) is a multidentate ligand that upon 
complete deprotonation yields a 2D neutral network [Fe(L55)] (81),[151] with the 
axial positions occupied by tetrazole units from adjacent complexes. This 
tetragonal network shows an abrupt spin transition, and it also exhibits complete 
LIESST at 10 K, revealing antiferromagnetic interactions between Fe(II) centers. 
Tetrazole-2-yl rings have been also combined with axially coordinated nitriles 
yielding also 2D networks, with gradual SCO, and effective LIESST effect.[152] 
 
A two-dimensional tetragonal grid is obtained with 3-(5-bromo-2-pyridyl)-5-(4-
pyridil)-1,2,4-triazole (L56), of composition [Fe(L56)2] (82), showing a 2-step spin 
transition. The flexibility of this network makes it sensitive to the presence of guest 
molecules, or to applied pressure, showing easy tuning of the SCO features.[153] 
 
Another type of Fe/ligand polymer is obtained with trans-4,4’-azo-1,2,4-triazole 
(L57), [Fe(L57)3]X2 (83, X=ClO4– or BF4–), with spin transition close to room 
temperature.[154] These interpenetrated 3D networks are sensitive to humidity, 
which makes the transition more gradual and lowers the T1/2 values. The resulting 
crystal structure, however, is identical to that of the dehydrated form. 
 
3,5-substituted triazole ligands functionalized with pyridine groups, such as 3-(2-
pyridyl)-5-(3-pyridyl)-1,2,4-triazole (L58), 2-(5-(4-(1H-imidazol-1yl)phenyl)-4H-
1,2,4-triazol-3-yl)pyridine (L59), or 2-(5-(4-(pyridine-3-yl)phenyl)-4H-1,2,4-triazol-
3-yl)-pyridine (L60), yield a series of solvent-less robust 2D Fe networks upon 
ligand deprotonation; [Fe(L58)2] (84), [Fe(L59)2] (85) and [Fe(L60)2] (86). These 
ligands possess a monodentate pyridyl or imidazolyl site and the triazol-pyridyl 
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chelating site, and their anionic nature avoids the need for counter anions. These 
coordination networks exhibit very high spin transition temperatures, specifically, 
83 features the highest one reported (≥ 500 K).[155-156] This can be observed only 
thanks to their extremely high thermal stability. The spin transitions are gradual 
and most times incomplete. 
 
Many other examples of SCO coordination networks are based on the 
combination of two different ligand types, one bridging and one capping. This 
reduces dimensionality, but increases the structural and chemical versatility. One 
of the most successful strategies is based on the combination of bispyridine-like 
ligands with NCS– (or NCSe–) anions, as capping ligands. For example, 1,2-
bis(pyridine-4-ylmethylene)hydrazine (L61) creates porous materials of formula 
[Fe(L61)2(NCX)2] (87), where the spin transition is highly dependent on guest 
molecules.[157] These materials tend to exhibit interpenetration, with the grid-like 
planes in two orthogonal directions. The same is observed for 1,4-bis(pyridin-4-
yl)benzene (L47) in [Fe(L47)2(NCX)2] (88) compounds. Substitution with the 
isoelectronic NCBH3– anion slightly modifies the packing of the 2D layers, and 
increases the spin transition temperatures of the corresponding 
[Fe(L47)2(NCBH3)2] (89) polymers by 100 K.[158] Surprisingly, the analogous 
structure with L20, obtained with water groups substituting the NCX– anions, 
[Fe(L20)2(H2O)2](ClO4)2 (90), has been reported to exhibit a spin transition, being 
one of few examples where an FeII coordination material with weak ligand field 
water molecules shows SCO phenomena.[159] 
 
Particularly interesting is the series of materials obtained from trans-(4,4’-
vinylenedipyridine (L22), which participates of 2D interpenetrating networks[160] of 
formula [Fe(L22)2(SCN)2]·GM (91), where GM may be a variety of guest 
molecules, yielding inclusion derivatives. A detailed study on the effect of the 
guest molecule on the SCO properties indicate that the transition temperature is 
almost invariable, but the different size and nature of the ligands have strong 
influence in the cooperativity, promoting the appearance of small hysteresis.[161] 
In a related work, poly-4-vinylpyridine and its block copolymers have been used 
as nucleation matrix to template nanoparticle synthesis of coordination polymers, 
resulting in increased stability against degradation and excellent size control.[162-

