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Abstract 

 

1.  Triarylamminium radical -cation complexes. 

The detailed study of manganese, copper and nickel metal-radical complexes 

with triarylamminium ligands was conducted. 

Stable, neutral and pseudo-octahedral coordination monometallic complexes 

with simple monodentate 2,2 -̀bipyridine ligand containing a redox-active N,N-̀(4,4 -̀

dimethoxydiphenyl-amino) substituent were synthesized and fully characterized.  The 

one-electron oxidation process and formation of persistent radical-cation complexes 

was observed by cyclic voltammetry and spectroelectrochemical measurements.  

Evans method measurements were performed with radical-cation complexes 

generated by chemical one-electron oxidation with NOPF6 in acetonitrile.  The 

experimental results indicate ferromagnetic coupling between metal and 

triarylamminium cation in manganese (II) complex and antiferromagnetic coupling in 

nickel (II) complex.  This data is supported by DFT calculations which also lend 

weight to the p spin polarization mechanism as an operative model for magnetic 

exchange coupling. 

Neutral bimetallic complexes with a new ditopic ligand were synthesized and 

fully characterized, including magnetic and electrochemical studies.  Chemical 

oxidation of these precursor complexes did not generate radical-cations, but 

dicationic complexes, which was confirmed by UV-vis and EPR-experiments, as well 

as varied temperature magnetic measurements.  DFT calculations for radical-cation 

complexes are included. 
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A synthetic pathway for polytopic ligand with multiple redox-active 

triarylamine sites was developed.  The structure of the ligand is presumably suitable 

for p-spin polarization exchange model and allows for production of polymetallic 

complexes having high spin ground states. 

 

2.  Base-catalyzed hydrosilylation. 

A simple reductive base-catalyzed hydrosilation of aldehydes and ketones was 

adapted to the use of the cheap, safe, and non-toxic polymethylhydrosiloxane 

(PMHS) instead of the common PhSiH3 and (EtO)3SiH, which present significant 

cost and safety concerns, respectively.  The conversion of silane into pentacoordinate 

silicate species upon addition of a base was studied in details for the cases of phenyl 

silane and PMHS and is believed to be essential for the hydrosilylation process.  We 

discovered that nucleophiles (a base or fluoride-anion) induced the rearrangement of 

PMHS and TMDS into light silanes: MeSiH3 and Me2SiH2, respectively.  The 

reductive properties of PMHS under basic conditions can be attributed to the 

formation of methyl silane and its conversion into a silicate species.  A procedure for 

the generation of methyl silane and its use in further efficient reductions of aldehydes 

and ketones has been developed. 

The protocol was extended to the selective reduction of esters and tertiary 

amides into alcohols and aldimines into amines with good isolated yields and 

reduction of heterocyclic compounds was attempted. 
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1   Triarylamino radical-cation complexes 

1.1  Introduction 

The area of molecule-based magnets has developed significantly during last 

two decades, and the market of magnetic materials is estimated to reach $33 billion 

by 2018.
1
  This resulted in discovery of magnets with ordering temperature close to 

ambient conditions, extremely high and low coercivities and high remanent and 

saturation magnetization values.
2
  They have potential application in such areas as 

data storage materials, production of frictionless bearings, medical implants, magnetic 

separators, quantum computing, magnetic refrigerants, MRI contrast agents, acoustic 

devices, sensors and magnetic shielding.
2
  However, the list of possible magnet 

application is not full yet.  Current goals for the field of molecular magnets include 

the discovery of transparent insulating magnets, flexible magnets, photomagnets, ultra 

ñhardò (very high coercivity) and soft (high permeability) magnets.
2
 

This project is intended to synthesize and explore mono-, bi- and polymetallic 

triarylamminium-based radical-cation complexes. 

1.2 Historical 

Since the field of molecular magnets is extremely broad, the goal of this 

historical overview was not to make an extensive review, but to provide information 

about the key points of molecular magnetism and the metal-radical approach.  In this 

respect, types of magnetic interaction, examples of molecular magnets as well as 

organic and metal-organic radicals will be discussed. 
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1.2.1 Magnetism. 

