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Abstract

1. Triarylamminium radical -cation complexes.

The detailed study ahanganes, copper and nickehetatradical complexes

with triarylamminium ligands was conducted.

Stable, neutral and pseudotahedral coordination omometallic complexes
with simple monodentat2,2 -bipyridine ligand containinga redoxactive N,N-(4,4-
dimethoxyiphenytamino) substituentere synthesizednd fully characterizedThe
oneelectron oxidation process and formation of persistent radatadn complexes
was observed by cyclic voltammetry and spectroelectrochemical measurements.
Evans method measuments were performed with radiezdtion complexes
generated by lemical oneelectron oxidation with NOR§in acetonitrile The
experimental resultsindicate ferromagnetic coupling between metal and
triarylamminium cation in manganese (ll) complex andf@mbmagnetic coupling in
nickel (I) complex. This data is supported by DFT calculations which also lend
weight tothe 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 thes precursor complexeslid not generateradicalcations, but
dicationic complexeswvhich was confirmed by U¥is and EPRexperimentsas well
as varied temperature magnetic measurements. DFT calculations for-catiimal

complexes are included.



A synthetc pathway for polytopic ligandwith multiple redoxactive
triarylamine sitesvas developed.The structure othe ligand is presumably suitable
for p-spin polarization exchange model and alldws productionof polymetallic

complexesavinghigh spinground states

2. Basecatalyzed hydrosilylation.

A simple reductive baseatalyzed hydrosilation of aldehydes and ketones was
adapted to the use ohd cheap, safe, and ntoxic polymethylhydrosiloxane
(PMHS) instead of the common Phgiland (EtO)SiH, which present significant
cost and safety concerns, respectively. The conversion of silane into pentacoordinate
silicate species upon addition of asbavas studied in details for the cases of phenyl
silane and PMHS and is believed to be essential for the hydrosilylation protess.
discovered that nucleophiles (a base or fluedad®n) induced the rearrangement of
PMHS and TMDS into light silanes: Nd&H; and MeSiH,, respectively. The
reductive properties of PMHS under basic conditions banattributed to the
formation of methyl silane and its conversion into a silicate speéiggocedure for
the generation of methyl silane and its use in furdfficient 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 compoundss attempted.
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1 Triarylamino radical-cation complexes

1.1 Introduction

The area of molecelbasedmagnets has developed sigraintly during last
two decades, andhé market of magnetic materials is estimated to reach $33 billion
by 2018' This resulted in discovery of magnets with orderinggerature close to
ambient conditions, extremely high and low coercivities and high remanent and
saturation magnetization valuesThey have potential application in such areas as
data storage materialgroduction of frictionless bearings, medicaplants, magnetic
separatorsquantum computing, magnetic refrigerants, MRI contrast agacdsistic
devices, sensors anmtagnetic shielding However, the list of possible magnet
applcation is not full yet. @rrent goals fothe field of molecular magnetsiclude
thediscovery of transparent insulating magnets, flexible magnets, photomagnets, ultra

ihardo (very high coercivit$y) and sof't

This project is intended to synthesize and explore mdnoandpolymetallic

triarylamminium-based radicatation complexes.

1.2 Historical
Since the field of molecular magnets is extremietgad the goal of this
historical overviewwas not to make an extensive review, but to provide information
about the key pointsfanolecular magnetism arttie metatradical approachln this
respect, ypes of magnetic interaction, examples of molecular magnets as well as

organic and metadrganic radicals will be discussed.
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1.2.1 Magnetism.

