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Abstract

The work was divided into two parts; (i)approaches to the synthesis of
tetrakis(a-diazobenzyl)anthracenes to be used as precursors of high-spin
polycarbenes (potential organic ferromagnets) and (ii) studies of the
electrochemical decompositions of bis(diazo)-compounds as precursors of
fully conjugated polymeric materials.

The aim of the synthetic work was to produce and crystallize two
compounds 1,3,6,8-tetradiazobenzylanthracene and 1,3,5,7-
tetradiazobenzylanthracene. The former was to be the precursor of an
organic ferromagnet and the latter the control compound. The synthesis
of tetramethyl intermediate 1,3,6,8-tetramethylantraquinone proved
difficult but was accomplished using a regiospecific attack of a Grignard
reagent on a pseudo acid. The tetramethyl compounds, however, were not
readily functionalized despite extensive attempts including high pressure
oxidations, free radical attack and oxidation in basic media. The failure
was attributed to insolubility of the tetracarboxylic acid product,
decarboxylation and achieving the complete substitution of all the side
chains. Another approach using CH,Ph groups instead of methyl groups
was tried; The route yielded promising results, but was not completed in
the allocated time.

The aims of the electrochemical work was to oxidize and reduce both 1,3-
bis(a-diazobenzyl)benzene and 1,4-bis(a-diazobenzyl)benzene in DMF
solution and to elucidate the reaction mechanism. It was found that
oxidation of these compounds apparently initiated a chain reaction, but
subsequent experimentation indicated that decomposition was the result
of catalysis by electrochemically generatyed acid. Using HBFj, the reaction
mechanism was modeled with a computer-based kinetics package. It was
found that the decomposition of the 1,3-bis(a-diazobenzyl)benzene could
be modeled assuming acid catalyzed decomposition, with partition of
intermediate carbenium ions between reaction with a diazo group on
another molecule and reaction with the solvent. Accurate simulations
could not be performed for the 1,4-bis(a-diazobenzyl)benzene because of
analytical problems. This is discussed in detail.

The reduction experiments brought about chain reactions analogous to
ones previously found with 9-diazofluorene but with lower
propagation:termination ratios.

Polymeric products were not observed in the decomposition. The
feasibility of polymer formation was investigated using molecular
modeling techniques. It is concluded that there are no specific steric
interactions hindering polymerization.



1.0 INTRODUCTION



Aliphatic diazo compounds were first discovered in 1883, by Theodor
Curtius, with the synthesis of ethyl diazoacetate. Since then diazo
compounds have had an impact upon a large number of different fields of
chemistry. They have been used in various ways, most notably as
precursors for the production of carbenes and synthetically (carbon chain
extensions, carbonyl protection and cycloadditions). Only those aspects of
diazoalkane chemistry relevant to carbene generation and reactions

leading to conjugation will be discussed.

1.1. Properties of Diazo-compounds

1.1.1. Diazo Compounds Structure

The simplest diazoalkane, diazomethane (CH,CN;)(1) has C;,, symmetry
with a linear diazo group. This has been derived from electron diffraction
measurements 1 and is confirmed by microwave spectroscopy.2 The bond

lengths and angles are shown in figure 1.1.

by - gn =l 155 e e !
ppm ppm

Figure 1.1 Bond Lengths and Angles of Diazomethane (1).

The bond orders of 2.66 for N-N and of 1.38 N-C were derived from the
force constant from IR spectroscopy of molecules substituted with different
isotopes.3 The force and coupling constants indicate strong electronic

coupling and delocalisation. The results can be explained with the



resonance structures shown in Figure 1.2. Valence bond theory implies
that structure (e) may contribute significantly to the ground state. The
linearity of the diazo-group implies sp? hybridization of the diazo carbon
and the sp hybridization of both nitrogen atoms. The orbital coefficients as
calculated by CNDO/2 are shown in figure 1.3.

Hza'—N"'ENl <3 H,C=—N*=N'| =— H26'—E=N+|

(a) (b) ()

Hzc—ﬁ.=l:l I —— H26+ —N=N"|
(e) (d)

Figure 1.2 Resonance Structures for the Diazo Group.