1.2.1.1 Classical and molecular magnetism 

The traditional meaning of magnetism, e.g. classical magnetism, is usually 

referred to co-operative spin-spin interaction of unpaired d or f - electrons in atom-

based materials such as Fe, SmCo5, Nd2Fe14B, etc, while in molecular magnets these 

interactions can involve unpaired electrons on ů and ˊ molecular orbitals.
3
  Atom-

based materials are produced via high temperature metallurgical processes.
3
  Design 

of molecular magnets assumes combination of unpaired spin-bearing molecular 

precursors in such a way that spin pairing does not happen.
2-4

  The interaction 

between unpaired spins in molecular magnets can take place through bond or through 

space if it is allowed by design of molecular lattice.
3
  Two general requirements for 

the design of molecular magnets are the presence of unpaired electrons on every 

molecule of the structure and parallel alignment of spins along a given direction.
3-4

  

Interaction of spins through bond or through space in all three directions between 

molecular units is highly important for magnetic properties of the compound.
3, 5

 

1.2.1.2 Key parameters of molecular magnetism.
2, 5-6

 

Magnetic properties depend on distribution of unpaired electrons and their 

movement pattern in the molecules.  Similarly to the Earth ï Sun system, each 

electron has both orbital and spin movement modes at the same time.  Orbital mode 

can be described as rotation of electron around the nucleus, while spin mode is 

spinning of electron around its own axis.  Since molecules may have not only one or 

two, but many unpaired electrons, the magnetic characteristics of the molecule can be 

described as the summarized magnetic characteristics of all its electrons.  Many of 

those electrons are moving in couples with antiparallel spins within the couple.  
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Being exposed to an external magnetic field, this electron pair is capable of producing 

an internal magnetic field with vector direction opposite to the external one.  The 

interaction between the weaker internal field (produced by electron pair) and the 

stronger external field directed oppositely leads to repelling of the sample to the 

weaker zone of the external magnetic field.  This behaviour is called diamagnetism.  

Since in the molecules the number of fully occupied orbitals is prevalent, it means 

that there is a lot of diamagnetic behaviour in every molecular magnetic pattern.  

However, many species contain half-filled orbitals.  Since the spin of the unpaired 

electron is not cancelled out, under external magnetic field it results in production of 

the internal field with the direction aligned to the external.  In this case the sample 

will be ñpulledò into the intense zone of the external field, and this pattern is called 

paramagnetism. 

Paramagnets ï structures containing unpaired electrons ï can be classified into 

categories such as ferromagnets, antiferromagnets and ferrimagnets (Figure 1). 

 

 

Figure 1:  Spin alignment a-ferromagnets, b-antiferromagnets, c- ferrimagnets, d ï 

paramagnets with disordered spins.  (Adapted from references 2, 6-7) 
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In ferromagnets the unpaired spins are aligned, in antiferromagnets the 

unpaired spins are equal and antiparallel, and in ferrimagnets the spins of antiparallel 

modes are not equal (Figure 1). 

Subsequently, the spin number S of a molecule is the sum of spins of all 

unpaired electrons (Equation 1), given the spin of one electron to be ╜▼  

╢ В ╜▼ (1)

The spin magnetic moment ɛ of the molecule is represented in Equation 2 

(the orbital momentum is neglected): 

Ⱨ ╢╢  (2)

When ideal non-interacting spins are inserted into magnetic field H, a net 

magnetic moment of magnetization, M, is produced, which is proportional to H 

(Equation 3) 

╜ Ⱶ╗ (3)

The constant of proportionality in Eq.3, ɢ, is called the molar magnetic 

susceptibility and its temperature dependence can be characterized by the Curie 

expression (Equation 4):  

Ⱶ
╒

╣
                                                                (4) 

Where the Curie constant C can be expressed with such constants as 

Avogadro 
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number ╝═, the Lande factor g, the Bohr Magneton Ⱨ║ and the Boltzmann 

constant ▓║ (Equation 5) 

╒
╝═▌Ⱨ║ ╢╢

▓║
                                                           (5) 

When there is an effective parallel or antiparallel exchange field between 

spins caused by weak cooperative interactions with the neighbouring spins, it affects 

magnetic susceptibility, therefore the measured data will differ from the one predicted 

by Curie law.  The Curie-Weiss law (Equation 6) can be used to express the 

magnetic susceptibility (Equation 6), where the Weiss constant is ʃ π for 

ferromagnets and ʃ π for antiferromagnets. 

