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Abstract
This thesis is concerned with the synthesis and characterisation of novel TCNQ
(7,7,8,8-tetracyanoquinodimethane), TMTCNQ (2,3,5,6-tetramethyl-7,7,8,8-tetracyano-
quinodimethane) and TCNQF, (2,3,5,6-tetrafluoro-7,7,8,8-tetracyanoquinodimethane)
based zwitterionic D-n-A materials (where D and A are electron donors and acceptors
respectively) of which the methylated Z-B-(N-methyl-4-quinolinium)-a-cyano-4-
(2,3,5,6-tetrafluoro)styryldicyanomethanide [CH3(4)Q3CNQF,] is a typical example.

Synthetic modification of the donor moiety was also undertaken, resulting in a diverse
range of pyridinium, quinolinium and benzothiazolium-based materials, which may
have use in nonlinear optical research. For the quinolinium system an extensive range of
both 2- and 4-substituted analogues have been prepared and their properties compared

and contrasted.

The solvatochromic behaviour of these zwitterions was investigated in detail by
dissolution in a range of organic solvents and measurement of their longest wavelength
charge-transfer absorption bands using UV/Visible spectroscopy, which revealed that
the substituents have a marked effect upon their solvatochromic properties. Most of the
adducts studied display highly negative solvatochromism as the solvent polarity
increases, in which their absorption maxima are linearly related with the normalised E™ '
values for the Reichardt dye. However the fluorinated quinolinium and pyridinium
derivatives exhibit an unusual aggregation-induced reverse solvatochromism effect. The
negative halochromic behaviour of selected zwitterions has also been investigated, with
a hypsochromic shift of the longest wavelength CT absorption band being observed

upon addition of electrolytes.

Increased polarisation within the fluorinated R(4)Q3CNQF; and R(2)Q3CNQF, adducts
has been indicated by solution state dipole moment measurements indicating greater
nonlinear optical potential. However this increased polarisation has also been shown to
be a major cause of the limited stability of these materials to photo-oxidation. The
behaviour of the R(4)Q3CNQF, and R(2)Q3CNQF; zwitterions on the subphase and
their resultant Langmuir-Blodgett film forming ability was also studied. However unlike
the TCNQ-based materials the fluorinated adducts have been shown to be poor LB film

forming materials.
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Chapter 1: Electroactive Organic Materials.

1.1 Historical Introduction.

‘The fact that the electrical conductivity of most organic materials, when purified, is
extremely low at room temperature (6:<10"°Scm™) has been known for many years.
Nevertheless, it was suggested at the turn of the century by McCoy' that some organic
solids may exhibit conductivities comparable with that of metals. This attracted little
attention as organic materials were considered to form ordered assemblies of discrete,
individual and separate molecules. However, in 1954 an unstable perylene bromide salt’

(Figure 1.1) was found to exhibit “metallic-like” conductive properties.

@
°

O.O 3B

Figure 1.1 Akamatsu's Conducting Perylene Bromide Salt.

As a result of this discovery the area of organic-based electroactive materials has grown
to become a major field of investigation. Over the last forty years a range of solid organic
conductors has been developed which has led to two classes of organic materials now

being recognized: -

1) Charge-transfer (CT) complexes
2) Conducting polymeric compounds

Of these, certain members exhibit conductivities similar to those of metals.



The study® of organic charge-transfer complexes goes back to around the time McCoy'
predicted the existence of organic conductors. Such compounds are formed when strong
n-molecular donor (D) and acceptor (A) molecules combine to produce either ion-radical
salts (X."A.” or D."X."), where X is an appropriate cation or anion, or charge-transfer
compounds in the form of a pseudo-ionic lattice (DA and D."A."). Conducting charge-
transfer salts fall into two categories - either single chain conductors where the anion is a
closed species, or a two-chain conductor, where both the donor and acceptor are open

shell species that are able to form stable radical ions.

A stable charge-transfer (CT) complex is formed, as the name implies, by the transfer of
an electron from a donor to an acceptor molecule. The more frequently encountered
donors are amines, electron rich alkenes, heterocycles and simple alkali metals, whereas
the more common acceptors include quinones, electron deficient alkenes, heterocycles
and the halogen atoms. On examination, the crystal structures of such charge-transfer
complexes were found to be of a mixed stacking type, in which the donor and acceptor

molecules stack face-to-face alternately (Figure 1.2).

> O » O
o » O >
> O » O
o » O »
> U » U

Figure 1.2 Mixed Donor-Acceptor Stacking.

In 1962 Acker and his co-workers' at Du Pont reported the synthesis of 7,7,8,8-

tetracyano-p-quinodimethane (TCNQ), a powerful new organic electron acceptor

(Figure 1.3).



NC : CN
NC CN
Figure 1.3 7,7,8,8-Tetracyano-p-quinodimethane (TCNQ).

Soon it was realised that TCNQ undergoes single electron reduction relatively easily to
yield a number of stable anion-radical derivatives, many of which were found to be

semiconductors* (ox~ 10°Scm™).

TCNQ is a strong m-acid and as such forms two types of salt-like charge-transfer
complexes, each of which involve either partial or complete transfer of an electron to the

TCNQ molecule, resulting in the formation of the TCNQ radical anion (Figure 1.4).

NC_o CN

NC_ _C=N°
=
- <«——» Plus canonical
forms
NC”NCN NC” Ne=N-
Figure 1.4 TCNQ Radical Anion.

The first type — simple TCNQ salts - have the general formula M™(TCNQ"),, e.g.
LiTCNQ. In general, such complexes involve 100% charge transfer from the donor to
the acceptor molecule accounting for the relatively low conductivities seen in such
complexes (cx = 10 to 10" Q' cm™).® Some simple complexes such as LITCNQF;
(Figure 1.5) have shown current-controlled memory switching behaviour'' and

ferromagnetism.'?



NC

CN

Figure 1.5 Simple TCNQ Salts that Exhibit Ferromagnetic Behaviour.

The second type of TCNQ complexes - complex radical-ion salts - generally have the
formulae M'(TCNQ").(TCNQ"), or M*(TCNQ"),(TCNQ"). In the solid state, the
donated electron is delocalised over both acceptor molecules, which results in a radical
anion (TCNQ),". Quinolinium (Figure 1.6), morpholinium and pyridinium type electron
donors® have given complex radical-ion salts that have remarkably high conductivities in
the range 10 to 10> Q' cm™. The initial interest in nitrile-based electron acceptors, such
as TCNQ, was itself sparked off by the discovery of tetracyanoethylene (TCNE),"> which
had already shown versatile chemistry and unique electrical properties when complexed

with suitable electron donors.'

NC e _CN NC CN

N—H
\

NC CN NC CN

Figure 1.6 The Highly Conductive Quinolinium-TCNQ Charge Transfer Salt.



These large improvements in conductivity prompted renewed interest throughout the
1960's. The vast majority of this research focused upon TCNQ salts'® and it was soon
realised that the high conductivity observed in such complexes was associated with
segregated stacks of donor and acceptor molecules. Again, these stack face-to-face
(Figure 1.7) and result in the charge-transfer and m-overlap between molecules being
very strong, with unpaired electrons partially delocalised along the one-dimensional

stacks. The resultant conduction is highly anisotopic.

D A D D
D A D A D
D A D A D
D A D A D

Figure 1.7 Segregated Donor and Acceptor Stacks.

During this period a powerful new donor, tetrathiafulvalene (TTF)'® (Figure 1.8) was
synthesised. However it required a further three years work before its TCNQ salt was

prepared’’ which was found to be highly conducting at room temperature (6, ~500 Scm’

l).
=
S S
Figure 1.8 Tetrathiafulvalene (TTF).

The conductivity of the TTF-TCNQ salt dramatically increases below room temperature,
rising to 10* Scm™ at 60 K, and was the first organic solid to be classed as an organic
metal. Below this temperature a transition (the Peierls distortion) to a metal-insulating
state occurs which has been documented in other one-dimensional conducting organic

lattices.'®"



1.2 Organic Charge-Transfer Complexes.

The complex formed between iodine and benzene® is an early example of a charge-
transfer complex. Although not a conductor, it embodied many of the typical features
found in subsequent charge-transfer complexes. Its ultraviolet/visible (UV/Vis) spectrum
showed features that were characteristic of neither the solute or solvent, rather the
features were associated with a separate complex formed between the two. Explanation
of this observation led to an extension of Lewis acid-base theory and some other
phenomena associated with molecular complexes were forthcoming, for instance the very

intense UV/Vis absorption bands observed.

The molecular orbital bonding interactions that occur in such complexes was studied in
the early 1950's by Mulliken.'** In his series of papers he defined that the donor (D)
possessing a HOMO (Highest Occupied Molecular Orbital) and the acceptor (A)
possessing a LUMO (Lowest Unoccupied Molecular Orbital). The resultant charge-
transfer, occurs between the HOMO of the donor and the LUMO of the acceptor, as the
HOMO is of higher energy than the LUMO. The bonding between the donor (D) and

acceptor (A) was described® by the following wave function:-

Yxn(A.D)=2a ¥, (A.D) + b ¥, (A—D) Equation 1.1

Where ‘a’ and ‘b’ are smaller integers, with a>b; W is the ‘no-bond’ contribution and
¥, is a dative bonding contribution. Thus ¥'x (A.D) corresponds to the wave function
which describes the combination of two extreme resonance forms. Equation 1.1 also
shows that, while the degree to which charge transfer occurs may influence the nature of

the complex, it does not dictate the bonding within that complex.



If charge transfer is to take place within such materials, then the energy levels of the
donor and acceptor needed to be matched. In solution, this can be accomplished by
reorientation of the solvent molecules around both donor and acceptor, whereas in the
solid state it is achieved by reorientation and rotation of bonds. Thus, the energy barrier
to electron transfer is the summation of these effects. The energy of this electronic
transition is dependent on not only the ionization potential of the donor but also the
electron affinity of the acceptor. If a strong donor is placed in close proximity to a strong
acceptor, then the energy of the charge-transfer transition will be small and the ground

state is essentially ionic as 100% charge-transfer occurs.

For weak donor and acceptors the converse is true, as the energy of charge-transfer is
greater, which results in the ground state being neutral and the degree of charge-transfer
being essentially zero. However, it has been shown that if partial charge-transfer takes
place, where the energy of charge transfer is small and positive, then the resultant

conductivity will be high as is seen in the TTF-TCNQ complex."’

The TTF-TCNQ complex was the prototype system for ‘two-chain’ organic conductors.
The mixed valency and crystal packing of the complex results in a material that can
maintain metallic-like conductivity. The partial charge transfer that occurs in this
complex results in 59% of the TTF molecules being in the radical cation form and 59%
of the TCNQ molecules being in the radical anion form, whilst the remaining TTF and
TCNQ molecules are present as neutral species. Effectively the complex is self doped as
both the donor and acceptor stacks are partially filled and both contribute towards the

conductivity.



The crystal structure of the complex is of extreme importance to the conductivity. As the
TTF-TCNQ complex consists of segregated stacks of donor and acceptor molecules, in
which the distance between each TTF and TCNQ molecules is very small (3.47A for
TTF and 3.17A for TCNQ),** formation of supra-molecular orbitals occurs due to

combination of the m-orbitals of the donor and acceptor.

Nevertheless, despite this segregation, there is some interaction between the adjacent
stacks, though electrical conductivity is about 1000x as great in the direction of the

columns.??

The crystal structure also showed that molecules within the stacks do not lie directly on
top of one another. Rather there is a sideways displacement in which the exocyclic C=C
bond lies above the ring system of the adjacent molecule - in effect a ‘ring-double bond
overlap’ (Figure 1.9). This sideways displacement of the molecules also gives rise to
greater m-interactions along the stack. This further enhances the supra-molecular orbitals,
creating a mass delocalisation of the electrons within each segregated column and thus

giving rise to a highly conductive material.

Figure 1.9 Ring-over Bond Overlapping.



As a result of the substantial research into the TTF-TCNQ complex it soon became clear
that TTF and‘ TCNQ had properties that made them unique amongst the other donor and
acceptor molecules that were available at the time. They are both of similar size, both are
planar with a high degree of symmetry, and the m-delocalisation is extensive. The
ionization and electron affinities are very similar which tends to favour partial charge

transfer and, thereby, high electrical conductivity.

Using this information researchers began to synthesise new electron donors and
acceptors, to utilise and test the factors controlling these systems.®”* Cowan et al’®
published a set of design constraints for the formulation of good organic conductors. For
good electrical conduction the components of such complexes should have the following

properties:-

1. Stable open-shell (free-radical) species.

2. Planar molecules with delocalised n-molecular orbitals.

3. Inhomogeneous charge and spin distribution.

4. Segregated stacks of radical species.

5. No periodic distortion which opens a gap at the Fermi level (uniform stacks).

6. Little or no disorder (symmetrical radicals and/or radical anions and cations).

7. Molecular components of a similar size.

8. Fractional charge (mixed valence).

9. Relatively strong interchain coupling to suppress phase transitions such as Peierls
distortions.

10. Cation and/or anion normally divalent.

11. Polarisable species.



So the last three decades have seen much effort associated with the synthesis of not only
charge-transfer complexes, which exhibit the more glamorous phenomena of metallic
conductivity and super-conductivity, but also with polymeric and dipolar D-n-A
materials. These latter materials have recently attracted attention due to their novel
magnetic and optical properties. As the work reported in this text is primarily concerned
with the synthesis and characterisation of novel electroactive materials, further

background on the chemistry and development of typical systems is discussed.

1.3 Organic Electron Donor Systems.

Since the discovery of the TTF-TCNQ charge-transfer complex the search for other
conducting organic species has resulted in the synthesis of a multitude of other organic
systems, some of the which show metallic conductivity, some superconductivity. In terms
of new electron donor systems, most effort has been devoted to the synthesis of
molecules derived from the tetrathiafulvalene (TTF) structure.’’ Initially the new
donors were just simple derivatives with an extended o-bond framework’®”’ e.g.
tetramethyltetrathiafulvalene [TMTTF (1)]. However the subsequently prepared charge-
transfer complexes are, like TTF-TCNQ, quasi one-dimensional materials and show a

Peierls transition.

One can vary the heteroatom within the TTF skeleton, e.g. replacement of sulphur with
selenium®® [e.g. tetramethyltetraselenafulvalene-TMTSF (2)] or tellurium [e.g.
hexamethylenetetratellurafulvalene-HMTTeF (3)].>*%° The presence of selenium (or
tellurium) atoms, which have a larger van der Waals radius, increased polarisability, band
width and interchain interactions compared to the sulphur system. This enables the donor
stacks to dominate the transport properties and in general complexes incorporating such

derivatives with TCNQ result in increased metallic behaviour when compared to their
10



TTF counterparts. For example the HMTTeF-TCNQF,; complex,'®* like its TTF
analogue HMTTF-TCNQF, (o ~10* Scm™),*? was expected to be an insulator, as a
result of the high electron affinity of TCNQF, causing complete charge-transfer. But as a
result of the strong nonbonded tellurium-tellurium interactions, the complex was found
to be highly conducting (1x10" Scm™), as a result of partial charge transfer (p ~ 0.75).
This suppressed the Peierls distortion which is observed in the corresponding sulphur and
selenium analogues.!’ Increases in dimensionality, which are essential in suppressing
Peierls transitions, can also be achieved via the incorporation of group 16 elements, such
as sulphur or oxygen etc., at the periphery of TTF type molecules. For instance the
increased non-bonded S---S network in compounds such as BEDT-TTF (4) results in
inter- as well as intra-stack interactions, which enable such multi-sulphur compounds to
not only exhibit metallic conductivity but superconductivity as well. This is discussed

further in Section 1.3.1.

In more recent times the emphasis has shifted towards n-extended donors, in which the
conjugation between the two dithiolium rings is increased to allow better stabilisation of
the dicationic state and thus conduction within such charge-transfer salts.*> For example
"stretched" TTF derivatives such as compounds (5)* and (6),* as well as the vinylogous
derivative (7)* have all been shown to be very efficient m-donors. The introduction of
group 16 elements into the periphery of polyaromatic systems has also been shown to
lower the oxidation potential, one example being naphtho[1,8-bc;4,5-b'c'ldithiophene

(8).47

The range is vast - from the simple functionalised derivatives,”® such as tetrabromo-
TTF,” to the more elaborate hybrid tetrachalcogeno- fulvalene derivatives,”® such as

DMDSTEeF (9).”! ‘
11



For a more comprehensive overview of electron donors and conducting organic charge-
transfer salts in general, the reader is referred to several excellent reviews by Grossel and

2
Weston,”* Bryce® and Torrance.®
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1.3.1 Organic Superconductors.

The concept of superconductivity in metals and alloys was first introduced by
Kamerlingh-Onnes in 1911.%2 Some years later, Jacobsen et al> showed that the charge-
transfer compound TMTSF-2,5-DMTCNQ, which exhibits a truly conductive state when
stabilised at liquid helium temperatures, was found to conduct electrically under pressure
down to 1K and had an extremely high conductivity above 10 kbar (o, exceeds 10° Qcm’
'Y*%. a value which had not been observed in other organic conductors. It was proposed
that this conductive state may be stabilised due to the super conducting pairing of

electron states.”

Two years later, Bechgaard and his coworkers’’ showed that superconductivity could be
achieved in organic based materials. The hexafluorophosphate salt of TMTSF,
(TMTSF),PFs was found to exhibit suéerconductivity at 0.9K under a pressure of 12
kbar’’ and indeed many members of the (TMTSF),X family, where X is an inorganic
monovalent anion (ClOs, ReOs, FSOs, etc.), were subsequently found to exhibit
superconductivity. It was subsequently shown that with the proper choice, of the anion,
superconductivity could be stabilised at ambient pressure below 1.2 K, as is the case with

the (TMTSF),CIO; radical salt.

The theory of metallic superconductivity was first formulated by Bardeen, Cooper and
Schrieffer in 1957°® and is based upon the ordered motion of electron pairs. These
electron pairs, termed Cooper pairs, interact with the lattice vibrations (phonons) such
that the electrons are not scattered, rather they flow freely in a highly coordinated
manner and carry super currents. Evidence appears to show that Cooper pairing does

indeed occur in the Bechgaard salts.”

13



This pairing of electrons is localised along the donor chains, which are stacked in a
zigzag arrangement between the monovalent anions, often at temperatures as high as 30

K which is well above the onset of bulk superconductivity (Tc).

In 1983 the sulphur-based (BEDT-TTF)," ReOy salt (Figure 1.10), showed the onset of

superconductivity (Tc) at 1.5 K under a pressure of 7 kbar.%

@

[SIHIQ

Figure 1.10 First Sulphur-Based Organic Superconductor.

Several other super conducting salts of BEDT-TTF have been found, such as the p-
(BEDT-TTF),'Is salt®" which superconducts at ambient pressure and the x-(BEDT-
TTF),Cu[N(CN),]Br salt®* which currently has the highest onset temperature (Tc)
among the TTF family of organic-based superconductors.”’ The BEDT-TTF series of
compounds are all characterised by short sulphur-sulphur interactions which form two-
dimensional sheets, rather than the one dimensional stacks of the (TMTSF),X family of
superconductors. Other families of salts also exhibit superconductivity e.g. hybrid
compounds (10)**and (11)* illustrated in Figure 1.11. These are essentially produced by

combining half of the TMTSF molecule with half of the BEDT-TTF molecule.
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Figure 1.11 Hybrid Organic Superconductor Components.

Additionally alkali metal salts incorporating Fullerene donors have shown super
conducting transitions at temperatures rivaling those observed in ceramic
superconductors. For example the Cs,Rb[Ce] salt acts as a metal that becomes
superconducting at 33 K (Figure 1.12).°® More information on this topic can be found in

several excellent papers by Mori et al®’ and Jérome et al.*®

.CsoRb

Figure 1.12 Highest T¢ Organic-Based Superconductor.

1.4 Organic Electron Acceptor Systems.
The discovery of the TTF-TCNQ system, has resulted in much research in this area. Not

only has this produced new electron donors, but also novel acceptors.

As a result of the high thermal stability of the intermediate radical anion of TCNQ, the
vast majority of new electron acceptors that have been prepared have been TCNQ-based.

These have ranged from simple ring substituted acceptors such as 2,3,5,6-tetrafluoro-

15



7,7,8,8-tetracyanoquinodimethane [TCNQF, (12)],* whose electronegative fluorine
atoms make it a very strong electron acceptor, to the more complicated n-extended and
heteroatom-containing acceptors such as 11,11,12,12-tetracyano-2,7-pyrenoquino-
dimethane [TCNPQ (13)]” and bis[1,2,5]thiadiazolo-7,7,8,8-tetracyanoquinodimethane
[BDTA-TCNQ (14)],”" which reduce the intramolecular coulombic repulsion in the
dianion and increase dimensionality as a result of greater intra- and inter-stack
interactions. The strongest uncharged electron acceptor based upon the TCNQ system
remains 2,5,7,7,8,8-hexacyano-p-quinodimethane [TCNQ(CN),, E; = 0.67 V versus
Ag/AgCl in MeCN]? as, although TCNQ(CN); has a first reduction potential of 1.31 V,

this latter compound is not stable in its oxidized form.”

The strongest uncharged electron acceptor is the 1,4-benzoquinone based compound,
tetracyano- 1,4-benzoquinone [cyanil —(15)]”* which shows a reduction potential of 0.90
V (versus Ag/AgCl in MeCN). Cyanil’* is one of a number of strong acceptors based
upon the 1,4-benzoquinone system (16) which includes 2,3-dichloro-5,6-dicyano-1,4-
benzoquinone (DDQ),” as well as the halogenated derivatives, ie. p-fluoranil, p-

chloranil etc.

However, 1,4-benzoquinones are generally weaker electron acceptors when compared to
their TCNQ counterparts™ and so most research has been concentrated on TCNQ-based
systems. The N,N'-dicyano-p-quinonediimine [DCNQI (17)] system, which was
developed from TCNQ, is also of considerable interest as, unlike TCNQ, this forms
highly conducting charge-transfer complexes and ion-radical salts that do not undergo a
Peierls distortion even at low temperatures.”’” More recently researchers’ have brought

the TCNQ and DCNQI systems together by forming a hybrid type of electron acceptor.
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These compounds which are termed N,7,7-tricyanoquinomethaneimines[TCNQI (18)]
are like their TCNQ and DCNQI relatives in that they undergo one- and two-electron

reductions.

Apart from the quinoidal TCNQ/DCNQI type electron acceptors mentioned, several
other types of electron acceptors have been proposed. For example, cyanocarbons such
as octacyanotetramethylenecyclobutadiendiide (19)” and hexacyanotriphenylene (20)*°
have been proposed as suitable organic ferromagnets, owing to their ability to stabilise
anions and radical anions more effectively, due to their multiple cyano groups.” Fullerene
electron acceptors based on Cg have also been examined.®’ However the electron
acceptor ability of the Cqs molecule was found to be weak - comparable with that of

benzoquinone.-*

NC CN NC CN
F F /N - N
S S
\ = ~.7
F I F N I N
NC CN NC CN
TCNQF4(12) BTDA-TCNQ(14)
TCNPQ(13)
o NC_
| | |
NC CN R1 R2
NC CN R
| ro R |
N\
CN
(15) Cyanil (16) R1=Cl1, R2=CN, DDQ (17) DCNQI

R1=R2= Cl, p-Chloranil
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(18) TCNQI (19) C4[C(CN)2]4 (20) Hexacyanotriphenykene

1.4.1 TCNQ Synthesis.

A major hurdle in the development of new organic materials is the difficulty in
synthesising TCNQ derivatives, unlike the TTF skeleton, which has proved a particularly
versatile building block for synthetic derivatives. The major problem confronting the
synthetic chemist is that, in general TCNQ only undergoes reactions at the
dicyanomethanide parts of the molecule - mainly 1,6-addition reactions-* and,
substitution reactions involving the replacement of cyano groups with, for example
primary and secondary amines.” Much effort has explored the displacement of hydrogen
atoms on the quinoidal ring system. However, to date only one reaction of this type has
been documented - the interaction of TCNQ with diphenyldiazomethane which results in

the formation of 2-diphenylmethyl-TCNQ,* as illustrated in Figure 1.13.

NC CN

NC CN
HC—Ph
bh

Figure 1.13 Ring Substitution of TCNQ.
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The use of diazo-compounds to prepare substituted derivatives was never fully exploited
despite the advantages of simplicity and effectiveness, and the use of TCNQ as starting
material for the preparation of substituted derivatives was abandoned in favour of their

synthesis by other means.

TCNQ itself was originally obtained* via a two step synthetic strategy, shown in Figure
1.14. In the first stage, malononitrile is condensed with 1,4-cyclohexanedione in benzene
leading to a mixture of isomers (21) and (22). In aqueous media, a high yield of (21) is
obtained directly from the reaction mixture.® The final stage involves the
dehydrogenation of compound (21) - or a mixture of (21) and (22) - with reagents such
as N-bromosuccinimide (NBS), bromine, selenium dioxide, or N-chlorosuccinimide

(NCS). Best yields were obtained using bromine.

NC. CN
o)
I CN
+ HC] —_—
“CcN
I
Nc” “CN
21 22) 23)

Figure 1.14 Original TCNQ Preparation.

The majority of the early substituted derivatives were obtained using similar procedures
to that used for TCNQ (23) - for example, alkyl derivatives of TCNQ, i.e. 2-methyl-, 2-
propyl-, and 2,5-dimethyl-TCNQ.* Yamaguchi et al*® have extended the series to
incorporate cyclobutane-fused derivatives of the type illustrated in Figure 1.15 which,

like other alkyl derivatives, are generally weaker electron acceptors than TCNQ itself.**

19



NC CN NC CN

NC CN NC CN

Figure 1.15 Yamaguchi’s Tetra-substituted n-Acceptors.

The ne;(t significant development in the synthesis of TCNQ-derivatives came as a result
of some excellent work by two researchers, Robert C. Wheland and Elmore L. Martin,
at the du Pont Laboratories in Wilmington, U.S.A. This work published in 1975, showed
that TCNQ-derivatives, which embodied both electron-withdrawing or -donating
substituents, could be synthesised from simple substituted benzene compounds.”® The
synthetic strategy, which is illustrated in Figure 1.16, was very successful and could be
applied to benzene derivatives embodying various functional groups ranging from
halogens to ethers. This novel route resulted in twenty new TCNQ-based acceptors
being demonstrated in the Wheland paper alone.”” The method has been used by various
other researchers to synthesise other TCNQ-derivatives - the powerful difluoro
derivative = (TCNQF,)®* and the relatively weak electron  acceptor

tetracyanodiphenoquinodimethane (TCNDQ),*® for example.

COOMe N CN
CHX CH,CN NC—CN |
Y v CHy0 Y v NaCN ¥ v 1)NaOMe/(Me0)2C0 Y N v gﬁglﬂ ¥ v
\CE HCl — > fj: 3)Br
, . ; DCCN A, B | ;
H H.CN NC——CN
1) 2 ) ’ ©) oowe @ NN

Figure 1.16 Wheland’s Method of TCNQ preparation.
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The Wheland and Martin method is not without its drawbacks and does suffer from some
serious problems. The major problem is the hazardous nature of the reagents involved.
Step 1 (Figure 1.16) involves the bischloromethylation of the appropriately substituted
benzene compound with hydrogen chloride and formaldehyde which, when mixed at
room temperature, may generate the potent carcinogens, chloromethyl methyl ether and
bis (chloromethyl) ether.® The second and third steps also involve the use of highly toxic
cyanide compounds. As a result an alternative methodology has been sought. The
problematic third step, involving the use of cyanogen chloride has been addressed by
introducing the second cyano group indirectly via conversion of the dicyano-p-xylene
(24) into a bis-a-cyanoester (using base and dimethyl carbonate) followed by bis-
demethoxylamination and dehydration of the resulting bisamide using either phosphorus

pentachloride® or phosphorus oxychloride®® (Figure 1.17)

CH,CN CH(CN),
1) NaOCH3 / CO(OCH3)2
' o
2) NH3 or NH4OH
3) PCI5 or POCh3 )
H,CN CH(CN),
24) (25)

Figure 1.17 Alternative to the Cyanogen Chloride Methodology for the

Preparation of TCNQ Derivatives.

More recently, researchers at the Universities of Durham and Cranfield have shown that
compounds such as 2-chlorobenzyl thiocyanate or arylselenocyanates are vastly superior
to cyanogen chloride as a source of electrophilic cyanide for substituted-TCNQ
synthesis.*”*’ 2-Chlorobenzyl thiocyanate is a non-toxic, shelf-stable liquid (Bpt 140°C at

5 mm Hg) which can be prepared on a large scale with relative ease.”
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Furthermore, unlike cyanogen chloride, 2-chlorobenzyl thiocyanate does not react with
the phenylmalononitrile anion, so tricyanomethane products are not formed and hence
there is no need to insert the ester groups and proceed via the scheme illustrated in
Figure 1.16. Instead the phenylenedimalononitrile derivatives (25) are prepared in a one-
pot procedure in 35-45% yields from di(cyanomethyl)benzenes (24) which can embody
various electron;withdrawing or electron-donating substituents (Figure 1.18). These can

then be oxidized to the TCNQ system as described previously.

CH,CN CH(CN),
DHLDA 2)
o
3) HCI
HCN H(CN),
(24) (25)

Figure 1.18 Phenylenedimalononitrile Derivatives (25) via 2-Chlorobenzyl

Thiocyanate.

Further simplification involved looking at key intermediates in the literature methods. It
was clear that the major intermediate in substituted-TCNQ synthesis was
phenylenedimalononitrile (25). If derivatives of compound (25) could be prepared in a
single step from simple benzene derivatives, then the synthesis of substituted TCNQ
derivatives could be limited to just two steps. Research groups in Japan’> and Germany’
have shown that substituted phenylenedimalononitrile derivatives can be obtained by
copper (I)’>* or palladium (0 or IT)** catalysed nucleophilic substitution reactions of

diiodoarenes with malononitrile anions (Figure 1.19).
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I / Cul / HMPA or HMPT \
1 \ NaCH(CN), /

(PPh3)2PdCl or (PPh3)4Pd H(CN),

Figure 1.19 Metal-Catalysed Phenylenedimalononitrile Synthesis.

In the mid 1980°s Aumiiller and Hiinig™* showed that quinones could be directly
bis(dicyanomethylated) in a single step using Lehnert's conditions (malononitrile,

titanium (IV) chloride, pyridine),” as illustrated in Figure 1.20.

NC CN
Lehnert's
Reagent >

NC CN

Figure 1.20 Aumiiller and Hiinig's Modified Lehnert Procedure for Preparing

TCNQ's.

However, the reaction can be capricious96 and does not work with all quinones97 (see
Chapter 2). In general the reaction only seems applicable to tetra-substituted TCNQ
derivatives,” though it has been successful in preparing a range of mono-, di-, tri- and
tetra-substituted derivatives of the related DCNQI acceptor” Here, the reaction differs
slightly from that used to prepare TCNQ derivatives, in that malononitrile is substituted
for bis(trimethylsilyl)carbodiimide (BTC)'® to enable the cyanoimine group to be

introduced. Again as with the TCNQ reaction, preparation of the corresponding DCNQI
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compound requires the presence of titanium (IV) chloride since quinones do not yield

quinodimethane or quinodiimines in the absence of this Lewis acid.'”

Other methods have included that utilised by Furuyama et al'® in which TCNQ is
prepared in 80% yield by the single stage condensation of 1,4-cyclohexadiene with
(CN),CO or with phosgene in the presence of hydrogen cyanide or sodium cyanide. The
methods described, are generally considered the more useful, and have been utilised to
prepare a range of derivatives and not just individual examples. For a more
comprehensive overview of TCNQ derivatives and their preparations the reader is
referred to reviews by Bespalov and Titov,*® Grossel and Weston,”' Kobayashi and

Mazaki'® and the text by Mdrtin et al.*!

1.5 Conducting Polymers.
Polymers have attracted extensive interest because of their perceived advantages such as

processability, mechanical flexibility etc.

The first polymeric material to show conduction was the inorganic polymer poly(sulphur
nitride) (26) which, in its polycrystalline form,'™ was found to be a semi-conductor.
Subsequent research by Walatka' showed that single crystals of the polymer exhibited
metal like conductivity (o4~ 1730 Scm™), and Greene et al'® demonstrated that, when
cooled to liquid helium temperatures, the polymer shows the onset of superconductivity.
A wealth of new electrically conducting polymers is now documented in the literature -
ranging from the simple hydrocarbon polymers polyacetylene (27) and poly

(paraphenylene) (28) to the more elaborate polypyrrole (29) and polythiophene (30).
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1.6 Structures and Nomenclature for the Donor-w-Acceptor Adducts Reported.

This report discusses the preparation and evaluation of a range of zwitterionic adducts
prepared from quaternised N-heterocyclic donors and m-acceptors such as TCNQ.
Adduct formation involves the creation of a new carbon to carbon double bond between
the methyl carbon substituted on the donor N-heterocyclic ring and L the
dicyanomethanide carbon atom on the acceptor moiety. Formal loss of H' and HCN
occurs during the preparation. A cipher nomenclature has been adopted to identify the
various adducts. The ciphers are in two parts, first identifying the donor, then second the

acceptor. So, the following:

/e. - Acceptor Moiety

would have the cipher R(4)Q3CNQ where R(4)Q refers to the donor part ["R" identifies

the quaternising alkyl group and "(4)Q" tells us that the heterocycle was 4-
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methylquinolinium]. 3CNQ refers to the acceptor["3CN" tells us that 3 cyano groups
remain, while "Q" at the end identifies TCNQ as the acceptor]. The donors used, with

their letter ciphers, were

R
l®
o/ \ 72\ N
R—N 4 R—N 4 \>2
2 2= S
Quinolinium(Q) Picolinium(P) Benzothiazolium(BT)

The ciphers used for the symmetrical diquinolinium adducts were slightly different in that
the m-CgHg and p-CgHs ciphers indicate the position of substitution on the bridging

benzene ring between the two quaternised N-heterocyclic ring systems, i.e.

s

Diquinolinium Donor(DQ)

meta(m)-Substituted
Adduct

The acceptors used, with their ciphers, were

NC CN
N CN
Tetramethyl- TCNQ(TMQ)
F F
NC CN
N CN
F
Tetracyano-Anthraquinodime thane(AQ) Tetrafluoro-TCNQ(QF 4)
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1.7 Zwitterionic Donor-n-Acceptor TCNQ Systems.