0.780 0.129 -0.613

Figure 13  Bonding in Diazomethane (1) with the Orbital Coefficients
Calculated by CNDO / 2, ‘PHOMO = 2b1(1'€)

1.2. Chemistry of Diazo Compounds

1.2.1. Electrophilic Reactions

The diazo groups are particularly electron rich and susceptible to attack
from proton donors, Lewis acid and electrophilic alkenes. Diazoalkanes
are susceptible to acid attack. With a carboxylic acid, the methyl ester is the
usual product. The reaction scheme is shown in figure 1.4. The first step
is the protonation of diazo carbon to form a diazonium ion. The next
stage is either deprotonation or loss of nitrogen in a unimolecular fashion

or attack of the nucleophile to expel the nitrogen. Protonation is the rate



determining step as ky is so much faster than deprotonation. The loss of
nitrogen to give CHj3* is a minor route. For diazodiphenylmethane, the

production of the anion is more important.

H,C=N, + H' HaC—N;

k

P
M‘

No N2

+R0O0O

CHy "~ s 0OR

+R0O0O

Figure 1.4 Acid Catalyzed Decomposition of Diazomethane (1).

1.2.2. Nucleophilic Reactions

Nucleophilic attack on diazo groups is uncommon. Reactions with PPhy
was at one time believed to involve such a process."r The reaction is now
believed to be biphilic, both reactants displaying electrophilic and

nucleophilic characteristics.”

1.2.3. Thermal and Photochemical Reactions

The generation of carbenes is of interest particularly in physical organic
chemistry. On direct photolysis, singlet state carbenes are first generated,
but in appropriate cases, these can then intersystem cross to triplet
carbenes. Laser flash photolysis has yielded lifetimes of 200us for
dimesitylene carbene in cylcopentane solution or benzene and 1.7us for
diphenylcarbene in cyclopentane.f’r 7 When generated in solid matrices at
temperatures < 77K, triplet carbenes generated from diazoarylalkanes are
long lived and can be observed by esr spectroscopy. Singlet carbenes have

not been directly observed.

Singlet and triplet carbenes have different reactivities toward alkenes, C-H

and O-H bonds. Singlet carbenes add stereospecifically to alkenes in a



concerted [2+1] process, whereas the triplet carbenes undergo a stepwise
process involving a 1,3-biradical. This is illustrated in figure 1.5. The
relative yields of product from the photolysis of 9-diazofluorene (2) with

butene is shown in table 1.1.

Table 1.1  Products from 9-Diazofluorene Photlysis with Butene.

Condition Alkene Relative yield
cis trans

direct photolysis cis-butene 1.95 1

direct photolysis trans-butene| 0.06 1

direct photolysis cis-butene ca.49 1

+ 82%butadiene

Spin inversion
ring closure

Spin inversion
ring closure

b SVAS R & ol
. ﬂ‘ :... + C-C rotation
W, W, W,

Figure 1.5 Photolysis of 9-diazofluorene (2) with butene.



1.2.4 Electrochemical Reactions

Electrochemical work has been performed on diazo compounds, both
oxidatively and reductively. The reactions are summarized in figure 1.6.
A notable feature of these reactions is the generation of carbene ion
radicals. Diazoalkane cation radicals can react either with solvent or they
can dimerize to give after loss of nitrogen azines and ethylene.
Diazoalkane anion radicals can also dimerize to form the dimeric dianion

and then go on to produce the azine.

= W

————— - N-N
—< x2| )-
N-N
>_ ~+ +e o N T \
— )N, —-—— N, —» Np— Np- — CH-
H /
G e L K. /
C iy LSS
/ r

Figure 1.6 Summarized reactions of diazo groups, both oxidative and
reductively.

1.3 Carbenes

1.3.1 High Spin Organic Molecules and Arrays

Most organic compounds have closed-shell electronic structures, which
makes them good insulators and magnetically inactive. Compounds with
an open structure are of interest because of their unusual properties. In
high spin systems (where S 2 1/2) 8,9 the spins are uncoupled. If these
type of compound are highly structured, in a particular fashion, organic

magnetism can result.10, 11, 12

Many high spin molecules have been constructed. Of particular interest is
the series of polycarbenes shown in figure 1.7 (m=2) Such species had a
ground quintet state.13 Carbene m = 4, showed the nine spin sub levels

expected for a S = 4 systems. Fully conjugated systems can be thought of as



1-dimensional ferromagnets, such as shown in Figure 1.7. It was found
that the conduction and non-conduction bands did not converge as m
increased. However, it was noted that there were two kinds of spin
present, which is analogous to the sd-interaction of electron spins in
metals. This approach, however, has severe limitations. The expected
spin multiplicity is produced only if all the diazo groups are converted
into carbene centers and if the resulting carbenes stay unreacted. Also
there are no polymerization reactions suitable to produce such a backbone

prior to photolysis.