Ⱶ
╒

╣ Ᵽ
                                                                      (6) 

The effective magnetic moment ʈ in this case can be described by Equation 

7: 

Ⱨ▄██
Ⱶ▓║╣

╝═
Ȣ Ⱶ╣                                                    (7) 

At the same time for the simple systems with Ᵽ  effective magnetic 

moment does not depend on temperature (Equation 8) 

Ⱨ▄██ Ⱨ║ ▌╢╢                                                    (8) 

One of the most complete examples of magnetic behaviour dependence on the 

magnetization ï applied magnetic field relation was found in 
6
 (Figure 2) 
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Figure 2:  Relation between magnetization and applied magnetic field.  Adapted from 

reference 6. 

 

1.2.1.3 Spin polarization in molecular magnets. 

There are few approaches for spin polarization prediction and modeling.  The 

simplest one is based on an intraatomic Hundôs rule, which states that electrons on the 

atom are most likely to have parallel spins, and on the fact that electrons participating 

in a chemical bond have antiparallel spins.
6
 

 

Figure 3: Representation of the spin polarization in the adjacent s and p bonds.  Adapted 

from reference 6. 
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It is also known that unpaired electron can polarize the pair of electrons in the 

adjacent s or p bond, so that one of those two electrons will be located closer to one 

of the bond-forming atoms.
6
  The radicals in the molecules are usually located at a 

distance from each other, which is long enough to prevent their coupling.  At the 

same time if the distance is short enough so the radicals could be involved in 

cooperative interactions, their spins get aligned (Figure 3).  For example, radical spins 

in the structure shown on Figure 4 have ferromagnetic interactions because of 

metasubstituition pattern.  At the same time ortho- or parasubstituted structure would 

have antiferromagnetic coupling mode because of an even number of atoms on a 

pathway between two radical-spin sites.
8
 

 

Figure 4:  Spin polarization in polyradical structure.
6, 8a

 

 

This approach was proposed and tested on polycarbene structures by 

Iwamura.
8a

  He and his group were able to obtain tetracarbene with ╢ , 

hexacarbenes with ╢  
8b

 and even nonacarbenes with ╢  
9
.
6
  A number of other 

examples of this spin polarization model are presented in the discussion of organic 

radicals. 

The mode of alignment strongly depends on the type of atoms and the number 

of chemical bonds between those spins and can be either ferromagnetic or 

antiferromagnetic.
6
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If this spin alignment occurs in the solid state, then bulk magnetism can be 

observed (Figure 1).  Usually three-dimensional interactions are required to maintain 

bulk magnetic properties; however there are examples of 2D and even 1D interactions 

leading to the long-range magnetic order. 
6
 

The parameter characterizing spin-spin interactions is the J value or spin-

coupling constant.  For example, the Heisenberg Hamiltonian describing the system 

of two spins ╢  and ╢ is presented in Equation 9: 
10

 

╗ ╙╢╢                                                                   (9) 

When spins are ferromagnetically coupled, ╙ π, and ╙ π for 

antiferromagnetically coupled systems. 
10

  When more than two spins are involved, 

especially in polyradical systems, Equation 9 is transformed into Equation 10: 
10

 

╗ В╙░▒╢░╢▒                                                            (10) 

In this case spin-spin interaction may be related to either inter- or 

intramolecular interactions. 