163] 
 
Tris-monodentate ligands, such as 1,3,5-tris(4-pyridyl)benzene (L62) create a 3D 
structure (boracite-like) of formula [(Fe(NCS)2)3(L62)4] (92), with octahedral 
Fe(N4)(SCN)2 building blocks. This porous network shows an incomplete 
transition around 150 K, with little dependence on the nature of the guest 
molecules.[164] The tris-chelating ligand 1,4,5,8,9,19-hexazatriphenylene (L63) 
forms a 1D coordination polymer. Only two of the three chelating positions are 
binding to Fe(II) centers, creating a homochiral structure with formula 
[Fe(L63)(NCS)2] (93) that exhibits a two-step spin transition.[165] 
 
A zig-zag chain, [Fe(CL19)(L64)](BPh4)2 (94), is obtained with 1,2-bis(pyridine-2-
yl-methyl)thio]ethane (CL19) and the linker adiponitrile (L64).[166] Again, solvent 
dependent behavior was found, as seen very often with 1D systems. In this case, 
the counter anion is also important to favor the polymeric structure, since bulky 
inorganic anions such as SbF6– induce crystallization of a LS discrete dimer. 



28 
 

 
The combination of a salen-type (CL3) FeII complex and the bridging ligand 4,4’-
dipyridylethyne (L21) gives 1D polymers, [Fe(CL3)(L21)] (95), with solvent-
dependent SCO behavior. When desolvated, these materials exhibit a three-step 
spin transition.[62] Analogous 1D polymers have been reported with 3,3’-
azopyridine (L65); [Fe(CL3)(L65)] (96). In this case, the spin transition shows very 
slow kinetics, favoring trapping of the HS state via fast cooling.[167] 
 
The ligand tetra(4-pyridyl)tetrathiafulvalene (L66) was especially designed to 
incorporate multiple properties into a FeII coordination network, including spin 
transition. With additional dicyanamide (L67) bridging ligands, a 3D coordination 
network was obtained, [Fe(L66)(L67)](ClO4) (97) exhibiting spin transition (T1/2 = 
146 K), LIESST effect, redox activity, and enhanced conductivity upon oxidative 
doping.[168] 
 
There are few exceptions to the FeII paradigm in SCO coordination polymers. 
Only a small number of CoII coordination networks belong to the family exhibiting 
this property. The compound [CoX2(L68)] (98; X = Cl, Br) is one of the few non-
iron SCO examples. Ligand L62 was particularly designed for the formation of 1D 
linear chains, with two opposite and different coordination sites. The SCO is 
solvent dependent, and shows no thermal memory effect.[169] 
Another SCO 1D chain was obtained with the equatorial (N4) ligand N-N’-
(bis(pyridine-2-yl)benzylidine)ethane-1,2-diamine (CL20) with bridging L67. 
These chains are very sensitive to the nature of the counterions: abrupt with 
hysteresis in the case of ClO4–,[170] gradual in the case of PF6–.[171] 
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Table 1. A list of all SCO complexes featured in this review, together with the 
main parameters of their magnetic behavior. 
 
 

Complex Guest/solvent D T1/2(↑) T1/2(↓)  Ref 
[Fe2(L1)5(NCS)4] (1) - 0D 150 = abr. [27] 
[Fe2(L2)5(NCS)4] (2) - 0D 115 = inc.,gr. [28] 
[Fe2(L3)5(NCS)4] (3) MeOH·EtOH 0D 116 = inc.gr. [29] 

H2O 0D - - HS 
[Fe2(L4)5(NCS)4] (4) MeOH·EtOH 0D 116 = inc.gr. [30] 