Materials which consist of a donor part linked via an extended w-electron bridge to an
acceptor part are not new to organic chemistry. Traditionally, such systems were used,
due to their intense colours, as dyestuffs for colouring fabrics.'®” In more recent times D-
7-A materials have found numerous other roles, ranging from the use of cyanines (31)
and hemicyanines dyes (32) as spectral sensitisers in photography'®® to merocyanines

(33) in the treatment of leukemic cancers.'®

HllCS\g “d Va N/CSHII
S Ri e/
of N/>—(CH=CH)11—N: N\ 7\ o
.Ie é@ Ie R
t

61) (€7) @3)

In the last few decades “push-pull” molecules have been the subject of renewed interest
as candidate components of nonlinear optical (NLO) materials.''® This area, traditionally

dominated by inorganic materials, is discussed in more detail in Chapter 4.

In 1984'"" a new type of zwitterionic donor-m-acceptor material was found, when
researchers at Sheffield Hallam University (formerly Sheffield City Polytechnic)
synthesised: ~ Z-B-(N-methyl-2-pyridinium)-a-cyano-styryldicyanomethanide ~ (Figure
1.21) - trivial name picolyltricyanomethanide. Significantly the formation of the n-bridge

C=C bond constituted a new type of reaction undertaken by TCNQ.

CH3
¥ u
\ 7\ N

E
NC CN

Figure 1.21 Picolyltricyanomethanide.
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X-ray crystallographic characterisation of the adduct by Metzger et al''' (Figure 1.22),
demonstrated that C12 to C15 corresponded to a carbon-carbon double bond whilst the
benzenoid nature of the two rings is also confirmed by bond length assessment.'"! The
molecule was found to be non-planar with the pyridinium ring being twisted from the
benzeniod TCNQ ring by 30.13°. The UV/Vis spectrum of this material in acetonitrile,
does not show the typical TCNQ band characteristic of the radical anion, rather a broad
band centred on 592nm which is suggested to be due to an intramolecular charge-

transfer transition.

111

Figure 1.22 Crystal Structure of Picolyltricyanomethanide.

Further evidence for its zwitterionic nature has been shown in subsequent atom-in-
molecule calculations, which show the charge distribution of the molecule to be typical
of a charge-separated species. The very large computed dipole moment of 26.16 p'!
also supports a zwitterionic structure, as does the observation of two distinct nitrile-
stretching frequencies in the infrared spectruin, characteristic of a monosubstituted
malononitrile anion. The adduct has also been studied in its solid state by polarised

2

reflection spectroscopy,''> in which an intermolecular charge-transfer transition was

observed at 537nm. This results from head-to-tail stacking of the molecules (Figure

1.23) in the solid state.
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Figure 1.23 Overlap of Two Picolyltricyanomethanide Molecules Stacking along

the b-axis.

Such a head-to-tail arrangement has been observed in other zwitterionic adducts, such as
tl;e D-o-A compound formed between TCNQF,; and N,N,N’,N'-tetramethyl-p-
phenylenediamine (TMPD)'*(34). Another related example is the pyridyl substituted
pyrazino-TCNQ derivative'"4(35) in which the donor moiety is attached to the pyrazino

ring in order to reduce the steric hindrance and degree of non-planarity.

NC e _CN
X
HC @ F |
N N N Z
; NC CN
HC ) A - Ne
z éH3
CN N
F
NC” " “CN
(34) . (35)

However, like the simple pyridinium-TCNQ complexes made by Hertler et al)
picolyltricyanomethanide is a very low conducting material and hence has relatively little

appeal for incorporating into electronic devices.
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The conduction mechanism in picolyltricyanomethanide is dependent upon the excitation
of an electron from one ionic state to another. In this mechanism two conduction

electrons are placed on the same TCNQ site:

TCNG® TeNQ® > TCNQYTCNQ2®

Therefore, if the coulombic repulsion energy (U) between electrons on adjacent sites is

considered the width of the band gap can be determined:

U=¢/4ne,d Equation 1.2
Where e = the unit of electronic charge
€, = the permittivity of free space
d = the charge separation measured in angstroms (A)
Thus for two electrons:-

U=14.4eV/d Equation 1.3

The conduction pathway itself can be represented schematically (Figure 1.24) by

considering the dicyanomethanide end of the charge-transfer compound.

§—<§ A Idl

CN
d2 O
CN
e
CN

Figure 1.24 Proposed Intermolecular Conduction Pathway.
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If such conduction is to occur as shown, then an electron would move from one acceptor
unit to the next adjacent acceptor, resulting in two conduction electrons located on the
same TCNQ site creating a vacant hole below for further conduction to occur. It has
been shown from X-ray crystallography that the distance d; (5.5A) is smaller than the
distance d, (9.0A).""° Thus two electrons occupying the same site will have a greater
repulsion energy Ed; (2.6 eV) than if the electrons were on adjacent sites (Ed, = 1.6
eV).'"* So the electrical conductivity of such a simple complex is low (pyridinium-TCNQ
salts o, - 10 to 10® Scm™),® as placing two electrons on the same TCNQ site is

energetically unfavourable.

Nevertheless, despite the low conductivity exhibited by picolyltricyanomethanide, the
characterisation by Metzger et al''™''? clearly showed that the structure displayed scope
for synthetic manipulation of the core framework and, to that end, various analogues
have been synthesised. Initial work concentrated upon long chain y-(36) and a-(37)

substituted pyridinium adducts such as those illustrated in Figure 1.25.

R
o/=\ H N H
NN A /A -
NC CN NC CN
(36) (37)

Figure 1.25 Initially Studied R(4)P3CNQ (36) and R(2)P3CNQ (37) Type Adducts.

Like picolyltricyanomethanide, these materials formed a centrosymmetric head-to-tail
arrangement in the solid state. Further work has synthesised and characterised

quinolinium derivatives of the type shown in Figure 1.26.
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R 8 -
NC CN

Figure 1.26 R(4)Q3CNQ Type Adducts.

As a result of extensive research into these quinolinium-based compounds, several
interesting features were noted. For instance the Langmuir-Blodgett (LB) film properties
shown by the R(4)Q3CNQ compounds are dependent upon the hydrophobic chain
length, for n 216 the films are purple (Amax = 56315 nm) and the second harmonic
generation (SHG) is similar to that obtained from corresponding films of hemicyanine
halides.'">""® For n <15 the films are turquoise (Amax = 61445 nm) and the SHG is very
weak. The reason for this shift is attributed to a change in molecular tilt within the films
which causes the charge-transfer transition, observed in such materials, to alter from an

intermolecular to an intramolecular process, a phenomenon that is discussed in greater

detail in Chapter 5.

Other properties were noted. For instance, the adducts also show unimolecular electrical

H7I9120 when sandwiched between metal electrodes, as well and photo-'*!

rectification,
and solvatochromism.'">!"*!"* These observations prompted the synthesis of other
zwitterionic TCNQ-based D-n-A systems. These ranged from the fairly simple a-
substituted quinolinium adducts (38)'?*'> to the more elaborate benzothiazolium (39)'**
and pyridazine (40) based systems,'* which, like the R(4)Q3CNQ compounds all, show

significant nonlinear optical behaviour.
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(38) 39 40)

More recently another type of TCNQ-based zwitterion was synthesised by Szablewski:'?®
the Z-B-[(N,N-diethylmethylimmonium)-a-cyano-4-styryldicyano-methanide] DEMI

compound (41) via the reaction of triethylamine (TEA) with TCNQ (Figure 1.27). The
reaction is unusual as tertiary amines in general are not expected to react with TCNQ
because they do not possess an amino hydrogen which could be abstracted to produce
the 1,6-addition intermediate. It is thought however that in the above reaction TCNQ
abstracts hydrogen (H;) from the tertiary amine to yield an enamine and dihydro-TCNQ.
The enamine then attacks the TCNQ in a Stork-enamine manner, with subsequent

elimination of HCN yielding the DEMI zwitterion (41).

NC_ CN
I H CH(CN),
+ NEt3 CHCI3
A 3 Days + HCN
NC” “CN H(CN),

QY

Figure 1.27 Novel TCNQ-based Zwitterions via Stork-enamine Reactions.

This novel Stork-enamine reaction has been used with various tertiary ethyl amines, to
afford a range of DEMI-type zwitterions (42-44)."”” The spectral properties of these are
very similar, consisting of a broad charge-transfer band in the middle of the visible
region. The low optical absorption between 450 and 470nm has earned them the title of
"blue-window" materials and makes them excellent candidates for frequency doubling

applications.
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42) 43) (44)

The majority of structural alterations investigated have been associated with the donor
part of the molecule. Despite the numerous TCNQ derivatives that are currently
available, very few have been incorporated into zwitterionic type structures.!'®!*'? If
different electron acceptors were to be incorporated into the structures, then the
properties observed in such compounds could, perhaps, be further tuned through careful
choice of substituents.

Of the zwitterionic TCNQ-based compounds that have appeared in the literature,'*"'*'?’
all incorporate electronegative substituents in the TCNQ ring system e.g. fluorine
(TCNQF,),"''"® or bromine (TCNQBTr,).!'® Research into the properties exhibited by
such derivatives is limited. For example, unlike the unsubstituted R(4)Q3CNQ"'>!1%118

and R(2)Q3CNQ'*'* compounds, no chain length dependency or geometric studies

have been attempted. The aim of this work was to look at these properties.

The main emphasis was strongly towards the use of substituted TCNQ acceptors,
ranging from the fluorinated derivative TCNQF,, to the relatively weak electron acceptor

2,3,5,6-tetramethyl-7,7,8,8-tetracyano-p-quinodimethane (TMTCNQ). The LB film-
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forming properties of such adducts would be studied to see if there was a similar chain

length dependency to that found for the R(4)Q3CNQ compounds. Additionally the effect

of the electropositive and electronegative substituents upon the linear and nonlinear

optical properties could also be studied. The synthesis of various adducts, along with the

subsequent characterisation by techniques such as UV/Vis spectroscopy and Langmuir-

Blodgett film studies etc, are repeated in the forthcoming chapters.

10.
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Chapter 2: Synthesis.

2.1 Synthetic and Instrumental Techniques.

Experimental.

Reagents.

All reagents were purchased from Aldrich-Sigma Chemical Company Limited and were

not further purified prior to use.

Solvents.

All solvents used were purchased from Aldrich-Sigma Chemical Company Limited and

dried using standard literature methods."

Synthetic Procedures.
All synthetic procedures were carried out in a fume cupboard due to the extremely

hazardous nature of some of the compounds involved.

Microanalysis.
Microanalytical data were obtained from the Micro-Analytical Service of the Centre for

Chemical Instrumental Analysis Services, University of Sheffield and from Medac

Limited at Brunel University.

Instrumentation.
Infrared Spectroscopy.
Infrared spectra were recorded from 4000 cm™ to 500 cm, using both Nujol and KBr

sample preparation techniques, using an ATI Mattson Genesis series FTIR instrument.
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Ultraviolet/Visible (UV/Vis) Spectroscopy.
UV/Vis spectra were recorded using a Hitachi U-2000 Spectrophotometer in the range

210-1100 nm, using a 1 cm path length quartz cell.

Mass Spectrometry.

Mass spectra were recorded using a VG Micromass 7070F mass spectrometer using
EI/FAB modes of ionisation. A direct insertion probe was used. Accurate FAB and
electrospray mass spectra were obtained courtesy of the analytical services of the

University of Sheffield.

H, 13C and "’F NMR Spectroscopy.

'H and *C NMR spectra were recorded using a Bruker AC250 NMR spectrometer.
Samples were dissolved in various deuterated solvents depending on their relative
solubilities. "’F NMR spectra were obtained courtesy of the University of Sheffield.

Coupling constant (J) values where illustrated are given in Hertz (Hz)

Differential Scanning Calorimetry (DSC).

DSC measurements were carried out on a Mettler Toledo TA8000 Thermal Analysis
System (DSC30S/Ceramic sensor method) in a dynamic nitrogen atmosphere using an
aluminium 40 pl crucible. Scans were made over the range 30°C to 500°C at a rate of 5-

10°C min™.

Thermogravimetric Analysis (TGA).
TGA measurements were carried out on a Mettler Toledo TA8000 Thermal Analysis
System (TG50/M3 method) in a dynamic nitrogen atmosphere using an aluminium 70

pl crucible. Scans were made over the range 30°C to 500°C at a rate of 5-10°C min™.
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2.2 Synthesis of Electron Donors.

2.2.1 N-Alkyl-4-methylquinolinium Bromides.>"

Equation:

R—Br + N/ \ CH; A
—_— CH3CN

@/
R~ \ CH;

— _©
Br

A range of derivatives from R= CHj; to C;sH3; and PhCH, have been synthesised. The
method used was the same in all cases and the preparation of N-decyl-4-methyl-

quinolinium bromide is described below as an illustrative example.

1-Bromodecane (7.72g, 0.035mol) was added to a solution of lepidine (5.00g,
0.035mol) in dry acetonitrile (Scm®) and gently refluxed for 8 hours. The initial pale
brown colour of the reaction became darker as the reaction proceeded. The reaction
mixture was cooled in ice, before excess diethyl ether was added to precipitate out the
salt as pink crystals. The recovered product was recrystallised from methanol/diethyl
ether to yield 12.47g (98%) of fine pink crystals (Mpt 73-76C).

Analytical Data:

IR (KBr): 2954, 2942 (C-H str), 1602, 1529 (Ar C=C str) cm™.

'H NMR (CDCL): &= 0.9 (t, 3H, CHs-R, J=12.5), 1.2 [s, 14H, (CH)s], 1.4 (m, 2H,
CH;CH,), 2.0 (m, 2H, CH,CH,N"), 3.0 (s, 3H, Ar-CH3), 5.3 (t, 2H, CH,N", J=12.5),
8.0 (m, 2H, Ar-H), 8.2 (t, 2H, Ar-H, J=10), 8.4 (d, 1H, Ar-H, J=7.5) and 10.2 (d, 1H,
Ar-H, J=1.5).

MS (70eV): m/z =283 (28%, M'-HBr), 170 (52%, M'-HBr-CsHj7), 156 (69%, M'-HBr-
CoHio), 142 (100%, M'-HBr-C1oHa1).

UV/Vis (CH;0H): Amax= 236, 316nm.
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Reaction data for the series is shown in Table 2.1.

Gmﬁpu R-Br’ (¢) | Lepidine (2) Tﬁae"gfr‘;) Yield (%) | Mpt C°C) zggs(gm)
CH, | 396 2.00 100 | 7.6(95) | 164-166 | 234,316
CHs | 418 5.00 200 | 716D | 5860 | 234,316
Cell | 6.74 5.00 700 | 5.1(43) | 8487 | 236,316
Gl | 730 5.00 700 | 102(83) | 86-89 | 238,316

Crotlor | 7.72 5.00 800 | 12.4(98) | 73-76 | 236,316

Cufl | 830 5.00 700 | 11.0(83) | 7477 | 236,316

Cofyn | 880 5.00 700 | 1154 | 62-65 | 236,316

CrHp | 82 5.00 700 | 12034 | 67-71 | 236,316

Crlls | 970 5.00 700 | 11.8(80) | 82-86 | 236,316

Cil; | 920 450 1200 | 12500 | 8487 | 236,316

Crell | 10.68 5.00 1700 | 12.5(80) | 8185 | 236,316

Crllyy | 1164 5.00 1700 | 12.7(76) | 8891 | 236,316

PhCH, | 5.96 5.01 900 | 86(78) | 210212 | 249,316

" Methyl iodide was used instead of bromomethane for the N-methyl derivative.

Table 2.1 Reaction Data For the y-Substituted Quinolinium Salts.

2.2.2 N-Alkyl-2-methylquinolinium Bromides.*

Equation:

R—Br +

Where R= CHj3 and C;oH,; to CigHs7

H;

7\
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The procedure for the preparation of the above mentioned a-substituted cations was
similar to that for the y-substituted cations (Section 2.2.1). For example the addition of
1-bromodecane (7.72g, 0.035mol) to a solution of quinaldine (5.00g, 0.035mol) in dry
acetonitrile (5cm’) yielded 4.86g (38%) of fine purple crystals after reflux, isolation and
recrystallisation from methanol/diethy] ether (Mpt 138-141°C).

Analytical Data:

IR (KBr): 2954, 2942 (C-H str), 1602, 1529 (Ar C=C str) cm.

'H NMR (CDCL): &= 0.9 (t, 3H, CHs-R, J=12.5), 1.3 [s, 14H, (CHy)s], 1.6 (m, 2H,
CH;CH,), 2.0 (m, 2H, CH,CH,N"), 3.4 (s, 3H, Ar-CH3), 5.15 (t, 2H, CH,N", J=12.5),
7.9 (m, 2H, Ar-H), 8.15 (t, 2H, Ar-H, J=10), 8.3(d, 1H, Ar-H, J=7.5) and 9.0 (d, 1H,
Ar-H, J=1.5).

MS (70eV): m/z =283 (29%, M'-HBr), 268 (64%, M'-HBr-CHs), 170 (65%, M'-HBr-
CsHy7), 156, (69%, M'-HBr-CoHy), 142 (100%, M"-HBr-CoHy;).

UV/Vis (CH30H): Amax= 238, 318nm.

Reaction data for the series is shown in Table 2.2

R . Quinaldine Reaction Yield 0 Amax (nm)
Group® R-Br (@) (©) time (days) | (%) Mpt (C) (CH;0H)
CH; 3.96 4.00 0.16 7.2(90) | 177-179 | 233, 320
Crollr | 7.72 5.00 2.00 4.8(38) | 138-141 | 238,316
CuHzn | 821 5.00 4.00 42(32) | 136-140 | 238, 318
CiHzs | 8.69 5.00 4.00 4.7(34) | 137-140 | 238, 320
CiHl | 9.19 5.00 2.00 2.6 (18) | 136-139 | 238-320
Cills | 9.70 5.00 4.00 54 (37) | 116-119 | 238,318
CisHa | 10.17 5.00 5.00 5.7(38) | 132-135 | 238,320
CiHz | 10.68 5.00 6.00 4.4(28) | 122-125 | 238, 320
CieHyr | 11.64 5.00 6.00 | 4.80(29) | 139-142 | 236,320

" Methyl iodide was used instead of bromomethane for the N-methyl derivative.

Table 2.2 Reaction Data For the a-Substituted Quinolinium Salts.
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2.2.3 N,N’-(m or p-xylenyl)bisquinolinium (or pyridinium) Dibromides.

Equation:

/4
CH3CN A

2Br

A range of derivatives has been synthesised, utilising the isomeric m- and p-xylene
dibromide compounds in reactions with both lepidine and 4-picoline. The methods used
were the same in all cases and the preparation of N,N’-(m-xylenyl)-bis(4-
methylquinolinium) dibromide is described below as an illustrative example of the
series. a,a”-Dibromo-m-xylene (2.00g, 0.0076mol) was refluxed with lepidine (2.17g,
0.015mol) in dry acetonitrile (50cm®) for twenty-four hours during which time the
initial colourless solution gave way to a lilac colour as the reaction proceeded. A yellow
solid began to precipitate out of solution after about three hours and deposition appeared
complete after about twenty-four hours. The reaction was monitored by tlc
(dichloromethane/methanol 90:10) for the disappearance of lepidine and the appearance
of the dibromide salt. The reaction mixture was cooled in ice and ice-cold diethyl ether
was added to precipitate out more of the product as yellow crystals. Recrystallisation
from methanol/diethyl ether afforded 2.44g (58%) of fine yellow crystals (Mpt 188-
190°C).

Analytical Data:

IR (KBr): 3019 (Ar-H str), 2924 (C-H str), 1601, 1530 (Ar C=C str) cm™".

'H NMR (CD;0D): 8= 3.1 (s, 6H, 2CH3), 6.35 (s, 4H, 2CH,N"), 7.4 (m, 4H, m-CsHy),
8.1 (m, 6H, Ar-H), 8.3 (d, 2H, Ar-H, J=7.5), 8.6 (d, 2H, Ar-H, J=7.5) and 9.45 (d, 2H,

Ar-H, J=17.5).
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MS (FAB): m/z =389 (8%, M'-H-2Br), 247 (62%, M*-2Br-lepidine), 231 (10%, 247

peak-CH), 156, (12%, 247 peak-benzyl), 104 (100%, CsHp).

UV/Vis (CH;0H): Amax= 236, 316nm.

ngI'IzsNzBl‘z (55 034)

C2sH26N2Br2.2CH3;0H (614.42)

Calc:

Found: C 58.95

HS5.09 N4.85

C61.11 H4.76 N5.09 Br29.04 %

Br26.10 %

C58.64 HS5.57 N4.55 Br26.01%

TGA/DSC: Sample showed weight loss equivalent to 10.28 % of the sample mass

(calculated weight loss for two CH3OH molecules = 10.41 %)

Analytical data for the series is shown in Table 2.3.

. Amax
Compound Y(l)eld l\élp t (CH;0H) Micro analysis
(%) (O
(nm)
C2sHa6N,Br; (550.34)
Calc: C61.11 H4.76 N 5.09 %
p-Diquinolinium Found: C 59.21 H5.30 N 4.91 %
6.83 (82) | 268-270 | 236,316
Salt Ca3Hy¢N,Br,.2CH;0H (614.42)
Calc: C58.64H5.57N4.55%
10.375 % weight loss (TGA)
ConzzNzBI‘z (450. 19)
p-Dipyridinium 322-324 Calc: C53.36 H4.93 N 6.22 %
7.80 (70) ' 222,256
Salt D) Found: C 53.29H 4.79 N 5.99 %
ConzzNzBI‘z (450.19)
m-Dipyridinium Calc: C53.36 H4.93 N 6.22 %
3.50 (51) | 138-142 | 222,256
Salt Found: C 53.69 H4.96 N 6.53 %

T decomposition (D).

Table 2.3 Analytical Data for Symmetrical Dibromide Salts.
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2.2.4 N-Methyl-2-methylpyridinium Iodide.’

Equation:

/4 @/
H3C—I + N \ A —» H3C_ \
— CH3CN _

H;C HC ©

Methyl iodide (6.1g, 0.043mol) was carefully added dropwise, over a period of twenty
minutes, with stirring to a warm solution of 2-picoline (4.00g, 0.043mol) in dry
acetonitrile (5cm’). This addition resulted in the immediate formation of a fine
gelatinous yellow precipitate, which was soluble in water. The suspension was allowed
to stir for one hour under a condenser, after which the reaction mixture was diluted with
diethyl ether and collected. The crude product was washed with further portions of
diethyl ether until the washings were colourless and then recrystallised from
methanol/diethy] ether to yield 9.26g (92%) of a fine white solid (Mpt 225-228°C).
Analytical Data:

IR (KBr): 3021 (C-H str), 1637, 1515 (Ar C=C str) cm.

'H NMR (D,0): 6= 2.8 (s, 3H, Ar-CH3), 4.2 (s, 3H, CH3N"), 7.85 (t, 1H, Ar-H, J=5),
7.9 (d, 1H, Ar-H, J=5), 8.35 (t, 1H, Ar-H, J=5) and 8.75 (d, 1H, Ar-H, J=5).

MS (70eV): m/z =142 (91%, CH;l decomposition product), 127 (85%, I'), 107 (58%,
M'-HI), 93, (100%, M'-CH;I), 78 (44%, M'-CH;3I-CH3), 66 (80%, 78 peak-HCN).

UV/Vis (CH;OH): Amax= 266nm.
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2.3 Synthesis of Electron Acceptors.
2.3.1 11,11,12,12-Tetracyano-9,10-anthraquinodimethane (TCAQ).®

Equation:

1) TiCl4 /CHCI3 /N2 /A
>
2) CH2(CN)2 / CsH5N / CHCI3

Titanium (IV) chloride (9.5g, 0.05mol) was added to a solution of 9,10-anthraquinone
(5.2g, 0.025mol) in dry chloroform (250cm®). The resultant yellow suspension was
refluxed under a dry nitrogen atmosphere for half an hour. After cooling, the suspension
was poured into a solution of malononitrile (33.0g, 0.5mol) and pyridine (79.5g,
1.0mol) in dry chloroform (300cm’). The black solution was refluxed for a further
thirteen hours under nitrogen. After cooling in ice, the reaction mixture was poured into
water (100cm’) and shaken vigorously. The resulting layers were separated and the
aqueous layer was extracted with chloroform (3x100cm®). The combined extracts were
washed with 10% aqueous sodium hydroxide (2x50cm’) and water (1x200cm’), then
dried over magnesium sulphate. The yellow extract was reduced in volume to ca 50cm’
(rotary evaporator) and 40/60 petroleum ether was added to precipitate out the product
as yellow crystals. The recovered solid was recrystallised from acetonitrile to yield
2.75g (36%) of yellow crystals (Mpt >360°C).

Analytical Data:

IR (KBr): 2229 (C=N str), 1581, 1556, 1546 (Ar C=C str) cm™.

'HNMR (Ds-DMSO): 8= 7.91-8.36 (m, 8H, Ar-H)

MS (70eV): m/z =304 (100%, M), 277 (21%, M"-HCN), 250 (11%, M"-2HCN).

UV/Vis (CH3CN): Amax= 280, 304, 344nm.
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C,0HsN4 (304.2) Cale: C78.94 H2.65 N18.40%

Found: C78.69 H2.60 N 18.31%

232 2,3,5,6-Tetramethyl-7,7,8,8-tetracyano-p-quinodimethane (TMTCNQ).”

Equation:
NC._ _CN

—=0QO

1) TiCl4 / CH2Clp /N2
>
2) CHp(CN), / CsH5N / CHoClo
' |

NC CN

Titanium (IV) chloride (14.44g, 0.076mol) was added to a solution of duroquinone
(5.03g, 0.03mol) in dry dichloromethane (150cm®). The resultant yellow/orange
suspension was stirred under a dry nitrogen atmosphere for thirty minutes. Then a
solution of malononitrile (5.02g, 0.076mol) and pyridine (12.04g, 0.152mol) in dry
dichloromethane (100cm®) was added dropwise to yield a black solution which was
stirred under nitrogen at room temperature for twenty-four hours. The reaction mixture
was poured into water (100cm’) and shaken vigorously. The resultant layers were
separated and the aqueous layer was extracted with dichloromethane (3x100cm’). The
combined organic extracts were washed with 10% aqueous sodium hydroxide
(2x50cm’) and water (1x200cm®), then dried over magnesium sulphate. The yellow
extract was reduced in volume to ca 50cm’ (rotary evaporator) and 40/60 petroleum
ether was added to precipitate out the product as a fine yellow solid. The recovered solid
was recrystallised from acetonitrile to yield 1.97g (25%) of fine yellow crystals (Mpt
242-244°C decomp).

Analytical Data:

IR (KBr): 2964, 2926, 2858 (C-H str), 2220 (C=N str), 1671 (C=C str) cm.

'H NMR (CDCL): 5= 2.38 (s, 4CH3).

53



BC NMR (CDCl;): $=18.43 (s, 4CHs), 83.83 (s, Cs, Cg), 112.40 (s, C=N), 137.51 (s,
Ca3,56) and 163.80 (s, Cy0).

MS (70eV): m/z =260 (100%, M"), 233 (72%, M'-HCN), 205 (20%, M*-2HCN).
UV/Vis (CH3CN): Amax= 260, 368, 386nm.

CieH12N; (260.3)  Calc: C73.83 H4.65 N21.52%

Found: C 73.77 H4.58 N21.44%

233 23,5,6-Tetrafluoro-7,7,8,8-tetracyano-p-quinodimethane (TCNQF4).8
TCNQF, was prepared, starting from acetone, using a five step synthetic strategy.®
Experimental details are given below for the various steps:
Isopropylidenemalononitrile.’

>—o CH2(CN), / C¢Hg CN

> > — <
NH40Ac/AcOH/A/-H20 CN

Acetone (118.0g, 2.03mol) was added to a solution of malononitrile (132.28g, 2.0mol),

Equation:

ammonium acetate (30.03g, 0.39mol) and acetic acid (96.04g, 1.59mol) in benzene
(400cm’®). The resultant liquor was refluxed under a Dean-Stark trap until the water
ceased to separate (=7 hours). The mixture was washed with water (3x250cm’®) and
saturated sodium chloride (1x250cm®) before being dried over magnesium sulphate.
The benzene was removed under reduced pressure and the resultant crude brown liquor
was distilled under reduced pressure to yield 126.4g (60%) of a colourless oil (Bpt 112-
114°C / 9.5mm Hg).

Analytical Data:

IR (KBr): 3000 (C-H str), 2232 (C=N str), 1607 (C=C str) cm™.

'HNMR (CDCl): 8= 2.21 (s, 2CH3).
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13C NMR (CDClL): $=23.79 (g, 2CHs), 6.04 (s, Rp-C=), 112.31 (s, C=N), 180.02 [s,

=C(CN).].
MS (706V): m/z =106 (88%, M), 79 (92%, M*-HCN), 66 (72%, M*-CH,CN), 52 (75%,

M'-2HCN).

tert-Butylmalononitrile.®

Equation:

: :CN 1) CH3MgBr / C gHg / (CoH5)20 A /N3 CNH
— >
CN 2) H20 N

A solution of isopropylidenemalononitrile (51.2g, 0.483mol) in anhydrous benzene

(200cm®) was added dropwise to a solution of 3M methylmagnesium bromide (178cm’,
0.531mol) in anhydrous diethyl ether (150cm®) under an atmosphere of dry nitrogen at a
temperature of 30-35°C. The resultant mixture was stirred at 45-48°C for one hour then
poured onto excess ice. The mixture was made faintly acidic with 20% sulphuric acid
and the layers were separated. The resultant aqueous layer was extracted once with 1:1
ether-benzene mixture (200cm’). The combined organic layers were washed twice with
water (2x200cm’®) then made faintly acidic with dilute hydrochloric acid before being
washed twice with saturated sodium chloride solution (2x200cm®). After drying with
magnesium sulphate and concentration under reduced pressure, the pale brown liquor
was distilled under reduced pressure yielding 30.2g (51%) of tert-butylmalononitrile
(Bpt 112-116°C / 11mm Hg) as a white waxy solid that melted at 80°C.

Analytical Data:

IR (KBr): 2973, 2942, 2877 (C-H str), 2254 (C=N str) cm™.

'H NMR (CDCly): 8= 1.25 (s, 9H, 3CH3), 3.5 (s, C-H).
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13C NMR (CDCL): $=25.08 [s, R-CCH(CN),], 27.09 (s, 3CHj), 36.03 [s, CH(CN).],
112.57 (s, C=N).

MS (70eV): m/z =107 (28%, M*-CHs) 57 (100%,'butyl), 41 (72%, M*-CH;CCCN).

2,3,5,6-Tetrafluoro-1,4-bis(tert-butyldicyanomethyl)benzene.8

Equation:

tBu
F NC——CN
F F . F F

t-Butylmalononitrile / NaH
—

F F Glyme / 10 0C /N2 . .
NC CN

u

A solution of tert-butylmalononitrile (15.0g, 0.12mol) in anhydrous ethyleneglycol
dimethylether (20cm’) was carefully added dropwise to a stirred suspension of sodium
hydride (2.88g, 0.12mol) in the same solvent (40cm’) at 10-15°C under an atmosphere
of dry nitrogen. The resulting golden brown homogeneous solution was stirred for a few
minutes before hexafluorobenzene (9.3g, 0.05mol) in anhydrous ethyleneglycol
dimethylether (10cm®) was added rapidly in one portion and the mixture heated to
reflux. After about two hours a white solid appeared and precipitation seemed complete
after about 16 hours. Most of the solvent was then removed by distillation under
reduced pressure and the reaction mixture was diluted with water. The recovered solid
was washed until neutral with water, then with methanol until the washings were
colourless, and finally with diethyl ether. The resultant pale yellow solid was
recrystallised from a very large volume of acetone to yield 13.73g (70%) of colourless
crystals of 2,3,5,6-tetrafluoro-1,4-bis(fert-butyldicyanomethyl)benzene (Mpt 296-

300°C).
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Analytical Data:

IR (KBr): 2983, 2943, 2894 (C-H str), 2255 (C=N str), 1470 (Ar C=C str) cm’.

'H NMR [(CD),CO]: 8= 1.35 (s, 6H, 2CHs), 2.9 (s, 12H, 4CH;).

3C NMR [(CD),CO]: Signal too weak.

F NMR [(CD),CO]: Signal too weak.

MS (70eV): m/z =391 (6%, M), 375 (12%, M'-CHs), 362 (24%, M*-CN), 355 (26%,
-‘butyl), 226 (28%, M'-4CH;CN), 57 (100%, ‘butyl), 41 (74%, CH;CN).

C20H1gNsF4 (391.4) Calc: C61.53 H4.65 N14.34 F19.41%

Found: C61.24 H4.48 N14.31 F19.38%

2,3,5,6-Tetrafluoro-7,7,8,8-tetracyano-p-quinodimethane (TCNQF.;).8

Equation:
By H
NC——CN NC N NC. CN
F It[}? PhO /A F F Bry F | F
P > »
F F —>= F F F F
NC——CN NC N I
IBu H NC CN

Diphenylether (350cm®) was heated to reflux under an atmosphere of nitrogen and
2,3,5,6-tetrafluoro-1,4-bis(fert-butyldicyanomethyl)benzene (7.8g, 0.02mol) was added
rapidly in one portion. The resulting solution was heated to reflux for four minutes
(Caution reaction liberates highly flammable iso-butene gas), before being allowed to
cool in air to 195°C and then in an ice bath to 40°C. An equal volume of diethyl ether
was then added followed by 4% aqueous sodium bicarbonate (100cm®). The mixture
was shaken vigorously, and the organic layer extracted with three further portions of 1%
aqueous sodium bicarbonate (3x30cm’). The combined aqueous layers were filtered and

extracted once with diethyl ether (50cm’).
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The aqueous solution was then treated with potassium acetate (7.5g) and acetic acid
(5cm’) before bromine water was added, until a positive test for free bromine was
obtained, to precipitate out the TCNQF4. The yellow precipitate was filtered, washed
with water and the moist filter cake was then dissolved in about two and a half litres of
dichloromethane. The aqueous layer was separated and the remaining organic layer was
treated with magnesium sulphate and decolourising charcoal. The resulting clear bright
yellow filtrate was concentrated until a thick paste of TCNQF, was obtained to which
excess 40/60 petroleum ether was added to maximise the product recovery. The
recovered solid was repeatedly recrystallised (~ 4 times) from acetonitrile to yield 2.39g
(43%) of rusty yellow crystals (Mpt 297-300°C decomp).