Figure 1.7 Poly(m-phenylenecarbene)
1.4 Fully Conjugated n-Systems

1.4.1 Properties of Fully Conjugated Systems
Poly(acetylenes), poly(diacetylenes), poly(phenylenes) and

poly(phenylenevinylenes) have been proposed as the main chains.
Theoretical results!4 show a converging of the ground and excited states as
chain length increases, as shown in table 1.2.

Table 1.2  Effect of Chain Length on Energy Gap in a "Soliton".

n S ADE
2 1 7.3
3 3/2 4.7
4 2 4.3
5 5/2 39
H H
o n

where ADE = energy gap in kcal mol-! for .
Sgs = Spin in the ground state



Work has recently been performed to determine the extent of
delocalisation in n-doped polyacetylene ("solitons").1> 13C NMR studies
allowed the development of an empirical relationship, which estimates
the charge density at each carbon centre (equation 1.1).

pc = (8¢ -132.7)/187.3 equation 1.1

where p = charge density and

0C = chemical shift.

It was calculated that the conjugation length, even in the most favorable

situations, cannot exceed micrometers.

1.4.2 Production of Azine and Ethylenic linkages

The dimerization of diazo compounds using either acid or constant
current anodic electrolysis 16/ 17 is known to lead to ethylene or azine type
linkages between diazo-carbon atoms. Azine linkages can also be produced
efficiently by cathodic reduction of 9-diazofluorene (2).16 If a bis(diazo)-
compound were used then there is the possibility of producing a polymer.
By using a compound in which the two diazo groups are conjugated, the
possibility arises of generating fully conjugated and hence potential

electrically conducting polymers.

This approach has been applied on bis(diazo)-compounds of the

indenofluorene series 18, 19 and compounds (when doped with SO53°) with
specific conductances of 1 x10-4 and 2 x 10-3 Q-lcm-1 were obtained, c.f.

NaCl aq. 3% solution 44 x 10-3 Q-lem-1

One of the problems of using compounds of the indenofluorene series is
their relatively low solubility. By using compounds of greater solubility,
the polymerization can be performed at higher concentrations, which

should increase the chain length, and so possibly improve the



conductivity. The preliminary step to producing these types of
compounds is to subject the bis(diazo)-compounds to cathodic
decomposition. The compounds used were 1,3-bis(a-diazobenzyl)benzene
(3) and 1,4-bis(a-diazobenzyl)benzene (4) and these have a much greater

solubility (ca 10 fold) then those used previously.

1.5 Aims of the Project

This work concerns itself with poly(diazo) compounds. These compounds
have unique properties. On the one hand, on reaction, they can yield
unstable intermediates with high spin states. On the other hand, some can
be made to react so as to generate conjugation between two diazo-carbon
atoms. Using these properties, the aim was to investigate ways of
producing materials with unusual but useful physical properties, in
particular organic magnets and organic conductors. The theoretical

background and approaches necessary to these ends are also discussed.

Chapter 2 is concerned with the production of tetra substituted
anthracenes. Their highly specific synthesis and approaches to converting
them into tetra(diazo) compounds, with a view to producing high spin

and potential ferromagnetic materials are discussed.

Chapter 3 is concerned with the electrochemical decomposition of 1,3-
bis(a-diazobenzyl)benzene (3) and 1,4-bis(a-diazobenzyl)benzene (4). The
kinetics of these reactions are investigated with the eventual aim of

producing highly conjugated polymer chains.



2.0 ORGANIC MAGNETISM
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2.1 Introduction and Aims

The aim of the project was to synthesise tetradiazo compounds as
precursors to high-spin species that might exhibit ferromagnetism. This
section details the theoretical background behind organic magnetism. It
then details the approaches taken toward this goal, including both the

theoretical and synthetic methodologies.