 EtOH 0D 122 = inc.gr. 
[Fe2(L5)5(NCS)4] (5) H2O 0D 150 = gr. [31] 
[Fe2(NCSe)2(L7)2(py)2] (6) - 0D 109 = abr. [36] 
[Fe2(L9)2(MeCN)4](BF4)4 (7) MeCN 0D 369 356 inc.,gr. [39] 
[Fe2(L9)2(EtOH)4](BF4)4 (8) - 0D - - HS 
[Fe2(L9)2(H2O)4](BF4)4 (9) - 0D - - HS 
[Fe2(L10)](X)4 (10) variable 0D Variable or undefined [41] 
[Fe2(L11)](BF4)4 (11) H2O 0D 217 195 abr. [24] 
[Fe2(L12)]4+ (12); R=Ph 
 
 
R= tolyl 
R= iBu 

H2O 
 
 
MeCN/H2O 
MeCN/H2O 

0D 
 
 

0D 
0D 

265 
210 
87 

109 
- 

= 
= 
= 
= 
- 

3-st. 
gr. 
 
inc.gr. 
HS 

[43] 

[Fe2(L13)](BF4)4 (13) DMF 0D 280 = inc.gr. [44] 
[Fe2(L14)]X4 (14); X=ClO4– MeCN 0D 140* = inc.abr. [45] 
X= BF4–   - - HS  
X= CF3SO3–   173* 147* inc.abr.  
[Fe2(L15)3](BF4)4 (15)  0D - - HS [50] 
[Fe2(L16)3](BF4)4 (16)  0D >400 und. gr. [50] 
[Fe2(L17)3](BF4)4 (17)  0D - - LS [51] 
[Fe2(L18)2](PF6)4 (18) MeCN/H2O 0D 426 437 inc.gr. [52] 
Cl@[Fe2(L19)3]Cl(PF6)2 (19) MeOH 0D 265 und. inc.gr. [54] 
Br@[Fe2(L19)3]Br(PF6)2 (20) MeOH 0D 305 und. inc.gr. [54] 
[Fe2(NCS)4(CL1)2(L20)] (21) MeOH 0D 105* 105* inc.gr. [60] 
[Fe2(NCS)4(CL2)2(L20)] (22)  0D 191 

218 
= 
= 

2-st. 
gr. 

[61] 

[Fe2(CL3)2(L21)(ROH)2] (23)  0D - - HS [62] 
[Fe2(NCS)4(CL2)2(L22)] (24) 
 

(polym. 1) – 
 

0D 132 
215 

= 
= 

2-st. 
gr. 

[63] 

 (polym. 2) -  - - HS  
 MeOH  159 = abr.  
[Fe2(NCBH3)4(CL2)2(L20)] (25)  0D 203 

223 
= 
= 

2-st. 
abr. 

[65] 

[Fe2(NCBH3)4(CL2)2(L21)] (26)  0D 290 = gr. [65] 
[Fe2(NCBH3)4(CL2)2(L23)] (27)  0D 241 = gr. [65] 
[Fe2(L24)2(NCS)4]·(28) 4CH2Cl2 

 
0D 180 

80 
= 
= 

2-st. 
gr. 

[66] 

 CH2Cl2  200 = gr.  
[Fe2(L25)(H2O)2(MeOH)2](ClO4)2 
(29) 

MeOH 0D - - HS [68] 

[Fe2(L25)(H2O)2(MeCN)2](BF4)2 
(30) 

MeCN 0D 265 = inc.gr. [68] 

[Fe2(L25)Cl2](CF3SO3)2 (31) benzylcyanide 0D - - HS [68] 
[Fe2(L26)2(NCS)2] (32) DMF/H2O 0D 125 und. inc.gr. [69] 
 -  184 189 abr.  
[Fe2(L27)2(NCS)2] (33) DMF/H2O 0D 210 

130 
= 
= 

2-st. 
gr. 