1.2.1.1 Classicadnd molecular magnetism

The raditional meaning of magnetism, e.g. classical magnetism, is usually
referred to ceoperative spirspin interaction of unpaired or f - electrons in atom
based materials such as Fe, SmyQuLFe 4B, etc, while in molecular magnets these
interactios can involve unpaired el et®tmns on
based materials are producée high temperature metallurgical proces&eBesign
of molecular magnets assumes combination of unpairedbsginng molecular
precursors in such a way that spin pairing does not h&dpeiihe interaction
between unpaired spins in molecular magnets can take place through bond or through
space if it is allowed by design of molecular latic&wo general requirementsr
the design of molecular magsedre the presence of unpaired electrons on every
molecule of the structure and parallel alignment of spins along a given dir&ttion.
Interaction of spins thragh bond or through space in all three directions between

molecular units is highly important for magnetic properties of the compbund.
1.2.1.2 Key parameters of molecular magnetism®

Magnetic properties depend on distriloatiof unpaired electrons and their
movement pattern in the molecules. Similarly to the EartBun 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 nucMhig spin mode is
spinning of electron around its own axis. Since molecules may have not only one or
two, but many unpaireelectrons, the magnetic characteristics of the molecule can be
described ashe summarized magnetic characteristics of all it<tetens. Many of

those electrons are moving in couples with antiparallel spins within the couple.
2



Being exposed tanexternal magnetic field, this electron pair is capable of producing
an internal magnetic field with vector direction opposite to the reeleone The
interaction betweenthe weaker internal fieldproduced by electron paignd the
stronger external fieldlirected oppositelyeads to repelling of the sample to the
weaker zone ofhe external magnetic field. This behaviour is called digneism.
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 contanalf-filled orbitals Since the spin of the unpad
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
wi || be Apull edd into the i ntternisealed one

paramagnetism.

Paramagnets structures containing unpaired electrorean be classified into

categories such as ferromagnets, antiferromagnets and ferrimaggets ).

REERREE bl

: =< f ATL_\’/ d

Figure 1. Spin alignment derromagnets, fantiferromagnets,-derrimagnets, d
paramagnets with disordered spir{g&dapted from references 6-7)
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In ferromagnets the unpaired spins are aligned, in antiferromagnets the
unpaired spins are equal and antiparadlallin ferrimagnets the spins of ardigallel
modes are not equdfiure 1).

Subsequently, the spin numb8rof a molecule ishe sum of spis of all

unpaired electron€Equation 1), given the spin of one electron to-be, -

i sd, €N

The spin magnetic momest of the molecule is represented Eyuation 2

(the orbital momentm is neglected):

H T (2)

When ideal nosinteracting spins are inserted into magnetic fielda net
magnetic moment fomagnetization,M, is produced, which is proportional té

(Equation 3)

1 kg (3)

The constant of proportionality in EqQ.8, is calledthe molar magnetic
susceptibility and its temperature dependence can be characterizénd Byrie

expressionEquation 4):
B )

Where the Curie constanf® can be expressed with such constants as

Avogadro



numberd _, the Lande factog, the Bohr Magnetor and the Boltzmann

|| (Equation 5)

41 H
F B %)

When there is an effective parallel or antiparallel exchange field between
spins caused by weak cooperative interactisitls the neighbouring spins, it affects
magnetic susceptibilitythereforethe measured data will differ from the one predicted
by Curie law. The Curi®Veiss law Equation 6) can be used to express the
magnetic susceptibility Hguation 6), where theWeiss constantis [ 1T for

ferromagnets anfl  ttfor antiferromagnets.

T

= ©)

L

The effective magnetic moment in this case can be describedbguation

|
Has =1 8 7 @

At the same time for the simple systems wRh effective magnetic

moment does not depend on temperatlopi@tion 8)

ST EE (8)

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

magnetizatiori applied magnetic field relation was foundPi¢Figure 2)



ferromagneticcoupling
ferromagnet
(spontaneous magnetization)

femmagn% metamagnetic
paramagnetic

ferrimagnetic coupling

Magnetization

antiferromagnetic coupling

M ic fiel
diamagnetic agnetic field

Figure 2: Relaion between magnetization and applied magnetic fidldiapted from
referenceb.

1.2.1.3 Spin polarization in molecular magnets.

There are few approaches for spin polarization prediction and modeling. The
simplest one i s based oadhstaas that elédctroassontbemi ¢ H
atom are most likely to have parallel spins, and on the fact that electrons participating

in a chemical bond have antiparallel sgins.

o
I
et el
i Il

Siwaitd

i

Figure 3: Representation of thegsn polarizationin the adjacens andp bonds. Adapted
from reference.