Analytical Data:

IR (KBr): 2225 (C=N str), 1594 (C=C str), 1337 (C-F str) cm™.

'H NMR (CDCls): No peaks found except those associated with the deuterated solvent.
BCNMR (CDCl): signal too weak

F NMR (CDCl): 8=-130.67 (broad s, 4F, C-F)

MS (70eV): m/z =276 (100%, M"), 250 (4%, M'-CN), 224 (24%, M'-2CN),

UV/Vis (CH30H): Anax = 348, 366, 390nm

C20N4F4 (276.1) Cale: C52.19 H0.00 N20.28 F27.52%

Found: C 52.08 H0.00 N20.30 F27.32%

2.3.4 N,N’-Dicyano-2,3,5,6-tetrafluoro-1,4-benzoquinodiimine (DCNQIF.;).“’

Equation:
CN
0 N
F. U F |
1) TiCl4/CHaCly /Np F F
F | F 2) C(NSiMe3)p /N2 F | F
N
NC
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Titanium (IV) chloride (15.272g, 0.0805mol) was added to a stirred solution of p-
fluoranil (2.89g, 0.0161mol) in dry dichloromethane (200cm?). The pale brown solution
was stired under an atmosphere of dry nitrogen for twenty minutes.
Bis(trimethylsilyl)carbodiimide (15.00g, 0.0805mol) was added rapidly to yield a fine
brick red precipitate which was allowed to stir under nitrogen for a further three hours.
The reaction mixture was poured into ice cold water (500cm’) and shaken. The organic
phase was diluted with dichloromethane until a clear solution was obtained. The layers
were separated and the organic extract was dried over magnesium sulphate. The solvent
was reduced in volume to about 20cm’ (rotary evaporator) and excess 40/60 petroleum
ether was added to precipitate out the product as dark crystals. The recovered solid was
recystallised from toluene/methyl-cyclohexane to yield 1.7g (46%) of fine brown solid
(Mpt 202-205°C decomp).

Analytical Data:

IR (KBr): 2183 (C=N str), 1643 (C=C str), 1596 (C=N str), 1337 (C-F str) cm™.

3C NMR: product too insoluble

°F NMR: product too insoluble

MS (70eV): m/z =228 (100%, M"), 176 (69%, M"-2CN).

UV/Vis (CH3CN): Amax =330, 346nm

CsN4F4 (228.11) Calc: C42.10 H0.00 N24.57 F33.33%

Found: C 41.88 H 0.00 N24.38 F32.91%
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2.4 Synthesis of Zwitterionic D-n-A Adducts.

2.4.1 Synthesis of R(4)Q3CNQF, Adducts.

Equation:
F F
e e N -
\_/ o NC CN
X F
G
(I:H:;
CH3CN/A

A range of derivatives, from N-methyl to long chain compounds, where R= C;q to Cys,
and N-benzyl has been synthesised. The general method used was the same in each case
and the preparation of (Z)-p-(N-decyl-4-quinolinium)-a-cyano-4-(2,3,5,6-tetrafluoro)
styryldicyanomethanide [C;oH21(4)Q3CNQF,] is described below as a representative

example:

N-Decyl-4-methylquinolinium bromide (0.4g, 0.0011mol) was refluxed with N-methyl
piperidine (0.1g, 0.0011mol) in dry acetonitrile (20cm’) for twenty minutes, during
which time the initial dark brown colour gave way to a deep blue colour. After cooling
slightly, 2,3,5,6-tetrafluoro-7,7,8,8-tetracyano-p-quinodimethane (TCNQF,) (0.3g,

0.0011mol) was added and the solution was refluxed for a further hour, during which
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time the colour changed from the original deep blue colour to an emerald green shade.
After a further twenty-four hours reflux the solution which had turned a deep brown
colour was cooled producing a fine black powder. The product was isolated by vacuum
filtration and washed with diethyl ether (3x25cm’) to remove any unreacted TCNQF;.
The crude product was recrystallised several times from large volumes of methanol to
yield 0.1897g, (33%) of deep purple solid (Mpt 252-255°C).

Analytical Data:

IR (KBr): 2922, 2854 (C-H str), 2182, 2152 (C=N str), 1625 (C=C str), 1496 (Ar C=C
str), 1226 (C-F str) cm™.

'H NMR (dg-DMSO): 8= 0.9 (t, 3H, CH3-R, J=12.5), 1.3 [s, 14H, (CH,);], 2.0 (m, 2H,
CH,CH,N"), 5.1 (t, 2H, CH,N", J=12.5), 8.0 (d, 1H, Ar-H, J=5), 8.2 (t, 1H, Ar-H, J=5),
8.4 (t, 1H, Ar-H, J=5), 8.65 (s, 1H, n-bridge-H), 8.7 (d, 1H, Ar-H, J=5), 9.3 (d, 1H, Ar-
H, J=5), 9.7 (d, 1H, Ar-H, J=5).

3C NMR (ds-DMSO): Signal too weak.

F NMR (ds-DMSO): &= -143.9, 144.0 (d, 2F, C-F, Jpr=24), -147.53, 147.59 (d, 2F,
C-F, Jrr=24).

MS (70eV): m/z =532 (5%, M), 392 (86%, M'-R), 373 (50%, M'-R-F), 327 [48%, M-
R-C(CN),].

UV/Vis (CH3CN): Amax =242, 342, 566(CT)nm

C31H2gN4F4 (532.55) Cale: C69.91 HS5.29 N10.52 F14.27%

Found: C69.63 H5.38 N10.29 F14.22%

A collection of analytical data for the series is shown in Tables 2.4 and 2.5.
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Zwitterion Yield (%) /g | Mpt (C) Rf Amax (CH;CN)

CH5(4)Q3CNQF, | 0.180 (63) >300 0.52 (;g)
CiH23(4)Q3CNQF, | 0.181(31) | 252254 0.40 566
Ci2Ha5(4)Q3CNQF, | 0.152(25) | 259-262 0.46 566
CisH27(4)Q3CNQF, | 0220 (35) | 268271 0.51 566
CiHz(4)Q3CNQF, | 0.141 (22) | 248-251 0.40 566
CisH31(4)Q3CNQF, | 0.187(28) | 262-265 0.47 564
CieH33(4)Q3CNQF, | 0.151(23) | 260-263 0.51 564
CisH37(4)Q3CNQF, | 0200 (29) | 266-269 0.53 566
PhCH,(4)Q3CNQF, | 0.188(36) | 225-229 0.42 580

“90:10 DCM/CH;OH eluent.

Table 2.4 Analytical Data for the R(4)Q3CNQF,4 Adducts.

Zwitterion C(%) H(%) N(%) F(%)

Found (Calc) | Found (Calc) | Found (Calc) | Found (Calc)
CH3(4)Q3CNQF, 65.08 (65.03) | 2.66 (2.48) | 13.61(13.78) | 18.62 (18.71)
C1H23(4)Q3CNQF,4 | 69.94 (70.31) | 5.53(5.53) | 10.21(10.25) | 13.76 (13.90)
Ci2H25(4)Q3CNQF, | 70.21 (70.69) | 5.83 (5.75) 10.04 (9.99) | 13.46 (13.55)
CisH27(4)Q3CNQF,4 | 70.77 (71.06) | 5.96 (5.96) 9.78 (9.75) |13.18 (13.22)
Ci4H29(4)Q3CNQF, | 71.48 (71.40) | 6.35(6.16) 9.48 (9.51) |12.72 (12.91)
CisH31(4)Q3CNQF, | 70.84 (71.74) | 6.39 (6.35) 9.22(9.29) |12.58 (12.61)
Ci¢H33(4)Q3CNQF, | 71.52 (72.06) | 6.60 (6.54) 8.69 (9.08) |12.18(12.32)
CisH37(4)Q3CNQF, | 72.65(72.65) | 6.98 (6.88) 8.50 (8.68) |11.65(11.79)
PhCH,(4)Q3CNQF, | 68.89 (69.71) | 3.04(2.92) | 11.54 (11.61) | 15.46 (15.75)

Table 2.5 Micro-analytical Data for the R(4)Q3CNQF, Adducts.
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2.4.2 Synthesis of R(2)Q3CNQF, Adducts.

R F F
Q:_@N}, NC CN
CH3 + —_— —_—
\ 7/ R NC CN
X F
(‘.‘j
CH;

Equation:

CH3CN/A

A range of derivatives, from N-methyl to long chain compounds (where R=C; to Ci¢),
has been synthesised. Again the general method used was the same in each case and the
preparation of (Z)-B-(N-decyl-Z-quinolinium)—cx-cyéno-4—(2,3,5,6-tetraﬂuoro)styryl—
dicyanomethanide [C;oH21(2)Q3CNQF,] is described below as a representative

example.

N-Decyl-2-methylquinolinium bromide (0.4g, 0.0011mol) was refluxed with N-methyl
piperidine (0.1g, 0.0011mol) in dry acetonitrile (20cm®) for twenty minutes, during
which time the initial dark brown colour gave way to a deep purple colour. After
cooling slightly  2,3,5,6-tetrafluoro-7,7,8,8-tetracyano-p-quinodimethane  (0.3g,
0.0011mol) was added and the solution was refluxed for a further hour, during which

time the colour changed from the original deep purple to an emerald green shade.
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After a further forty-nine hours reflux the solution, which had turned a deep blue colour,
was cooled producing a fine black powder. The product was isolated by vacuum
filtration and washed with diethyl ether (3x25cm®) to remove any unreacted
TCNQF;. The crude product was recrystallised several times from acetonitrile to yield
0.1841g (32%) of deep purple solid (Mpt 160-164°C).

Analytical Data:

IR (KBr): 2925, 2853 (C-H str), 2184, 2152 (C=N str), 1635 (C=C str), 1496 (Ar C=C
str), 1227 (C-F str) cm™.

'H NMR (ds-DMSO): 5= 0.85 (t, 3H, CH3-R, J=12.5), 1.25 [s, 12H, (CH)], 1.5 (m,
2H, CH;CH,-R) 1.95 (m, 2H, CH,CH,N"), 5.05 (t, 2H, CH,N", J=12.5), 8.05 (d, 1H,
Ar-H, J=5), 8.3 (s, 1H, n-bridge-H), 8.35 (t, 1H, Ar-H, J=5), 8.55 (d, 1H, Ar-H, J=5),
8.65 (d, 1H, Ar-H J=5), 8.7 (d, 1H, Ar-H, J=5), 9.45 (d, 1H, Ar-H, J=5).

3C NMR (ds-DMSO): Signal too weak.

- PFNMR (ds-DMSO): =-142.56, 142.62 (d, 2F, C-F, Jr=24), -146.88, 146.94 (d, 2F,
C-F, Jrr=24).

MS (70eV): m/z =532 (5%, M), 392 (28%, M"-R), 373 (15%, M*-R-F), 327 [12%, M-
R-C(CN).}.

UV/Vis (CH3CN): Amax = 246, 338, 568(CT)nm

C31HasN4sF4 (532.55) Cale: C69.91 HS5.29 N 10.52 F14.27%

Found: C 69.97 H5.27 N10.26 F 14.28%

A collection of analytical data for the series is shown in Tables 2.6 and 2.7.
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Zwitterion Yield (%) /g Mpt (°C) Rf Amax (CH3CN)
CH;(2)Q3CNQF; 0.140 (48) >300 0.41 (;];](1))
Ci2H5(2)Q3CNQF,; | 0.170 (28) 162-165 0.49 570
Ci3H27(2)Q3CNQF, | 0.150 (24) 163-166 0.46 568
CiaH29(2)Q3CNQF4 | 0.073 (11) 167-170 0.47 568
Ci6H33(2)Q3CNQF, | 0.088 (13) 168-171 0.48 570

*90:10 DCM/CH;0H eluent.

Table 2.6 Analytical Data for the R(2)Q3CNQF; Adducts.

Zwitterion C(%) H(%) N(%) F(%)
Found (Calc) | Found (Calc) | Found (Calc) | Found (Calc)
CH3(2)Q3CNQF; 64.93 (65.03) | 2.45(2.48) 13.78 (13.78) | 18.51 (18.71)
Ci12H5(2)Q3CNQF, | 70.41 (70.69) | 5.93 (5.75) 9.75 (9.99) -
Ci13H>7(2)Q3CNQF, | 70.77 (71.06) | 5.96 (5.96) 9.78 (9.75) | 13.10(13.22)
Ci1sH29(2)Q3CNQF, | 71.26 (71.40) | 6.31 (6.16) 9.39 (9.51) -
CisH33(2)Q3CNQF, | 72.55 (72.06) | 6.72 (6.54) 8.98 (9.08) |12.44(12.32)

Table 2.7 Micro-analytical Data for the R(2)Q3CNQF4 Adducts.
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2.4.3 Synthesis of R(4)Q3CNTMQ Adducts.

Equation:

- NC CN
R—N CH; + — —
\_/ o NC CN
X
()
]
CH;
CH3CN/A

H
@/

R—-N \ \ CN
i@

NC CN
A range of derivatives, having R from CHj to Cy¢H33, has been synthesised. The general
method employed was the same in each case and the preparation of (Z)-B-(N-methyl-4-
quinolinium)-o-cyano-4-(2,3,5,6-tetramethyl)styryldicyanomethanide [CH3(4)Q3CNT-

MQY] is described below as an illustrative example.

N-Methyl-4-methylquinolinium iodide (0.4g, 0.0014mol) was refluxed with N-methyl
piperidine (0.12g, 0.0014mol) in dry acetonitrile (20cm®) for twenty minutes, during
which time the initial dark brown colour gave way to a deep blue colour. After cooling
slightly, 2,3,5,6-tetramethyl-7,7,8,8-tetracyano-p-quinodimethane (0.36g, 0.0014mol)
was added and the solution was refluxed for a further hour, during which time the
colour changed from the original deep blue colour to an emerald green shade. After a
further seventy two hours reflux the solution, which had turned an intense royal blue

colour, was cooled producing a fine purple/black powder.
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The product was recovered by vacuum filtration and washed with diethyl ether
(3x25cm®) to remove any unreacted TMTCNQ. The crude solid was recrystallised
several times from methanol to yield 0.045g (8%) of deep purple solid (Mpt 241-245°C
decomp).
Analytical Data:
IR (KBr): 3425 (O-H str), 2928, 2855 (C-H str), 2153, 2090 (C=N str), 1612 (C=C str),
1497 (Ar C=C str)em™.
"H NMR: Insufficient sample available
13C NMR: Insufficient sample available
MS (70eV): m/z =390 (8%, M"), 375 (5%, M'-CH3), 284 [27%, M'-C(CN),-CH;CN],
270 [45%, M'-C(CN),-CH3;CN-CH].
UV/Vis (CH3;CN): Amax = 582(CT)nm
Ca6H22N4 (390.4) Calc: C79.97 HS5.68 N 14.34 %

Found: C77.75 H5.40 N 13.45%

Ca6H22N4.CH30H (422.4) C76.75 H6.20 N 13.25 %

A collection of analytical data for the series of R(4)Q3CNTMQ adducts is shown in

Tables 2.8 and 2.9.
Zwitterion Yield (%) /g | Mpt(°C) Rf Amax (CH3CN)
CHs(4)Q3CNTMQ | 0.030 (9) | 247-251 (D)’ 0.43 (;I;)
CioH21(4)Q3CNTMQ | 0.103 (17) | 244-249 (D)’ 0.47 580
C1aH2o(4)Q3CNTMQ | 0.078 (12) | 248-253 (D)’ 0.40 581
CieH33(4)Q3CNTMQ | 0.040(6) | 256-261 (D) 0.42 582

* 90:10 DCM/CH;OH eluent, T decomposition (D).

Table 2.8 Analytical Data for the R(4)Q3CNTMQ Adducts.
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Zwitterion C (%) H (%) N (%)
Found (Calc) Found (Calc) Found (Calc)
C.Hs(4)Q3CNTMQ 71.82 (80.17) 6.79 (5.98) 13.53 (13.84)
C10H21(4)Q3CNTMQ 75.78 (81.35) 8.15 (7.80) 9.27 (10.84)
C14H29(4)Q3CNTMQ 70.10 (81.77) 7.75 (8.45) 7.56 (9.78)
Ci6H33(4)Q3CNTMQ 70.33 (81.95) 9.16 (8.72) 6.76 (9.32)

Table 2.9 Micro-analytical Data for the R(4)Q3CNTMQ Adducts.

2.4.4 Synthesis of R(4)Q3CNAQ Adducts (cf p.90).

Equation:

C

Various Bases
Various Solvents
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2.4.5 Synthesis of m-CgHg(4)DQ6CNQ and Derivatives.

H;C -:\_/I%U-%/ \:—CH3

289

Equation:

y ()
H
NC CN
2) NL>=<::>=< CN
CH30H/A

o

@/\ \ CN
Xy 2O

A range of derivatives, involving the dipyridinium and diquinolinium salts with various

electron acceptors such as TCNQ, TMTCNQ etc, have been synthesised. The general
method used was the same in each case and the preparation of m-CgHg(4)DQ6CNQ is

described below as a representative example:

N,N’-(m-Xylenyl)-bis(4-methylquinolinium bromide) (0.67g, 0.0012mol) was refluxed
with piperidine (0.2g, 0.0024mol) in dry methanol (40cm’®) for twenty minutes, during
which time the initial pale pink colour gave way to a deep purple colour. After cooling
slightly, 7,7,8,8-tetracyano-p-quinodimethane (0.5g, 0.0024mol) was added and the
solution changed colour from the original deep purple to black. After about half an hour

of gentle reflux a black solid began to deposit on the sides of the flask, precipitation
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appearing complete after about twenty-nine hours. The reaction mixture was cooled
resulting in further precipitation of the black solid. The product was isolated by vacuum
filtration and washed with diethyl ether (3x25cm’) to remove any unreacted TCNQ. The
crude product was recrystallised from methanol/N-methylformamide (NMF) to yield
0.473g (52%) of a fine black solid (Mpt 210-213°C decomp).
Analytical Data:
IR (KBr): 3429 (O-H str), 2171, 2122 (C=N str), 1535 (C=C str) cm™.
'H NMR (d;-TFA): See section 2.6.4
BC NMR (d;-TFA): signal too weak
MS (FAB): m/z =743 (1%, M), 566 (5%, M'-TCQ), 423 (8%, M"-QTCQ)
UV/Vis (NMF): Amax = 728(CT)nm
CsoH3N;g (742.9) Calc: C80.85 H4.07 N 15.08 %
Found: C77.00 H422 N 13.74 %
CsoH30Ns.2CH;0H (806.52) C77.39 H4.75 N 13.88%
TGA/DSC: Sample showed weight loss equivalent to 7.71 % of the sample mass

(calculated weight loss for two CH30H molecules = 7.94 %)

A collection of analytical data for the series is shown in Tables 2.10 and 2.11 and 2.12.

Zwitterion Yield (%) / g Mpt (°C) Amax (NMF)
m-CgHg(4)DQ6CNQ 0.473 (52) 210-213 (D)’ (;2111;)
p-CsHg(4)DQ6CNQ 0.298 (33) 226-229 (D)’ 720

m-CgHg(4)DQ6CNTMQ 0.0781 (16) >300 568
p-CsHs(9)DQ6CNTMQ 0.0704 (14) >300 578
T decomposition (D).

Table 2.10 Analytical Data for the Diquinolinium Adducts.
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Zwitterion C (%) H (%) N (%)
Found (Calc) Found (Calc) Found (Calc)
p-CsHy(4)DQ6CNQ 77.22 (80.85) 4.35 (4.07) 13.95 (15.08)
+2 CH;0H 77.22 (77.39) 4.35 (4.75) 13.95 (13.88)
m-CgHg(4)DQ6CNTMQ 77.97 (81.47) 5.65 (5.42) 12.75 (13.10)
+ 2 CH;0H 77.97 (78.41) 5.65 (5.92) 12.75 (12.19)
p-CsHz(49)DQ6CNTMQ 78.68 (81.47) 5.45 (5.42) 12.14 (13.10)
+ 2 CH;0H 78.68 (78.41) 5.45 (5.92) 12.14 (12.19)

Table 2.11 Micro-analytical Data for the Diquinolinium Adducts.

Zwitterion Calc (%) loss of 2 CH3;0H | Found (%) loss of 2 CH;0H
Pp-CsHg(4)DQ6CNQ 7.942 7.963
m-CgHg(4)DQ6CNTMQ 6.972 6.426
p-CgHg(4)DQ6CNTMQ 6.972 6.152

Table 2.12 TGA Data for the Diquinolinium Adducts.

2.4.6 Synthesis of CH;(2)P3CNQF,,

Equation:

—N

NC

NC

S

N
¢

CH3CN/A

F

\ CN
\

CN
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N-Methyl-2-methylpyridinium iodide (0.34g, 0.0014mol) was refluxed with N-methyl
piperidine (0.14g, 0.0014mol) in dry acetonitrile (15cm’) for twenty minutes, during
which time the initial pale yellow colour gave way to a deep canary yellow. After
cooling slightly, 2,3,5,6-tetrafluoro-7,7,8,8-tetracyano-p-quinodimethane (0.4g, 0.0014
mol) was added and the solution was refluxed for a further hour, during which time the
colour changed from the original canary yellow colour to emerald green. After a further
four hours reflux the solution, which had turned a deep red/brown colour, was cooled
producing a fibrous brick red solid. The product was isolated by vacuum filtration and
washed with diethyl ether (3x25cm’®) to remove any unreacted TCNQF4. The crude
product was recrystallised from acetonitrile to yield 0.20g (39%) of a brick red solid
(Mpt >296°C decomp).

Analytical Data:

IR (KBr): 2995 (C-H str), 2183, 2149 (C=N str), 1625 (C=C str), 1586, 1491 (Ar C=C
str), 1222 (C-F str) cm™.

'H NMR (ds-DMSO): 8= 4.35 (s, 3H, CH3N"), 7.95 (s, 1H, n-bridge-H), 8.2 (t, 1H, Ar-
H, J=5), 8.65 (d, 1H, Ar-H, J=5), 8.75 (t, 1H, Ar-H, J=5), 9.2 (d, 1H, Ar-H, J=5).

BC NMR (ds-DMSO): Signal too weak.

”F NMR (ds-DMSO): &= -148.42, 148.30 (d, 2F, C-F, Jrr=48), -144.47, 144.35 (d, 2F,
C-F, Jrr=48).

MS (70eV): m/z =356 (14%, M"), 342 (46%, M'-CH,), 329 (50%, M'-HCN), 323
(100%, M'-CH;F).

UV/Vis (CH3CN): Amax =310, 510(CT)nm

CisHgN4Fs (356.26) Cale: C60.68 H2.26 N 1572 F21.33%

Found: C 60.51 H2.40 N 1545 F21.26%
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2.4.7 Synthesis of C3H,(2)BT3CNQ.*

Equation:

NC CN
Cloem + 90
S © NC CN

(D

N
¢H,

CH3CN /A

'y

@w

NC CN
2-Methyl-3-propylbenzothiazolium iodide (0.78g, 0.0024mol) was refluxed with N-
methylpiperidine (0.05g, 0.0005mol) in acetonitrile (30cm®) for twenty minutes,
resulting in a colour change from pale yellow to pink. After cooling, 7,7,8,8-tetracyano-
p-quinodimethane (0.5g, 0.0024mol) was added and the solution changed again from
pink to emerald green. After about half an hour of gentle reflux a green solid began to
precipitate out of the solution and deposition appeared complete after about three hours.
After this period the solution, which had turned a deep emerald green colour, was
cooled producing more of the emerald green solid. The product was isolated by vacuum

filtration, washed with diethyl ether (3x25cm®) to remove any unreacted TCNQ, and

methanol (3x25cm’) to remove any unreacted iodide, yielding 0.52g (57%) of an
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emerald green solid (Mpt >300°C) that required no further purification to provide an
analytically pure sample.

Analytical Data:

IR (KBr): 2930 (C-H str), 2175 (C=N str), 1601 (C=C str), 1496 (Ar C=C str) cm’.

'"H NMR: Product too insoluble

13C NMR: Product too insoluble

MS (70eV): m/z =368 (100%, M"), 326 (96%, M'-C3Hs), 299 (12%, M'-R-HCN), 289
[8%, M'-R-C(CN);].

UV/Vis (CH3CN): Amax = 738(CT)nm

CyoHi6NyS (368.4) Cale: C71.72 H4.38 N 1521 S8.70%

Found: C71.56 H4.32 N15.14 S892%

2.4.8 Synthesis of C;H;(2)BT3CNQF,.

Equation:

@ F F
NC CN
Cloes + 5=
§ @ NC CN
F F
()
&u,
PhCI/A
\
@
©: HF F
\
CN
S \ ()
NC CN
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2-Methyl-3-propylbenzothiazolium iodide (0.23g, 0.00072mol) was refluxed with N-
methylpiperidine (0.07g, 0.00072mol) in chlorobenzene (30cm®) for twenty minutes,
resulting in a colour change from pale yellow to poppy red. After cooling 2,3,5,6-
tetrafluoro-7,7,8,8-tetracyano-p-quinodimethane (0.2g, 0.00072mol) was added and the
solution changed from poppy red colour to emerald green. After about half an hour of
gentle reflux a gold/green solid began to precipitate out of solution and precipitation
appeared complete after about six hours. After this period the solution, which had
turned a deep blue colour, was cooled producing more of the gold/green solid. The
product was isolated by vacuum filtration and washed with diethyl ether (3x25cm’) to
remove any unreacted TCNQF,. The crude product was recrystallised from acetonitrile
to yield 0.170g (54%) of golden green needles (Mpt >304°C).
Analytical Data:
IR (KBr): 2971, 2918 (C-H str), 2192, 2166 (C=N str), 1631 (C=C str), 1496 (Ar C=C
str), 1227 (C-F str) cm™.
'H NMR (ds-DMSO): 8= 1.0 (t, 3H, CH;-R, J=12.5), 1.9 (m, 2H,R-CH,), 4.9 (t, 2H,
CH,N', J=12.5), 8.0 (m, 2H, Ar-H), 8.35 (s, 1H, n-bridge-H), 8.5 (d, 1H, Ar-H, J=5),
8.6 (d, 1H, Ar-H, J=5).
3C NMR (ds-DMSO): Signal too weak.
F NMR (d¢-DMSO): 5= -148.28, 148.31 (d, 2F, C-F, Jrr=16), -143.09, 143.13 (d, 2F,
C-F, Jrr=16).
MS (70eV): m/z =441 (5%, M"), 415 (15%, M'-CN), 398 (16%, M'-CH;CN), 378
[34%, M'-C(CN),], 333 [14%, M"-R-C(CN),].
UV/Vis (CH3CN): Amax = 332, 664(CT)nm
C2oH12N4F4S (440.39) Cale: C60.00 H2.75 N 12.72 F17.25 S7.28%

Found: C59.95 H2.77 N12.59 F1721 S7.19%

75



2.4.9 Synthesis of C3H;(2)BT3CNTMQ.

Equation:

I
()
"
CH3CN /A
v
<)
CI<

A\

CN

s\ A
NC CN

2-Methyl-3-propylbenzothiazolium iodide (0.29g, 0.00094mol) was refluxed with
piperidine (0.08g, 0.00094mol) in dry acetonitrile (30cm’®) for twenty minutes, resulting
in a colour change from pale yellow to poppy red. After cooling, 2,3,5,6-tetramethyl-
7,7,8,8-tetracyano-p-quinodimethane (0.25g, 0.00094mol) was added and the solution
deepened to a blood red colour. After about three hours reflux the blood red solution,
which had become more intense in colour, was cooled producing a brown/yellow
powder. The product was isolated by vacuum filtration and washed with diethyl ether
(3x25cm®) to remove any unreacted TMTCNQ. The crude product was
chromatographed on a silica gel column (90:10 dichloromethane-methanol) to yield

0.040g (10%) of a canary yellow powder (Mpt >300°C).
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Analytical Data:
IR (KBr): 3447 (O-H str), 2960, 2930, 2873 (C-H str), 2157, 2099 (C=N str), 1564
(C=C str), 1508 (Ar C=C str) cm™..
"H NMR (ds-DMSO): 8= 1.1 (t, 3H, CH;-R, J=12.5), 1.9 (m, 2H,R-CH>), 2.3 (s, 12H,
4CH3) 5.0 (t, 2H, CH,N", J=12.5), 7.9 (t, 1H, Ar-H, J=5), 8.0 (¢, 1H, Ar-H, J=5), 8.4 (d,
1H, Ar-H, J=5), 8.55 (d, 1H, Ar-H, J=5). 8.95 (s, 1H, n-bridge-H).
3C NMR (ds-DMSO): Signal too weak.
MS (70eV): m/z =424 (6%, M), 382 (84%, M'-CH,CN), 367 (22%, M'-CH;CN-CH3),
318 [9%, M'-R-C(CN),], 43 (100%, CH;CN)
UV/Vis (CH3CN): Amax = 594(CT)nm
CaeHa4N,S (424.53) Cale: C73.55 H5.70 N13.19%

Found: C 70.31 H5.62 N11.61%

Ca6H24NsS.CH30H (456.53) C71.03 H6.18 N 12.27%

In an attempt at improving the yield of the above compound it was decided to increase
the reflux time since significant amounts of TMTCNQ were being recovered. This met
with startling consequences as the initial reaction mixture, which gave a peak at 344nm
in the UV/Vis spectra and a yellow spot at Rf = 0.44 (90:10 DCM/CH;OH), began to
change in appearance with time. The reaction, which had now become a darker red
colour, began to show signs of a new red fraction at Rf ~0.56 (90:10 DCM/CH;0OH)
upon TLC analysis, and a new UV/Vis band at ~550nm. As the reaction progressed
further, TLC analysis suggested an increase in the relative concentration of this red
fraction coupled with consumption of the above adduct (adduct 1). The formation of
this new product (adduct 2) appeared complete after about six hours (Figure 2.1), after

which time the reaction was cooled, resulting in a brick red solid precipitate.
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The recovered solid was washed with diethyl ether (3x25cm’) to remove any unreacted

TMTCNQ.
O«——TMICNQ O e)
o Oe—1—Adduct 2
Oed—Adduwctl | © S e
3 Hours 4 Hours . 6 Hours

Figure 2.1 TLC Analysis of New Product Formation.

The crude product was chromatographed on a silica gel column (90:10 dichloromethane
:methanol), then recrystallised from acetonitrile/diethylether to yield 0.050g (8.47%) of
this unidentified brick red coloured powder (Mpt >300°C). The compound was found to

give the following analytical data:

IR (KBr): 2923, 2869 (C-H str), 2151, 2089 (C=N str), 1671, 1563 (C=C str), 1506 (Ar
C=C str) cm™.

"H NMR (ds-DMSO): See section 2.5.4

3C NMR (ds-DMSO): Signal too weak.

MS (FAB): m/z =614 (100%, M"+H), 572 (6%, M"-R), 507 [5%, M"-R-C(CN),].

UV/Vis (CH;CN): Amax = 520, 544(CT)nm

Accurate Mass: mDa PPM Calc.Mass DBE C H N S

614.242632 -14  -23 614.241215 225 3736 5 2

A proposed structure and other relevant details of this benzothiazolium derived adduct

will be discussed in Section 2.5 and 2.6.
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2.5 Discussion of Synthetic Methods and Results.

2.5.1 N-Alkylation of Nitrogen Heterocycles.

As with most quaternisation reactions,'’ the preparation of N-alkylated pyridinium/
quinolinium salts proceeds via Sn2 type substitution. Also known as the Menshutkin
reaction,'>'? this N-alkylation involves displacement of the halide from an alkyl halide
by the heterocyclic nitrogen as illustrated (Figure 2.2) by the N-alkylation of lepidine to
produce the corresponding fy-substituted quinolinium salt. Formation of the other

quaternised salts used in this work follows a similar mechanistic pathway.

=

HC—( /N\/R—/X\ N, Y yen
]
X

Figure 2.2 Preparation of Quaternised Nitrogen Heterocycles.

Of the various methods available>*>'* for the preparation of such quaternised salts, a
modified version was used to that of Broughton et al,> who directly refluxed the alkyl
halide and the nitrogen heterocycle, resulting in a slight decomposition of the salt. The
modified version involves dilution of the reagents with a little acetonitrile solvent,
which reduces the reaction temperature and limits the amount of decomposition giving
better yields. However longer reaction times are necessary except for N-methylations
for which reflux’ was not required due to the high reactivity of methyl iodide (care was

taken as the addition of Mel was potentially explosive).

The choice of alkyl halides was based upon the fact that LB films have been fabricated
from other zwitterionic adducts having alkyl chain lengths varying from eight to twenty

carbons.>*>"7 Thus it was decided to try and cover as much of this previously tried and
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tested range as possible. The Ci homologues were especially desirable as studies of

area per molecule and UV/Vis spectra of LB films of the unsubstituted R(4)Q3CNQ

1517 had shown an abrupt change in film behaviour occurring at chain

compounds®
lengths greater than or equal to fifteen carbons. It was hoped that this phenomenon
would be repeated in the new adducts of substituted-TCNQ’s and further investigated,

leading to a possible explanation.

The yield of product in most cases was respectable, with the y-substituted quinolinium
salts typically giving yields of 80-90% comparable to, if not slightly larger than, the
same compounds prepared by different methods.>*'* As expected the o-substituted
quinolinium salts, with ortho-methyl steric hindrance of the reaction site gave lower
yields,”* typically around 40%. This was significant even in the N-methylations as the a-
substituted quinolinium salt gave a slightly smaller yield than that of the related y-
substituted compound, despite the relatively small incoming methyl group. Another
common trend shown by the quinolinium salts (both o and y) was a decrease in yield

with increasing chain length probably attributable to the decreased reactivity and

increased size of the larger alkyl halides.

The symmetrical dipyridinium/diquinolinium salts, despite their apparent bulk, gave
similar yields to the mono-substituted benzylic quinolinium salt, although yields for the
para-substituted compounds were somewhat larger than for the corresponding meta-

compounds.
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2.5.2 Quinodimethanes/Quinodiimines by Knoevenagel Condensation.