2.2 Magnetic Phenomena

2.2.1 Diamagnetism

Diamagnetism can be explained quantitatively by considering Lenz's
Law.202 This states that when an electromotive force is induced in a
conductor by any change in the relation between the conductor and the
magnetic field, the direction of the electromotive force is such as to
produce a current whose magnetic field will oppose the change. This

opposing force, or diamagnetic moment will persist as long as the external

field continues.

This approach helps explain three of the characteristic features of

diamagnetic compounds.

i) All matter has a diamagnetic component to its susceptibility. The
reason is that the compounds contain paired electrons. As these are
paired there is no resultant magnetic moment. The electrons react
in the same way to an external magnetic field as the conductor in

Lenz's Law. They precess in such a way as to oppose the external

field.

ii)  The diamagnetic susceptibility is always negative. This is because it

is opposed to the applied external field.
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iii) The susceptibility (x) is not directly temperature dependent. The
magnetization is proportional to z rf where r;2 = mean square
distance of electrons from the nucleus. Small variations of x with
temperature may be interpreted as a slight dependence on

temperature.

It is possible to represent diamagnetism as pairs of electrons (see figure 2.1.)

‘ I 1 | ‘H U}um Moment
|

_‘d__‘

i | Fiel
Paired Electrons WRIE FXiBmal Field

Figure 2.1 Schematic Diagram Illustrating Diamagnetism.
A diagram showing the effect of applying an external magnetic field to
paired electrons.

2.2.2 Paramagnetism
In 1895, Curie20b noted that certain substances behaved differently. The

observation was that the susceptibility was independent of the applied
field and also temperature dependent. He showed that the temperature
dependence of the susceptibility could be described mathematically by an
expression later modified by Weiss to give the Curie-Weiss Law equation

2.1,

i
T-0 equation 2.1

where = Magnetic Susceptibility
C=  Curie constant
= Temperature
=  Constant

The origin of this susceptibility for organic compounds is the unpaired

electrons. Without an external field, the individual spins and their
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susceptibilities are randomly distributed and so there is no resultant
magnetic moment. When an external field is applied, the magnetic
moments align and give an overall susceptibility. However, this
alignment can be disrupted by thermal motion, i.e. the susceptibility is

temperature dependent.

AN
2o S

No External Magnetic Field External Magnetic Field

Figure 2.2 Schematic diagram illustrating Paramagnetism. Each arrow
represents the magnetic moment on an unpaired electron.

2.2.3 Ferromagnetism

Ferromagnetism is a subset of paramagnetism. All compounds which are
ferromagnetic are also paramagnetic. Equation 2.1 has a singularity when
T = 0. This is normally called the Curie point. According to equation 2.1,
the magnetic susceptibility is infinite. This corresponds to spontaneous
magnetization. Below this temperature the compound behaves

ferromagnetically, all other things being equal.

ARRRRRREREREIERE
ARAARRNARRARANARY

Ferromagnetic Antiferromagnetic

Figure 2.3 Schematic diagram illustrating Ferromagnetism and
Antiferromagnetism.
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Above the Curie point, the thermal motion disrupts the alignment and

the compound reverts to being a paramagnet.

It is also possible for paramagnets at low temperatures to align alternately.
The overall susceptibility becomes zero, even though the compound
contains unpaired electrons. The deciding factor between these two states
is the proximity of volumes of opposing spin density and their exchange
interaction. Antiferromagnetism is by far the most common of the two.

This is discussed further in the section 2.3.

2.3.Theoretical Requirements for Organic Ferromagnets

2.3.1 McConnell's Theory

In 1963 McConnell28 specified the requirements for an organic
ferromagnet. He suggested that in certain aromatic and olefinic free
radicals, there are large volumes of positive and negative n-electron spin
density. If the volumes of negative spin density were to exchange couple
with the volumes of positive spin density, a ferromagnetic exchange

interaction would result.

Usually, in a solid free radical compound, volumes of the same spin
density are adjacent, and these interact antiferromagnetically. McConnell

presented the following explanation.