It is also known that unpaired electron can polarize the pair of electrons in the
adjacents or p bond, so that one of those two electrons will be located closer to one
of the bondforming atans® The radicals in the molecules are usually located
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 interactits, heir spins gealigned Figure 3). For example, radical spins
in the structure shown oRigure 4 have ferromagnetic interactions because of
metasubstituition patternAt the same timertho- or parasubstituted structure would
have antiferromagnetic coupling mode becausaroéven number of atoms on a

pathway between two radiespin site$

OO
MH'lH‘Hw

Figure 4: Spin polarization in polyradical structuté&®

This approach was proposed and tested on polycarbeoetuséis by
lwamura®® He and his group were able to obtain tetracarbests { |
hexacarbenes with ~ ® and even nonacarbenes wifh ~ °° 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 thospins and can be either ferromagnetic or

antiferromagnetié.



If this spin alignment occurs ithe solid state, then bkimagretism can be
observedKigure 1). Usually threedimensional interactions are required to maintain
bulk magnet properties; however there are examples of 2D and even 1D interactions

leading to the longange magnetic ordet.

The parameter characterizing sgipin interactions ighe Jvalue or spin
coupling constant. For example, the Heisenberg Hamiltonian descritgrngystem

of two spins{| and{ is presented iEquation 9: *°

1 1 9)

When spins are ferromagnetically coupledt 1 and L m for
antiferromagnetically coupled system8. When more than two spins are involved,

especially in polyradical systen&guation 9is transformed int&quation 10; *°

(10)

In this case sphspin interaction may be related to either inter

intramolecular interactions.

Intramolecular interactions may show four possible valuéscaupling

constant: L &4 (even number of spins) éf - (odd number of sping)

I strong

strong antiferromagnetic  coupling; L

ferromagnetic coupling; L L - 1 very weak ferrmagnetic or

d

antiferromagnetic couplingl 4| - weakly coupled polyradicals, all possible

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

characterization®



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 magnetaharacterizatiorand is generally accounted for using the
Weiss constant; however study of thesenteractions is essential for further

development of molecular magnets with high bulk magnetic characteri8tics.

The spinspin interactions in dinuclear (or polynuclear) complexes can be
describedwith the famous Bleaneyowers equationEquation 11), whereﬂ=|= is

accounted for temperatutedependeninolar paramagnetic parametér

IL

o L (11)

—
=
a

Fu

o
T

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

temperature susceptibility data.

For example, in dinuclearcopper (1) system, where eaahetallic sitehas
one unpaired eIectro(n” -), the possible types of spapin interaction include

ferromagnetic £ mh 4 ) and antiferromagneticl{ mh{ ) coupling as
well as a case oftwo norrinteracting independénspins (¢ ). Schematic

representation of magnetic behaviourdach case is shown &igure 5:



|
|
1 .
\ ferromagnetic
\

‘\ ‘ paramagnetic (no spin interaction)

— ~
‘*-g-. ~.‘:..2/
| T TTmee e ===
E |l
h; ........
) \

antiferromagnetic

T. K
Figure 5: Schematic drawing ahagnetis uccept i bi |l i tylt empsforat ure

binuclearsystems with ferromagnetic and antiferromagngiainteraction, the
paramagnetic interaction assumes two independent\wjimso interaction

Out of these three systems, the one featuring ferromagnetic coupling is
considered higispin Equation 7 can be used for calculation of effective magnetic

momentH_ ggnd ths data can be used tquation 8 to obtain the actual number of

the unpaired electrons.

I AHA (e (12)

A oy TN
[ v T HE T HE Ty (13)
NI ”

Another way toget information about the spin number valughiough the
Brillouin function (Equations 12-14)'? calculations performed with the data,

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

by varyingthe magretic field at low temperature§ifure 6)

10
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Figure 6: Schematic drawing afaturatiommagnetizatiorexperiment.

The ferri- or ferromagnetic propertyan be also confirmed via a low

tempeature magnetizatiorvs magnetic field experimenfalso seeEquation 3),

which shows ahysteresis loop pattern with distin@lmostvertical parallelsides

(Figure 7).