Synthesis of the electron acceptors, TMTCNQ,"!® and TCAQ®'*?® can be achieved by
exploiting various documented methods. However, of all the possible synthetic routes,
the simplest and most widely used is the modified Lehnert procedure,”? first reported
by Himig et al’ involving direct condensation of the appropriate quinone (ie.

21,22

duroquinone in the case of TMTCNQ) with Lehnert’s reagent (malononitrile,

pyridine and titanium (IV) chloride). Because other methods require multi-step

18,20

procedures, it was decided to utilise the modified Lehnert procedure to prepare

TMTCNQ and TCAQ.

In this Knoevenagel™** type reaction the titanium (IV) chloride acts as a Lewis acid, in
the absence of which quinones in general do not yield quinodimethanes but undergo
conjugate reactions to form phenolic/heterocyclic products.”?>*?% The titanium (IV)
chloride activates the quinone carbonyl group by forming a metal-oxygen bond,
increasing the polarisation of the carbon-oxygen bond and thus promoting nucleophilic

attack at the carbonyl carbon and inhibiting 1,4-addition.”’ (Figure 2.3)

i (<]
o TiC13.Cl TC[_;
’ NC CN

0
’(Ks' Lehnerts & Pyridine CN CI3TiOH
Reagent "\ H I
e(’rCN CN

N

Figure 2.3 Titanium (IV) Chloride Mediated Condensation.

However in the preparation of tetramethyl-TCNQ the use of Lehnert’s reagent, which
normally results in quinodimethane formation (i.e. 1,2-addition) as the major or sole

2

pathway,’ leads to side reactions™*® resulting in relatively small yields. The unwelcome

phenolic by-product (1), which presumably arises from 1,6-addition of malononitrile to
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the intermediate quinomethane system (2) followed by 1,2-elimination of hydrogen

cyanide, is conveniently removed by a dilute alkali wash during workup.

CN
NC ~ CN NC. _CN
I:
H I
1 )

The overall yield of TMTCNQ, which has been shown to be dependent upon the scale
of the reaction® (i.e. <6émmol of duroquinone results in no TMTCNQ being formed)
was improved by minor modifications. The standard Lehnert method involves the
addition of TiCls to a solution of the quinone in malononitrile and pyridine. Subsequent
work has shown that addition of TiCly to a solution of the quinone, followed by
dropwise addition of malononitrile and pyridine to the already formed metal-oxygen
complex, resulted in larger overall yields (~25%).>> However the improved yields still
remain poor compared to the 55% yield quoted by Cowan et al.” The Hiinig method® for
preparing TCAQ also required slight modifications as attempts to repeat the literature
method failed. Hence an approach similar to that for the tetramethyl acceptor was tried
although it resulted in a poorer overall yield of TCAQ relative to the literature method

(36% compared to 78%) of Hiinig et al.®

Nevertheless the modified Lehnert procedure for TCNQ derivatives does have its
limitations as the reaction can be capricious® and does not work for all quinones.?’* It
seems really successful only for the preparation of tri- and tetra-substituted TCNQ

derivatives.*”**32 This was borne in the attempted preparation of TCNQF; in a manner
pted prep

comparable to the related N,N’-dicyano-2,3,5,6-tetrafluoro-1,4-benzoquinodiimine'®
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whose synthesis follows a very similar mechanistic pathway to the above (Figure 2.3).
This was a relatively straightforward procedure requiring only a modified TiCls-
mediated condensation of p-fluoranil with bis(trimethylsilyl)carbodiimide (BTC)* to
afford the desired product. This preparation of the tetra-fluorinated diimine electron
acceptor from the corresponding p-benzoquinone led to the false hope that the
corresponding fluorinated-TCNQ derivative could also be prepared by a Knoevenagel
reaction (Figure 2.4). However the attempted preparation of this powerful and
extremely expensive electron acceptor (Smg = £18.50),** via a TiCl-mediated

condensation reaction, resulted in failure.®

o NC | CN
I
F F
Lehgért's > F F
Mothod
-3 F F | F
NC” ~CN

Figure 2.4 Synthesis of TCNQF;, via Lehnert’s Method.

This seems quite surprising in a nucleophilic process since the relatively unreactive
duroquinone, with its electron donating methyl groups, does form a quinodimethane
while the tetra-halogenated benzoquinone, with its electron withdrawing fluorine

substituents, does not.

2.5.3 Synthesis of 2,3,5,6-Tetrafluoro-7,7,8,8-tetracyano-p-quinodimethane.

The preparation of this powerful electron acceptor was eventually achieved using a five
step route via isopropylidenemalononitrile. The approach was essentially that of
Wheland and Martin in their original synthesis of TCNQF,? although slight

modifications were required.
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The published preparation of isopropylidenemalononitrile,® using the supposedly
superior B-alanine as a catalyst*> was found to be capricious in large scale reactions and
an alternative was sought. This type of Knoevenagel reaction®® is usually catalysed by
base, of which many have been tried and tested.****3* However superior results were
reported, in terms of ease of preparation, when using an ammonium acetate/acetic acid
catalyst.’ Despite the relatively low yield of this reaction (~60%), it can easily be scaled
up so that large quantities (>200g) of isopropylidenemalononitrile are available in less

than a day.

The preparation of #-butylmalononitrile was achieved using the original Wheland
metlvn’od,8 in which the aliphatic dicyano compound is prepared via a Michael reaction®
using methylmagnesium bromide. Yields of the reaction, in which
isopropylidenemalononitrile is the Michael acceptor, varied upon the rate of addition of
the alkene which resulted in the formation of a yellow/orange suspension. If the
addition was too fast then the viscosity of the suspension became so thick that the
reaction could not be stirred leading to smaller yields. This problem was slightly
alleviated by the addition of more diethyl ether (150cm®) to the reaction mixture which,
despite increasing the yield slightly (51%), still gave a smaller yield than that quoted

(75%) in the original paper.®

Access to 2,3,5,6-tetrafluoro-1,4-bis(tert-butyldicyanomethyl)benzene involves a
nucleophilic aromatic substitution reaction via a resonance stabilised hexadienyl anion

intermediate*'*?

which is stabilised by the electron-attracting fluorine atoms.
Subsequent ejection of two fluorine ions completes the addition-elimination mechanism
(Figure 2.5), giving the 2,3,5,6-tetrafluoro-1,4-bis(ters-butyldicyanomethyl)benzene

product in yields consistent with those reported by Wheland et al.®
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Figure 2.5 Nucleophilic Aromatic Substitution of Hexafluorobenzene.

The final two steps of the preparation were achieved in a one-pot procedure. The
2,3,5,6-tetrafluoro-1,4-bis(terz-butyldicyanomethyl)benzene product (from above) was
pyrolysed resulting in the loss of 2 equivalents of isobutene and the formation of the
intermediate 2,3,5,6-tetrafluoro-1,4-phenylenedimalononitrile. This, in turn was treated
with excess bromine water to yield the powerful electron acceptor TCNQF,. However
this oxidation using excess bromine water was not so straightforward as claimed by
Wheland® since it gave relatively large quantities of TCNQF4(H,) as well as the desired
TCNQF, which was only isolated by repeated recrystallisation from acetonitrile or by
cold-finger sublimation leading to much smaller yields than those quoted in the original

paper (72-85%).2

2.5.4 Synthesis of Zwitterionic D-n-A Adducts of TCNQ.

Synthesis of the zwitterionic D-n-A adducts of substituted electron acceptors such as
TCNQF; involves substitution of a nitrile group in the relevant electron acceptor by the
appropriate quinolinium/picolinium or benzothiazolium donor moiety. The preparation
of such compounds has varied, with numerous methods being documented in the
literature.'>!%***° The zwitterions were originally obtained by prolonged reaction of the
appropriate N-alkylated donor with the lithium salt of TCNQ (Li'TCNQ) in hot

acetonitrile'** (diagrammatically illustrated in Figure 2.6).
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Figure 2.6 Proposed Mechanism for the Synthesis of CH3(2)P3CNQ using LiTCNQ

This method was refined by Ashwell et al*® giving shorter reaction times and improved
yields. However the modification involves the lithium salt of the corresponding TCNQ
which has not been accessible in the case of TCAQ and TMTCNQ. The preparation of
the only reported fluorinated zwitterion®*® [C16H33(4)Q3CNQF,] used the lithium salt

but gave a relatively poor yield.

Another approach, and that most widely used'>'”* for the preparation of adducts,
involves the use of piperidine or N-methylpiperidine as a base to remove a proton from
the ring methyl group of the N-alkylated donor. This is very similar to the method used
for the preparation of merocyanine/hemicyanine dyes from N-alkyl

benzo[c]quinolizinium/quinolinium salts in which piperidine is again used as base.*’*®

The removal of the methyl proton produces a relatively stable species having a
resonance form in which the lone pair of electrons is situated on the electron deficient

nitrogen. The resulting, nucleophile active at the exocyclic methylene, reacts with
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TCNQ, or one of its derivatives, forming a new carbon-carbon double bond between
what started as a methyl carbon substituted on the donor N-heterocycle ring and a
C(CN), carbon atom on the acceptor moiety. Because of the shortcomings of the
LiTCNQ methods,>* such as low yields and long reaction times, the alternative
piperidine/N-methyl piperidine method was employed for the vast majority of the
synthetic work undertaken. Despite the apparent structural differences in the various
adducts, they were all approached using this same methodology. The same mechanistic
pathway, illustrated in Figure 2.7 by the synthesis of an R(4)Q3CNQF; type adduct, is

probable for all the preparations.

While neither approach gave huge yields our preparations using piperidine/N-
methylpiperidine gave markedly better yields than those observed by other authors
using the LiTCNQ method.> This was probably because piperidine/N-methylpiperidine

are much stronger bases than LiTCNQ (cf. Figures 2.6 and 2.7).

The majority of synthetic work used N-methylpiperidine as base since piperidine, a
secondary amine, may react with TCNQ* leading to side products causing the desired
product to be somewhat impure,” a major limitation of the piperidine method. N-
Methylpiperidine, being a tertiary amine (much less nucleophilic), will not react with
TCNQ or its derivatives,* although the desired reaction is somewhat slower. Steric
factors also affect the yield and rate of reaction, as shown by the reduced yields and
increased reaction times of the more sterically crowded R(2)Q3CNQF, adducts relative
to their R(4)Q3CNQF, counterparts. The length of the alkyl chain of the adducts also
has a noticeable effect on yield and reaction time, as the yield diminishes with

increasing chain length for both o~ and y-substituted fluorinated compounds.
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CN

CN

Figure 2.7 Proposed Mechanism for the Synthesis of R(4)Q3CNQF; using

Piperidine.
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The use of acetonitrile as opposed to a polar protic solvent like methanol, which has
been employed before,”® is preferable since methanol would tend to solvate the
carbanionic resonance structure of the nucleophile formed in the reaction, hence
limiting its reactivity. The use of acetonitrile does, however, raise the possibility of
photolytic side reactions occurring between the solvent and the TCNQ derivative,”

resulting in potentially smaller and impure yields.

The use of chlorobenzene, shown by Ashwell et al'® to improve the yield and ease of
preparation in TCNQ-based adducts, had negligible effects upon the yields obtained for
our substituted-TCNQ adducts, which were similar for both solvents. However the yield
of C;H7(2)BT3CNQF; was increased by some twenty percent upon switching to

chlorobenzene.

The yields obtained for the benzothiazolium-based adducts were about twenty percent
higher than those observed for the fluorinated quinolinium-based adducts. Exceptions
were the fluorinated N-methyl adducts which, in the case of the y-substituted
compound, gave the greatest yield of any of the adducts prepared. The increased yields
of benzothiazolium compounds (the exception being the tetramethyl-adduct) is thought
to be a consequence of the increased stabilisation of the exo-methylene nucleophile. The
presence of a sulphur heteroatom, with its lone pair of electrons, in the electron donor
moiety (Figure 2.8) can help accommodate the charge and thus provide another

resonance canonical form.

S S S
CL=t — OO -~

Figure 2.8 Resonance Forms of the Benzothiazolium Intermediate.
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On the other hand the attempted synthesis of TCAQ-based adducts, using a similar
approach to that used in the formation of the other quinolinium-based adducts, resulted
in failure (See Section 2.4.4). Various experimental conditions, including standard

literature methods,'>'¢

were employed as well as the variation of solvent (i.e. CHCl,
CH3CN, C,HsCN and PhCI), base (i.e. piperidine, N-methylpiperidine, DBU, DBN,
DABCO) and of the reaction time (i.e. from twenty-four hours to thirty-five days). The
reactions were monitored by looking for the characteristic long-wavelength charge-
transfer (CT) absorption band exhibited by such compounds. In some cases CT bands
were observed to a small extent and in others not at all. In all cases a colour change was
observed during the reaction (red to black) and black microcrystalline solids were

isolated along with unreacted starting materials. However, the isolated solids did not

give the correct analytical data for the required product.

The failure may be due to a number of reasons. The first is that 11,11,12,12-tetracyano-
9,10-anthraquinodimethane (TCAQ) is not a planar molecule.”® The non-planarity is
due to strong non-bonding interactions between the cyano groups and the aromatic

hydrogens in the peri positions on the anthracene ring (Figure 2.9).

Figure 2.9 Distortion in TCAQ.

For a planar conformation the C-H and NH distances between the cyano groups and

the peri hydrogen are calculated to be 1.898 A and 2.256 A% respectively. To avoid
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these interactions and thus alleviate the steric strain, the central TCNQ ring folds
producing a butterfly structure in which the benzene rings (the “wings of the butterfly”)
point upwards and the dicyanomethanide units point downwards. Thus there is a loss of
planarity as confirmed by an X-ray structure of TCAQ.”! The distortion makes charge-

transfer within the system difficult due to the poor overlap of the m-orbitals,”®' thus

discouraging formation of the adduct.

Another possible reason behind the failure is the increased benzannelation in TCAQ
which has the effect of reducing the overall electron accepting capability of the
molecule.>”° This, together with its non-planar structure, makes TCAQ an
unsatisfactory acceptor for the production of D-n-A adducts, as has been observed by
other authors.*>> Furthermore the TCAQ system, which embodies two extra benzene
rings, is very much larger than TCNQ creating steric hindrance to attack by the
quinolinium nucleophile. This, aided by the poor electron-accepting capability of

TCAQ,**° further diminishes the chance of a successful reaction.

Despite the discouraging lack of success in preparing adducts from the non-planar
TCAQ, subsequent work showed that the equally distorted tetramethyl-TCNQ
derivative (TMTCNQ)'® did, unexpectedly, form D-n-A adducts with quinolinium and
benzothiazolium donors. In the case of the quinolinium-based adducts however, the
analytical data seemed contradictory. On the one hand the appearance of a molecular
ion and its identifiable mass spectral fragments (see Section 2.6.3), along with two
nitrile stretching bands in the infrared spectrum (see Section 2.6.2), seemed to confirm
successful coupling of the quinolinium heterocycle with the distorted electron acceptor.
On the other hand, however, elemental analysis suggested that the adducts were far

from pure whereas thin layer chromatography (TLC) using 90:10 dichloromethane:
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methanol, implied purity by the observation of a single spot. This discrepancy could be
attributed to the presence of methanol trapped in the crystal lattice®® of the adduct.
Evidence for this hypothesis is observed in infrared spectra, which all show a broad

band at #3400 cm™ consistent with an O-H stretching frequency.

The intense O-H stretching frequency is thought to arise from methanol molecules
associated with the adducts, either by hydrogen bonding or by physical entrapment in
the lattices, during recrystallisation. However this hypothesis must be treated with
caution as the lack of physical evidence (ie. no NMR or DSC/TGA data due to
insufficient sample resulting from the very low yields obtained) means that any

conclusions drawn may be open to other interpretations.

Bis-Adduct from TMTCNQ.

An unexpected and unique observation arose while preparing adducts of tetramethyl-
TCNQ (TMTCNQ). Attempts to form a benzothiazolium adduct were thwarted by low
yields and, as a result, we investigated strategies involving longer reaction times and
varying quantities of reactants/reagents. Improved conditions were indeed found,
involving a prolonged reaction time, whereby adequate conversion to a mono-adduct
occurred. TLC monitoring, however, indicated that a second, dark red adduct began to
form once some of the anticipated, yellow adduct was present. Further investigations
led to the observation that the new product was actually formed using the mono-adduct
as starting material. The new adduct (as well as the mono-adduct) was eventually
isolated in sufficient quantities for structural analysis and was shown to be a 1:2 bis-
adduct of TMTCNQ with the benzothiazolium system in a highly conjugated,
delocalised structure of formula C37H3sNsS,. A proposed structure is shown in Figure

2.10(a) and evidence for the structure is presented in the following pages.
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Figure 2.10(a) Proposed Structure for the New Bis-Adduct.

Elucidation of the Proposed Structure.

The formation of bis-adducts from TCNQ with nucleophiles is not new and literature
precedent® suggests that both nucleophiles will attach, in sequence, at the same end of
the TCNQ substrate. Such a reaction in this case would lead to the formation of the bis-

adduct shown in Figure 2.10(b).

@,
N \ /
©:s\/ \_/ \ §N
| — CN
~ NS N8

Figure 2.10(b) Possible Bis-Adduct from Literature Precedent.

The structure in Figure 2.10(b) is, in fact, untenable for several reasons including its
incompatibility with most of the analytical data obtained. It was not, in any case, given
serious credence since comparable bis-adducts were not seen in any of the other

preparations with other heterocyclic nucleophiles or, crucially, with any other TCNQ
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acceptors including both TCNQ itself and tetrafluoro-TCNQ both of which should give

bis-adducts more easily than TMTCNQ (less hindered and more electrophilic).

After thorough purification spectroscopic data was obtained for the new adduct which,
together with other observations, led us to the following stipulations for its structure and

for the mechanism of its preparation.

1. It is formed from the mono-benzothiazolium TMTCNQ adduct and the TMTCNQ

methyl groups are a key to its formation.

2. The IR Spectrum (Figure 2.11) suggests two types of environment for nitrile groups
and, together with the molecular formula, supports the presence of three nitrile

groups (with NS, arising from two benzothiazolium moieties).

3. It has RMM = 613/614 (FAB-MS with peak-match mass measurement- e.g. Figure

2.12) implying a molecular formula of C37H35N;sS; (= 613.8).

4. Electron impact MS generates small fragments of the molecule two of which (m/z =
227.9 and 184.9) suggest a benzothiazolylacrylonitrile feature in the adduct as found

in mono-adducts also [Figure 2.10(c)].
+
C,H, ——I )

N H m/z =228
S\> <’\ (loss of C 3H7 gives 185’
NC

Figure 2.10(c) Benzothiazolylacrylonitrile Fragment.

94



However the vinyl H shown is probably not present in the intact molecule since such a
proton occurs at ca. 98 in the NMR of adducts containing the feature, whereas no such

signal appears in the spectrum of the new adduct (Figure 2.13).

5. The 'H NMR (Figure 2.13) implies that only three of the four TMTCNQ methyls

have survived the reaction intact, with two appearing at 26 and the third at 2.63.

6. NMR also confirms two benzothiazolium moieties in two different environments, as
shown by the comparable CH3CH,CH>-N signals at 0.8 and 1.26 and 4.6 and 4.9
(cf 1.7 and ca 2.055 for the central CH,) and also by the pairs of signals in the

benzene ring part of the spectrum (7.2 - 8.53).

7. UV/Vis spectroscopy shows charge-transfer activity (Figure 2.14) suggesting that
the structure should be capable of equilibrating between uncharged and zwitterionic

forms.

The structure proposed in Figure 2.10(a) results from consideration of each of the
foregoing points together with a careful analysis of the high resolution NMR spectrum
and an attempt to plot a mechanistic pathway, from the mono-adduct as substrate, that

makes chemical sense.

The NMR spectrum (Figure 2.13) is marred slightly by additional, non-integral signals.
Low solubility led to the use of ds-DMSO as NMR solvent. DMSO itself appears
separate from significant signals at 2.58 but the water peak (3.358) almost masks a
sharp singlet which corresponds quite well with CH; attached to a benzothiazolium
moiety. Other non-integral signals (from solvents?) appear at 1.58, 1.958, 2.256 and
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2.655 (all sharp) and, probably under the CHj3 signal at 2.35. The only other signal is a
sharp, one-proton singlet at 6.386 while notably absent are any doublets/triplets etc in the
vinyl part of the spectrum and cert;clinly the grouping H-C=C-CN is absent since there is
no signal at 98. The spectrum suggests that the mono-adduct substrate has reacted with
a second molecule of N-propyl-2-methylbenzothiazolium iodide via one of the
TMTCNQ methyl groups giving a product of low solubility that contains three
TMTCNQ derived methyls, one methyl derived from the 2-methylbenzothiazolium
group and just one other (uncoupled) proton, at 6.38, apart from benzene ring protons

and N-propyl protons of the two benzothiazolium groups.
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Figure 2.11 Infrared Spectrum Obtained for the C;H,(2) BT3CNTMQ Bis-adduct.
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Figure 2.12 FAB-MS Spectrum Obtained for the C3H7(2)BT3CNTMQ Bis-Adduct.
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Figure 2.14 C3H;(2)BT3CNTMQ Bis-Adduct in Acetonitrile.

Possible Mechanism for the New Adduct.

The exclusive nature of bis-adduct formation, only from the TMTCNQ and 2-
rﬁethylbenzothiazolium iodide, suggests that the mechanism begins via reactivity of the
TMTCNQ methyl groups. It is proposed therefore that the base present abstracts a
proton from one of the “acidic” methyl groups and that the resultant nucleophile attacks
a benzothiazolium molecule that acts as electrophile (leading to retention of its 2-methyl

group) as shown in Figure 2.15.

S 3‘1@
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Figure 2.15 Generation and Reaction of C3H;(2)BT3CNTMQ Nucleophile.
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The initial product (above) still contains an acidic (benzylic) proton and the anion
formed by its removal is ideally arranged to close a five membered ring via Michael

attack at the acrylonitrile moiety (Figure 2.16).

Figure 2.16 Five-Membered Ring Formation.

A formal Michael addition can be completed via protonation of the new carbanion but
the anion itself suggests that a driving force for the novel reaction could be
aromatisation. Dehydrogenation of the anion creates a 10n benzocyclopentadienyl anion

rather like cyclohexa-1,3-diene leads to benzene [Figure 2.17(a)].

Figure 2.17(a) Formation of 10 Benzocyclopentadienyl Anion.

It is proposed that the aromatisation process could involve unreacted TMTCNQ as
reagent and could proceed via hydride expulsion onto TMTCNQ followed by
deprotonation (by either TMTCNQ' or piperidine) to the aromatic anion as shown in the

partial structures of Figure 2.17(b)

100



NC i CN H N
NCy» CN NeJC

NC“e™CN

9 NC
N ‘\CNE x ¥ \X_.? y .
N 2 T ch NCZ

Figure 2.17(b) Possible Aromatisation Mechanism.

CN

A neutral form of the bis-adduct product can then arise by protonation of the aromatic
anion (e.g. by “BH from Figure 2.16) giving C37H3sNsS; but the resulting C-H bond
would be highly acidic and the proton highly mobile through a range of isomeric
structures. UV/Vis spectroscopy suggests that a favoured form would allow a simple
equilibrium between uncharged and zwitterionic forms. That form, the proposed final
structure, could arise via allylic rearrangement of the structure generated in Figure

2.17(a/b) after protonation, as shown in Figure 2.18.

of 37 )
T N

Figure 2.18 Allylic Rearrangement to the Proposed Structure.

The proposed structure seems consistent with MS and IR data, and seems to provide a
reasonable fit with the NMR data if the signals at 3.38 (shoulder to H,O peak) and 6.3

are assigned to the quaternary methyl on the upper heterocycle and to the allylic H
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respectively. The structure is also consistent with the UV/Vis observation (Figure 2.14)

of a charge-transfer process which would be as shown in Figure 2.19.

N
) Q H
h
' CN 4 SN CN
e —
NC O CN NC CN

Figure 2.19 Charge-Transfer Process of the Proposed Structure.

If aromaticity is indeed a driving force of the reaction leading to the proposed structure
then it seems that the new bis-adduct, like the conventional mono-adducts, may
correspond to a benzothiazolium donor moiety separated from a dicyanomethanide
acceptor moiety by a m-system with a substantially aromatic structure. An interesting
alternative canonical form of the new bis-adduct, with an entirely aromatic intervening
n-system is shown in Figure 2.20 and corresponds to a neutral molecule that is a bis-

zwitterion. Clearly further work needs to be done to firmly establish (or disprove) the
proposed structure, to further investigate the mechanism of its formation and to

examine, in more detail, the behaviour of a rather novel system.

\
S ©Q CN
&)
NC CN
Figure 2.20 Bis-Zwitterion Form of the Proposed Structure.
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Symmetrical Diquinolinium Adducts.

The synthesis of the structurally complicated TCNQ- and TMTCNQ-based
diquinolinium adducts was in fact relatively straightforward and very similar to that of
the related mono-quinolinium adducts (see Figure 2.7). Synthesis was aided by the fact
that the products were insoluble in methanol and deposited out of solution making
work-up straightforward. The yields, in the case of the TCNQ-based compounds, were
quite surprising being comparable to those of the mono-quinolinium adducts despite
their increased complexity. As expected the TMTCNQ-based adducts gave much

smaller yields consistent with those observed in other TMTCNQ-based compounds.

A major problem with the diquinolinium adducts was their insolubility, making
practical details such as TLC and recrystallisation very difficult. This had consequences
in terms the range of derivatives prepared, which included examples of TCNQF4- and
dipyridinium-based adducts that could be purified sufficiently to afford analyticaliy
pure samples. A list of adducts that were prepared but not considered pure enough to
include in this text despite having been characterised are listed in Appendix 1. The main
analytical technique used with such adducts was UV/Vis spectroscopy which provided
an adequate means of monitoring reaction progress despite the insolubility of the

product.

Analytical data, in conjunction with the phase (DSC) and weight (TGA) changes (Table
2.12) (Appendix 2.), confirmed the inclusion of methanol in the crystal lattices of
symmetrical diquinolinium salts and subsequently prepared adducts. Because of the
limited solubility and subsequent observation of solvent inclusion in their lattices, the

potential applications of these novel compounds is limited.
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2.6 Spectroscopic Studies of Zwitterionic D-n-A Adducts.

2.6.1 Ultra Violet/Visible Spectroscopy.

Ultra violet/visible (UV/Vis) spectroscopy was engaged to monitor reaction mixtures
for the various adducts to determine when a reaction had run its course. Small aliquots
were monitored at intervals throughout the reaction’s lifetime, with the UV/Vis spectra
giving clear indication of the changes that occurred. Initially a spectrum shows Amax
bands characteristic of the added TCNQ derivative, i.e. 854nm (TCNQF4) and 410nm
(TCNQF,) in the case of the fluorinated adducts though, as the reaction proceeds, these
bands diminish as the TCNQ derivative is consumed. Correspondingly a broad band
characteristic of the particular zwitterionic product begins to appear as the adduct is
formed. This band grows in intensity as more product is formed, until a point is reached
when all the TCNQ derivative has been spent, and the reaction is terminated. An
illustrative example of the change in UV/Vis spectra during the course of the

preparation for Cy0H21(2)Q3CNQF, is shown in Figure 2.21.
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Figure 2.21 UV/Vis Spectra Showing the Course of the Reaction Between TCNQF,

and N-Decyl-2-methylquinolinium Bromide.

Almost all of the pure adducts show an intense, broad top transition centred around 500-
750nm in acetonitrile solution. Characteristic spectra are illustrated in Figures 2.23 to
2.25. The position and intensity of this transition, which has been attributed to an
intramolecular charge-transfer process from the negatively charged dicyanomethanide
group to the positively charged nitrogen heterocycle® (Figure 2.22), is dependent upon

the type of adduct and the electron-inductive effects of its substituents.

Figure 2.22 Light Induced Charge Transfer Process.
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Figure 2.23 C3H7(2)BT3CNQ in Acetonitrile.
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Figure 2.24 C3H7(2)BT3CNQF, in Acetonitrile.
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Figure 2.25 C;H7(2)BT3CNTMQ in Acetonitrile.
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For example the fluorinated adducts such as C;oH21(2)Q3CNQF; exhibit intramolecular
transitions at shorter wavelengths (higher energy) relative to those seen in the
corresponding unsubstituted adducts.>* This is a direct consequence of the powerful
electronegative fluorine atoms increasing the ionisation potential of the

dicyanomethanide group, resulting in a higher energy charge-transfer process.

Surprisingly the tetra-methyl adducts show a similar trend in that their charge-transfer
absorption band appears at higher energies relative to the unsubstituted compounds.
This is attributed to the positive-inductive effect of the methyl groups on the acceptor
ring which push electrons into the dicyanostyrylmethanide moiety, thus creating
coulombic repulsion between these electrons and the electron which is trying to escape
through the charge-transfer route. A higher energy system is created, resulting in a shift

of the absorption band to shorter wavelengths, as shown in Table 2.13 by the

differences in Amax for the different adducts.

Zwitterion CH;3CN Apax (nm)
CioH21(4)Q3CNQ* 710
CioH21(2)Q3CNQ" 702
C10H21(4)Q3CNQF, 566
C10H21(2)Q3CNQF, 568

C1oH21(9)Q3CNTMQ" 582
C3H7(2)BT3CNQ 738
C3H7(2)BT3CNQF, 664
C3H7(2)BT3CNTMQ' 594
C3H7(2)BT3CNTMQ (red spot) 520, 544

" Contain methanol of crystallisation

Table 2.13 A qx of Selected Adducts in Acetonitrile.
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Despite this shift in absorption band the fluorinated compounds were expected to show
properties similar to those of their unsubstituted counterparts, in that the energy of the
transition should be independent of chain length®*'® since the active portion of the
compound, the chromophore, is the same for each zwitterionic compound. However the
fluorinated compounds did not follow this trend apart from the longer chain (n>6)
derivatives. The N-methyl derivatives, of both the a- and y-quinolinium based adducts,

exhibited bands that were different from their longer chain homologues.

There were also differences observed in the solvatochromic behaviour of the adducts,
which is discussed in Chapter 3. These observed differences could be attributed to the
fact that at low concentrations the longer chain fluorinated derivatives deviate from the
Beer-Lambert law, thus indicating non-intramolecular behaviour? of the transition as a
result of the zwitterions forming aggregates. The relatively poorer solubility, in solvents
of medium to low polarity, of the N-methylated derivatives compared to their longer
chain counterparts presumably results in their forming aggregates more easily and
giving transitions that are not of true intramolecular origin. The dimer pairs formed in
such aggregation would interact with each other thus stabilising the electronic ground
state of each chromophore and resulting in a shift to higher energy of the observed
intramolecular transition. This hypothesis is also based on the fact that in higher polarity
solvents such as DMSO, DMF etc, in which the shorter chain homologues are more
soluble, the observed transitions are very similar to those observed for the long chain
derivatives (Chapter 3) indicating that the transition arises solely from an intramolecular

charge-transfer process.
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The intramolecular charge-transfer transition of the much larger symmetrical
diquinolinium adducts was only observed in N-methylformamide (NMF) as a
consequence of the compound’s insolubility in all other solvents (Figures 2.26 and
2.27): Hence the solvent dependent nature of the absorption band of these highly novel
zwitterionic adducts could not be studied. The solvatochromic behaviour of the
TMTCNQ-based quinolinium and benzothiazolium adducts was not studied either, as a
result of their crystal lattices being adjudged to contain methanol which when dissolved
in solution would produce an undetermined binary solvent mixture, thus rendering any

observed transitions difficult to quantify.
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Figure 2.26 m-CgHg(4)DQ6CNQ in N-methylformamide (NMF).
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Figure 2.27 m-CgHg(4)DQ6CNTMQ in N-methylformamide (NMF).
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2.6.2 Infrared Spectroscopic Studies.

As expected, all the adducts gave similar infrared spectra. Like other zwitterionic donor-
n-acceptor adducts of TCNQ,2’3’55 the infrared spectrum of each adduct studied showed
a doublet at the C=N stretching frequencies of ~2150-2180cm™ and ~2080-2166cm™.
Such a doublet is characteristic of zwitterionic materials containing the dicyano-
methanide group,>* as the cyano stretching frequencies compare well with those of
TCNQ" and TCNQ™.>**" Typically neutral nitriles normally cover the range 2260cm™ to
2200cm™. However the presence of two cyano stretching frequencies is indicative of
two distinct cyano environments.® The band at ~2180cm™ represents the neutral
environment of the nitrile substituent embodied into the n-bridge (Figure 2.28) whilst
the band at ~2150cm™ is characteristic of the 3-carbon dicyanomethanide unit over

which the negative charge is delocalised.

F F
\ CN
© <«——~2150cm-1
NC CN
F F
~2180cm-1

Figure 2.28 Infrared Cyano Environments of R(4)Q3CNQF, Adducts.

Delocalisation of the negative charge reduces the strength of the C-N bond and the
stretching frequency is reduced accordingly. In the case of the C3H7(2)BT3CNQ adduct,
which has been previously documented,’ only a single nitrile band is observed. This
anomaly is thought to occur as a result of the two cyano environments giving bands
which are very close in terms of energy and hence only a broad single nitrile band is
observed due to overlap of the two expected bands which are observed in the longer

chain C;¢H33(2)BT3CNQ derivative prepared by Ashwell et al.”

111



This anomaly is diagrammatically illustrated in Figure 2.29 along with a selection of

spectra (Figure 2.30 and 2.31) for the other adducts studied, and with the relevant cyano

stretching and other frequency assignments in Tables 2.14 and 2.15.

Zwitterion Nitrile Stretch (ionic) | Nitrile Stretch (neutrél)
R(4Q3CNQ™ 2137 + 3cm’ 2137 + 3cm™
R(2)Q3CNQ* 2132 + 3cm’ 2175 + Ocm™
R(4)Q3CNQF; 2152 +2cm” 2182 + 1cm™
R(2)Q3CNQF, 2155 + 2cm™ 2183 + 2cm™
R(4)Q3CNTMQ 2092 + 2cm™ 2153 + 2cm™
C3;H,(2)BT3CNQ* 2175 cm™ 2175 cm™
C;H7(2)BT3CNQF; 2166 cm™ 2192 cm™
C;H7(2)BT3CNTMQ (red spot) 2089 cm™ 2151 cm™
(m- or p-)-CsHg(4)DQ6CNQ 2121 + lem™ 2170 + 1cm™
(m- or p-)-CsHg(4)DQ6CNTMQ 2088 + lcm™ 2157 + lem”

Table 2.14 Nitrile Stretching Frequencies for Various Adducts.