It is reasonable to assume that the spins on adjacent sites in a crystal lattice
align antiparallel. It is assumed that this interaction is similar to those on
two weakly interacting hydrogen atoms; the only difference is that this
approach assumes that this is a two center problem and not a multi center
problem. The interaction between two atomic radicals can be

approximated using the following Hamiltonian (#) (equation2.2);
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=Y 1S
y

equation 2.2

Where SAis the n-electron spin on atom i of molecule A, and S;B is the m-
electron spin on atom j of molecule B. This equation can be rewritten as
equation 2.3,

3*°=-54-8"Y J{°pfoP
7 equation 2.3

where S and S are the total spin operators for A and B, and P and pIB are
the m-spin densities. As P and pIB are usually positive and the exchange
integrals, IﬂAB, are negative for aromatic molecules which are stacked
closely together, this leads to a tendency for antiparallel spin alignment.

Antiparallel alignment leads to antiferromagnetism.

From this it can be deduced that if a high spin, odd-alternant molecule
with large volumes of negative and positive spin density were constructed
and crystallized so that positive and negative volumes were adjacent, then

the exchange integral would be positive and the interaction ferromagnetic.

2.3.2 Even Alternancy

An alternant hydrocarbon is defined as a hydrocarbon whose constituent
atoms can be split into two distinct types, starred (*') and unstarred ('0").
Starred atoms can only be surrounded by unstarred atoms and unstarred
atoms surrounded by starred atoms. It is well known that alternant
hydrocarbons have a number of exceptional properties, such as high
thermochemical stability. These properties are readily apparent from the

Hiickel method.

Where the number of starred atoms is equal to the number of unstarred
atoms, the orbital energies are symmetrically distributed about the energy

of the Coulomb integral (in the MO method). The charge is distributed
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evenly throughout the even alternant molecule, giving a small or zero

dipole moment.21

There are cases where the number of starred atoms does not equal the
number of unstarred atoms. The ground states of these molecules display

high multiplicity, which can be described using equation 2.4

S _Ineng|
2 equation 2.4
Where S = total spin
n« = the number of starred atoms
no = the number of unstarred atoms

Equation 2.4 cannot be proved using the Hiickel theory or any one electron
method. However it has been rigorously proved that S must be greater

than zero.14

The size of the ferromagnetic interaction is dependent on the total spin
number. The larger the spin number, the greater the theoretical

maximum of the ferromagnetic interaction.

2.3.3 Spacing

The distance between the volumes of spin density is critical to achieving a
ferromagnetic interaction. Cooper22 suggested that for ferromagnetic
interaction to occur, the intermolecular distance between volumes of

opposed spin density must be between 4-5A.
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2.4 Practical Approaches Towards Organic Ferromagnets

2.4.1 Ferrocene Series

Miller and co-workers attempts to prepare ferromagnetic materials have
met with mixed success.23-27  Their approach has yielded much

information about the requirements for bulk ferromagnetic interactions.

Miller et al, noted that one dimensional decamethylferrocenium 7,7,8,8-
tetracyano-p-quinodimethanide (1:1) [Fe(n>-CsMes),]+-(TCNQ)™ exhibited
metamagnetic properties.23f 24 That is to say they either show
ferromagnetic or antiferromagnetic properties depending on the size of the

external magnetic field.

Further investigation lead to the discovery that the metamagnetic
behavior was due to only one type of crystal phase.25 There were
problems with the characterization as some oxidation had occurred. The
general structure consists of stacks of alternating ferrocene/TCNQ
moieties. The ferrocene units are eclipsed and each moiety is calculated to
have S=1/2. For the TCNQ moieties the spin is S=1/2 also. Also one of
the cyano groups has been replaced by a ketone group. The cation/anion
spacing is 3.67A compared with 3.55A for the other crystal phase. The
separation between S=1/2 Felll sites is on average 10.840A. There appears
to be minimal coupling between stacks. The material is a mixture of S=1/2
DMeFct:, S=1/2 TCNQ:~ and the oxidised TCNQ- form, where Fc =

ferrocene.

In a different approach, the TCNQ- was changed for 2,3-dichloro-5,6-
dicyanoquinone (DDQ).26 It was hoped to form a closer and more tightly
packed structure with enhanced magnetic properties. The product formed

is DMeFct-DDQH- not the radical. It has a similar structure to the TCNQ-~
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analogue in that the structure is composed of stacks of alternating anions
and cations. This is despite the separation between the two ions being
closer than in the DMeFct-TCNQ-~ by 0.11A. The spins on the DMeFc*- act
independently of each other. This illustrates the importance of spin on

the intervening anion for magnetic coupling.