[69] 
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Complex Guest/solvent D T1/2(↑) T1/2(↓)  Ref 
[Fe2(SCN)4(L28)2] (34) H2O 0D - - HS [70] 
[Fe2(L29)2(CL4)2] (35) - 0D 350* = gr. [71] 
[Fe2(L29)2(CL5)2] (36) MeOH 0D 180 = gr. [71] 
 -  196 = gr.  
[Fe2(L30)(CL4)2](TFPB)2 (37) F-
sub 

THF/hexane 0D 160 = gr. [72] 

Cl-sub   124 = gr.  
Br-sub   121 = gr.  
H-sub   110 = gr.  
[Fe2(L31)(CL4)2](OTf)2 (38) CH2Cl2 0D 195 

235 
= 

230 
2-st. 
inc.gr. 

[73] 

[Fe2(L32)(CL4)2](OTf)2 (39) CH2Cl2/MeCN 0D 285* 230* inc.gr. [73] 
[Fe3(L33)6(H2O)6] (40) H2O phase 1 0D 150 = inc.gr. [77] 
 H2O phase 2  357 343 inc.abr.  
 -  - - HS  
(Me2NH2)6[Fe3(L34)6(H2O)6] (41) H2O 0D >400 310 inc.gr. [78] 
[Fe3(L35’)2(L35)2](BF4)2 (42) MeCN 0D - - LS/HS/LS [74] 
 -  355 329 inc.abr.  
[Fe(L37)3](R-CSA) (43) 
R-CSA=camphorsulfonate 

- 1D 316 300 gr. [97] 

 2-BuOH(rac)  324 315 abr.  
 R-2-BuOH  325 316 abr.  
 S-2-BuOH  323 314 abr.  
[Fe(L38)3](DBS)2 (44) 
DBS=4-
dodecylbenzenesulfonate 

- 1D 318 306 gr. [98] 

[Fe(L39)3](BF4)2 (45) - 1D 188 
235 

172 
230 

abr. 
2-st. 

[99] 

[Fe(L40)3](X)2 (46) X= ClO4– - 1D 296 291 abr. [100] 
 CH3OH  273 263   
X= NO3– -  338 278   
 H2O  353 333   
X= BF4– -  106 92   
 H2O  320 305   
X= CF3SO3– H2O  325 322   
[Fe(L41)3]I2 (47) H2O 1D 292 275 abr. [101] 
[Fe(L42)Pt(CN)4] (48) - 3D 309 285 abr. [109] 
 maleic anhydride  209 

186 
200 
170 

2-st. 
abr. 

 

 maleic acid  159 155 inc.  
[Fe(L43)(Au(CN)2)2] (49) EtOH 3D 203* 

178* 
145* 
107* 

200* 
172* 
125* 
85* 

4-st. [113] 

[Fe(L44)Pt(CN)4] (50) EtOH 3D 154 
148 
134 

138 
127 
115 

3-st. [116] 

[Fe(L42)(Au(CN)2)2] (51) - 3D 367 349 abr. [117] 
[Fe(L45)2(Au(CN)2)2] (53) - 3D 148 = gr. [120] 
 DMF/EtOH/ 

cyclochexane 
 153 

134 
143 
126 

2-st. 
gr. 

 

 cyclochexane  129 123 inc.  
 BuOH 

 
 209 

189 
186 
171 

2-st. 
 

 

 i-BuOH  222 217 2-st.  
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Complex Guest/solvent D T1/2(↑) T1/2(↓)  Ref 
211 205 

 EtOH  251 
226 

249 
208 

2-st.  

[Fe(L46)(Au(CN)2)2] (54) - 3D 204 
134 

= 
= 

2-st. [121] 

[Fe(L46)(Ag(CN)2)2] (55) - 3D 232 
216 

= 
= 

2-st. [121] 

[Fe(L23)Pt(CN)4] (56) L23 
H2O 

3D 240 
216 
200 

= 
212 
197 

3-st. 
 

[124] 

 L23  210 
181 
164 

= 
178 
160 

  

 1,2-
dibenzylethane 

 160* = 
 

gr.  

 stilbene  163 = abr.  
[Fe(L47)(Au(CN)2)2] (57) DMF,EtOH,C6H12 3D 175 = gr. [125] 
 C6H12  142 136 inc.  
 C6H6 

 
 221 

155 
144 

207 
155 
139 

3-st.  