Absorption Band

Assignment®

3600-3200 cm™ (s)
2995-2850 cm™ (s)
2185-2150 cm™ (vs)
2170-2085 cm™ (vs)
~1650 cm™ (s)
~1600 cm™ (s)
~1500 cm™ (s)
1300-1200 cm™ (s)

- O-H stretch
- C-H stretch (sp’ centre)

- C=N stretch (neutral sp centre)
- C=N stretch (ionic sp centre)
- C=C stretch (sp’ centre)

- C=C (aromatic sp2 centre)

- C=C (aromatic sp’ centre)

- C-F stretch (sp® centre)

Note: (s) strong, (vs) very strong.

Table 2.15 Infrared Spectral Bands Common to the Various Adducts.
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Figure 2.29 Infrared Spectrum of C;H7(2)BT3CNQ.
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2.6.3 Mass Spectrometry Studies.

Mass spectrometry was a major tool in the characterisation of the prepared adducts. The
basis of the mass spectrometry technique is the production of ions from neutral species
on bombardment with high energy particles. In the case of electron impact (EI)
ionisation mass spectrometry this leads to the formation of a positively charged
molecular ion (M) which may then break into smaller fragment ions. The processes can
be summarised as shown below:

D M+ & > M+ 29

i.e. loss of an electron leads to a radical cation.
. A M+
B M1 + M2
Pathway A leads to the formation of a new radical cation and a neutral molecule, and B
to the formation of a cation and a radical. Mass spectrometric data for the range of
quinolinium, benzothiazolium and picolinium based adducts prepared has been
documented and interpreted; illustrative examples are given in Figures 2.32 to 2.37. The
data obtained from the fluorinated quinolinium adducts shows very similar
fragmentation to that observed in their unsubstituted counterparts,> as expected
considering the structural similarities. However, the fluorinated adducts seem less stable
than their unsubstituted counterparts displaying much smaller molecular ions and more
substantive fragmentation in the electron impact spectra as illustrated for
C:H7(2)BT3CNQFs (Figure 2.32) and C;3;H7(2)BT3CNQ (Figure 2.33). The
benzothiazolium adducts are unique in that they show fragmentation corresponding to
the loss of both hydrogen cyanide (-27 Da) and acetonitrile (-41 Da), something which

is not observed in most of the quinolinium compounds apart from the TMTCNQ-based

compounds.
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The characterisation of the symmetrical diquinolinium adducts was achieved using the
less energetic Fast Atom Bombardment (FAB) ionisation technique, since the increased
fragmentation observed in the higher energy electron impact technique made conclusive
characterisation difficult. FAB is a method which uses high energy particle collisions
with a sample/viscous liquid matrix to afford ionisation of the sample,”’ a lower energy
process that resulted in the observation of molecular ions (M+H ions) for the TCNQ-
based diquinolinium adducts, with fragmentation limited to the loss of a tricyano-

quinodimethane (TCQ) moiety (Figure 2.34).

The TMTCNQ-based compounds showed differing mass spectrometric stabilities. The
quinolinium-based and C;H;(2)BT3CNTMQ adducts were differentiated and
characterised using electron impact, with molecular ions observed in both spectra (see
Figures 2.35 and 2.36). However the fragmentation observed in the electron impact
spectrum of the bis-C;H7(2)BT3CNTMQ compound (incorporating the second
benzothiazolium ring) was so similar to that observed in the mono C;H7(2)BT3CNTMQ
compound that it made characterisation difficult. However this problem was overcome
by using the FAB technique, whereby the spectrum (see Figure 2.12) obtained using this
technique gave a molecular ion (M+H) of 614 Daltons which is consistent with the
proposed structure [Figure 2.10(a)]. Subsequent fragmentation of the compound, i.e.
loss of the dicyanomethanide swallow tail and two propyl groups, also support the
proposed structure. Characterisation and differentiation of the TMTCNQ-based
diquinolinium compounds was more difficult as neither FAB nor EI spectra showed
adequate signs of structural differentiation. However this problem was resolved using
electrospray mass spectrometry, a process which involves the dissolved sample being

pumped through a stainless capillary held at ca. SKV (Figure 2.38).
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The potential field held at the exit of the capillary creates a spray of highly charged

droplets (hence the name “electrospray”), which results in ionisation by a purely ion

evaporation process.
Counter Ekctrode Skitmers
Y
Sample ———= —————___= { %—- < » To Mass Analyser
|
Capillary(SkV)

Pump 1
Pump 2

Figure 2.38 Electrospray Ionisation Source.

As a result of the high potential field employed, the spectra obtained usually show
evidence of multiply charged ions e.g. (M+2H)** which are on the m/z axis of the mass

spectrum at values corresponding to:

M+nH

Where M = the RMM of the molecule, H = the mass of 1 proton, and n = the number of
charges on the ion. In the case of the spectra obtained for the TMTCNQ-based
diquinolinium compounds peaks were observed at 429 and 312 Daltons, corresponding
to (M+2H)** and (M+2H-TCQ)*" ions respectively (Figure 2.37). Similar peaks were
observed in the electrospray spectra obtained for the TCNQ-based diquinolinium

compounds as well, thus confirming the structures of both types of compound.
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2.6.4 Nuclear Magnetic Resonance (NMR) Spectroscopy.

Nuclear magnetic resonance spectroscopy was a major tool in the characterisation of the
adducts as a result of its sensitivity towards different chemical environments. In general
the compounds, which are all based upon the same n-bridge backbone, exhibited very
similar proton NMR spectra. Typical spectra are illustrated in Figures 2.39 and 2.40.
From the different spectra examined various trends were observed. The singlet observed
for the alkene proton of the n-bridge, which was expected to appear at ~7.5ppm,” was
generally found further down field in the range 7.95-8.95ppm, as a result of deshielding
of the proton’s electronic environment caused by the charge separation state of the
zwitterions. The more polar fluorinated adducts surprisingly exhibited very similar

shifts to those observed in the TCNQ-based adducts.

The *F NMR shifts observed in the fluorinated adducts appear at much higher field (i.e.
—142 to —149ppm) as a result of the increased electronic environment in the charge
separated compound, relative to that of neutral TCNQF, (-130ppm). The appearance of
the peaks is also different, with the fluorinated adducts showing near perfect doublets
arising from the two distinct fluorine environments (Figure 2.41). In contrast the "°F
NMR spectrum of TCNQF, shows a very broad singlet, as a result of the highly reactive
TCNQF,4 molecule reacting with impurities in the deuterated solvent. This results in the
formation of radicals, which affect the electronic environment of the fluorine atoms and

the NMR peak accordingly.

124



g

428.180

1.438

spgdn

ALAN1
DATE 24-9-97

SF 250.134
SFo 250.1430
01 §913.304

SI 16384

TD 16384

SW 4237.288
HZ/PT .517
PW 2.0

RD 0.0

AG 1.933
RG 100

NS 85

TE 297

FW 5300

02 35000.000
DP B3L PO

LB 0.0

GB 0.0

cX 35.00
cy 0.0

F1 14.000P
Fa2 -.997p

HZ/CM 107.174
PPM/CM_ .428
SR 4037.25

Figure 2.39 "H NMR Spectrum of PhCH,>(4)Q3CNQF; in d¢-DMSO.

125



Fi 1
igure 2.40 "H NMR Spectrum of p-CgHg(4)DQ6CNQ in d;-TFA.
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Figure 2.41 Two Distinct Fluorine Environments.

NMR characterisation of the diquinolinium adducts was hampered by their poor
solubility in solvents used for the other compounds (e.g. de-DMSO, dg-acetone etc).
However this problem was resolved by the use of deuterated trifluoroacetic acid (di-
TFA), although this did result in the protonation of the two dicyanomethanide

swallowtails (Figure 2.42) which was observed at 3.6ppm as a singlet.

H H
— CN
\ A A § O\ N
\ 7/ \ H
NC CN NC CN

Figure 2.42 Protonation of Dicyanomethanide Swallowtail By TFA.

Spectra obtained for the TCNQ-based diadducts were quite similar in that complex
aromatic regions were observed as expected. The most important feature in these
spectra was the appearance of two singlet peaks at 3.2 and 4.1ppm (Figure 2.40) which

corresponds to the NMR shifts of methanol®® thus confirming the inclusion of solvent

molecules in the crystal lattice.
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On the other hand the spectra acquired for the TMTCNQ-based diadducts were quite

different. The complicated array of peaks observed between 2.00 and 3.00ppm were

thought to be characteristic of the four methyl groups of the TMTCNQ acceptor moiety

in such compounds. However the poor quality of the aromatic region of the spectra

obtained, together with the fact that subsequent TLC analysis (90:10 DCM/CH;0H

eluant) of the dissolved adducts has shown several spots, led to the conclusion that the

trifluoroacetic acid had caused decomposition of the TMTCNQ-based diadducts. Hence

characterisation of these diadducts was obtained via other techniques such as infrared

spectroscopy, mass spectrometry etc.
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Chapter 3: Solvatochromism and Halochromism Studies.

3.1 Solvent Polarity.

It has long been known that choice of solvent can influence both the rate and equilibrium
of chemical reactions,” as well as the position and intensity of spectral absorption
bands.*® Chemists have tried to understand the effect of different solvents in terms of
“solvent polarity”, which is not easy to define or express quantitatively. The simplistic
idealised electrostatic models for describing the solvation of ions and molecules in
solution has led to the use of specific solvent parameters such as the dielectric constént
(€x), permanent dipole moment (1. ), refractive index (n) or functions thereof. However,
this approach is often inadequate as the intermolecular interactions between solute and
solvent molecules are much more complicated than is often assumed. A fine example of
this is shown by the solvatochromic shifts exhibited by Z-B-[(N,N-
diethylmethylimmonium)-o.-cyano-4-styryldicyanomethanide] DEMI (Figure 3.1)" for
which the longest wavelength charge-transfer absorption band, measured in acetonitrile
(Amax = 698nm, & = 35.94), appears at a longer wavelength than that measured in
methanol (Am.x = 688nm, g, = 32.66). If the shift was proportional to solvent polarity in

terms of dielectric constant, then the reverse would be expected.

Figure 3.1 The Solvatochromic DEMI Compound.
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The reason is the differential solvation of molecules in the corresponding ground and
excited states. The extent to which this differential solvation occurs depends greatly
upon the intermolecular forces between the solute and the surrounding solvent
molecules. These intermolecular forces occur on a molecular microscopic level. They
include: non-specific forces such as electrostatic forces arising from coulombic effects
between charged ions and dipolar molecules (ie. ion-ion, ion-dipole, dipole-dipole
interactions); polarisation forces arising from dipole moments induced in molecules by
nearby ions or dipolar molecules (i.e. ion-nonpolar molecule, dipolar-nonpolar molecule,
two nonpolar molecules), and specific forces such as hydrogen bonding and electron pair
donor (EPD) / electron pair acceptor (EPA) forces.® Single solvent parameters often fail
due both to i) neglect of specific solute / solvent interactions, and ii) consideration of

interactions only on a macroscopic level.’

Reichardt et al*"° defined solvent polarity as “the overall solvation capability (or solvent
power) of a solvent” which in turn depends upon the action of every possible specific and
non-specific intermolecular interaction between solute ions or molecules and solvent
molecules, including solute-solute (at high solute concentrations) and solvent/solvent
interactions. It excludes those interactioﬁs which lead to the definite chemical alteration

of the solute (i.e. oxidation, reduction, protonation).

3.2 Solvatochromism and Solvatochromic Compounds.

Solvatochromism describes the change in Amx (and sometimes intensity) of a UV/Vis
absorption band of a chromophore accompanying a change in the polarity of the medium.
This effect is caused by the differential solvation of the corresponding ground and first

excited states of the light absorbing molecule.
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If, with increasing medium polarity, the electronic ground state of the chromophore is
more stabilised than that of the first excited state then a hypsochromic (blue) shift of the
absorption band is observed (often termed megative solvatochromism). On the other
hand, if greater stabilisation of the chromophore in its first excited state relative to the
ground state occurs, then a bathochromic (red) shift will be observed (often termed
positive solvatochromism).

411 which, in most cases, has the same

The first excited state is the Frank-Condon state
solvation pattern as that of the corresponding ground state. The time required for the
molecule to become electronically excited (about 10 s) is much shorter than that
required for the nuclei of the absorbing entity to execute vibrations or rotations (about
10" to 10" s). So the nuclei of the absorbing entity do not appreciably alter their
positions during the electronic transition.'' Here, the solvatochromism observed depends
upon the chemical structure and physical properties of the chromophore and the nature
of the solvent. In general, dye molecules which show a large change in their permanent

dipole moment upon excitation exhibit strong solvatochromism. If upon excitation the

solute's dipole moment increases then a positive solvatochromism is normally observed.

This is the case for p-(N,N-dimethylamino)-p-nitro-transstilbene (NNS)'* (Figure 3.2)

which exhibits a maximum at 418 nm in heptane and 454 nm in dimethylsulphoxide - a

bathochromic shift of +36 nm.
Oy g e O
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Og 0O,
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Figure 3.2 The Positively Solvatochromic NNS Chromophore.”
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If, on the other hand, the dipole moment of the solute decreases upon excitation, then a
negative solvatochromism is wusually observed. For example the phosphonio-
iminophenolate betaine dye prepared by Allen et al'> (Figure 3.3) shows a distinct

hypsochromic shift of ~74 nm from tetrahydrofuran (578 nm) to acetonitrile (504 nm).

a o ci O

/
Cl Cl

h\ Y,

— N . y

@ @
P(Ph), Q P(Ph);

Ground State Excited State

Figure 3.3 Phosphonio-iminophenolate Betaine.

However, pronounced solvatochromic behaviour is not only limited to intramolecular
processes. Large shifts are observed for compounds whose absorption bands arise from
intermolecular charge-transfer. A striking example of this is the negative solvatochromic

effect observed for the EPD/EPA complex of 1-ethyl-4-methoxycarbonylpyridinium

iodide." (Figure 3.4)

CO:,_CH3 COZCH3 C 02CH3
I AN + Ie = Assoc - I AN Ie __hz_, .

D Dissoc @ I
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pg T

EPD/EPA
Complex

Figure 3.4 Kosower's EPD/EPA Complex.'*
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The absorption band of this ground state ion-pair complex corresponds to an
intermolecular transfer of an electron from the iodide to the pyridinium ion. This results
in loss of charge and change in direction of the dipole moment of the complex during
transition,*™ so that a hypsochromic shift of -88 nm occurs in the absorption band from
pyridine (430 nm) to methanol (342 nm). This led Kosower' to use the compound for

the development of the Z scale empirical parameter of solvent polarity.

In general, solvatochromic compounds either exhibit positive or negative
solvatochromism. However, the existence of reverse (sometimes called “inverse™)
solvatochromism, in which a compound can show both positive and negative
solvatochromism, has been observed in various compounds.”**!® One of the more
frequently quoted examples, is that ofBrooker ’s merocyanine dye'” 4-[(1-methyl-4(1H)-
pyridinylidene)-ethylidene]-2,5-cyclohexadien-1-one (Figure 3.5), which shows a
particularly interesting reverse solvatochromism. As the polarity of the medium is
increased, it initially exhibits a bathochromic shift of +28 nm from cyclohexane (592 nm)
to chloroform (620 nm) and then a hypsochromic shift of —178 nm on going from

chloroform (620 nm) to water (442 nm)."®

_ o
H;C— — hA H;C—
% e 3%/%\@@

Q ®)

Figure 3.5 Brooker's Merocyanine Dye."”

The proposed reason for this reverse solvatochromism is the change from the neutral
quinoidal structure (Q) to the charge-separated benzenoid structure (B) in the electronic

ground state of the dye, with increasing solvent polarity.'
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In solvents of low polarity such as cyclohexane, the uncharged quinoidal form (Q) is
better stabilised via weak, non-polar solvent interactions, and therefore predominates.
Thus a bathochromic shift is observed. As solvent polarity increases, the charge
separated zwitterionic form (B) becomes dominant as the solvent, with its increased
polarity, is better able to solvate the more polar, charge-separated state.'” Hence
observed solvatochromism switches from positive to negative due to the change in

electronic ground state of the dye.

However, some authors® have suggested that inverse solvatochromism is attributed to
an aggregation phenomenon, in which a head to tail arrangement of the dye units occurs,
rather than a change in the structure. This stabilises the ground state molecules and so
shifts of the spectral band to lower wavelengths with decreasing solvent polarity result,

thereby producing a bathochromic shift of the absorption band.

Spectroscopic analysis (e.g. UV/Vis, near-IR) of known solvatochromics is then, a fairly
simple empirical probe for solvent “polarity”. Due to the inadequacy of idealised
electrostatic models in discussing solvent polarity, solvatochromism provides a
convenient means for its assessment. The common approach used in developing such
empirical parameters is to assume that a particular spectral absorption band is a suitable

and representative model for other solvent dependent processes.

The first real empirical parameter of solvent polarity was the Y scale introduced by
Winstein et al’', which uses the Sy1 heterolysis of zert-butylchloride as its model process.

The first suggestion that solvatochromic dyes could be used as indicators of solvent

17,22
/

polarity was made by Brooker et a who defined the yr and yg scales.”> Kosower et

al™* were the first to set up a real spectroscopic solvent scale, the Z scale'* (see earlier).
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Since then, various UV/Vis/near-IR based solvent polarity scales have been developed
using compounds which exhibit positive and negative solvatochromism. Examples
include: the PRM scale of Dahne et al,”> the nt scale of Kamlet et al,** the 7'z scale of
Buncel et al,”’ the Ps scale of Middleton et al,’® the Er(30) scale of Dimroth and
Reichardt?" the Ex scale of Walther et al,® the ¢ scale of Dubois et al,” the S scale of

Zelinskii et al’® and the Py (or Pyrene) scale of Dong and Winnik.>!

Because of the vast array of solvent polarity indicators, it is often difficult to know which
one to use when correlating solvatochromic effects. However, four have been found to
be particularly good models for the empirical determination of solvent parameters

because of their pronounced solvatochromic properties:

1) The previously mentioned Z scale of Kosower;
2) Then scale developed by Kamlet et al**;
3) The 7", scale introduced by Buncel et al*® (similar to the =" scale), and

4) The Er(30) scale developed by Dimroth and Reichardt”

The Er(30) scale is probably the most widely used single parameter empirical scale to
define solvent polarity. The scale is based upon the solvatochromic shift of the first
absorption maximum of a pyridinium N-phenolate betaine dye (Figure 3.6). This
negatively solvatochromic probe molecule exhibits one of the largest solvatochromic
shifts observed. Its longest wavelength intramolecular absorption band is
hypsochromically shifted by ~9730 cm™ (357 nm) on going from diphenyl ether (Amax =

810 nm) to water (Am.x = 453 nm).
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Figure 3.6 Reichardt's Dye.

Solutions of the probe are red in methanol, violet in ethanol, blue in isoamyl alcohol,
green in acetone and yellow/green in ethyl acetate, thus covering the whole visible region
and even allowing a visual estimate of the solvent polarity. This large solvatochromism
stems from the unequal, differential solvation of its highly dipolar charge-separated
ground state (u, =15D)*** relative to its less dipolar excited state (u. = 6D).*** E1(30)
- values are simply defined as the molar electronic transition energies (Er), measured in
kcal mol” at room temperature (25°C) and normal pressure (1 bar), of the dye in a

specific solvent (Figure 3.7) and according to Equation 3.1.

Er (30) (kcal mol™) =hc.v. N, =(2.8591x107).v Equation 3.1
=28591/ A max (nm)

where h is Plancks constant, ¢ is the speed of light in a vacuum, N, is Avogadro's
constant, and v and Ams are the respective frequency and wavelength of the m-m
transition of Reichardt's dye.
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1) Apolar non-HBD (hydrogen bonding donor) solvents: Er(30): 30-40 kcal mol;
Er™: 0.0-0.3, e.g: cyclohexane, benzene.

2) Dipolar non-HBD (aprotic) solvents: Er(30): 40-47 kcal mol™; Ef': 0.3-0.5, e.g:
acetone, N,N-dimethylformamide (DMF), dimethylsulphoxide (DMSO).

3) Dipolar HBD (protic) solvents: Er(30): 47-63 kcal mol’; Ef™: 0.5-1.0, e.g:

methanol, water.

As well as models for developing solvent polarity scales, compounds exhibiting
solvatochromism are also of potential interest as systems which may exhibit nonlinear
optical properties (Chapter 4), with many strongly solvatochromic compounds exhibiting

second harmonic generation.**

3.3 Halochromism.

The addition of electrolytes, such as alkali metal salts to solutions of Reichardt's type
dyes (Figure 3.6) often leads to a hypsochromic shift of the absorption band, depending
upon the nature and concentration of the electrolyte added.*** This phenomenon has
been termed halochromism. An understanding of halochromism is made more difficult in
comparison to solvatochromism due to the involvement of a three component system

(solute, solvent and ionophore). Two distinct approaches have been put forward.

The first regards halochromic shifts as arising from alterations in the solvent structure,
i.e. changes in the ionic strength of electric field*® of the solvent, or it may be simply
regarded as a structure making or structure breaking species which alters the bulk

properties of the solvent.”’
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The second approach simply correlates the halochromic shifts with changes in the micro-
environment of the dye (caused by the addition of the electrolyte) - the properties of
which are not equivalent to those of the bulk medium. It is difficult to make an
unambiguous choice between the two approaches,”® because both specific and non-
specific effects are likely to co-occur in such systems. However, it is generally accepted
that halochromism results from changes in the micro-environment of the dye.” The
halochromism exhibited by Reichardt's betaine dye is probably the best documented
example. The shift of its longest wavelength charge-transfer (CT) absorption band
depends upon the nature and concentration of the electrolyte added.*® The shift increases
with electrolyte order, that is with increasing effective cation charge. In contrast the
anions seem to exert little or no influence on this type of halochromism. There exists an
almost linear correlation between the salt-induced negative halochromic shift of the dye

and the charge to size ratio of cations added.

The position of the CT absorption band depends on the ionisation energy of the electron
donor and on the electron affinity of the electron acceptor. Hence, cations of the added
electrolytes increase the ionisation energy of the phenoxide group by reducing the overall
electron donating capability of the phenoxide moiety due to the electrostatic oxygen-
metal interaction. This corresponds to an increase in the CT excitation energy and results
in an electrolyte induced hypsochromic shift (termed as negative halochromism by

Reichardt).

The search for compounds with ever larger halochromic shifts has led to many
fascinating developments. One of the more important ones was made by Reichardt
himself who found that introducing crown-ether linkages*' into the framework of the dye

resulted in a more cation-selective species (Figure 3.8) than the original dye itself.*?
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Figure 3.8 Crown Ether Linked Betaines.
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Hence, by altering the size of the cavity of the crown ether linkage, it was found that
preferential complexation of a single type of cation could be achieved (e.g. [15]crown-4-
betaine with Na"). Because the absorption band of such systems lies within the visible
region of the spectrum, the cation induced colour changes can be followed easily by the

eye, thus enabling these chromoionophores to be used as cation indicators.

3.4 Solvatochromic Behaviour of Adducts.

As with other dipolar compounds®™® which exist in a charge-separated electronic
ground state, almost all of the zwitterionic adducts synthesised in this work were found
to exhibit pronounced negative solvatochromism. As an example, the fluorinated benzylic
quinolinium betaine (Figure 3.9) gives a maximum frequency range of about —4813 cm™

(198 nm) starting from an apple green colour in dichloromethane (Amsx =748 nm)

through royal blue in acetone (Amax =614 nm) to lilac in methanol (Amax =550 nm).

This observation of negative solvatochromism is a reflection of the stabilisation of the
dipolar betaine form (A) in increasingly more polar solvents relative to the less polar

excited state (B). Further details follow.
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(4) ®)

Figure 3.9 PhCH,(4)Q3CNQF, Zwitterion.

3.4.1 Experimental.

The absorption spectra of twenty-three adducts have been measured in eighteen different
solvents using a double beam ultra violet/visible (UV/Vis) ATI Unicam V2
spectrophotometer at 298K. Each spectrum was referenced to the solvent using two,
lcm path length quartz cuvettes, each filled with the solvent and inserted into the beam
of the spectrophotometer. When this was complete, the sample cuvette was filled with a
solution of chromophore of known concentration - typically 10°-10° mol dm™. Spectra
were recorded in the range 210nm to 1100 nm - though of course dependent upon the
UV cut off point of the solvent in question. All solvents used were HPLC grade
(Aldrich-Sigma Co.) and dried to eliminate the effects of water using standard literature

methods®. All measurements were carried out at room temperature.

The long-wavelength UV/Vis absorption charge-transfer absorption band of the adducts
has also been measured in acetonitrile and methanol, with and without the addition of an
excess of alkaline and alkaline earth salts (see Section 3.5). For the halochromic
measurements, salt solutions of different concentrations [[salt]= 10, 10% and 10" mol

dm] were prepared by dilutions of a stock solution [[salt]=10" mol dm™].
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The electrolyte was then thoroughly mixed with the appropriate amount of adduct
solution (~10"* mol dm™ in acetonitrile or methanol) in the quartz cell to give the desired
excess of electrolyte (i.e. tenfold, hundredfold, etc). Measurements were made against an
electrolyte solution blank using matched 1cm quartz cells. The alkaline and alkaline earth
salts were obtained form Aldrich-Sigma Co and were used without the further

purification.

3.4.2 Solvatochromic Characteristics of R(4)Q3CNQ and R(2)Q3CNQ Adducts.

The solvatochromic behaviour of compounds of types (I) and (II) have been documented

44-48

by others.
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However, the range of solvents used in this previous work*** was limited and
insufficient to enable effective comparisons of the substituent effects on the
solvatochromic behaviour to be drawn. Therefore the solvatochromic behaviour of these
materials has been re-investigated using a more comprehensive range of solvents. The
longest wavelength intramolecular CT absorption bands, Ay, 0f representative examples

of the isomeric compounds are listed below:
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1) R(4)Q3CNQ Adducts (e.g. C1oHz1(4)Q3CNQ)**

Solvent & Amax (M) Solvent & Amax (M)
NMF* 182.4 696 Acetone 20.56 760
DMSO° 46.45 692 2-Butanone 18.51 766
DMF° 36.71 722 4M2P° 13.11 826
Acetonitrile 35.94 708 Dichloromethane 8.93 890
Nitromethane | 35.87 718 THF® 7.58 894
Methanol 32.66 674 Chlorobenzene 5.62 942
Benzonitrile 25.20 808 Chloroform 4.81 930

* N-methylformamide (NMF), ® dimethylsulphoxide (DMSO), ° N,N-dimethylformamide (DMF),

tetrahydrofuran (THF).

4-methyl-2-pentanone (4M2P), °

Table 3.4.1 Solvatochromic Shifts of the R(4)Q3CNQ Zwitterions.

The solvatochromism exhibited by the unsubstituted R(4)Q3CNQ homologues is

independent of the alkyl chain length (R) and results in most long chain derivatives

exhibiting very large negative solvatochromic shifts. For example the decyl derivative

(Table 3.4.1) shows a hypsochromic shift of 4221 cm” (268 nm) on going from

chlorobenzene (Amax = 942 nm) to methanol (Amax = 674 nm).

2) R(2)Q3CNQ Adducts (e.g. C10H2(2)Q3CNQ)*

Solvent g Amax (NM) Solvent il Amax (NM)
NMF* 1824 684 Acetone 20.56 754
DMSO° 46.45 680 2-Butanone 18.51 790
DMF* 36.71 704 4M2P* 13.11 798
Acetonitrile 35.94 702 Dichloromethane 8.93 848
Nitromethane 35.87 708 THF* 7.58 850
Methanol 32.66 664 Chlorobenzene 5.62 884
Benzonitrile 25.20 786 Chloroform 4.81 874

* N-methylformamide (NMF), ® dimethylsulphoxide (DMSO), ° N,N-dimethylformamide (DMF), © 4-methyl-2-pentanone (4M2P), ¢

tetrahydrofuran (THF).

Table 3.4.2 Solvatochromic Shifts of the R(2)Q3CNQ Zwitterions.
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The molar transition energy is used in the present discussion to compare various betaine-
solvent media interactions. The normalised empirical solvent polarity parameters, Er' of
Reichardt’s dye, the longest wavelength intramolecular CT absorption band, Vmax

(=1/Amax), of the above zwitterions, and corresponding transition energies, Er, are shown

in Table 3.4.3.
Solvent Er(30) CioH21(4)Q3CNQ CioH21(2)Q3CNQ
BN Vimax Er Vimax Er
x10° cm® | kealmol’ | x10°cm® | kealmol®

Methanol 0.762 14.84 42.42 15.06 43.06
NMF* 0.722 14.37 41.08 14.62 41.80
Nitromethane 0.481 13.93 39.82 14.12 40.38
Acetonitrile 0.460 14.12 40.38 14.25 40.73
DMSO" 0.444 14.45 41.32 14.71 42.05
DMF* 0.386 13.85 39.56 14.20 40.61
Acetone 0.355 13.16 37.62 13.26 37.92
Benzonitrile 0.333 12.38 35.39 12.72 36.38
2-Butanone 0.327 13.06 37.33 12.63 36.19
Dichloromethane | 0.309 11.24 32.12 11.79 33.72
4M2P* 0.269 12.11 34.61 12.53 35.83
Chloroform 0.259 10.75 30.70 11.44 32.71
THF® 0.207 11.19 31.98 11.76 33.64
Chlorobenzene 0.188 10.61 30.35 11.31 32.34

* N-methylformamide (NMF), ° dimethylsulphoxide (DMSO), ° N,N-dimethylformamide (DMF), 4-methyl-2-pentanone (4M2P), °
tetralrydrofuran (THF).
Table 3.4.3. Solvatochromic Shifts of the TCNQ-based Adducts.

For both of the above compounds, a plot of wavenumber, v, for the longest
wavelength visible absorption band of the unsubstituted quinolinium betaine against the

normalised solvent polarity, Er", for the Reichardt betaine is shown in Figure 3.11.

148




2 >, | EE < # - D # , $ &' 3# ! 6"
5 I - # 15 |1 3 # $ , .3 , b+,
#11 # o> # > # # - - 5 # #
5 O # ,>> # 5 - $ 3 ! : -5, |
;! # 5# $ 3 #!'s$ > $ # $# |
5 - -#= -5 # #1 # | 5 -# # , # #
! OE F 5, 5, -5 I ," Rl 5 +, ! -5, !
(Ccc 0. # # 3 , ! 5 !
, > # - 3 # $ #3 -# # S :
# 3 ! -5, 1 = B # 1] ! 8 ! -5# " "
3 ! e -# # 8 , # > # 5 o ,- - 5 #
3 # (C@ $E/ /8 " , 3 # -#, -,- $ $ /M8) - E (E/. -
> >$% - 2 (L# Z 18* - (@-AZBOE1l -

E8M



-5# |
&' 3# |

(BEZB.Z

/8

& %

362

*

%

, ;3 13
L lo# 15 .
# % # .3
¥ #3 # #
# # $
o## >, 5
" .
5, 5 - )ol 2
51 # , #- 2
$ ;3
$ ; 3 # $
(p Z 1** | 5
% &
% &
/* .1.)