Intramolecular interactions may show four possible values of coupling 

constant: ╙ḻ▓╣ȟ╢  (even number of spins) or ╢   (odd number of spins) ï 

strong antiferromagnetic coupling; ╙ḻ▓╣ȟ   ╢
▪◊□╫▄► ▫█ ▼▬░▪▼

 ï strong 

ferromagnetic coupling; ╙ Ḻ▓╣ȟ╢  ï very weak ferromagnetic or 

antiferromagnetic coupling; ╙ ▓╣ - weakly coupled polyradicals, all possible 

geometrical configuration of the structure must be taken into account for coupling 

characterization. 
10
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Intermolecular interactions can be observed in solids as well as sometimes in 

dilute, frozen solutions.  Their existence brings a lot of additional steps and 

parameters into magnetic characterization and is generally accounted for using the 

Weiss constant; however study of these interactions is essential for further 

development of molecular magnets with high bulk magnetic characteristics. 
10

 

The spin-spin interactions in dinuclear (or polynuclear) complexes can be 

described with the famous Bleaney-Bowers equation (Equation 11), where ╝╪ is 

accounted for temperature-independent molar paramagnetic parameter
11

: 

                                  Ⱶ╜
▌╝♫

▓╣
▄
╙
▓╣ ╝╪                         (11) 

This approach is widely used for the study of binuclear systems by analyzing low 

temperature susceptibility data. 

For example, in a binuclear copper (II) system, where each metallic site has 

one unpaired electron (╢ ), the possible types of spin-spin interaction include 

ferromagnetic (╙ πȟ    ╢ ) and antiferromagnetic (╙ πȟ   ╢ ) coupling as 

well as a case of two non-interacting independent spins (╙ ).  Schematic 

representation of magnetic behaviour for each case is shown on Figure 5: 
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Figure 5: Schematic drawing of magnetic succeptibilityĬtemperature vs temperature plots for 

binuclear systems with ferromagnetic and antiferromagnetic spin interaction, the 

paramagnetic interaction assumes two independent spins with no interaction. 

 

Out of these three systems, the one featuring ferromagnetic coupling is 

considered high-spin.  Equation 7 can be used for calculation of effective magnetic 

moment Ⱨ▄██ and this data can be used in Equation 8 to obtain the actual number of 

the unpaired electrons.   

╜ ╝▌Ⱨ♫╢║▼◐                                                           (12) 

║▼◐
╢

╢
ἫἷἼἰ

╢

╢
◐

╢
ἫἷἼἰ

╢
◐                                  (13) 

◐
▌Ⱨ♫╢╗

▓╣
                                                                   (14) 

Another way to get information about the spin number value is through the 

Brillouin function (Equations 12-14)
12

 calculations performed with the data, 

obtained in a series of experiment where the saturation magnetization is determined 

by varying the magnetic field at low temperatures (Figure 6)  
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Figure 6: Schematic drawing of saturation magnetization experiment. 

 

The ferri- or ferromagnetic property can be also confirmed via a low-

temperature magnetization vs magnetic field experiment (also see Equation 3), 

which shows a hysteresis loop pattern with distinct, almost vertical parallel sides 

(Figure 7). 

 

Figure 7: A schematic drawing of data representation for high-spin system in low 

temperature magnetization/magnetic field experiment. 
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1.2.1.4 Characterisation of magnetic materials. 

Magnetic materials can be characterized by their response to the applied 

magnetic field.
6
 

SQUID, super conducting quantum interference device, is a flux method that 

allows for measurement of magnetization M as a function of temperature T and 

applied static magnetic field H.  Therefore, magnetic susceptibility Ⱶ can be obtained 

as Ⱶ
╜

╗
. 

10
  The temperature range used for these measurements is usually between 

the liquid helium temperature (~ 2 K) and room temperature (~ 300 K), however high 

temperature SQUID-devices are also known.
5
  A schematic diagram of the SQUID 

magnetometer is presented on Figure 8.  The sample is slowly moved through the 

superconducting pick up coil in a constant magnetic field, maintained with a 

superconducting shield.  The signal is integrated by counting voltage steps.
13

 

 

Figure 8:  Schematic representation of the SQUID magnetometer. 