 CS2  190 167 abr.  
 naphthalene  214 141 abr. inc.  
 ferrocene  166 129 gr. inc.  
 anthracene  151 131 gr. inc.  
 - 

 
 156 

119 
156 
110 

2-st.  

[Fe(L20)(Au(CN)2)2] (58) benzene 3D 233 222 abr. [126] 
 toluene  234 231   
 o-xylene  220 

184 
136 

217 
176 
132 

3-st. 
 

 

 m-xylene  234 
208 

232 
206 

2-st. 
 

 

 p-xylene  266 
214 
185 

246 
212 
182 

3-st.  

 chloroform  184 128 inc.  
[Fe(L20)Ni(CN)4] (59) H2O 3D - - HS [127] 
 EtOH  223 

197 
213 
187 

2-st. 
 

 

 acetone  145 125 abr.  
[Fe(L48)2/3(M(CN)2)2] (60); M=Ag CH2Cl2 3D 244 = gr. [129] 
 furan  209 =   
 pyrrole  167 =   
 thiophene  152 =   
M=Au CH2Cl2  222 =   
 furan  199 =   
 pyrrole  197 =   
 thiophene  137 =   
[Fe(L50)(Au(CN)2)2] (65)  3D 263 221 abr. [132] 
[Fe(CL7)2M(CN)4] (66); M=Ni  2D 198 

182 
190 
173 

2-st. 
abr. 

[135] 

M=Pd   215 
150 

205 
145 

2-st. 
gr. 
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Complex Guest/solvent D T1/2(↑) T1/2(↓)  Ref 
M=Pt   115 101 abr.  
[Fe(CL10)2(Au(CN)2)2] (67)  2D 222* 218* abr. [137] 
[Fe(CL11)2(Au(CN)2)2] (68) CL11 2D 

2D 
250 
93 

250 
92 

2-st. [138] 

 -  124 = gr.  
[Fe(L3)2Pt(CN)4] (69) - 2D 154 152 inc. [139] 
[Fe(CL12)2Pd(CN)4]·nH2O (70) - 2D 204 184 abr. [140] 
[Fe(CL13)2M(CN)4] (71); M=Pd - 1D 272 270 gr. [141] 
M=Pt -  274 272   
[Fe(CL14)2M(CN)4] (72); M=Pd - 1D 186 = abr.  
M=Pt   184 =   
[Fe(CL15)2M(CN)4] (73) - 1D 350* = gr.  

inc. 
[142-

143] 
[Fe2(CL16)8Nb(CN)8] (74) - 3D 130 = gr. [144] 
[Fe2(CL18)8W(CN)8]·nH2O (76) H2O 3D 200 = gr. [146] 
[Fe(L51)3](ClO4)2 (77) - 1D 204 200 gr. [147] 
 CO2  212 209   
[Fe(L53)3]X2 (79) X=ClO4– - 1D 150 149 abr. [149] 
X=BF4–   161 158   
[Fe(L54)3](ClO4)2 (80) MeCN 1D 165 

96 
165 
90 

2-st. [150] 

[Fe(L55)] (81)  2D 226 218 abr. [151] 
[Fe(L56)2] (82) - 2D 192 

144 
= 
 

2-st. [153] 

 MeOH  176 
128 

173 
127 

  

 EtOH  158 
121 

154 
113 

  

Fe(L57)3]X2 (83) X=ClO4– H2O 3D 265 = abr. [154] 
 -  285 =   
X=BF4– H2O  284 =   
 -  290 =   
[Fe(L58)2] (84)   501 

329 
= 2-st. 

gr. 
[155-

156] 
[Fe(L59)2] (85)   419 = gr. [155-

156] 
[Fe(L60)2] (86)   416 = gr. [155-

156] 
[Fe(L61)2(NCX)2] (87) MeCN 

 
2D 129 

78 
= 2-st. [157] 

 acetone  90* - inc.  
[Fe(L47)2(NCX)2] (88); NCS – EtOH/H2O 3D  - - HS [158] 
 EtOH 2D - - HS  
NCSe– EtOH/H2O 3D 82 = inc.  
 CH2Cl2 