(

% #5 8
: 5# (.8
= I
-5, | :
# ,3
- # > "
yH-5
$ " G C
# -#
1*8 - E (/8
# >



0) ) 362 *. [* 2 2* | [|* 4 + - 2,0 +>-:
00 * )
# - 3 # , $ # # > $ %&'28 3# | #I1 $
B(8 '/1%&'28 # ! B(. '/%&'28 # # 3 o > "# >
#- , # % #3 5 3# ! H#, # I3 "
- ,>N/+ - +<. , G A-
< 8M # (- < sM  -#; ( -
& 2R E*. 8 008 h. .H 01 OM1 hs8
<FR 81 80 00. h. D, # E* OE1.8 h.
2 /1 )E O)H h. 8 .7 _ E/ EE 11H h 8
/0 M8011 hE - # *M/ ).H hH
& - # /0 *) 0)H h. 21 ) 0* )YH1 h8
# /.11 O00H h/ % 3 4 0 1.8MH h*
D 4 .0 .HIOH hE % $ - 8 *E 8*. S 1
D ? .734 2 /0 + -@ 0/ .73 31.9/0 + l-@* E ?0/ .734 2 /0 + -@ ? .73?>?21 ,2,, + > -@
2.70 4 2, + -)
23 1)) 362 *. [* /4 4 "8 .2/, + - $</ 1 ,)
! , .3 , ! -5, 1 # - - 5, 3 13 > #
$, # ! - > (" BZ % % I 5 | $ # >
$ 3 > # - # $ # $ -5, | H- 2 #H -8
! ## >, (#3 /88 ; 3 # -5 5 - $ $ WB.N\
(E)H - > > $ - | - # (#:Z).H - - #  (-#;Z OOH
! $ " 5 # # - # -5, | ;3
# > $ # 3# - $ $S1*0) - E(./* - " # #3 5 #
8*. -3 > 3 ! $ -



< 8M  V-#; ( < <8M  #; (-
& 2/ E*. 8 00* .H 01 O**
<FR 81 80 00* . D, # E*x OE oOM*
2] /1 )E 0)8 8 .7! E/ EE 0**
/0 M8 0). - # * M/ OMH
& - # /0 *) 0)8 2 ) 0% 0)1
# /. 11 0)8 % 3 4 01. &<$
D 4 .0 .H 1.* % $ - 8 *E &<
2 ? . 734 2 /0 + -@ 0/ .73 31. 9/0 + l-@* @ 20/ .734 2 /0 + -@ ? .73?>?1 , 2, , + > -
2.70 4 2, + -@4 , 3 3 + -)
#3 / 8 0 < # - < 3 $ % /(8 '1%&'28 6"
F # #1, (% /(8 '1%&'28 "# H#- 1 (#3 /| 8 0 #!
# $ > # - >, ;3 # #
> # # - 5 C #- , # % #3 5 3,1
5 - $ $ EEM* -E (8H - > > 3% - .3, # (V Z oM
<F (L-#; Zz 00* - > # " > # - >, & -
#1, ;3 # - - # , > 5 , ! # >
! # !, , 3 5 # # . 3, #

I 7 % (8 "1%&'28

< <8M V-#; ( - < <8M V-#; ( -
& 2/ E*. 8 011 .H 01 1ES8
<FE 81 80 011 . D, # E* OE 1/*
2[ /1 )E 0*1 8 .7! E/ EE 1)1
/0 M8 0*H - # * M/ )8+
& - # /0 %) 0*1 21 ) 0% )/8
# /. 11 OOH % 3 4 0 1. O/H
D 4 .0 .H 11+ % $ - 8 *E 0.8
D ? .734 2/0 + -@ o/ .73 31.9/0 + l-@* @ 2?0/ .734 2 /0 + -@0 ? .73?>?1,2,, + > -

2.70 4 2, + )
#3 /| 8 1 < # - < $ $ 7 % .(8 '/1%&'28 6"

+>2



3 4 3 # 7 % .(8 '/%&'28 #1 , 3 # -- >
#1 1 5 # # > # - $ $ # $ $
! # (#3 [ 81 C > "# >  #3 5 3# 1 ! #
3 > $ - #55 > ! - # (LV Z )8* -
- # (LV ZOOH - > > # -#:--% +, # > $ 8*E/ - E (EN
># # " $ # -5, 1 3 4 - > " >
# - - " # 3# - $ 3 > 3 ! #3 5
$ "5 #
8 % .S (. '"1%&'28 (" ZEH E1l
< < 8M k229 - < < 8M k2,24 -
& 2 E*. 8 008 h. 'H 01 1HH hE
<F3 81 80 00. hH . D, # E* OE 1.. hH
2 /1)E 0)H h8 8 .7E E/ EE 188 hE
/0 M8 O01* h. - # * M/ JE8 hE
& - # /0 *) 0)8 h. 21 ) 0*  1M* h.
# /. 11 O00H hH % 3 4 0 1. YM* S |/
D 4 .0 .H18H h. % $ - 8 *E 8*. hH
? .734 2 /0 + -@ 0/ .73 31.9/0 + l-@* E ?0/ .734 2 /0 + -@ ? .73?>7?21,2,, + > -@ I
2.70 4 2, + -)
#3 1 8) < # - < $ 3 > % # B(.'/%&'28 6"
# ,3 , 1 #I # " # - 5 > H#
# - - 5 3 I3 #11, # " , 3 A
1 5 | $ # > 2 #-5 % . (.'/%&'28 ( #3 [/ 8)
> # # - $ $ O010H - E (.8* - > > $ - 3
(V-#: IM* - - #  (L# Z O00H - > # !
# # >, ! $ # - - 3 ! $ "5 #



< A K29( - < A K29( -
& 24# E*. 8 OOH .H 01 oOM1
<F3 81 80 00. . D, # E* OE 1E.
2 /1 )E 011 8 .7! E/ EE 1.*
/0 M8 O)H - # * M/ 1/*
& - # /0 *) O)H 2 ) O* 1E*
# /. 11 OM. % 3 4 010
D 4 .0 .H 1/1 % $ - 8 *E
2 734 2/0 + -@ O/ .73 31.9/0 + !-@ E?0/ .734 2/0 + -@ ? .73?>?1,2,, + > -@
2.70 4 2,+ -@-@D , 3 3 + -)
2 3 :))A 362 *. [* .14 4 +>- $</ /)
# # 3 , '3 # " - # # - 5 5
v 3 , ! , 5# " # > $ L-#;, 3 > - -# #
;3 1 3 > # ##H >, ( $ #3 / 8) C #3 5 3# !
5 - $ $ .0H) - E (** - > > 3% - | - # (L-#; Z
- & - $ -#- ! (L-#; Z OOH - ># # " $ .
#1, ! $ # - - 3 ! $ "5 #
# ’> # ! # - >’ - ! Il 13
, # 3 4 # $ -
# - 3 # , $ $ # 1+, - 3 # -
I$$ -5# ! # ! ’ 13 ) ! +1 y 3 # 3 #1 E
$ #3 5 3# ! $ I 3 # $ 3 # # | , 3



#
& 2#

<F3

$ %, # - # 5 > - #
3# ! hE: > , > # $
$3 $ $ , # o o- " I, #
$ 5 3 # > # 5 # $
> # > 5# # ! > || # (2 >, I EI
3# | 5 - # > > # #
2 2
% &
W H 2 < #3
& % % &
) 3, 2 13/ 21/, 4 $</ / ,/* U ,0
| o5 # 5 #  Bb#$HB  # 1] | >
# - , B % #3 5 3# | @#L $ $ , #
> # | #> " #3 / M
% /(8 '/%&'28 7 % .(8 '/%&'#8 % % &
& 29 $ & 29 G; g 299 $
H)1. E) 8. 8M *E E* E*x E*OE*MOE M*
H).. E) M. OE .8 E) 110H OE E* HO OE 1E
H 8*E E) 8. 8®) +HEL 8* )M E) 08 OH E1
H81HE) 8* 8M M* E) .8 8M .M E) 11 OH OE
H 888 E) ME .8 E) 110H OE E* EOE )M
H /*1 E) 8. 8M *E E) HL 8% )M E) 08 OH E1
H /00 E)Hst 1. E1.* 81 &1 )* 8) M)
H /// E®BMO/ E8 M) 8. EB /* 8/ M*
H/) E18)*E EO1) 88EE H. 80 *E
H/HM o EB™M®L o E//) /*.. EIM*)E

cC

% &'



H . 1M E) HH SE& )M 8. .M EO &/0/.

% $ - H.OM &< &< EM H* 08 OH )8 oM /.

2 H .H) E) /1 8M EB1. /* MO ES BH 8M
% 3 4 H E*&< &< E* *) 0/ M8 _HOZE/O <
2 ? .734 2 /0 + -@ 0/ .73 31. 9/0 + l-@ @ 20/ .734 2 /0 + -@0 ? .73?>?1 , 2, , + > -

2.70 4 2, + -@ -@ D, 3 3 + -@N |,/ 2 93!: * B @ i 2 ;¥23 3B )
#3 / 8 M < # - < $ $ B(8 '/1%&'28 I,
2 >, /| E8 5 $ "# , -3 #; 0 $ % #3 5 3# !
#3 $ 3 # #># -# ! 5 # G & 5# #-
-S# # # $ #$ , ,3 , 3 # #
I
>>
>
A J
2 >, /| E8 < # - B 5 $ 2 # D #
># # - - y 3 ' 3 $ ) # ! - >1 r !#
!’ $ > n | #II > $ , > ,5 _# ,
! # ; $ # - - .H 3 ' 3 # , ,# 8
> # #55 # 1, # 1 > # 5 - - $ $ ,
+ -3 #5>81 $ > # O % ## >, i y 43 :
EO1



3#

# -
i $ # # >
4 $ T
>
, , o>
L # 3 #=
5 # #
#$$ L]
! I #
# -3 # $
-5, 18/. # !
; N
# - # 3 #
/| E8 " .o
#
5 #
> . .3 o
- $ # >

5
! 3
5 -# 15 -
# (2 >, / M "
# ##H >, 3
#> (5> 5
# 8 M 08
$ AN
> , ! # 15 -
# > > # 5
# 115 -
# > # "
# #$$ 113
#1 O##
3 > - H
#5 15 -5 >
3 & -
$, # L #IL
# .
-5, ! # >
# 5

00



, # '3 (%% %&2" Y# # > # $ $ 8.M/

-B(E)H - & - ! - # - # " $ - ! - # ( -#1
Z ).H - $ - (L-#;, Z 8*. - # 5 B ($/* & S1*0* -
3 P ( #3 /| 8 8
# - - # 3, | # #>> ># 5 - #
$ $ - # # > 5# # | > | # # , H R # ‘
- # I) @¢,55 > | $ |
2 > | # 15 - - $ # %, # I # # >, - #
# "5 # I - # " I - ! 3 !
8H 81 ! 3 ( % #5 8 <, # > # -5 # Hil, t#
5 = ; - 5 # I 5 - = # $ "ol
(2 >, /| EO
/8 ) C . 1. 362 / | 2 )
C - , = $ # > 5 # #1 ", # >
5 I - # +, # > 1 # v # # ! > >
-5 5 % # # > 5# # 1| 5 5 - 5 $ >, #
$ "5 #
< ! " # - - 3 1 # # > #5
#3 5 3# | . $ -5 12 # > > #
-#: -# # # 3 #! 5 # # , # o1 2 >, /| E1



)ycc
)C
) C

):C

)>C

)>

) C

/8 1)

C

%26 3 ,8 .

$% & -

C

%26 3 ,8 .

) =% & -

+ ’

EHHH
.2,)
# - 3 #
3 #!
EHHH
)
| H 3’ |
- 5#
T=- #-/
(% #5



# 3 3% # | G Lwc:@®C -5
$ , ! I - # " # I
# # o - # # - - 3 !
> # 5 - # # # ., H# # > 2,
" #>> ># - # # -5
- - 3 ! # .3 s # 1 3 #
3 ! .3 o] -5 1 # #
- # # o # # > #
> # (% % 1 - > -, # >
5 # 5# #$ B # 1] 1 # - C#
3| @#; $ # $ # ,3 1 3 # # 1
> # " #3 | 8 EH
% :(. "1%&'2 % > (. '/%&'2
6 29 G &29 G
H)1. E1 *M 8* .ME* E* OE M*
H).. E* E* OE ME* HO OE 1E
H 8*E E) 08 OH E1 E) 8. 8M *E
H 81H E) 08 OH EE) 8. 8M *E
H 888 E* EOE )M E* E. OE )M
H /*1 E) 1)OH OE E) 08H E1
H /00 E1 )* 8) M) EQ) 11)0
H //]/ EO ). 81 ). EO 188 1)
H /.) E1/8 81 ). E1 H* 80 M)
# H /HM EO 1) 88 *E E8 H8H HS8
H .1M EO0O M. 80 0O/E0O 0/ 88 /M



% $ - H.OM &< &< JH YoM /.

2 H .H) E1 E* 81 .1 E®BH/M 1
% 3 4 H E** &< &< E. 00 */
2 2 734 2/0 + -@ 0/ .73 31.9/0 + 1-@* @ 20/ .734 2/0 + -@ ? .73?>2?1,2,,
270 4 2, + -@-@ D, 3 3 + -@N ,/) 2 931:*B @D ,/ 2 ;*23 3B)
#3 /| 8 EH < # - < $ $ B(. "1%&"'2
2 >, | E* , # # 5 $ "# ,-3 #, #>H# -#
5# #- $ 3 $ #3 -5, ! 2 -5# #
" $ , ,3 , ' # 3 # # # !

%EH .E(. '/%&'28
%EH .E(. '/%&'

2
C
2 >, | E* < # - D # , $ B(. '/%&"'2
> #5 I - # 15 1 3 # , $ $ # ! #
# >, 5 # '# 1 B # 1 3 # 3 # # -
$ # H#, # $ $ # o0 #11 > # #>>
b # - - # 3 ! 5 #
# > # - $ 3 ! $ # ! # -5,
5 $ & - - >, ., L H -# # # 1| b

EL1E



! ! $,

- E1M8 - E # >

GC (1*8 -E

8 ) 362

#

- -5 "H# ;75
- $ -5, ! # , 3
$ > # # -5, " ;3
$ - $ , # ! -5, 1 ( 8.M/
5# I, $# # ,  #
> # 5 " # -5, 1 ;
’ I ] 13 ] l
: - 5 : ! > # #
-5 # 5 I >, /3
# 3 ! # 1 G C
I= #2#> >, | EM ;3 # # -
# # 3 ! 5# G C -5,
G W& 2
2 G C (.~ -E
* /* 1. )
+, - 3 " -, # > #
# $ # 3 I'($M)/H B E # ! |
! - # # - 5 : #



N " 5 ! R E8 ,5 " 6 # S5 # SH #-

# 3#4 -1 0) (2 >, / .H
N ! ( OM1H - E < 3#4 . ( OOMH - E
/8 D) > 32 0 362 *. [* . 1. )
) ) 362 * [* .2 2* | |I* 4 =+>-( 2,0 =+>-( )
3 4 #4 ,- 4" ! ] . , $1 %% > 5
> " # > # > # % #3 5 3# | L-#; $ 3
rs "
- =+>-( :
< 8M  « 29( - < 8M k 29 ( -
& 2 E*. 8 )/ * .H 01 )*1
<F3 81 80 )/ 8 . D, # E* OE )M8
2 /1 )E )8* 8 .7! E/ EE *H8
/0 M8 )/ * - # * M/ *ES8
& - # /0 *) ). 2 ) O* *E.
# /. 11 ). . % 3 4 01. *.8
D 4 .0 .H*H* % $ - 8 *E *E*
T ? .734 2 /0 + -@ o/ .73 31.9/0 + l-@* @?O/@(.)3734 2270 + ™m-@0 ? ~.73?>?1,2,, +

2.70 4/ 2, + -)

2 3 1)) 362 *. [* /4 4 . =+>-( $</ /)



# -# 5 - $ $ E)E8 -E (EH. - 3 1,5 >

3 4  (L# Z*.8 - - % (L#Z).. - # ,# #3

%/ ). D /%&'28

< *8M  «k 29( < 8M K 29 ( -
& 2# E*. 8 181 .H 01 1*1
<F_ 81 80 1/1 . D, # E* OE YH.
2 /1 )E 10. 8 .7! E/ EE ). 1
/0 M8 118 - # * M/ )11
& - # /0 *) 1). 21 ) 0% )1.
# /.11 1/H % 3 4 0 1. *H8
D 4 .0 .H)/. % $ - 8 *E 0
D ? .734 2/0 + -@ O/ .73 31.9/0 + 1-@ @ 20/ .734 ,,2/0 + -@O0 ? .732>21,2,, + > -
2.70 4 2, + -@4, 3.3 + 1)
#3 | 8 E. < # - < $ $ %/ )(. D /%&'28 6"
$ # 1 3 4 #4 - ] # ;3 # 5 , ! > #
# - - # 5 - # $ ! # it 3 !
, 3 , b # #3 5 -#; -,- ;3 # $ $ /8/0 -
- $ - 3 4 (L-#; z *H8 - - # (L-#; Z 1/H - <> $ #
# - - ; 3 13 $ . # 1+, , - -5, 1
3 ! 5 I > 8, # 13 4 #4 - #I,
# - - ; 3 13 %/ )(. D /%&" 4" R & $
> # 5, 5, #11, - ;3 # -# > # #

! NS} JH- # #55 # # # > # $ #3 5



>
5 #
3
5

ol
C
DEE>-(

#3 5

%26 3 ,8 .

/ ’

/

3# | " >
# , #
# " -#;
#55 # 5
3 # o* # !

> #

= A
+ i)

.73 31.9/0)

EHHH

Py



AV I
v, o) > Im-
.\)'

T
Vm

/8

C
%26 3 ,8 .
LD /,
C
%26 3 ,8 .
=+ >-( /[, .3
) > =+ >-(
#3 5 3# |
5 3
, #3
H# #>> >#
# J#

l,

A
v )
Ka K 9
A
A
P )
&2 |/ 36
% &' 3#
5 >
$ #
5 - #
| #11,

EHHH

EHHH

4"



% &

% &

2 >, /.. %/).D/%&'28

@) ;5 $ 3 4 ! # > , | 3
"# > ! #3 5 3# | " 5 # 3 # ,
4 3 ! -# | G & 5# #- $ B
# - , # % #3 5 3# ! @#;, $ "3 4 #4
5 I > # | # ! #3 / 8 E/l O 5
# (2 >, [ ./ > $ # # > # -
-5, ! # , .3 , ! , S# #
3 " "5 #># I - # # 4" # -
# , # " ! # $ # 1# 1 B
< %/ ). D/ %&b/ ). D/ %&'28
@#E G @-#; G
# H)1. E/ *0 IM 1 E@O0)/ *
& 2 H).. E/ 00/* )8 EO 8* 88 .1
& - # H 8*E E/ 11 /IM H1 E88**00
H 81H E/ 00 /*)8 EO H1 8/ H1
<F3 H 888 E/1. /* MO EO ). 88 MO

2% H /*1 E/ ) 1* .. EO /8 8/ *0



E1*

H /00 E. ). /1 HH E8 8E 1*
D 4 H /1] E. /* /0 /* E/ 11 /M H1
D, # H /.) E. OM/0 01 E8 .08H )/
- # H/HM E. .MO E. E/ H1/) /]
8 .7! H.1M E. 88 /001 E/)) [IM/*
% $ - H.OM E /8 MO &< &<
2 H .H) E. /. /10 .E E/ E/) O. J
% 3 4 H E** E. E8 .8 )HE. 88 /0 01
L ? .734 2 /0 + -@ 0/ .73 31. 9/0 + l-@* @ 2?0/ .734 2 /0 + -@ ? .73?>7?1 ,
2.70 4 2, + -@ -@ D, 3 3 + -@4 ,/ 2 93!:*M @ D ,/ 2 ;*23 3B)
#3 /| 8 EI < # - < $ $ D 4 #4 ,
" # -5, 1 o # -# # 3 !
3 4 # 1 - # " > > # $
#, 88 # # 3, | # -# "= # > # $
%/ )(. D /I%&'
%/ )(. D /%&'28
% * "
2 >, /.l < # - D # , $ D 4 #4 -
& 3 4 #4 - 4 > $ #
, 5 ! $ . # | -5, # # - # o> # I
$ $l # ' +! 1_ 4" " " $ 1 '
# - -



# o,
, 3 : +,
, 3 :
$ . # o1+,
$ -5
#
-5# " !
# 5 ! :
!
; # -
- $
- E (10 -
) )C 362
> "#
3 ! #3
# 3 !
#3 5 3#

$ 3 4 #4 - #I1, $ "
- =5, ! $ , # 1 #
, 5# # , > ! $
- -5, 1 -# 3 #
# > 3 4 #4 - - #
$ $ $ # ! 3 4 #4
5, 5, 5 - , #
- - 5 # 3 2# E/$8 # !
, 3 , 13 4 #4 , -
! # - 5 -5# #3 !
*(2 >, .8 " ;3 # -#; -,- $
> >$ - ( #; 2 1HI -
/8 :)> ,03 (2 0 1/ 17 2, 7
o x 22% | [* 4 i4>- )
> # > # % #3 5 3# |
/| 8 ES8 # - 3 # , "
$ . # 1+, , - - C
! $ ! /HE) - E(*0 - $ - |

3 # >
[
, L H # -#
3 5
3 !
- !
, 3 , |
3# ! 5
$ $ .HE
(V-#;, 2z 0/* -
# $
> # > 5
"H# > # >
- # (V-#;, 2 0)



- #

& 2#
<F3
2%

& -
#
D 4

2 ? .734

()#: Z 8MH - # |

(#3 |/ 8 ES8

(0

#

2 /0

2.70 4 2, +

#3
5
5
# ,
# >
2 >, /
| #> #-
A

/

/8

2,

8M ) # (- < 8M ) #; ( -
E*. 8 8MS8 H 01 0/.
81 80 8M. . D, # E* OES.
/1 )E OH8 8 .7! E/ EE OOH
/0 M8 OEH - # * MD)O
o /0 *)0ES8 2 ) 0* 0 23
/. 11  8MH % 3 4 0 1. O08H
.0 .H 0)H % $ - 8 *E  O01H
+ -@ 0/ .73 31. 9/0 + -@ @ ?0/ .734 2 /0 + -@ ? .73?2>?1 ,
-@D , 3 3 + -)
8 E8 < # - < % $ % /(. 7/%&'28 6"
5 $ #3 5 3# 1§ 5 I
$ 1 # # % 5 1 > +,
> $ > # 1IE 5 !
> # = $ # $ " +; y T -5
2 -5 # '# # S % /(. '/%&'28 # # 3
T+ >
+> -
&23
:y>C 362 *. [* ( .26/ 4 +>- )

E)H



/8

$

3 '3 % /(. 7/%&'28 -5# #3 " $
# - 3 # - -5# |
-5, 1 , # 3#4 -1 1. : ! 2 >
$ 0/OH - E(E.1 - > > $ - #  (L-
8.1 - > > # $ # 1 5 1 - 3
# - -5, 1 , # €Co. &G O(%
>S# L # > # $ ( % 3# ! $ /IHHH -
$ - $ - > - 1/
YHW
) > 362 *. [* [3 2P 3/ 7) >
1/ 4 [, 3/, 2,0 (,P ./I2P 3/ $</ /)
] L # L, 1 # - -,5 # - "
# - # # # 5 - #
# - I 8E/IIB18 # ! - $ - 5# > 3
g - # - $ 3 # (2 >, [ .) C
-5 , 3 ;5 - #3 5 3# !
3 > $ 5 ) -
E
a Ww( w f
! % &
)y>= 23 *. [* [? 2/ /,8)



C 5 ) ! # - - $ &' 3# ! 3 # "# > #

# (5 # #5 # 1 - # (5 # 5 -5 > # . >
- # ! # | 11 # > " # " - # %, ! #
< # - $# U EH/ , $ % . (8 '1T%&" 4" #
Z )H* - " EH E -#> ,- 5 # , , # !

#> % - |, +, # 3, (V-#,Z 1E8 - # I, ! $ Z M
> "# > #3 5 -#, -# 03 I 3 # 994" #11
- # o, - # " # 1" ., HILL O # # " # # ol
$ #3 #11 $ # " #3 [ 0 E

<# B(. '/%&" B(8 '/1%&'28B(. '/%&'28 4( %&
(- -1 (" B EH(" B EH (" B EH

A#: -#; V #; V #:;
(- (- (- (- (- (- ( - (-

O< 118 OOH OOH 1/H

#

EH / 11H 8 08H EH 08H BH &

EH] 10 1 0/1 ES8 0/* E. A# A#

& #

EH / 11. : O8H EH O8H EH 8.1

F 10* 1 0/* E. O8H EH1.H EH

NC

EH / 11H 8 0O8H EHO8H EH & &

EHE 10* 1 0/* E. 0/* E. A# A#

N% E

EH / 11H 8 08. * 08H EH A#3$ &

EH E 10* 1 0/* E. o/* E. & &a

N2

EH / 11. . 08H EH 08H E &a A#

F 11H 8 O8H EH O8HEH & A#

%

EH . 118 H O8HEH 0O8H EH 1.8 1
>(%EHS .

EH / 11H 8 O8H EH O8H EH 1.8

EH] 10H E8 0.8 .1 0.1 .8 1ES8 E1l

%#% .

EH]/ 10* 1 08. * 08H EH 1 *

EH E 10. E. 0.* . O/H .H 1E1 E8



< % .

EH / 11H 8 0O8H EH O8H EH 1.~
EH E 108 EH O/H .H 0/. E~* 1E~*
D#% .
EH / 11H 8 08H EH 08. * 1..
56 108 EH O0.* 0/. E* 1EH
D%/ . 23 +% -@ , *.287? 2,4 2,0 60 +,02-)
2 3 :)C) 23 *. [* .14 4 3 * 0 00 *
2 -5# # - $ $
%/ )(. D /%&'28 # # ! #3
3 I'$ B(8 "1%&' $ -5,
<# B(8 ''%&' B(.'/%&' B(8 '"/%&'28 B(. '/%&'28
(- -/ (" B EH (" B EH (" B EH ("
29 29 3A 29 3A 29
(- ( - (- (- (- (- ( -
O«< YH* 2 )H. 2 011 2 o1~
EH / JH1 . I1M* 8 01~ S. 0)8
EH E 1M* EH 1M1 1 018 0).
& #
EH / JEH S. )H. H O)H S8 O)H
EH E )H8 8 1M1 1 01~* X O)H
NC
EH / YH* H JHH . 01~ S. 0)1
EH k JH1 1M* < 01~ S. 0)8
N 2
EH / )E. S8 JHH 01~ S. 0)8
EH E JEH X JHH 01~ S. 0)1
%
EH . JEH S. JHH O)H S8 o1~
>(%EHS .

EH / 1M8 E8 )HH ) O)H S8 0)1
EH E 1ES8 M8 1)* . 8 0.1 8H 008
D%/ . 23 +% -@ .23 *. [* 0/ < 37 % ,0% 0/, 2% | I3 4 . +-

3 13/ 71, .2,3)
23 :)C)> 23 *, [* .14 4 3 * 0 00~

E.

.H

l

B EH

)
( -

]

S1
S8

S*
S1

S1
S*

S*

E8

200 *

l

. 200 *0O

/3 )



C # # 5 - # L, I 3# 1 $ " 3 I ,5
: $ 4 3 - # #
#11 $ > ,5 C - # # 75 ol # # -
# 5 # > 5" ( ! S &#S NS % S "# 3
# -# $ -5, ! ;3 > # - 3 #
5 ;> 5 88H8.10 C , # > - # ;>
, -5, ; - -- 1 # # > : ,
- 88H 8. C # $ 4 ! #
# " # $ -, " H= - #
: - #H# - $ $ ! 83 > ,5 C # L,
-5 '$% - # # $ - # $3%
#11 $ ! # - # 5 1, -, # > #
# " " ! - # $$ # # > (
# 11 $ > ,5 CC - # ,  # ! 2 >,
5 > $ 5 $ "# > $ #3 5 3# | #>#
# >
??2?????????????????'27?????2:?(-::
c>7 22225 +5.
Y = E
%
> _E / I x
)A ) > >=)A
44 * |6 2/, 2 8 )
2 >, I .* % # 3 " # Lol # > -
> G (/H $ # ,  #I # 1 $$ # # >



"# > I, #3 # $ s # > || # # #
! # - # " - # 2 T #-5 > "# >
#3 5 3# ! % % . (8 '/%&'28 4" $ 0.8 - % - |
" # > # $ >(% # (,5 9# : ZHE
! $ - #1 # > # $ - # - #
; # > #3 5 3# ! I # #
# " #1101 # $ - # -5 > , 3+, 5
# > #11 > 9, 2 - ;5 - # 3 # - ;
# - 3 # , $ IR > # I # #-
c > # > # 0$ # o+, - ! ;3 # > #
#55 ; -# 1,3 # 3 ! , 3 , ! - >,
#11 $! # - #
# > 3 ! $ $ +, ,- 4" , 5 - $ >(%
# # - # # 3 # 3, ! 1 $%
5 5 $ 8 /.18 # > |5 # #5 #
# # S# $ C # $ #11 $ -
I # # # 5 -, #
! i) # # "#=5 , 3# $ - - # 5 #
/0 F#!! $ #5 # O , # - #
, #3 I 5 # - , $ - # > $ ! # -
> 5 , > -# 3 ! $ " - # #
# 1 3 - , ! : # 5 $ E
3 - - #



# : ! ;5 > > # 5 , 3# #1o> # >
#3 [/ 0O E
2 >, /I .M < Py # - < $
C # $ %/ )(. D /%&'28 4" #11 $ - #
- # , $ -5, 1 , # # $ # >
#3 5 3# | , - - = > $$ $ 5 # $ Fo# -
"# " # % +, # -# $ 3 ! - # :
-5 $ # 3 " , # ! -#= >
# ! # # -# 3, , # > #3
5 # % I'5 # -5, 1!
" #55 # # %&' 3# | 4" # 5 - 5
- $ !I'$% # > 3 " 5 $ # ! # # -
3 P -5# | 5 ;] # > # 8 E/ 8. 18 10
/'1 B $
E D # 1 7 # ! 3% ® ES E*1. 10 /*0
G < ) 6 1** 0 0 & $ #! - 7
& " j = EM11

7 #--1'3 $ ) EM/) OM M1



l@%

% I

#1 G P

** M1/

G!

06"

EMMH

(3 G

EM1H

$ 1

EMM1

8 % B W¥6b & ) 6  1x** | % $ !
7,3 o) - EM**

0 % #2 " % 3 $E*M1I @

1 1 2 % 4 #! %) B) 6 K == J & " j =
EM1IM# | EM)1#@ .

) <4#3 "= 7 B - # D P
N # # #> 2 | D '# O O
'3 $ ) EMM)Q@ES8S

o (# D, = >#- 7 O 2" #1131 06 EM**
(3 7 , = O 7, = # | 6 > K, =
5 <5 > JD EMME

M % B %! 06EMM&EM

EH % B 3#! $ EM10 )) /H

EE (# | 2# =5 & ) EM41@/1 (3 % ? ®S$ !
EM.*>@&@0*

E. (# < #-# < "= D # # ! % IE$ $

@&M8 (3 < #1 P BB $ EM**>@80

E/ o #11L $ ) 'E EMM) EHMM

E8 (# G N!' 3 $ ) EMO&% @0/ /.1E /.1)
N ot <= 4 O < "# 4 #1130 §# )
A>@** ( G N3"K & E$ | %
O J&"j = EML1*

EO D N # N,# # ## ! P ® D K

@ *E

El (# < 2 3 # 181 GE$# EMMp: B/ (3 D

D.,4 7 I1#+, #1!! & .3 '5 & EM*8 B

/0

%

#



E) P < D = P N #11 @ $ ) EMOE )/
0/0H

E* | F B B #1 1 3%8% )
EMM) EEM EHEM.

EM 7 I#!+E$ $ EM*1 MH 00/0

H & 13# =##1C P $# 'EMMH 1* 1ME

.E G P, "#1 #1 <103 $ ) EM8* )H *81

P < D = % % #> O 7 O 1 = # |

3 $ ) EM10 *) .88/

o< # 2 < 3 N & #D B B¥! >YE#M)0 8E EE)H

.8 | N#- | 33,1 # 'B3 O $#%) EM)) MM 1H.)
/.0

.0 G D, # 1 < B#I!#% 58 EM*M 08 )M*

1 DN 2 11 D = O'I5 !l $ EMMH 8* 1/

) N - % B # ! < 5-# #2 2 9D 3-# $EML1/
11E E

K o# ! E $ EM)8 /E1 1H8

M 1 G ,3 D $& 2 EM11 E*HM

/IH E 6- # @ @ 6 = @ 7 N 3= #1! &

3 & C ))p 7% EMOM E.M$EH¥M EM1E 00 .110*

IE % > # ] O !'=%$ 'EM*8 1. .01H

/. 7 <,55# #! & P 6 -9% ' B # < $ % -
%#-3 !> EMM)

Il % B 2" % 3 $EM*/ ).E

/8 L 7 )$ ** & 4 D 6EMM)



/0 (# G D, # | < 3B# #> 56 EMMH ./ ..1 (3 % B 4
#1 C # &# 0 $ EM*1 /E /./

/1 O D # ! #1101 E$ #I % S$SEMMH / 0/8

/) E N 55 # ! | D % B5 @ EM*8 .Bb M3
EM*0 EH/ E../.=

/[ 1 P #"3 $ ) '5 & EMMH *1 .*)

IM @ P#> #1 1%$B 4 1I'5 & EMM. **
> )

8H (# % B #! < # 2# B# ! P'EMMS$ E.1 ES8/ (3
B #! G #3, P - #1P"%#% SEM** */M (
% B #! < # 2#$! ' EMME EH/ 1ES8

8E (# % | T13 $ ) EM1) *M )HE) (3 % | 7!
2 1 3% $ EM). EE E1

8. % B # ! # ! < 3#% 2#! 'K 1& BMME /H 00*

8/ 7 o) 2 -# > #1E B 7 x Q0
$ L7 s#- 7 EM*H

88 B D ,> 7)$ ** &4 D 6EMM/

80 <4#3 "= 7 & K *  $ EMME

81 % < D #! N$ ** & 4 D 6EMMM

8) P | " <4#3 "= #1! 72 N, % = C)
& 1 B' 4> 7 # H# 1P % TH#HSH #
& F <C < 7 ,-J&"j = EMME @ D.8* 5 18)

8* P | " G | % #" # 7 N, 4 = <4#3 " =
D P# > #1 | #%# ) ' 5 & EMMH *1

%

C

G!

<17



8M /I B!t = O D D, > # 11 %N x#6# ' ES$

E ( & $ & *E * 8 e @) # 1 < C & "

OH B# <#-# # # 1 7 B#ES$H= $ #EMNEBE//
OE | 2#3 # # | B 36% #!%$="'K 1& BEMEME)

0. < C , | #1 I F$,3) ' $ EMM) EEHO
0/ 7 B # 7 D 6 *J $EMM*

08 (# < B# #>5# #! G &LE % EMME E) /H/ (3 B B#! > #

# 1< #1 ) EM)H 0 //IM ( < # #!II \b
) % 'EM). EHO1
00 (# FI#3 $ ) EM/QAEB*1 (3 % | 2 9 *
1 E 8 G ] J - 1#- EM) @ E EM)* @
01 <4#3 E' =
0) < # # # # | 4 j#-#> 'EMMB@BEM
0 (# | %# # # G # O , -#! E4 1 & EMM.@
/1EO (3 | 2#3 # # 1 2 w$-8" ( * ] %
$ & 1 ( 0o "0 6 & ) (
| % $ I5 > @ #>JD EM*H @ E.
OM (# C I$ I#E$ EMM. @MOE (3 % P F @# -# #1 G | P
P 0 6 $ E$ E EM) @M1
1H (# 2 = | #3 = 7 < SE# 1 IE N EM*= ./ ES8
$ 3" EM*8 @E0)/8M3 (3 <#-# N ,= #1 B
P.> - ) $ BwMMEQ)M
1E O #- #10(2 - % $ & | % $ /1o
P #" ! EM*H
1. < 3" ®w $ ) '5 & E MM/ @0

A



1/ O N# - < G
18 (# % # #!
EMMS8

B4 !l ES$ | %

E$ $ EMMS8 M*

10 (# #
(3 #
( % B! >,
EMME *) )HE
11 B < #3
% EM)1 /.