Once again, Miller et al changed the counter ion, this time to
tetracyanoethylene™ (TCNE™). This time, the product isolated was
DMeFct-TCNE™ and it gave ferromagnetic interactions.10 The interesting
point to note is that there is radical-radical interaction due to the short
distance. The intrastack separation is 0.1A or less, shorter than in the

other isolated compounds and is 10.415A.

The stacks interact with each other in an interesting way. There are two
types of stack-stack orientation, either in register (where the nearest
interstack neighbor of each moiety is of the same type) and out of register
(where the interchain neighbor is of a different type). These are present in
equal numbers. This means that Fe-TCNE distances are either 5.707 or

8.378A depending on the type of register.

The iron used is Felll low spin not Felll high spin or Fell or iron metal.
Consequently Miller et al. feel justified in claiming the first organic

ferromagnetic material.

This approach has yielded interesting points. It finds that for gross
ferromagnetic interactions not only must there be interaction up and
down the stack (with no intervening radicals missing), but also in between

stacks, by means of the in and out of register interactions.

Miller explains his findings in terms of an extended McConnell model.2?

He assumes virtual charge transfer and states that to achieve
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ferromagnetic interaction (i) at least one type of radical must possess a
degenerate POMO that is not half-filled (ii) the lowest excited state, formed
via virtual charge transfer, must possess the same multiplicity and; (iii) it
must mix with the ground state to stabilise the ferromagnetically coupled

ground state.

2.4.2 Polydiacetylene with Nitroxy Biradical Side Chains

In this approach,!l stable biradicals (figure 2.4a) are polymerised by either
heat or ultraviolet light to give a ferromagnetic product (figure 2.4b). The
product does show ferromagnetic interactions, but these are extremely
weak, (0.1% of the monomer is converted to the ferromagnetic polymer).
This fraction has to be magnetically separated from the residue but does
have a respectable Curie temperature of 150°C. The product is poorly

characterized and the yield is low.

N
Ae CHa LR
CHy R—-C
N_O. \C
OH CH, %
\
CH, ,,C—-Fi
R—C
R—C=C—C=C—R \

(@) (b)

Figure 2.4 Diacetylene monomer used (a) and the polymer produced (b).

The problem with this method is that it is difficult to ascertain the
structure of the product and so discover the exact mechanism for the

interaction.

2.4.3 Polyacrylonitrile Pyrolysis Products
In 1988, Ovchinnikov!2 published a paper claiming the discovery of the

first organic ferromagnet produced by an independent synthetic method.

The approach used was to pyrolyse technical grade polyacrylonitrile at
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temperatures between 200 and 1200°C. The products produced between
900 and 1100°C gave ferromagnetic interactions. The optimum
temperature was found to be 1100°C. Only 8-10% of the product is
crystalline and appears to be analogous to graphite in structure. It is
suggested that these areas are responsible for the ferromagnetism. The
magnetic force constant is found to be 3.7x10-3cm3g-1 and the magnetic

susceptibility =1.1. For the compound which gave these results the Curie
temperature was Ty ~ 460°C.

Figure 2.5 Possible structure responsible for ferromagnetic interactions.
The back dots represent nitrogen centers.

The structure put forward to explain the findings is shown in figure 2.5. In

experiment, a magnetic susceptibility (net) of only ~50% of theoretical was

observed.

Whilst Ovchinnikov's approach does produce organic ferromagnets
which are stable at room temperature, there are several problems with it.
The exact origin of the unpaired electrons is not known, neither is the
structure of the product. The yields of magnetic fractions are small and

there are large differences between their magnetic properties.

It is interesting to note that in order to explain the magnetic properties
observed, Ovchinnikov invokes a planar structure, based on an aromatic
ring. The structure has a number of similarities with the one proposed for

the target molecule. Both structures are flat, aromatic, crystalline and
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contain unpaired spins. In the Ovchinnikov structure, the unpaired spins

are 'electron holes' localised on the nitrogen atoms

2.4.4 Polycarbenes as Models for Organic Ferromagnets

Iwamura's approachl3 has been different from the others discussed so far.
He has used systems composed only of organic compounds and built them
very deliberately to investigate interactions rather than to build an organic

ferromagnet instantly.