EtOH/H2O 
3D 
 

96 
 

=   

[Fe(L47)2(NCBH3)2] (89) EtOH/H2O 2D 247 = abr. [158] 
 EtOH/CL2CH2  189 = abr.  
[Fe(L20)2(H2O)2](ClO4)2 (90) L20 

H2O 
2D 200* = gr. [159] 

[Fe(L22)2(SCN)2]·S (91) 
S=various guests 

PhCHO 2D 194 
176 

194 
168 

2-st. 
gr. 

[160] 

 MeCN,H2O 223 
204 

 = 
 

2-st. 
gr. 

 

 DMSO,H2O 195  = 2-st.  
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Complex Guest/solvent D T1/2(↑) T1/2(↓)  Ref 
163  gr. 

 DMA,H2O 187 
145 

 = 
 

2-st. 
gr. 

 

 L22,H2O 221 
204 

 = 
201 

2-st. 
gr. 

 

 PhCN  224 
202 

224 
198 

2-st. 
abr. 

 

 PhNO2  226 
197 

226 
191 

2-st. 
gr. 

 

 -  - - HS  
[(Fe(NCS)2)3(L62)4] (92) CH2Cl2 

EtOH 
3D 

  
152 

  
142 

  
gr. 
  

[164] 

[Fe(L63)(NCS)2] (93) MeOH 1D ≈300 = inc. [165] 
 -  358 

172 
= 2-st. 

gr. 
 

[Fe(CL19)(L64)](BPh4)2 (94) acetone 1D - - HS [166] 
 -  212 = gr.  
[Fe(CL3)(L21)] (95) EtOH 1D 

  
190 
135 

170 
110 

2-st. 
abr. 

[62] 

 DMF  305 = gr.  
 toluene  125 = gr.  
 (annealed) 

 
? 
 

320 
210 
140 

= 
 
 

3-st. 
gr. 
 

 

[Fe(CL3)(L65)] (96)  1D 105 90 inc. [167] 
[Fe(L66)(L67)](ClO4) (97)  2D 146 = inc. [168] 

*estimated from graphic plot. T1/2(↑) and T1/2(↓) are the temperatures (in K) of the thermal spin 
crossover upon warming and cooling, respectively, defined as the temperature where 50% of the 
conversion occurs with respect to the total number of centers that experience the transition. 
 
3. Conclusions 
 
This revision shows that SCO research continues to attract great interest. One of 
the pillars of progress in this field is synthetic chemistry, which is the source of 
the objects of study of the phenomenon. These should enable to gather 
fundamental knowledge surrounding this property and are bound to constitute the 
physical systems that shall be used to implement potential applications. It 
becomes very clear in this manuscript that the production of novel SCO 
polynuclear complexes has remained a very prolific activity during the last few 
years.  
The use of new ligands, and combination of new and old organic linkers is 
paramount in order to unveil new aspects on the SCO phenomenon as well as 
for the ambitious goal of combining the spin switching property with other 
molecular functions. As described, we have found the major research lines in this 
field to be built towards several major objectives. As expected and predicted in 
our introduction, multi-step transitions and high temperature transition keep 
moving the field of polynuclear complexes further. Still, recent literature has 
brought some additional and unique opportunities for these compounds. On one 
hand, the promising appearance of dynamic effects (slow relaxation from the HS 
excited state) in these systems opens the possible development of single-
molecules bearing memory effect. In the past, memory effect was exclusively 
associated to bulk materials. Another fascinating possibility is the processing of 
these polynuclear molecules or coordination networks as nanostructures 
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(monolayers, or thin films). Combination of these two future developments is one 
of the challenges for molecular magnetism and coordination chemistry. 
Polynuclear entities with memory effect at the nano-scale, at technologically 
relevant temperatures, remains one of the holy grails in molecular magnetism. In 
our opinion, polynuclear SCO are the most promising systems to achieve such a 
target in the near future.  
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