# 1 <$N D-# Y EM*) .E OH
P &# - #1 ! % B)4 '"E
.0/M (3 < 7 ©6# < - % # #
$SEMM/ 1 1/) ( D | # Il N
EHHH?*
B! >, 4 # K2 %# $ 43 EMME E** E*O
' >, 4 #1 K < # 3 ' ++!.)+G’
G < #! #1111 % B 4'5B & '
% ) 3 E$ ' J** ' %

)OE



.21

#

0/

3

*

0O .7 /*23 1 )
$ # 5 5 "
- - " > 5 b#>#
$ 5, $ -#>
#! $ # E # 3
# , | > , #
# - -#> > .) C S #
$ - > 5 15 > #
L - # # # $ & F # | I #
$#3 # $ 5# # 1 #
# *EE $ #-5 > # -
- # | (P# # 15 # -
1,3 5 #1 -3 $ +,
$ +, # # ! 5 # ;5
I #"3# = % # # i) >
I # | > # 5
-# # $, +, - $
I'$ > 5 I # > #O#



B # I,
>#
5
-#  # !
# 3 3#
5 - EO
) > ,02
C$ # #55
5 # #
/8 )
<l - k)
# #55
5 -
C -#
$ I

> EM*H] 5 > , $ > # -H # EO E1
5 I - # > - # > # " -, $#
3 I ># # # $ > #
-#1 -5, 1 3 > l | #55 # #
-# # # 3 ># 1 $ & F 5 5
+, | # E) # ! >H - # -5, 1 E*
23 /[,*113 4 3/, 2 11 [*)
! -H#> $ ! # "ol # " # , #
" - , , (2 >, 8 E
55 1 2 ! 7 # I
' (G f , H
,0* 0 32/ 21/, 42 3 *3 7 3 * 28, [* 20/2 [/ ,
-# 3 # ® ! # # $ & # #
6 ( 6 I > " # - , # 3 5 # I 3
$ ! = " # (" M#! =1 #
$ - , 3 $ "> 4 H J
K G A ? G+,# E
$ -# # 5 $ 5 # # # #55 !
# # ! -# 3 5 ' 3 G+,# 8 . 5 #
H 5 - $# # ,,-#1G #55 ! !



5 # Fo- , 3 # # # # > 15 5 1, >
-#> #! # 2 - G+, ,# 8 5 # I 5 #! #
#- $ +, # 15 # # # $ ! #1 #
" $ $ ! > ,$9$ # > # - : # |
# 3 # 2 ! L# - , # 5 # > $3%
;5 ' # # 5 " $ # $ , # J
525 $>FKF14§131S G+,# 8 /
" 5 I, 115 - - 5 # 1 5> 4# I'5 - - ;
#1 > 1 # 5 $3 # 5 # # # +.,#
;3 5 5 # #3 5 # 1 5 # 1 ! 3 # # 5
! $ ! $ 1 H#-5 5 5 3 $ ! ! #
$$ ’ # ! # - > # EM ($ +a I!S > $ +1 -
5 # $ # E # ! 5 (7 = $3$
< $# " # ! 3! # # # $ # # - , G+,#
> 5 # # $# # -3 $ - # | L - S (E
L(/ " # 5 $ 3, = -# # # 5 $ L # ]
5 5
8 9 8#: ;! <l (Gl S G+, ,# 8 8



G+, ,# 8 8 = - # G+,# 8 / " 5 5 #
$$ G+,# 8 | # +.,# # 1 # - - s |
" # I ! $3 # 4 $ # - , # - 3,
! $$ # 4 $ - - - < $ # -
5 # o # #> - L # 5 5 # #3 (5 $ !
.. ; 3,=5# 5 - # , # 7 = $9
! 3 ! I < ! > > "-# # $ # 5 # #55
, ! ! S # #3 # 1 # -- # > | 3,
-# # 3, # 3, =5 # - # -# # " #!1 5
): *,010 , 3/, 2 11 /*23 2 /23 2,0 ./ /8,)
E ># -5 , 1 " -3 ! ! # 5 # # # o,
-- I - # # > # 3 - : S # >
# SH 1) - # -- # 3, 1 3 !

-# ! , #3 > Q5, R "H#
I'$ # 5 , # # >H 1) "= 5 # #-5
I # > > |5 1l os& - #(B (B< # ! # =:; (BF
, 3, % -- # 5 > > |5 B (&%& # !
# 3 ( %F $, # >  #1 - $# 5 # > #
F - , ,o# 2 >, 8. # 1 8(! - # - 8 3
&< # 5 # JH#-5

AC



/8

G 23"

G
G ) % ,># ' D !> 5
G, #
G
G ) % ,># ! D I> 5
y> U, 23/ 2/, 42 * 010 "l 3*3 @ 7 [*2337
/0 7 3* 2,0 ** 1 #,] )
S &i
&< (E 5 Z 00 ; EH /H
# 1 - "o | # | 5 $ 5 5 # #3
$ - : G+, # 2 1 & #(G2 7%
#3 ! # - , # o # !
# -5 5 # 5 5 . # # > # $ 3
#
-1 1%& #!1'S # - # C 3 #= 1" $ 5 #
! # ># - # 8 # | # $ $, 1#- # $ +,
$ +, # # > # $ #3 5 313 ¥



# 5 : >3
" -5 # $ # # > 5
S5# # | > g " #
, ol % oG 3
% &
& % % &
GC (. 57(H zZ MOHH
5 # > 55 # , # 3, !
$ G C , (5 # #
- $ # - : 3
-3 # # bo# IS5
# #1 # # # > - 3
- I - < # , > H# > -
$ - : -# ;3 #
_ 54# = > - # 3 3#
#  #3 # #
’ # +, # 3 ,
- # > - ! #
’ 5 Ioon o> 3
# IH # $ -# JE!'5 15
$ -/ (! ’ I > # I #
- 5 - /8

E

H 8* <,

2

\/



¥ 5 # -# #
“#> 1 $ I 5 5 # #3
35 # 1 3 ] #3 # #4 3 4
‘5 I .5 # i 5 3 ]
# 5
C "# T 5 # . $ . S# -# # ,
#1 # 5 > $ - # 1 ;
" ¥ > > # > #3 B8 E C#
. # 5 5 # #3 $ 5 3 3
" # 5 - -1 A# 5 > 3 &
# " # 5 " | # $ #
5 5 # #3 (5 # 5 1 > .5
$, #
% -5 . | o 55 EH 8*
v Gveaivk o®5.P § @4 1HH (8.E
r
( G .&WV 9 % E/HH(*0)
+C- GVE Z 9 6W%& 1.HH (/H./
mm O M &
O U %& MEHH (8E81
&23 /, 12 , . 1 , 1 @ P ?4 5 ,*7 .71 132/ 21/3/71 0*@ 2/, 0 4
1623 4 91 /| , *»0* 0/, @ ?0/ 92, /,82 < ?3 6 3 0 3)
23 ) 3*32 ,3/,21]1 2/. 0 R
v 1 2/.8 [44 , **x 1 /1)

AA

, (L Z E MH) 5- #

9 2132/,

4 .



4 - # # > 5## | #
> |5 , # ; # 5
(D ., 5# | D #o- # $
"3 " ! # 1 # 5 : $
$$ 3 ! > 3 " #! #
I # -5 ;3 #
#3 (7 3 #, # 1 4"
# # D - )
# # I'# 5 >
D Z 9(!# #/ S (P3Q %3 S $#
/8 ): (" 23*32/,4 2 37,
) M I'5 $ - -- 5
# | > # | # $93 - | "
=#>
$ ! # # 5 () -3 ! =
# $ ! #1# 5 8,
$ # Vo , !
-# $ # ! # ! # 5
# , , > # >
v , 5
#1 1 $3 # > 2

\%

(2%;

#3

)



2

>

8 8

% #

#

B

%

#



> W

E[E

# !+, #

<

2

#3

% -5,

Z

20

3

V (b

az A'?

e

1,

) >

ou!v

@ ? /92, b 41<2

3 * 32 , 317,

55 EH_8* , (

2/, 0

11H

EH8H

EEHH

E/HH

1,8 ) =4l [,*10 ,

2 1/ 4 3 *

3

Z E MH)5- #

20/2 1 ,)

0 *

1

,0)

A



# - #
-# # # !
bo# - $ -+,
+,# 4 , # "
S $
! $ #
! 5 I, ' $%
1< I # -
- -- - !
! #55 | #
-# I'5 $
S# # - #0009
s -
5 -# I'5
G2 < 5 - + ,#
# 3 "
L # , #
< # > ( B< 88
! - #, 5
! # o, $ 5
- # $ - ,
> # #
, > $

#

5 "l

! -5#



# #! # #> G2C< # # 3

-5, # 's # #0>

< # - I 80
> # # , # # G2C< # 1

! # $ 7 9% - ?7@A 3 5
+, , $ # #5# #

5 -# > , 1 # 15 - - > $

# > # ! > #3 5

, # " ! - # $

# $5 # 3 # ,# ! $ - ' $%
+, # ;9 +, 5-

) 2(2 0 ,3/,2 '1/*23 2 [23)

<, 5 > &' # ! # #

& F -# # # -3 ! %&' $ #- "

3# -5, 1 # | #55 # #

5 5 # #3

2 T H#H-5 o= # ? $ !

, 3 b %&T ! # , #

# > # 5 5 # #3

- # - # ! , -5, 1 81
+, OE # " 5(H # , $ !

B< - !
# $ & F -# #
3 I> 3 # (3
- "5 #
3# | ?7@A
; ! # I'5 -
- 5>0
+, F#1 5 |
- $ -3
= 81 OH &
-# ;3
#3#181 # "
,  #! 2 >,
# #
> N, 47

$ 1H 11;E F /H



4" -5, | # 3# | |5 | #-
# o+, M- # $ ! b, 7 > ,50
- - # 3, 5 # # ,
$
2 >1 8 0 #_ <13 ' +; Io- # & F %
## # # o+, - # (%' # 5
] 3 ! # = # 3, 5 # # >
%' - o/ - # # , # # > S#H # |
I # , $ - # # SH # # # # > -
# D 4 #4 ,- (EH 8M # ! ', - ( OH
- # # 3 " - 3 4 < P #
% &
& % % &
31 /1+-(/ (EH I B- (E
" " , #3 # > | # >- D !> $ - 8M OH
3 L # > | # # " (EE # >
! , 5 3 #, $ D -, # D #, -5, |

-5, !



# 5 # 5 3 3 ! 2 - +, N
3 4 #4 - 4" , ' 5 # o> ! ! $$ 3
3 - : 5 # | , " # ' # -# > C I, > #
3 4 > ! , - # # # -# ! - 3 - -
#1 > > # S # # # 1 # # > # 5 #
I, > ! F#" > # 1 1 # > ,3 , - ,
#$9$ 3 ! # 5 # 5
' $ B(8 "/1%&'28 B(. '/%&'28 # ! B(. D /%&'28 L, $
- > # $ #oo- # 5 - # $$ $ -#-
-5, - # > SH # | # > # $ . 5 #3
4" > 1 # $ -, < # 4" # #
-5 # # > # > , 1 # 15 - - (5 -5 G+, #
! (G2 ./ " # # > ! # 5 # # "
#1 # # > # > I'5 - - ) # " # #55 !
-#> $ F# ! , # # > & F 5 " D # # -5
-# 5 #, # # $ , 3 , Lo#N < - | > g
I # 1 # - > , > # $ , , AbB 5 #



)C

)C)

$

/1

3 , 4 /8.37
91 / , 23 112 2
R
( $ # :
# (% $ # :
1> 313
- H# ’
CL#> #-
$ # #
s -
# !
#55 ; -#
> L # ##
! e
! # o# 1 >
, # > $
$# $ !
# #- -
# ! #72G #
# !
L #> #-
l #
%B - $

/1 32 , 3/, 2 11 /*23 2 [/23)
2,0 *0 )
#3 " # 3 ! - # !
08 0) C # #3 - #, -
$ ! @# # - -# 3 #
g ! =
#5# , # 2 >, 81 # >
#55# # $ $# ! $ #
, 3 : # # L # #5
> 5 # ! # | : , 3
! 5# # - - # ! # |
$$ - -
- # ! 5# # I # # > #5# 4
# $ ! # F 5 $
> # | - # $ > > % $
! : $ ! -# 5 5 I
# > ! , $# > > #
$ : -# ., # - #o#H >
, > # i
%B - # $, D&% #, # #3
: r, $ = # [
I > "5 # #!
! 5



/8

)

212*/

/3

*

2,0 3 *

/*

D&%
#1
%B -

>



5 # 75 - "# I, L # 8 ! #5# # $ ! -5
"# - #, "#0$ ! 3 #55 ; -# E8 0) h H HO52 #
#5# # $ -5 " 5 $ -1 --1# 5 i)
! # $ # , "# # , # | # +,# J
Z % >A G+, ,# 8 0
@) % #># #5# # $ ) $ F'#1 -5 5
, # 5 L l# L # #1-# >$, , |
$ # , "# #, 1 # 1 -5# | # 5 ! #
o . > " ! # 3 " # 1 80 "#$, !
-#, # $ EHY $ # H
= , $ # -# # $ # # , ! EH 8 EH_/ - -/ "#
! ! # (7 % > #! # . $OH -/# ! $ r, > #
' 5 #3 $ , "# , re, o : # " !
-#> ! # ! 3 # #5# # "# $ !
# , #5# # -# ., 1 # , , ! $ # =
i) - "# L, ! -5 # # -5 # $ #
-# # # 1 , #$3 # $ ! # -#, !
o) - " I, $ - " > # | > " # #
# -5 - # # # # -5 # l, > 5 - > #5
! # , # $ # , "# 5 I #
HoOH> > # $ " 5 - # : “# o #= G;5 - $
-# # " I, ! - #$ >, # | # ;5 - "# 5 #
# 1 3 # # # &> /| A



, # !5 - - "# # 0# 1S # # > $ -# # ( # G
. > P,>> -+ # 1H # 5 $ Io- I $ # # P,>>
- MH " # - 1% | $ 3 $ -, # 1E $ # ,-3
+ # 1 # # 3 , # # : # 15 - - # #
- ! - $ - -5 # I'5 - - ! - 13 - #,
! # $ # : $ # ,-3 $ , # % # !
5 - # > #1 (0 A <% # 4 # ' 5 -
;5 ! 3 '# # 5 3 # " $ ! # # > R
+,# $ > 5 > #- 2 >, 8) #! 8 * , # # #
7 % .(8 '1%&'28 # ! %/ )(. D /%&'28 ! # # 4
# "H# -5 3 # | 3 # # > # ., # " ¢
5 | ] #; # | > #] # 4 & L, #> # (! #A
+,# $ > 5 > #- # o #> > # 3# 1'$ - # #
;5 - $ # -# # # > " 3 # 1 # #
# , # 115 - - # 5 ! #3 8/
8%>.
8% >3
% >>
Y
8%>;
8% >+
8%{—'| ,%,,,,> HHHHEH ,%,,,+> ) >
¥, 21, + 3 B-
/8 )= 91 [/ , 23 /1 3 , 3 ! 2/,0 4 .o>+ - )

EMM



A)C

%/8
%/3
8%/ -
8%/>
) > %, , .,/ %,,,-
., 21, + 3 B-
/8 JA 91 [/ , 23 /1 3 , 3 1 2/, 0 4 =+ >-( )
# # @& '% (- E!d (% 7 VA
% % & 1/. h M* *0. hE H 81/ hl |/
# % % & 010 h *8 */H hH 88 / h/ H
7 % (8 '/ %&'28 OHE h )1 *OH hESHE / h/ H
$ % % *E hO. *HH hE WHE 1 h. )
% % E)) S 8/ *OH hE HB 0 h. )
%/ )(. D/ %&'28 1E8 h*M *80 h EH 80 0 hE M
4( ()%* E)* h80 *08 hH M .8 8 h/ E
2 3 ): 2 3 . </,8 . 26 28 8 20/ , 2/, 0 4 . 2 :
o/ 3 * [* * 2, 4 2 /23 !, 0 7/, . 9 @ </ . [I,*
*x 21 ) , 200/ [, : o/ 3 * [* * 2, 4 . 36 , 2
L, 2 0, I 1 , 0 23,8 </. . 0/1 3 , 2/, 0 4
91 [/ /,8 U888 ,. /0 521/ ,) DO, (! D T+>-(

* 1 ,0 0/ * o/, .21 >)

>



# 15 - - # ;- # > " -5# | >4
> # $ " > # -# # # I'5 - - > #
: > 1 # - $ ., - : > 4"
# > # # 1 # 55 ! $ - , # ,
8 M
2 8 ?
2
X 82 /6 .28
/13 , ¢ C
2 >, 8 M > % # > < 5# # | ,
$# # , -5, # # #- ;11 3# =3
#11, ! ;3 - # 15 - - $ . # 1 #11,
5 # " L, ;5 # " # - ;3 "5 #
, H $ - 3 4 $ # o1 #I11, #
I'5 - - ' $% 3 " +, - #
#4 - -5, ! &' 3# | #!1, "+, ' $% I'5
;3 , ! -5, 1 "> # 15 - - - ) # > #
, 3 , o#N # > # o, 3I# 1 $ , 3 , !
# 3, ! # 11 # 3 " # >
Lo#ln,
# # 1 5 - - $ +, - - , '3 # 3,
# #5 < 5 # +,# " -5 #
- $ - ) # > # $ 5 $ -



#
# #
, #11,
#
#V # -#
I -5,
, 3
15
>
#
# # >
2
2
/1
# >
- #
>H
#

) O * O

#

18 10 C # .3 T
# >
5 - - $ # .3
. # ! ’
e % S#
I, $ o s8H 8l
># $1
$ - ] # >
#$ n& > )
S ’ | # (2 >’ 8 EH
2’ C !, 1 % # >
213121, 4 . $</ ¥
3H WK, # > # >
> $ # $ -#
$ ’ # '#||’ " !1
( Z*M/ OMD #
8H 81 5 3#3 #
4 $ " 5 #
3 # $ #



S5# # | # # , H# 11
- - $ $ # ! , 3 , 1 % #11 > # #
I $ 5 I > 3, # ! # |3 , | -5, # , >
3 " ! - -, -# ( # # 3 I'$
- # () | 5# #># > . ##

> - # 1 $% 3 " ! -

4 #4 , - -5, ! ;3 -# =1 1 $% : # I
I 5 $# # 3 -5, 1 1 - # > > #- ,
# 3 #3 5 3# | ( % #5 . ! $

I %/ )(. D /%&?28 ! 5# # 5 # #> 15 - -

! I 5 "> # # - , # # > # % 3# | #

# # $ % )(. D /%&'28 3 % )(.D/%& ' -5, "#
# # , I'5 - - - -# # # $ $
# $ , # " , > v 5 5
, > = # ,3 , o+, . -5, ! #
$ > - # #5 $ - , ? = -#
: 3 %/ ).D/%& ' #!, # - #
# S5# "# # #11 $ '3 4 #4 y " s
# o # !5 3 #> # $ ., (2 >, B8 EE



2 >

& %

B , % &

& % % &

% &

% &
B , D % &
& % % &
8 EE % # > # S T# "# <.3 C %/ ) (.
ey
# % $ # $ - > # # > 11
5 # > 1 3 4 #4 , - B ,
# , > # > # $ , # #>
> < I'5 - - -# # # # # >
%/ )(. D /%&'28 , > - # . #
3 # $ " > 3# ! 7T@OA@
%/ )(. D /%& ' #!!, (2>, .E8 % #5 . -#
# # 1 5 ! - , 55 > !
- 3 # | # P,>> -+ H# -5# "
> 1$$ - > 1. > $ I'5 > 9
-# $ # $ #11, 1* 2 yH#H-5 $ (EE
$/*h 0 # , 95 #5 1 - # 4" >

D /I%&

# 1 (E.

o #



# 1# |

>#

T+ > -
#1, $ - %
"( Z 8 *H1 OmM "
# 1 - # " 1 $$
# $ - -5
#3 , I #$$
> ! -
oM 5 "#0$ !
- | "
8 / #> 3 " oY
! # OM
: - # o, -
5 # $ - #
> #H , 5 #
#3 ,
_ 5 # $ -# #
# # #3
3 # # "# +,#
< ! ! #



5
3# =
!
# |
2!
G C
!
$

- # 3
- #
# ' $%
# (5 Z
# I'5
! I -
2 -2 >
# >
"5
/| B4-:D
>, 8
! $
# >
$ -
>H# $

# #
& B
#

$

#- |

(5 Z 80

1 3 'F #> ] T#

iM

# $
!ll
S H#
#Q #
# $
#
_5’
#
#
##



81 EM2 & B 5 - G : <,

&, # #> B # $ - -5
# # #> , ( > V E% EM2
H> $ I I $ ‘#-5 # >
G# , , , LB # , +, -#>
1'$% # $ +,
! #5# $ - , o, # , # $ -
3 , s - > # > # , # #
2 #-5 $ S # # " # - :
# 3 " # , , >
: " # # > # > " # $
# > # - I 3 & B +, # #
5 # ! # # -5 +, -
$, $ # > > 5 #
C - $ 'S5 - - 3 # !
# ,#3 $ ! - > ! # #
| " 5,1 " #
-# 0% I3 # > & B 5 . <,
5 # # ! # > -1 # 5 # #
55 | .3 , 1 G C ! # (E/ ) "
# 3 # ! # 75 > %



/8

%

FG

1

& %

*

% &

% &

n #:

>

00



$$ 2, G -

% & C # o> L #H T # % &
& % % & & % % &
D 4 I #
2 >, 8 E8 7 # 5 1 2 G -
EM2 & B 5 # $ # # > $ -5, Il I, #
- # # - # # # 11 - , 5 "
= G C ## >, # $ $ # ! #11 # >
# > 5 # , # | 2 >, 8 EO 3 - #
“# -# A+, ! > %, # - (2# # ! 2V $ %/ )(. D /!
#11, 5 > - 5 #
/| 3 * [|* , 2, +
2 >, 8 EO EM2 & B < % $ %/ )(. D /%&'28 !,
# #11, ] > # # - - (% #5 / I # #
- , "> # > $ # , L, B # # , |
> # 5 # # # > 5 #

.HM



I'5 - - $ -# # , > #- ; # . 4

G C ## >, $ # -1 # 15 - - 3 # I $ -

P,>> - H## # # # ! > # > # # 0 $ -

| #

8) LB# < , ,# < ,I

L # # o # 3 3# 1! $ %/ ).D/%&'28 (E8

%8 M(8 '/%&' (EO # . # 2 >, 8 E1 # ! 8 E) 5

S# > 5 , I # #1 % # $ L # # # #3

I - # )% D:%&'2 , " , o= " 1>

T H#H-O $ # $ , # > -5, 1 % 5 "H# 3 # ! # <

< B %% ! $3$ # - , > # > #5 $# # , H- ?
# - | # 3 1 > #1# > 3# 1% -5 , ! (E8
! #3 80 #1181 # > - , # > 3 1 H

%8 M(8 '/%&'  , , # | 3 ! 3 $ :
3# 1'$ # -5,1 $ -, 1 - 1 B(8 '/%&' 0H])8 )0 # !
3 # 1 # < - # # 3, 5 > $ # B ¢
31 > #1013 1 #> 3# | (#3 8) # - # 5

& W B $ $ . # #01 % (. '/%&")1 # |

% /(. 7/%&'")) -5 , !



/8

+
+>>-
;)
8 E) 3 * )2

2(/

3 * 32

4

*

*

.EE

+:
+
% (EH
>-
.\ +
+A-
::+>-(Z $</
@ '1%& + C- $</

+C-
l)
I)



23 ) 7 23 2 2 * 4/, , 4 * 1 ,0 + -2,0+ C-)

% -5, ! (ES8 (EO
% - # $ -, # %> 2 & < %.0 . &8
% - # $ -, #" > 88H 8. /1)) 81
-5 # (N EOH (. > E1H (
% # -
<5# > |5 7. A 7. A
? I - # ZEE .8/H ( # Z* )/1H (
3Z* EE.* (ES8 3 Z .* 1E8E (
Z .H *.. (8 Z ) *801 (
52Z EHE 0/) (/ ' ¥ Z ME 8H. (EH ! >
@ ,- 6 E*1H *H (< EM1. M* (8 / 8
(# E 0). >B- E .)) >B-
B#! # 5 N #
Oo# > H )EH)/ H 1*)OH
& $ $ $ OE.
! - #
# > $ E/ 18 .. MO ! >
! - #
% # #5 C >, # 5 -
% # 4 H80 ; H.0; HE/HH/ ; HH8 ; HE --
% # , D > > D > >
$$ # - < - < B %%
3 5 $$ H ./E -- H H)) B-
2 (HHH *M1 )M 1
# > 9 l# # E *0 KRR > E /* ) E) >
B# > $ = E ES8 ES8 ?
? = 1 = ¥
) E ) ?
B $ ! .H8E1 EE//)
c!5 1 $ 81HM 9B( Z H B.BD:9B( Z HHMME:
B$ - - ! 2, -# ; # > # 2
# #A # A S5# #- 81HB8AHAHB8*LAE)8A.18
P $% > 2 )y > . ME.
2 # B ! 9C .* (BE Z H H//H B Z HEMS81
"B. Z HH)MH "B. Z H 808.
B ! (# '# # BE Z H H8/1BE Z H .)M1
"B. Z H H**/ "B. Z H8M)8
G; $$ H HH) (8
# > ' $$ 7 #=# | H/E)#! H .M8 [/ B: EH/H# ! EE
# # o < B (< - M1
% $ - o < B (< - M1
# # 1, ©C& (< - M1
3 5 o < D< (< I = M1
< ., , o <GL (< - MO

> >



2 3

<C
2C

2/
28
&E

&/
&8
%
% .
%/
% 8
%0
%1

%*
% M
%CF
%

%E.
%E/
%ES
%EO
%E1
%E)
%E*
%EM
%. H
%.E
%. .

)C

417,

0
C

Mo o o

e K"+ / , @ C
/* 0/,2 +93!- 2,0 5/623 , 1/*
= >-( 00 * +>9 :-)
L 7 4 ?
M1)E (E 8E)* (E EEME (E./ (E
E.MEM (BEMOE(E /118 (E .M (E
E/*.* (E 1*HH (E 81.0 (E .M (E
EH1H1 (E/.18 (E 8ME. (E .)(E
M)0) (E [//H)(E /10/ (E .0 (E
yM/) (E 0)8* (E EO8H (E EM(E
E./EE(E 0)/) (. EM)* (E 88(E
E8*0) (E 1H*E (. 1H)M (E 8H(E
EE)11(E 10.) (. 1/MH (E /H (E
O8EE(E 18E* (. .0H1 (E(E
1.8H (E 088/ (. .E8)(E .1 (E
YE1* (E 1o0M/ (. EM8/ (E .E (E
)01* (E 0018 (. *1E (E H (E
10H1 (E 1E1* (. 81) (E .8(E
1/8H (E 0*)* (. EMM (E .1 (E
YEME (E 8M*0 (. 8). (E * (E
*.8/ (E 8/M. (. *| (E .1 (E
*8/H (E 8)H) (. OMH (E .. (E
MH/. (E OEH/ E)*. (E .H (E
MO)E (E OE.* (. .8)8 (E 1 (E
EH)*H (E 0.8/ (. ) (E .E (E
EE1/)(E 00E) (. JE. (E 1(E
EE.*/ (E OES8)(. /181* (E .H(E
E./08 (E OM)H (. /)I*.EE(E
E.*.E (E OMH* (. 8/M0 (E .E (E
E..*H(E OHEBS8 (. 8*81 (E .H(E
EE.H/ (E 8EM1 (. 808H (E.E (E
EH)8E (E8.8* (. /**. (E  .H (E
E.))E (E 8MB8E (. 00.M (E .. (E
E/M.0 (E  O1HH (. O*E1(E .)(E
E.E*8 (E 8ES8E (. omM=** (E ./ (E
8MOH (.H ).E/ (.M ..EO(EE 0. (1
O*M(EM 1MM/ (.) .*1M (EH 88(1
8**H (EM 01M* (.1 .1))(EH 8/(0
0)). (E) 8M/) (./ E)IE (M /E (O
11)M (E) 808H (.8 E .8/. (M 0

2 2

/0 (0



E

/E 1)11 (EE )8MM (.. EE*. (* E (8
/. ))H)(EO g )HES8 (.E .AM (* 1 (8
0E OM8H (E1 1)1H (.. 18H (* E ) (8
1E 01// (E) 1.0M (./ ®8*8 (ME /E (O
)E YJH1) (E1 8*H* (.. M/O (M E /E (O
*E ** 0 (E1g /)M1 (.. .08 (M ) (8
MH8/ (E}x OE// (./ 0)11 (M E /. (0
3 ) (,0",8. +-2,0 ,83 +0 8- 4 1 ,0 + -)
<( %(EHO E )E)S8(EE % (0 % (1 E /*E (.
<( %(M o E).(. E %(0 (OE H M/ (.
2( % (EOC E /88(. E % (1 %/() E 8H) (.
2(. %(E1 C E /8M(. %(1 (1E H M8 (.
2(/ % (E* E /0.(. % () %/(* E /)* (.
2(8 %(EM E /0E (. %() (E H M1 (.
&( % (EH E /8H (. % (* % (M E /MM (.
&( % (8 E /MM (. %(* (*H M8 (.
&( % (/ E 8** (. %(EH %E 88) (.
&(. % (E/ E ESH(. %( %(E. E /18 (.
&(/ % (.E E ESM (. % ( ( H M/ (.
&(8 %(.. E EOE (. %(E. %(E/E 80H (.
%( % (. 0.) (. %(E. %(ES0) (.
% ( ( M1 (. %(E8 %(EM E 8H) (.
%( (E. M1 (. %(E8 %(EO0 E 8HM (.
%( (E/ H |v|o (. %(E0 %(E1 E /10 (.
% (. %(/ E O0.. (. %(E1 %(E) E 8EO (.
%(. (.E H ML (. % (E) %(E*E 8E1(.
%(. (.. E HE (. %(E) %(.HE 8.E (.
%(/ (/E H M) (. %(E* %(EM E /11 (.
%(/ (/. H M) (. %(.H %(.E E 8.E (.
% (8 % (0 E /M1(. 0 %(.H %(.. E 8.. (.
% (8 % (M E 8HH(.
%(EH <( %(M ME HH () %(M %(* (*E E EEM
%(EH &( %(8EE/ *E (EE %(* %(M %(8 E.E EH(E/
%(EH &( %(/E.8 EO(EE m %(* %(M <(E.* B8(EE
%(8 &( % (/ E.. H8(B&S8 % (M <( EEH )1(EH
%(. %( ( EEH E (E/ &( % (EH E% (1M (E.
%(. %( (E. EHM * (E. &( %(EH <( EE. 10 (EH
%( %( (E. EHM (. %( %(EH E<8 OM(EH
%(. %( (E/ EEH * (E. % (E. %(0 MA(EE
(  %( (E/ EEH(.%(E. %( E (EEE1 M(EE
(E. %( (E/ EH) (. %(EH %( E (EEE) B (EE
%(/ %(. %/ EHM *M6(E/ %(E. % (E/ EEM )H (E/

>



%( % (EE.MIEJE/

%(/ %(. (.E EH* 1(EE C
%( %(. (.E EEH . (EE % ( E/
%(/ %(. (.. EHME (EE &(. % (E/
%( %(. (.. EEE 8(EE %(EM %(ES
(.E %(. (.. EH* (. %(EM %(E8
&( %(/ %(. EE. 0/ (E. %

&( %(/ (/E EH)H (EH 2( %(EO

% ( E.ERA(EHS(E.
%(E.E)M *H (E/

% (EB/ 8/ (E.
% (E . E./ OM (E.

(EO % ( ESE.%KE.(E.

%(. %(/ (/E EEH )(EH 2( %(
&( %(/ (/. EH) E (BHE1
%(. %(/ (/. EHM O (EH
(IE %(/ (/. EEH H(ES8
%(0 %(8 &( E.) EH(E. %
%(0 %(8 %(ME.E E/ (E/ %(1

&( %(8 % (M EEE )0 (E. % ( E1
%(1 %(0 %(8 EE) /E (E/ % ( E*

% (E O
2(. %

% (EEE) .E (E.

E0 ExHES.) (E.
% (E 8 E./ IM (E.
(E1 %(EO EE) 0/ (E.

2(. %(1 9YE)*8 (E.

(E0 %
% (E)

%(1 %(0 (0OE E.E H (EE 2(/ %(
%(8 %(0 (OE E.E ) (EE 2
%(0 %(1 %() E.E)) (E8 %
%(0 %(1 (1E E.H . (EE 2
%() %(1 (1lE EE* HEHB %(EM
%(* %() %(L E.E H. (E8 % ( E*
%(* %() (E EE* / (BEE)
%(1 %() (E E.H 1(BEE)
%() %(* % (M EE) 10 (E/

%() %(* (*E E.. 1(E&(8 %(..

2

& (
& (
&(/
% (
% (/
% ()
% ( *

% (E H

% (E.
% (EO
% (E)
% (E*
% (. H
% (.E
% (./

3 )=(,0".,8. +-2,0

% (0 E/EE (M &(
% (8 E 8)* (EH &(.
% (.8 E E1H (EE&(8

% (. E OEH(E. % (.
% (8 E 0.1 (EE

% (E 8 E 80* (EH
% (M E 888 (EE  %(M

% ( E /M* (E%(

%(E/ E /)* (EH

%(E1 E 88* (E.

% (.. E /)* (EH
%(EM E /11 (EE  %(E
%(.E E 8.E (EE

% (.. E /)) (EE %(./
% (.8 E 8.8 (E.

(E1 E% (€9 (E.
%(EEE. 18(E.

% ( EE.MQOH(E.
% ( E)E % ¢ (E.

E* BEEMH(E.

(I %(E* 9E@E)*8 (E.
(EM % (E*E % (& )(E.

(8 %(

EM B&EEE/(E.
% (E 8 EEM 0/ (E.

%( EM %EHS./ (E.

% (. H
% (. H

% (.E E./ H. (E.
% (.. EE/ /1 (E.

&(I %(.E %(.H E)1 E

% (.H E)O * (.