M, g

HT

Figure 7: A schematic drawing of data representation for {sgim system in low
temperaturenagnetization/magnetic field experiment.
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1.2.1.4Characterisation of magnetic materials.
Magnetic materials can be characterized by their response to the applied

magnetic field®

SQUID, super conducting quantum interference devieeflux methodthat
allows for measurement of magnetizativh as a function of temperatufgé and

applied static magnetic field. Therefore magnetic susceptibilitiy can be obtained

1 .
ask —.'° The temperature range used for these measurements is usually between
l

the liquid helium temperatufe- 2 K) and room temperatufe 300 K), howeverhigh
temperature SQUIBlevices are alsonown® A schematic diagramof the SQUID
magnetometeis presented oiffigure 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.

sQuID

E E electronics
vacuum __| | neck tube
space
liquid ' 4—thermal shield
helium \

[~} magnetometer
probe
SQUIDs ! gradiometer
A¢/bC — /pickup coil
magnet

Figure 8: Schematic representation of the SQUID magnetometer.
Adapted from réerenceld.
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NMR techniques, such ashe Evans method aresuccessfully used ithe
characterization of magnetic compounds for measutimg effective magnetic
moment and determination tfie number ofunpaired electrons. The method was
proposed by Dennis Evans in 1959.The magnetic susceptibility can be found as a
function of temperature in deuterated solvents by measuring the shift difference
betweenthe solvent or standard compound with and withthe presence othe
studied paramagnetic samjitea*H NMR spectrum The experimesi set up can be
maintained by use & special NMRtube with coaxial insert NMRube or a regular
NMR-tube with a sealed caflary insert. The inner tubeontains solvent othe
standad compoundn solution,while the outer tube is filled with the solution thfe
paramagnetic species or vice versa. In the original work of Evans magnetic

suseptibility was calculated witEquation 15:*>

V/ - N .V
+ _zy.lm P (15)

Where ¥ is the observed fremncy shift,in @ ©®§ %'q”; Hz, || is the

frequency at which the proton resonances are being stliudi%)d‘:‘) w? %bﬁ Hz O

is the mass of the substance studied per 1 ml of soluinQ F is the mass

susceptibility of te solvent,in W & g and finally the® and®_ solvent and

. .. Q
solution densityin Od

In modern NMR equipment the applied magnetic field is usually parallel to
the sample tube axis, whille Evanscase thenagnetic field vectowas perpendicular

to the tube axis In this cas&quation 11 can be transformed infequation 16:*°

13
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_A
oo F (16)

O

As the concentrations used are relatively low and therefore the densities of
solvent and solution are very close, then solution density can be assurf&d by

® O and, subsequentfy?
- =3 (7

For the effectivemagnetic moment calculatiofEquation 14) the obtained
mass magnetic susceptibilityis transformed into molar seesptibility and corrected

by its diamagnetic component with Pascal constarits, t3°?

HHH 8 ko (19

EPR (or ESR) spectroscopyis one of the mst useful techniques for
obtaining information about unpaired spins.eThethod is based on excitiatctron
spins undeanapplied strong magnetic fieldt was used for triplet excited stat§ €
I) detection and is commonly applied f& > 0 states studial in bi- and
polyradicalst’® While this method is a reliable source of qualitative information, its

quantitative application such apin number counting for polyradicals study is

limited since determination of hyperfine coupling constdns difficult for | - .

In polyradicals with L L |the electronelectron spin coupling may be observed

by EPR/ESR techniqués.

The Faraday balance, Evans balance and Gouy balan@e simple and
similar devices used fahe measurement of mass magnetic susceptibility. For

example, in the Gouy balance meth&iygre 9) a cylindrical sampleattached taa

14



sensitive analytical balance is inserted into magnetic field, and the force produced due

to sample magnetization is measut&d.

Figure 9: Schematic drawing of Gouy balanc&dapted from referenc3.