Adapted from reference 14. 
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NMR techniques, such as the Evans method, are successfully used in the 

characterization of magnetic compounds for measuring the effective magnetic 

moment and determination of the number of unpaired electrons.  The method was 

proposed by Dennis Evans in 1959. 
15

  The magnetic susceptibility can be found as a 

function of temperature in deuterated solvents by measuring the shift difference 

between the solvent or standard compound with and without the presence of the 

studied paramagnetic sample in a 
1
H NMR spectrum.  The experimental set up can be 

maintained by use of a special NMR-tube with coaxial insert NMR-tube or a regular 

NMR-tube with a sealed capillary insert.  The inner tube contains solvent or the 

standard compound in solution, while the outer tube is filled with the solution of the 

paramagnetic species or vice versa.  In the original work of Evans magnetic 

susceptibility was calculated with Equation 15:
15a

 

Ⱶ  
Ў█

Ⱬ█□
Ⱶ

Ⱶ ▀ ▀▼

□
                                                  (15) 

Where Ў█ is the observed frequency shift, in 
ὧώὧὰὩί

ίὩὧ or Hz, █ is the 

frequency at which the proton resonances are being studied, in 
ὧώὧὰὩί

ίὩὧ or Hz, □ 

is the mass of the substance studied per 1 ml of solution, in Ὣ, Ⱶ  is the mass 

susceptibility of the solvent, in ὧάὫ, and finally the ▀  and ▀▼, solvent and 

solution density, in 
Ὣ
ὧά. 

In modern NMR equipment the applied magnetic field is usually parallel to 

the sample tube axis, while in Evans case the magnetic field vector was perpendicular 

to the tube axis.  In this case Equation 11 can be transformed into Equation 16:
16
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Ⱶ  
Ў█

Ⱬ█□
Ⱶ

Ⱶ ▀ ▀▼

□
                                              (16) 

As the concentrations used are relatively low and therefore the densities of 

solvent and solution are very close, then solution density can be assumed by ▀▼

▀ □ and, subsequently,
16a

 

Ⱶ  
Ў█

Ⱬ█□
                                                              (17) 

For the effective magnetic moment calculation (Equation 14) the obtained 

mass magnetic susceptibility Ⱶ is transformed into molar susceptibility and corrected 

by its diamagnetic component with Pascal constants to Ⱶ□ȟ 
16a

  

ἭἮἮ Ȣ Ⱶ□ȟἢ                                                  (18) 

EPR (or ESR) spectroscopy is one of the most useful techniquess for 

obtaining information about unpaired spins.  The method is based on exciting electron 

spins under an applied strong magnetic field.  It was used for triplet excited state (S = 

1) detection and is commonly applied for S > 0 states studied in bi- and 

polyradicals.
10

  While this method is a reliable source of qualitative information, its 

quantitative application such as spin number counting for polyradicals study is 

limited since determination of hyperfine coupling constant A is difficult for  ╢  .  

In polyradicals with ╙ Ḻ▓╣ the electron-electron spin coupling may be observed 

by EPR/ESR techniques.
10

 

The Faraday balance, Evans balance and Gouy balance are simple and 

similar devices used for the measurement of mass magnetic susceptibility.
5, 18

  For 

example, in the Gouy balance method (Figure 9) a cylindrical sample attached to a 
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sensitive analytical balance is inserted into magnetic field, and the force produced due 

to sample magnetization is measured.
18b

 

 

Figure 9: Schematic drawing of Gouy balance.  Adapted from reference 13. 

 

Out of data obtained with the balance the magnetic susceptibility can be 

calculated with Equation 19:
18b

 

Ⱶ
▌□ □

═║
                                                           (19) 

Where □  and □  are masses of the sample with and without applied 

magnetic field respectively, ═ is cross-sectional area of the sample and ║ is the 

magnetic field.
18b

 

M ssbauer spectroscopy is based on recoilless emission and resonant 

absorption of ɔïradiation by an atomic nuclei.
19

  It allows for determination of 

magnetic order temperature by studying the temperature variation of the magnetic 

hyperfine field. 
20

  This technique is extremely helpful in the characterization of spin 

cross-over compounds (especially bi- and polynuclear), for detection of high and low 

spin states, metal-to-metal electron transfer phenomenon and glass transitions.
21

  For 

example, M ssbauer method was successfully used in the study of dinuclear iron 

complex, such that the data obtained showed thermal spin transition from double 

high-spin state to high-spin plus low-spin state but no mixture of double high and 
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double low states was detected (Figure 10).
21