In order to build ferromagnets, it was first necessary to build high spin
structures.13 Iwamura and co workers constructed the molecule shown in
figure 2.6. This was produced from the corresponding diazo compounds

by photolysis in benzophenone at cryogenic temperatures.

The product had remarkably high spin ground state of S = 5, a multiplicity

of eleven. This supports the protocol used and encourages its further use.

ool

Figure 2.6 The polycarbene constructed by Iwamura and found to have
$=6 spin quantum number.

In another important development, they constructed stacked polycarbene
units, fixed in orientation, either pseudo ortho, pseudo meta or pseudo
para. These molecules are shown in figure 2.7 and were used to test

McConnell's prediction28

that, in order to have ferromagnetic interaction
throughout a molecular stack, the spin density on neighboring sites must

have opposite sign.

Iwamura found that only the pseudo ortho and para gave quintet ground

state signals and the pseudo meta substituted compound gave a ground



state singlet. These findings support McConnell's assertion that it is

essential to alternate the orientation of molecules through a stack.

Figure 2.7  Spin distribution in stacked dicarbenes.

2.5 1,3,6,8-Tetrakis(phenylmethylene)anthracene Radical (5)

as an Organic Ferromagnet

2.5.1 Introduction

With all these factors in mind, one compound, 1,3,6,8-
tetrakis(phenylmethylene)anthracene radical was designed as an organic
ferromagnet. Its structure is illustrated in figure 2.8. In this section,
features which make crystals of this compound a good candidate for

producing macro ferromagnetic interactions will be discussed.



R R

R R

Figure 2.8 1,3,6,8-Tetrakis(phenylmethylene)anthracene Radical (5)

2.5.2 Multiplicity of 1,3,6,8-Tetrakis(phenylmethvlene)anthracene Radical
(5)

As has already been discussed previously, one of the requirements for

ferromagnetism is the presence of unpaired electrons. One of the reasons
1,3,6,8-tetrakis(phenylmethylene)anthracene radical (5) was selected is that
the compound has eight unpaired electrons, giving a multiplicity of nine.
The more unpaired spins, the larger the effect, therefore this exceptionally

high multiplicity should give a large effect.

The substitution pattern on the molecule, is such that the carbene centers
are all unconjugated with each other. This ensures that the electrons do
not pair up throughout the structure and lower the multiplicity. The
structure was designed using the principles evident in Hiickel theory and

the 'starring' protocol (see section 2.3.2).

D

Figure 29 A Formal Representation of a Carbene Center.
The center is initially formed with maximum multiplicity, in accordance
with Hund's rule.

It was also proposed to construct the 1,3,5,7-isomer (6) as well. This would
act as a control. In this molecule the unpaired electrons can 'talk' through

the structure and pair up. As Hiickel theory is only concerned with n-
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electrons, we can only state that the n-electrons will couple. However,
when a carbene is formed, formally one electron exists in a n-type orbital
and the other in a o-type orbital (see figure 2.9). It is unlikely that the
electron in the o-type orbital will be able to 'talk' via the ¢ framework.
Therefore, if they are to pair up, they will have to 'talk' via the =x-
framework. As it is not certain whether this will happen or not, the

multiplicity of the 1,3,5,7-isomer (6) is predicted to be a singlet or a quintet.

An illustration of this is shown in figure 2.10.

% % 2 %
"*"‘* % ‘hJ "*)‘ﬁ
% ﬁ)‘ﬁ-"*)‘* 2 % 2 % s&*ﬁr"*"*ﬁ"ﬁ"‘*
Lﬁ)\*kﬁkﬁ)\*kﬁ,l\*) kﬁJ\*J\*AﬁA*J L*J
L A%
% *J

Figure 2.10 Showing the predicted 'starring' scheme of 1,3,6,8- (5) and
1,3,5,7-tetrakis(phenylmethylene)anthracene radical (6)

Using equation 2.4 and equation 2.5, the spin multiplicity of the =-

electrons can be calculated.

2S+1=Multiplicity of = electrons equation 2.5
Su—| 23-19|_,
2 for 1,3,6,8-isomer = multiplicity =quintet

STI_| 21-21|_,
2 for 1,3,5,7-isomer = multiplicity =singlet

Where Sr= Spin multiplicity of & electrons













































































































































































































































































































































































































