Out of data obtained with the balanttee magnetic suscefility can be

calculated wittEquation 19: %

. ID:|—|D (19)

WhereO andO are masses of the sample with and without applied
magnetic field respectivelys= is crosssectional area of the sample aﬂdis the

magnetic field®

M™ ssbauer s sebased ons reooilleys emission and resonant
a b s or p tiradiaiion dyfan atomic nucle® It allows for determiation of
magnetic order temperature by studying the temperature variation of the magnetic
hyperfine field.?° This technique is extremely helpful the characterization of spin
crossover compounds (especially-laind polynuclear)or detection of high and low
spin states, metdb-metal electron transfer phenomenon arasgltransitions: For
exampl e, M™ssbauer met hod was successful
complex, sich that thedata obtained showed thermal spin transition from double

high-spin state to higispin plus lowspin state but no mixture of double high and

15



double bw states was detecteBiqure 102> Al t hough M~  ssbauer
usually considered as a method for studyinyleé compounds, ipplication can be
extended tocertain isotopes of other metals suchlanthanides, nickel, tungsten,

osmium, zinc, silver, ruthenium, platinyetc??

L "~ 8
208K /
8 \ 3
= -3 &
s g .
2 s 5 -
&5 2 5 6 f
z 8 E 5 8
g g g >
g~ g = X4l o
[
. S aif .
. = 'z 2] '/HS\H/I-P )
{ |
= / |
. 1 Y N
&
s 0 T T T T T 1
0 50 100 150 200 250 300

-4 2 0 2 4 -4 2 0 2 4

g TI[K]
Velocity [mnvs] Velocity [mm/s]

Figure 10: Mossbauer spectra fffe' (PMAT),](BF4)4: D Mde various temperatures (left),
magnetic susceptibility*T vs temperature plot (righReprinted with permissiorrdm
referenceé®. Copyright E 2005 Royal Society of Chemistry.

Other methoddo study magnetic properties include but are not limited
chemically induced dynamic niear polarization (CIDNPY° electron nuclear double
resonance (ENDORYJ neutron scatterin thermal analysis closed circuit
magnetization measurements with hysteresisgtagie. Electronic properties of
magnetic compounds can be also studied by-vi$V and IR spectroscopy.

Electrochemistry is used for oxidatiweduction characterization as well.

1.2.2Molecule-based magnets.

Compared to traditional magnetsplecular magnethave a wider range of
interesting features and advantages, sucloasdensity, mechanical flexibility, low
temperature processability, high strength, modulation/tuning of prepdry means
of organic chemistry, solubility, low environmental contamination, compatibility with
polymers for composites, biocompatibility, high magnetic susceptibilities high

16



magnetizations, high remanent magnetizations, low magnetic anisotropy,
transpaency, semiconducting and/or insulating dc electrical, conducfivity
Molecular magnets can be categorized in a number of different suaysady the

type of architectural arrangement, magnetic interactions, size, number of metallic
centers, cordination pattern, spin number, synthetic pathway, ligand type, etc. In
this work a few families of molecular magnetsvill be briefly discussed whilghe

main attentiorwill be focused on organic and metaiganic radical magnets.
1.2.3 Types of molecutabased 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
electronsin the partially filledd-orbitals of transibn metals while its organic core
prevents magnetic contacts with neighbouring molecleBhe first SMM reported
was a mixed valence manganese cluster [MNM(O.CMe)g(H20)4 with
Mn"gMn", ratio and groundpin of S = 70(Figure 11).***2° In this molecule for
central MA" atoms were weakly ferromagnetically coupled while the rest of Mn
atoms were involved into antiferromagnetic '#in"' and MA"Mn' interactions.
These interactions are essential, because large metal clusters with large ground state
number and with the symmetry not allowing for intramolecular rathl
interactbns cannot be considered as single molecule magtiefshe weltknown
examples of SMMs are [E@,(OH):o(tacn}]Brg (where tacn = triazacyclononane),
[Mn403CI(O.CCHg)3(dbm)] (where dom = dibenzoylmethane), [KOH)s(dpm)]

(where dpm =dipivaloylmethan&)® 2
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Figure 11: The structure (left), spin orientation (center) and magnetization vs magnetic field
data (right) for [Mn,0:5(O,CMe)s(H20)4]. Adapted andeprinted withpermission from
referencé*® Copyright E 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 singf®lecule magets with fluorescent
properties’’ SMM cobalt complex with unusual fully reversible on/off switahifor
both anodic and cathodic statedrom the Murugesu group, the first-dlement
nitrosyl complex exhibiting temperatuiredependent paramagnetigiand the firs
report of spiacrossover SMM featuring ligkdactuated magnetic tristability

phenomenoif from Longet al, etc.