  Although M ssbauer spectroscopy is 

usually considered as a method for studying of 
57

Fe compounds, its application can be 

extended to certain isotopes of other metals such as lanthanides, nickel, tungsten, 

osmium, zinc, silver, ruthenium, platinum, etc.
22

 

 

Figure 10: Mossbauer spectra of [Fe
II

2(PMAT)2](BF4)4ĿDMF at various temperatures (left), 

magnetic susceptibility*T vs temperature plot (right).  Reprinted with permission from 

reference 
23

.  Copyright É 2005 Royal Society of Chemistry. 

 

Other methods to study magnetic properties include but are not limited to 

chemically induced dynamic nuclear polarization (CIDNP),
10

 electron nuclear double 

resonance (ENDOR),
10

 neutron scattering,
10

 thermal analysis,
5
 closed circuit 

magnetization measurements with hysteresisgraph,
5
 etc.  Electronic properties of 

magnetic compounds can be also studied by UV-vis and IR spectroscopy.  

Electrochemistry is used for oxidation-reduction characterization as well. 

1.2.2 Molecule-based magnets. 

Compared to traditional magnets, molecular magnets have a wider range of 

interesting features and advantages, such as: low density, mechanical flexibility, low-

temperature processability, high strength, modulation/tuning of properties by means 

of organic chemistry, solubility, low environmental contamination, compatibility with 

polymers for composites, biocompatibility, high magnetic susceptibilities high 
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magnetizations, high remanent magnetizations, low magnetic anisotropy, 

transparency, semiconducting and/or insulating dc electrical, conductivity.
2
  

Molecular magnets can be categorized in a number of different ways such as by the 

type of architectural arrangement, magnetic interactions, size, number of metallic 

centers, coordination pattern, spin number, synthetic pathway, ligand type, etc.  In 

this work a few families of molecular magnets will be briefly discussed while the 

main attention will be focused on organic and metal-organic radical magnets. 

1.2.3 Types of molecular-based magnets 

1.2.3.1  Single molecule magnets 

Unlike traditional bulk magnets with atomic structure, in single molecule 

magnets (SMM) each molecule acts as a magnet due to the presence of unpaired 

electrons in the partially filled d-orbitals of transition metals while its organic core 

prevents magnetic contacts with neighbouring molecules.
24

  The first SMM reported 

was a mixed valence manganese cluster [Mn12O12(O2CMe)16(H2O)4] with 

Mn
III

8Mn
IV

4 ratio and ground spin of S = 10 (Figure 11).
24a, 25

  In this molecule for 

central Mn
III

 atoms were weakly ferromagnetically coupled while the rest of Mn
III

 

atoms were involved into antiferromagnetic Mn
III

Mn
III

 and Mn
III

Mn
IV

 interactions.  

These interactions are essential, because large metal clusters with large ground state 

number and with the symmetry not allowing for intramolecular metal-metal 

interactions cannot be considered as single molecule magnets.
25b

  The well-known 

examples of SMMs are [Fe8O2(OH)12(tacn)6]Br8 (where tacn = triazacyclononane), 

[Mn4O3Cl(O2CCH3)3(dbm)3] (where dbm = dibenzoylmethane), [Fe4(OH)6(dpm)3] 

(where dpm =dipivaloylmethane).
25b, 26
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Figure 11: The structure (left), spin orientation (center) and magnetization vs magnetic field 

data (right) for [Mn12O12(O2CMe)16(H2O)4].  Adapted and reprinted with permission from 

reference 
24a

.  Copyright É 2009 Royal Society of Chemistry. 

 

The following reports can be mentioned to name just a few of the most recent 

discoveries in the SMM field: lanthanide single-molecule magnets with fluorescent 

properties,
27

 SMM cobalt complex with unusual fully reversible on/off switching for 

both anodic and cathodic states
28

 from the Murugesu group, the first f-element 

nitrosyl complex exhibiting temperature-independent paramagnetism,
29

 and the first 

report of spin-crossover SMM featuring light-actuated magnetic tristability 

phenomenon
30

 from Long et al, etc. 