1.2.32 Single chain magnets

Although the early approach to magnets design exploit&l s}ructural
organization, the discovery of SMMs led teDOarranged structures, since single
molecule magnets tend to form isolated wksdelped structures and molecular
clusters®® In 1963 Glauber suggested titster building blocks due to their ligand
arrangement properties can formD1 polymer chairike structures, in which
intrachain magnetic coupling values will largely exceed interchain interaéfions.
One of the first SCM (single chain magnets) wé#se cobalt complex

Co(hfac}[NIT(CgHsp-OMe)] (ligand shown orfFigure 12) obtained bythe Gatteschi

18



group in 200F?* The 1D chain consisted of alternating cobalt (Il) acetylacetonate
and nitroxide radical parts. Theomplex exhibited slow relaxation of the

magnetization and hysteresis effaghere the chains acted as superparamagnetic

nanowires.
. S 12000+
/«.I)/J
(52 [ 6000
has
Sk M/ 0
c ' _} emu mol” i
— ) :
6000 -
I

Figure 12: Chain structure (top left),itnoxide ligand(bottom left)and hysteresis effect of
Co(hfachNIT(CeHap-OMe)] (right). Reprinted with permission from refereriée
Copyright E 2001 WILEY -VCH Verlag GmbH & Co. KGaA, Weinheim

The weak interchain magnetic interactions, mentioned above, and significant
easyaxis magnetic anisotropy originated from anisotropic building blocks are the
main factors of SCMs. A number of various singt@in magnets with bulky organic
ligandshave beenmeported up to the momer&igure 13). Current challenges ithe
SCM field include production of multifunctional chains with additional properties
suchas condutivity, magnetostriction and higher blocking temperatures, obtaining of

surfaceanchored chains and SGb&sed nanoparticlés.
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Figure 13: Examples of singkehain magnet structure®Reprinted with permission from
reference8l. CopyrightE 2008 Royal Society of Chemistry.

1.2.33 Polycyanometalates

The history of cyanocomplexes started with the discovery of PrussianrBlue i
1704 by German painter Diesbattollowed bystructural studiesonducted by Ludi
and Gudelin 1973° Since cyanometalates can coordinate tadety of different
metal ions, the number of structures known and studied up to the moment exceeds
thousands, of which moskleibit magnetic propertie¥. The cyanegroup bridges are
known to maintain strong ferromagnetic or antiferromagnetic interactiamsd high

Curie temperatures®

Tricyanometalates are highly versatile motifs for constructionBf(@MMs)
and 1D (SCMs) magnetic architecturés.The 0-D metal clustersepresent a variety

of complex shapesigure 14) as well as simple linear clustéfs
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Figure 14: Top: lefti Facecentered cubic cluster [(M@cn)CrgNig(CN),,]** *°, centeri
double facecentered cubic cluster [(M@cn)Cri4Nig(CN)4g)?** 2 righti trigonal
prismatt cubic cluster [(MgacnyMnCrs(CN).g** “°. Bottom center:
[(Meztacn)(cyclam)NiCh(CN)s]** **%. Reprinted with permission froreference88-40.

CopyrightE 2000,2002,2005 American Chemical Society.

A large share in the field of molecular magnetdobgs to Prussian Blue

(F",JF€"(CN)g]sl 1 5Q) analogues. Most metal hexacyanometallates have cubic
3D structure Eigure 15) where the cyanide groups bridge transition metal ions

occupying the cube cornets.

Figure 15: The 3D-structure of Prussian Blue analogugeprinted with permission from
reference3. CopyrightE 2009 Indian Academy of Sciences.

The hepta and octac yanat es® coordinati on prope
opportunities to create -D, 1-D, 2D and 3D structures: % The first
octacyanometalate hexanuclear complex containing octahedral cymitided core
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