1.2.3.2 Single chain magnets 

Although the early approach to magnets design exploited 3-D structural 

organization, the discovery of SMMs led to 0-D arranged structures, since single 

molecule magnets tend to form isolated wheel-shaped structures and molecular 

clusters.
31

  In 1963 Glauber suggested that cluster building blocks due to their ligand 

arrangement properties can form 1-D polymer chain-like structures, in which 

intrachain magnetic coupling values will largely exceed interchain interactions.
32

  

One of the first SCM (single chain magnets) was the cobalt complex 

Co(hfac)2[NIT(C6H4p-OMe)] (ligand shown on Figure 12) obtained by the Gatteschi 
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group in 2001.
32b

  The 1D chain consisted of alternating cobalt (II) acetylacetonate 

and nitroxide radical parts.  The complex exhibited slow relaxation of the 

magnetization and hysteresis effect where the chains acted as superparamagnetic 

nanowires. 

 

Figure 12: Chain structure (top left), nitroxide ligand (bottom left) and hysteresis effect of 

Co(hfac)2[NIT(C6H4p-OMe)] (right).  Reprinted with permission from reference 
32b

.  

Copyright É 2001 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim. 

 

The weak interchain magnetic interactions, mentioned above, and significant 

easy-axis magnetic anisotropy originated from anisotropic building blocks are the 

main factors of SCMs.  A number of various single chain magnets with bulky organic 

ligands have been reported up to the moment (Figure 13).  Current challenges in the 

SCM field include production of multifunctional chains with additional properties 

such as conductivity, magnetostriction and higher blocking temperatures, obtaining of 

surface-anchored chains and SCM-based nanoparticles.
31
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Figure 13: Examples of single-chain magnet structures.  Reprinted with permission from 

reference 31.  Copyright É 2008 Royal Society of Chemistry. 

 

1.2.3.3 Polycyanometalates 

The history of cyanocomplexes started with the discovery of Prussian Blue in 

1704 by German painter Diesbach,
33

 followed by structural studies conducted by Ludi 

and Gudel in 1973.
3
  Since cyanometalates can coordinate to a variety of different 

metal ions, the number of structures known and studied up to the moment exceeds 

thousands, of which most exhibit magnetic properties.
34

  The cyano-group bridges are 

known to maintain strong ferromagnetic or antiferromagnetic interactions 
35

 and high 

Curie temperatures.
3, 36

 

Tricyanometalates are highly versatile motifs for construction of 0-D (SMMs) 

and 1-D (SCMs) magnetic architectures.
37

  The 0-D metal clusters represent a variety 

of complex shapes (Figure 14) as well as simple linear clusters.
38
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Figure 14:  Top: left ï Face-centered cubic cluster [(Me3tacn)8Cr8Ni6(CN)24]
12+  39

, center ï 

double face-centered cubic cluster [(Me3tacn)14Cr14Ni13(CN)48]
20+   39

, right ï trigonal 

prismatic cubic cluster [(Me3tacn)6MnCr6(CN)18]
2+  40

. Bottom center: 

[(Me3tacn)2(cyclam)NiCr2(CN)6]
2+

   
38-39

.  Reprinted with permission from references 38-40.  

Copyright É 2000,2002,2005 American Chemical Society. 

 

A large share in the field of molecular magnets belongs to Prussian Blue 

(Fe
III

4[Fe
II
(CN)6]3Ĭ15H2O ) analogues.  Most metal hexacyanometallates have cubic 

3D structure (Figure 15) where the cyanide groups bridge transition metal ions 

occupying the cube corners.
3
 

 

Figure 15: The 3-D-structure of Prussian Blue analogue.  Reprinted with permission from 

reference 3.  Copyright É 2009 Indian Academy of Sciences. 

 

The hepta and octa- cyanatesô coordination properties provide plenty of 

opportunities to create 0-D, 1-D, 2-D and 3-D structures.
3, 34

  The first 

octacyanometalate hexanuclear complex containing octahedral cyanide-bridged core 




































































































































































































































































































