83 +0 8- 4 1 ,0 + C- )

% (E/
% (E 1
% (.0
% (/

& 8H8(EH
E E11 (EE
E ESE (M
E 0.8 (EE

% (0 9%(1 E E/)) (EE

%

% (E.
% (E 8
% (E O

(* %(E/ 0 E 8EM(E

% (EH 0 E /0)(EE

EE8H/ (E.
% (E 0 E E /01 (EH
% (E) E 80) (EE

%(E) % (B8. (EE

M 9%¢(.
% (. H
% (.0

H E /ME (EH
% (./E 8/E (EE
E 8HM(EH



% (0 &( %(E/ E.H ) () o %(0 &( 9YEHB) * ()

%(E/ &( %(8 E.E 0 (1 %( %(. %EE/ 1 ()
%(. %(/ %(8 EHMM (1 &( %(8 %(/ EE8 8 (1
&( %(0 % (1 E./ 1 (* %(0 %(1 %() EEM M ()
%(1 %() %(* EE)H () %(1 %() %(E8 E./ H ()
%(* %() %(ES E.H H®WO0E/ %(* %() E.E . ()

%(E/ %(* %(MEEO O (1 %() %(* %(M E.// ()
%(EH %(M %(*E.E 0 (* %(M %(EH %(E.H * (*

%(EH %( %(EE.H 8 (* %(E/ %(E. BE* 8 (*
%(E. %(E/ &( EEM H () %(E. %(E/ %(* E./ 0 ()
&( %(E/ %(* EE)O (1 %(EO %(E8 %()E/H 1 (*

%( E8 %(EO0 %(EH H () %( E8 % ( E0 E% ®) ()

%(E1 %(EO0 %(EBE/E (1 &(. %(E1l %(EO E)O . (M
%(.. %(E) %(EEEO *() %(.. %(E) %E.EM ()

%(E* %(E) %(EO E.E%(EM %(E* %(ED.E E ()

%(E* %(EM %(EH. 8 (* %(EM %(.H %(EE1 * ()
%(EM %(.H %(E..8 () %(.E %(.H %(./ E.H * (1
%(.. %(.E %(.H E.H®BOE %(.. %(E) E./ | (*
%(.0 %(./ %(.8EE8 1 () %(.0 %(./ %(.H E./ E ()
% (.8 %(./ %(.H E.. /1 &/ %(.8 %(./ E)8 * (M

&(8 % (.0 %(./ E)1 * (M

23 )A 3*32 70 8, (,0 / 2, +-2,0 ,83 +0 8- 4
1,0 + -)

OE  &(. . 80. (EM % ()  &(. C 1 18) (.

(IE  &(/ . 0/1 (E) %(/  &(/ d 8E) (.

(0E  &(/ . 8E8 (E* % (0  &(/ / IEO (.

(/. &(8 . 10H (E) %(/ &(8 E /| 88H (.

(EEE  &(8 . IM8 (EM(EE  &(8 0 /.10 (.
%() (OE &(. o E0O0 8(E O E %(/ (/. &(8 E/M E
%(/ (/IE  &(/ EOE H(E / o %(EEEOHEEEE K (8
%(0 (0E  &(/ E18 H(E O 0



D (E8 # ! (EO YOH # > S# # | > ! # 2 #

)(. D /%&'28 (2 >, 8 E1 3 | > 3 " %( # 1 %(E.
# #3  #3 1,3 3 | ## $ ) 3 1> 3 "
# 1 # 5 .3, . 1l %(E) %(.H #! %(E. %(E8 3
3 4 # #, $ # 5 > " %(E* %(EM # ! %
3 | "3 > " # 3 # S # # 3  #C
1,3 3 L (EP#! # $# 8, ! # 1 # -# ) - (E /M
# l# $ # 4" > 1 # # # 3 3, 3 4
> : # 15 - - #1 # > > # # - -
-5, 1 (< /| 88 % #5 |/
C %&' - > # # > # 5 #! 3 " "
> ,5 %(.E Z&(/ # ! %(.. Z&(8 (2 >, 8 E1 # 3 > #
3 ! (E BBME EOE 5 " -5# 1" 5 1 >
%Z& ! # 3 ! -# # > % (E E8H >
$ %(.H %(.E #! %(.H %(. 3 ! # ,55 "#
# > L# " $ I # - # ! > |5
$ -+, '# # # # - 3 !, 5
L# # > 5 -, 5 # $ Lo# - -
- # # # # 3 $ , ! % . (. '/%& )1 " #
5 | - # # >  5# # | > 1 # I # # # 3
3 ! #3 8 ) (2 >, 8 E) %8 M(8 '/%&" #!!, # "#
+, | # # # > 1 # F # # " # 5
" | S3 1 $, # # # # -# +,
3, > 1 # )M



# > , # 15 - - 3# !'$ %/ )(. D /%&'?28 | #

- , # -, - # > 5# # | # , ,3 ! &
: 5# EM2 & B # - - ! # " # 0, %, 4
#1 , > , . H # # # > 5 # -1 # -
;- # $ - $ # "5 # C ,  #
# > SH#H # | # & F # $ - ; , 13 #
- : ", 13 ;- 3 I # # ol " ! # ,
$ , # L #1 -3 ! -+, I # # # > | # # | :
> # # (D , > 3 > $ #
% &
& % % &
(E1 ? # 0 *
C # 5, +, # > I # (E1 15 - - $ %/ )(. D/
#1 # 3 -# | 3 .0 % " , > -- # - , # o=
$ "# *H # ! ; $ 81 3 ( #3 8 / : "
: # | b# ,  -# # o# > # > 5# # | $
$ #> 1 83 3 " > ,b#1 ! # I'5 #o#
5 (G+,# 8 / ;5 !



) 7 23 2%;/,8 44 * )

)

D #!l, " %, | .3 # - .- 5# > ,5 7. A
%&' 3# | 4" > % /(. TI%&')) .- ! $
$ - # 5 # # $ -, " , #> 5 # 5 # ¢
O## # # 1§ - 5,01 > 15 # ## " $
$# , # 5# # > - " R 5# = o #
- # <, # # S5# # # > - # # 3 2 >, 8 E*
" # 1 O## # 3 # 1S %/ )(. D /%&'28 #!!,
- # # 3 " %() (OE &(. &(. OE %() (2 >,

#1 %(0 (0OE &(/ %(/ (/E &(/ 92 >, 8 E*3: # ! %(EE (EE

(/. &(8 &(8 (EEE %(EE &(8 (/. %(/ 92>, 8 E*: "
# - $ # | O## #! *E | # # - #
.- | - 5% # ! ., 5 > > #
, # 15 - - 3# IS 4" (us1 (/
# $5# , # # N >
- # # # . 10H  # ! # > %(/ (/. &(8 (E/ME
"#O$ - 5 1 E*HJ
B # +, " 5 # >  # 1 3 #3, # 1 1 > 2
- # # I # %/ )(. D /%&'28 #!1, $ - I - #
(2>, 8EM®#!8.H " I #3 | $% 5# = > 3
I A )1))



/8

/8

) A2

) A

3 * 32

3 * 32

2*

2*

D=+ >-

D=+>-(

00

00

*

*



/8

) A¥

/8

3 * 32

e

2*

27

D=+ >-

32, )

00 * )



2

>

5 (7. A " $ -1 # "

/8 y> . /0ol , [ ,23 < ; 0 7

%8 M(8 "/1%&' 4" # # 5 (- #
12 #M(8 I$6&" 4
’ ) # $ _# y I 3 3 #

%/ )(. D /%&'28 #!!, 4"

! % #5 " > " %> >(8 '1%&' # ;3 I 4 < P #



>>

* % - # < #3 $ I,
¥ # $ 5 # | ! #> 3,= , 5 3
# 5# 3 >  E1 3, - # -#  #3 #
#-5 > # - - # ! » # > # .-
#> - ,# 5 5 # 4#3 1 ((/8 9% - 8 (
5 ! I 1.0 ] (2>, 8.E # 3
¥ # > 3 5 5 # #3 #, $ B8HHH;EF8H A@ E "
<F # E *M5- E1
2>,  8.E > 2 5 5 # #3 (5 #
& #0$, 1 # $"5# # #55 # »
#3 C #> S5## 1$ - - # L - ,
5 # - 5  # # Il 3 N> !
5 # # # T #1 # $ # O #
# o # # 5 # 5 5 ;3 13 : ,
$#- 8)1.1M). (2 >, 8 .. # $# ., #3 3, #>#
I'$$s ! 3 :
B
+* [f R
VW % A Z a % &
& % V % &
/8 )>> 32 4 "I 2 [23)



5 $

$ -#
# -#
! >
% $ -#
5 5
' $$

"o >
3# 1"
#3 5

L'> #1#
s | 3

3 ) -

5 # # ). )M # |

# +,

-5, 1] 5
# 5 - >
> (V% " L,

5 I #
H H
98S.:

LB H H
>N>J B

H
F
G <
B # $ < >
# r > -5
> # 1 #1
> #1 # |
5 # 1
> # | #-5
$5 I #
# 4"
! , > $



8 * E 7 F; '# G;5 - #

#11, #3 5 ;1 # # 3 ># 1, > ?2@A
5 5 2 # #11, # $ , ! 5 5# | !
# > # # $ #!1, $ FV F_1 - r-/ # 1, #
( ! < >-# % < E -5 | HIL ! [ # 1
# (;,> # | #-5 " # : -5 I #I1, |
# 0, # # > " # -# #- 5 # -> $
3, ! # 3#-# (;,> # ! #-5 S #! # # > < /
#, ! ! # 1, # " #1 3 > #0013 5 #
> " +, | > , | # > # - 5 (v ;> # ! #-5
F 5 5# | : " # 3 ! E -5# > +,# 4
# ! # ! #3 5 5 - $ # : "# rt+$ - .EH M
, > #1.,3 3 #-?2@A@ 3 c? # @. 5 5 - #1 $
# 1 " 5 # I# = | $ # ?2@ #-5 ">
(?7@7 -1 %% EH # | #,- - 9 # 1 5 # | $ !
# ! #l # 1, > # "H# > (.08 - ?@ #-5 (?7@7 -
o* 7TQOA@ 5 # " -# .,V #E# - # 5 #
, # ! #> ($ # -#;, -,- #3 5 $
"# > # > # $ #3 5 3# 1 - #, |
8 *. G;5 - # B ,
$ #1, A $ - 5 ; 1# # o# , >
$ -# (2 >, 8 .8 #1 # $ # # , $ %/
% &'2 , ! $ # > # 9% 5 ! G
-5 -1 )¢ ! ,55 # ,-5 # - # O# # §



1 #
YA
y .
):n?
3
)
HE
> : c = A EHHH
%26 3 ,8 . +, -
/8 )> 2 i o=4>-( I, * 1 I3 (4 2012 1))
> : C = A
%26 3 ,8 . +, -
/8 ) > =+>-( /I, * 1 I3 4 20/2 1)
ycc 2
)C =
) C=
)
):0
)i
)>G
)>)
) G
H EH 9)
)y C
)
?)C> : C = A EHHH
%26 3 ,8 . +, -
/8 )> * =4 [, * 1 I3 4 /8. 20/2 1 ,)

>>



E 1
)
E .
)
) 2
H
)
H
> : C = A
%26 3 ,8 . +, -
/8 )>C2 : =+>-(: /, 978 ,2 0
>)>
>)
E
E 1
E .
EH
)A
)
)
)>
)
)> > C = A
%26 3 ,8 . +, -
/8 )>C o o=+>-( /, 978 ,2 0
20/2 1 ,)
O > #0 #! #
#3 5 3# ! (2 >, 8 .0 #3
%&'2 3# ! # ! %&' 3# | #!1,
# ! 3! #3 , > # # "
I > #1# $ # 1 #11, 3 > -
#11 #3 8 M #1 # -
# $ #3 5 3# | # > " 5
3# ! $ # #1, #

EHHH

* ] I3 (4

EHHH

# >
5 ;T #
$ # "
5 ;T #
- #5 |
+, ! -5
$

2012 1 ,)

/8.



6" C #! # -, :

%/ ). D/ %&'28 * H 118 -
%  %& * 0 011 -
# %  %& * 0 01* -
% % EE H YH* -
A$ % % EE H )H. -

# 1 # # " $ # L #11, # 5 ;! ! , >
+, $ $ . # ! -5, | # > -, > # , !
. (#3 8/ 4 15 # # 4 > v >
# 5 I3 $ . # | -5, | # $ .
, 5# - # # $ - # #3 > ;> $ -#
# */ " # I # # 5 $ 5# "# 5
#= # 3 #3 ! -3 $5 I, " # 3 $ -1 # #
# 3 #11 # 1 > ;> ; # 1 - # 5
-# 3 % - # , # | 2 >, 8 .1
? @[) * % : !
6 D « 4 s 2 8
/1P
/8 )> [/ 3 1974 ,* /[ ,23/ O oO* 4 : . ?19/02 /
7

>> A



c)c

/8

/8

# $ " O # #! # # > . # = (CccC
"B # - # 5 # % Lo > #
o # ol 2>, 8.y #!l 1 # # 5 1

, > # # 9 #' # - # - C #3 $
#! # $ ;> #0 ! #-5 , 5 ; 1 #

C = A EHHH
%26 3,8 . +, -

)>=2 = =+>-(: 2,0 [*; 3+ -/ 730/ ./ *2 2 2 [,
* J 13 (4 20/2 1 )
C = A EHHH
%26 3 ,8 . +,
)>= D=+ >-( 2,0 [*; + -/ 7 0/ ./ *2 2 2 /,

x ] I3 4 /8. 20/2 1)



EE

E

E.

E/

ES8

7

EO

: 4" #11, = o # #o !
L)% 8% $ -5 #3 > o _
-# 3 , # 5 # |
8 M B S$
# -@ 'EM1H E*) 8M/
N % # #! T7E$ 06 2EM*. 11 .M*H
B O DC! I( .'#!'- 7 J&"j = EMM.
j B <$ E ( * C IO D #- J&"j = EMI10
| P D >-# #! < N N, 4 %MIMO
P B I 1& EM*) M )EM
| 6! 1 EM*0 E .0
2 6-= #11 B(( &C I(O." J&"j = EM)/
B < O #! MN(P#E$! BM*0 /) EME
G #1  EP# & 3(( *5
& % # ! JF;$ ! EM))
D N P11 , > P % @# B %I( 2#"! B F ##
M*1 EE 0)0
j# 1 ( 1 /' G! B # #10 J ! EM*0
B O m ! I 1# - 7 CJ ! EMM
(# | K( 5" "E o ( &E .! G
# J ! EMM. (3D & C5#-) $ % J6
& ) %#-3 1> < ! l - F5 E. %#-3 1>
J %#-3 > EMM.
7 & T ##l#! K O0& #- C I ( 1**
fE 'O & " j = EMMO



E1l < % -##Cl 6 I E * | % &

O T & "j = EM*) @ E # !
E) C % NF & ES$ E ( & C 1 (
ES$ 'O & "j = EMMO
E* & | 3 % $ 'K 1& ELMABO.E
EM j #H 1 o) & "j = EM)0 8H)
H j# H 1 o) & "j = EM)O 8/)

.E 7 O <{ 1 %EM*H 8 801

j# H 1 o) & "j = EM)0 /.)

o F,l# #1 <!1%$- #£$ EM)) 11 .118

.8 @ 3 < .3 N#, # N %W #1 7
$ 'EMM) ) .E)O

.0 7 B E#

1 (# 1 6 | 2 & ,'#1l %% +E$ #£EM*8 *E 8E1H (3 B
"> # 1N BH#)) ( ) 'EM*// 0)

) (# j Oo#>#1 25 GES$S 2 EM*0 E.H 88E (3 < -#,
6 -3, , N#"# # 1 NI3#S$# ) ' $ EM*8
E.H)

% (# 1 6 #1PID$ E$ EM*.)) /1/0 (3 % G #

2 # = 3#$ 'EM*M E EH

M D 2 % P D # % , - | B L o# L
3(( E$ EMPM.O./

IH & F=#- 3 % 2, -# # #I(B # ' -#
EMMH )8 8.E

JE < B #! 1 O 7 #1Q 7 'EMFEOL.1

/. | 6 < % -##!11! 2$& E$! EM*E )8 8*HH



/1

/1

/)

/*

/M

8 H

(# C B P > 7 @ N = & %#! | I( G# # 1 C B
' EM*0 00 .*M (3 P % CcC B 7 C B P >
I P " & %# B < < B # P O P # #
B 3 B < ! # ! NSl ) &5 EM** EO1 /M
(# I # = # 3mw# $ 'K 1& BMWMO /8 EOO (3
F 2 | & !-# #1& 2 $# E$ 2 EMM1 .0/ E80 ( j
N# #=, D # 1 P! E$®% J 3(( ESMM. .0 EHES8 (!
% @) N 7 O = N -# %7 & 7 'EMMS8
1 ./8
N < > | G < N > PI1LI(#)Y % O =
3 "EM*M 1 E//M
% > O #- < B #! G < >-#! #B% O <5# >
$ "EMME MO EH18/
% > O #- < < P B I 1 #£86< B # !
$ "EMME MO EHL1/E
G < >-# G P##- N | 7 B N !IS# 1 #11 O 7
$ ) 'EMME EE/ )010
(# 2 < B # ! D 7 l#311$ D I'#
EMM8 EE1 EH)H/ (3 < B # 1 % D P -# D P -# #
I3 $ ) EMM/ EEO /HH1 ( D P -# % > # 1 <
#1101 $ ) ' $ EMM/ )/0
(# N j I @ 7 B# N j O! >$# I)N 'l $
' EMM/ ME (3 @ 7 B# N j | N ] O ># !N |
$ ) 8 "EMM/ EEEM
|7 > # 1 <! B((N, 4 %M)L M EB80

B



8. < B #K % (G! J O D, #! F# O
% EMM. E/1
8/ |1 F,1# # ! I (7 EM)0O EO .0*

88 (# N % # #! 08 ) K EMM. 1/ /.*0 (3 N % # # !

7 E$ 06 2EMME 11 .M*H
80 (# < B# | <3 ##! ! $ 73B# E EMMO
0OE .8)/ (3 % B, 2 D# 4 ,=# % % -3 # % <,34#
3#, B P #$$# ! 1 7SN EE EMMO EM/ /HM
81 (# B # & B# < % C >## # 1 7 B#! #= #
$ 'EMM1 1 EEEM (3 B # & B# < % C >## #
B#! #= 8 "EMM) M */H ( B # & B# < % (
>## #1 7 B#! #= ¥ 'EMMO 1* EEEM (! B# <
% C >## # ! 7 B¥! #= @ EMM1 ) ..0
8) P % D #1 G4#3 "lE EMMO E8 .EM
8* 7 D ! P D, % D #, j |- B N#-- % | B#
o) s ) % EMM1 )M/
8M P | " # # B D #1) $ P EMME
*1 EEE)
OH (# P | " G | % #" # 7 N, 4 = <4#3 "= C
B D P# > #11 $##) '5 & EMMH
*1 EEE) (3 P | " P 13$$ G | % #"# 7 N, 4
i P >1## P O, =# $ EMMO 0 M)O
OE < N N, 4#! ! 3(7 ESEM1* /M /[)M*
0. B # 4 < = #BB & D

EM1. *8 //*)



1E

1/

18

10

11

1)

@ 7 B# N j | N j O > #$I N)I"' $
' EMM/ EEE*
& O G @#,> # 7 J # | E# (
$ 6 @# & # 1 B I % !
D N 7EKE#% *J F;$ !'? 7
F % @# D 7 D !'" =#1J B 5 @ ),-
G ! EMM/
P # 7 D 6 *J $EMMS8
2# # 7 D 6 *J $SEMML1
I B!t = O D D, > #1'% N )<#H=# ES
E ( & $& *E *8 Fro @) # 1 <
i = EM*1
G P,>> -5 & ) E'M8OAEE S8
(# 7 E8 YEME.E. M) (3 7 3 W
& " j = EMOS ' & "j = E)I
7 B -# 7 D 6 *J $SEMM*
| # 3&6 & I % $ 8 ' I @) # |
i = EMM. E1
% 2 % & % 5 "3 K ®#-3 'I> ?
7 EMM1
% | 2 D$ *1 E G J - I# -
E EM)* @
7 1# 4+ ES$ $ EM*1 MH 00/0
(# P 1 ¢ ) &5 EMMH E*1 E0O0 (3 @
@ =@ =)

&

EM1IM

EM*M

ES & '

C &

' 7#5

EM) @



1~ # 7 B -# <4#3 " = E ! P)EKEdMMMO .0.)

1M <4#3 " = 7 -# P %l %#! B 9% * ES$
3(( <5 EMMO 7 #(t F >3 '3 )
)H F #>3 $ ) EM/1 0* E8*1
)E 2 % B, % D# 4 ,=# % % -3 # E% <,3# # |

J)EKLIEM*8 ..*0 0

). <4#3 " = 7 B -# D P % I %
N R # #> 2 I D ! # O O #1 G
P # 1 3 $ ) EMM) EEM /E88
Yl B I 3 # #- | 2 ) 78& C 0 )( ("
O # 1 < C & ") = EM**
)8 B 4> D % ? 5% @ #= - =# #- @, #,-
N#"# L O, # 3# # @ , > <#=, # | O D# ! %
7T %# # D - #1 P 113 "$ ) EMM) EEM EH800
)0 (# & D B D ,> | < D = Kl L#1 < %
1 EMM8 )1 )O0E (3 B D ,>)$ **7 & 4
D 6 EMM/ ( & D B D ,> | < D = | #
51 ¢ ) ' 3 EMMH /.0
)1 % < D #! 7)$ ** & 4 D 6EMMM
)) B 4> & G - #H P "2 F EM*8 EH)
)/
)* # 3&6 & I % $ 8 ' ! I O # 1 < C & "

j = EMM. E #! $ !
M 1 % % | % P % 2# # N "# L # <

3 EMM) DO/ *E.



*H & - @ . H F;$ ! , H ! (EMMH EMMS8
*E D IlES$ $ EM18 1* 88E
*, <4#3 E =

*/ 7 #1 O 3o $ 'K 1& EIM¥M 1 /O 8))



21 c "2,8 [/ ?(3 08 /I3 @ 91 / , 23@

I * 1))
0E # C 1,
#1 ;5 " 3 % - " 3# = #
D#3 # 5 5 I 5 #1 > $ " 3 # $
| #5# o 5 - # - S5 # # # % $#
$ - 5# > $ 5#5 > # , 5 $ ! 5
.35 # 5 1, #5# " =1 > $l#=#1 > # #
B 3 1 "# # # 3 = " $ - >
" $ -# 0 S - - L # $ - # # ! >
V 5 ¥ - # # -# # # G > # |
#!1 # 5#5 B # < | C ! 31 5 -
% #5 #- % -- " # # 5 $ | 55 | 5 1 "#
;! # # # $ #55 ; -# #$# # c .-
- # # 5 1 #- > $,2 &jo0 % 8-
# # R 5 #1 . #
5 1, # # - =
> | " = ¢ 1 B# > #P 3% E >0# | ,
5 - L - # 4 " ! 51 # -
“# 5, # > $ - " " , > $ # $
7 =1 " = "# $, #55 # | $ - Lo#
K6 % 2 % -5 | 3 P # G % 5 # !
5 - # # # 5 " , | .



# " = N 3 # , & > # $# # | #3 ! #

B # #5 #1 4 % - "= "HOHH L
5 4 EM/.)C # # e, # O 1 # o>, 3 | o> 3
$#H-, $ - 3# # > # P L3, 1,
- # 4 # # $ - # # # .35 # $#
$ Lo# 5 $ +, # 3, 1,5 $ - #
3 #  "# -#1 3 $ #>-, 17 $ = &% <,
# -3 # " .1 #>-, D I!> (D $ - O #) $
o# " -, # D $ - # | # 1 .3 "
o, 4 73 EM1H] ! | S# # $ - # # |
5 5 5 5 M < - -3 % # > 5 #
| #-# # 5 $  I# - # 15 #oS# # |
$ -, 5 5 $ %, # 5 5 1o # 3
> #>-, D I> +, +, #3 5 5
5 5# # $ $ - 5 >" 1% | = #1 - # S #
" | 5 # -, > 5 # 5 - #
2 # , >#  $ - # 3 -, # 1 3
> # -5 EH # $ 5 # " > 5 #
> # $ >#  -# # ., &BYDH# %3 > D
+, ., S#H -#  # 5  #55 # -# 3



C)> 2 , )
, -3 ! 3
,3 5# #  ($-(%
- : - # #1 ,5
# , 35 # $#
- # > - -# 3
3# , > 5
-5 #01 - #
( $ -# # # #
5 , (CC # # 9,
# " 4 # 1 -
$# 3 1 -
2 >, 0 E
+ 2?3
H E
/18 C) 42%
$ # > # #
-5 , > 5 #
-# 5 , )
# ! 3! # #

., 35 # $
# 3 # "ol
' 3 - # $
# > -
$ , $# 5
: $ s Hi#,
# # 5 '3
# $
ccC -5
o s
2 4
I [
# # "

2

/*

*/0

2

% 2

™~



7 , $# 5 ,
# | - #- -5
-5 , $# 5 ,
# (P 3 - -5 !
# : # | 2 >, 0 E !
5 I, #3 > |+ #
- -3 I $# # 1
! # # # # ,
$ -# # 2
- %&' # 3 & oot
I3 $ -# $ ! - SH#
-5 , | # 3, | >
-5 E) -5 , >
I # 5 - # #=
$ #1 # 3, =5 # E*
#5 # 1 5 G 2 >, 0 E
# # # 3 #-5
# -# # # # | EM .H
- -5 # # > # #
# $ I -# # #
$ -, # $ -

52/, C)

# # 5 - )
# | - #
5 #
$ -# #
5 1,
-# # !
-5 # I'5
# #, 3
, 35 # &
$ #-5 5
$ - 3 - #
" - #
# # # 4
, 35 # "
3 HEM -
$ 3 #
I < #
# $

5



- # ! , 9
5, > #! # # #3 $ ,35 # #
$ ,35 # ! , O
, ! > # > # -#
> # 5, " , 35 #
T H#H-5 " # " , $ "#
! %&' 3# ! #-5 5 I, 5
, 35 # L, # , $ - S #
# , # # - #L#- -
$ $# # 1 #
$ - # - #
$$ # " 2 > 0 .
[/ 1 [/ 1
[T ¢ [ c
S . % (#+
217 ?2/?
/% /%
Ff U%!.f W <F
2,8 , 4 2 7 */0 23 2
#3 #! > |5 # s | , 5
$ # 5 : ! 5
# $ " - #
$!$ " # D $ - $#3
- # #11 # , # | 2

" +o# $
, 35 # E & -#
! 5 !, 3
5 $ -#
# # e,
I # 3 #1 -
, $ >
, 3 # "#
5 $! #
-# i -5
# 5
# > $ "# 1 # |
? 7
L ,
S %'%$
?2 2
#
<F
/8 C)> 3 * 32
-5 5 # >
,35 # # 5
-# # -#
# #1 $ -#
$$ $5 # !

, 35 #

™~



/8

8 H
<#
/' H
*/0
23 N 00
) >
EH O 8
0)
EM > .E
C): 44~
$ - #
5 5# | C$
Cs$ 'S
$ "
$!1 9 # 3
# oo
I # 3 : #
#= 5 I,

Z .

41 &2 /21

2,0

1623

O;EH 8> %!'%

23

2

/*

*/0



C): 1 /[, [,*/13 2,0 ,Q 31/327 2 [*21]))

# >-, D I> (D +, $ 1, 13 C >
#55 g 3 N# D !> * # $
, 3 # > # S # > - # -# # L' # # 5 | -
- - $ 3 # , > # - # $#
- # -# # 3 > # % ! , 3 # , $# C$
S5 # +, # # -, # v 5 I, I C b5 5
5 5# > ! -, # D $ - > 3 # , !
- E.JE/ <, +,  # - # % - # “# # #
- # # $# -# , # #1 #! # 1 # #
#-5 5 - , $ - -- -1 $
, # 2 >, 08 # 1j 5 15
, > - $ +, : - $ !5 EM
" $ # > - # # $ ! 3 # #
, 35 # # 3 > - | # # 3 I
-1 # # 'L 5 (- # # $ . =
(- # # 3 ) = # | # : # | 2 >,
5 5# > D $ - ! 5 > | # S # 3 # ,
S v # -5 # # 3 > +, !
# # > - $!5 # $ I # - > # EH
-# " # | 5 -# # o O-# -#
# 3 ! I ,55 # % $ - # -# #
-# 3 $# # ! # # # ,5 '3 - #

\N7



! # # o# ,5 13 $ -
P# # 9 '3 #
% 2 2 % 2
A2 X L.
F T
77

% 2
I<<< JIMBOOOM!

- " 78BBB "

2
W% < 4LHPDDD
" \ A IB 'DDDBDDBD
(-'$|E|F _ .+OZSA>3. MD% 5
EF, eJ 3, .
%S(S * A Cc w6 < F
I" I:II , SDI
\ - ! << 1'IDDDDD
2
2 >, 0 8 ] 5 # >-, D I> 2
"77 B" 777B
%77 CD Vllllll S %% F
<6<<6 777 % %7B %7
(# (3
2>, 00 (# 6 5 5 (3 L
# $ 5 Fm G+, # 0
B# R
E | H # # ,5 13
# # $ 3 # '3 - #

, 35 # , $#

7>B7"
7888%

E77 %



/8

C)

"2,8

/

3 &> $ EO >

# I # $ >
, > EEEM C! #
> 3 # # $ - -5
$ - # -5 C
# > # D $ -
# > -, # $ - 5 #
D 5 "#
! 3, , 5 -, # $
$ - 55, # +
# 1 25W3# ) $ *
# 4 # # | "
2 >, 01 #55 #
%, 8 # 0 $ $ >
3 > 3 ! $ " ! 5
? *.2 4 " * 15 4 1
, 327 )
+, $ 5 5# > >#
+, : $ ;5 #

> B(.

4
i
# 3 ,
> 1 - #
#

/1,8 3 2
# -3

- #l #

"1%&'

/,8



$ +, 1
rs ! , # !
I > #55 5 # -#
" > # # -3
c) "2,8 [/ ?(3 08
% # # - $
#1 # # 1 (
I
< # # | #
# 3, # Q #IR
#1 > |5 I 5
$ -# $ #
#-5 65# 3# #
2 #-5 i #
;3
' 5 3 -
/8
F $# 5 #
+ - #13
$, 1#- # - , #
3 > # oL #

5 ! $
= >
#
# 3 #55
/3 /,8
#
# # !
n $’ #
#
3
3 -
# > $ #
I # #
C)= 2 /*
" #
#+ b =)
+ $

5 I,
# 3 #
!
2 /123 2,0
D$ - )
,  # !
> 5 #
! # 3
# # 3 "
# #
#$9$
H# =
QF
>[0 14 -)
3 ;
#
D$ -8
-3 #

$ > # $

S

#3 $ -

! # #5505

113/*2 [/, )

> # $# # o1

0) 5 #5
# ! # 3 Q #
I 5 3 # 3
" 55 > $
$# # >
# 5 5 $
# 1 $ #
I oHEH
#3 !
-# # = 5
# 1 r 5 3 -



-# =1 #%$$ $ - $ - > 5 5 H 2 # 5
3 3 | # 1 (2>, 0* > # » L
5# =1 | # 3 # # .- 3 ! 1 3 3
# -1 # 5 EE 3+, D$ - $ -13% -
I # 3 : Lorwow $ 5 - #
# 3 #- )
=
/8 0 ** 2 [* /¥ %[0 >G 2?2+ >-> 2 11])
# 1 # # 3 $ | . 3 : - #
#3 - # - # " D $ - $ -1 $ - $#
# # > # . # #1# " -5
- ., $ -# 5 # # #55 # >
3 .3 $ #O> # 1 "# 5 #o $
! x # 3 5 # | # # . #
- I M
$ - 3 - # # o "# $# ]
#o1 # -3 $$ -3% - > - # N #
% # $ 1! 5 #! > |5 ! " # o, 8,



2

>

0OM

-5

5



- - ! /0 " $ , -# # I 5 # # 5 # 5 5
# - , # > # # +, ! i $ # | ,
# 5 , # 1 # -- # # > - $ - , # I'5 ] "
# o # 5 # 1 $$ # # )h
# -# # SH = -- # > # #I # #> $
+, # 3 L #1!6 !5 o 4 >
- - HO# > - $!5
7 1, $$ - " # - - 5 ¢ - v # # 3 3
3 # > # -5 ! # S# /1 # # >
# -# # # - - ( ,> # 1
$ i -5 # ! : # > -, # . 3 > +,
! -# L, SH#
Cs$ & F $% $ -# # 3 -5 ! 5 5
, 1 3 # 3, L # $ - - , #0$ - ] #-
5 ! % &7 E/ # ! +, - 4" % 1 //(8 '"1%&" E.
"# O+ # # # < P = $# 8" 01 # #
+, 7 # # - # 1% > # > ! -# # 1V /*F$
yH#-5 +, ,- 4" # 3 " ;3 # ! !
, 5 3 # , L444(. $ E*H 5- @]JE $ # .HH # $ -
L , 5 3 $ # D -, # $ - E
# $ # # > - $ # 5 # -# # #



>, EH "
-5 # #3
# ! 3 #
O+ HD# #
# = $ U
- - # 6 b5
-- $ - #
D
(/
2 >, 0 EH
$ -#
I > # $
# '
#-5
, 3 > I 5 3
+,#! # < P #
+, 1 $$
# 5 + $

B22 />

> >

>C

# % #$ 12
! . # R
# # 55 s #
6 5 o E8/) IM 5
#55 5 # S
” " -3 $ #
$ -5 ,! (8
') # > -
S > # 5# /18
(8
> 6 D < , |,
$ - -# # # , <
"H# $# 8E -5 #
= | > # 3 I
# # , $ #
- # # | #55 #3
# o # # o # 1 5
- $_

[



! ! , 5 3 L444(. 3 ! , " >> 1| E8 /) |

> # -, - # /IH 5- @ E (E1H # # $ -5 ,1 (81
3 I'$ - "ol A # -, $, # % 1 //(8 '/9
-5, I E. ! # <P % 11//(8 '1%&" # "5 - E. #

- , H# $ # 3 # , 8.8/ , > 5 # # o--
, #> # # 3 I -5 - , # $ # #

# 88

F >> 1 # ; # 5 # 3 # , #

N R -- # +,H# # ! (2 >, 0 EE " "
! 513 ! # | o= # ? $ % # $ I 80

2 >, 0 EE 5 # <+ ,# #
A N $ +,# # ! # # - - #
", 13 75 ! 3 <P " <P # 3 3 I'$
D$ - $# # S H## >, " # 81 # ! 8) !
- , #1895, - > 3 #

" > # o D $# C #1 # 3, ! #>> ># I -

! $ - v - : # # - #1 5 # #5 1 # # >

# ! < P # $ - - , H# # > # $ 3 " # 5 # 1

- # 3 3 # # 1 3 -# 5 5 l'# # -#

" 5 #= # 3 I'$ $ #>- # $ I - #>> >t

>C



it $ #3
, 35 # $#
it
J $
EE # ! !
> # 5 #
# #
# 8* (0 2 >,
# 5 # - -
# | !
$, - -5
> 1 1 >#
(0
>, 0 E. &
! $ D $ -
" -5# |
- # # #

>C>

JH-5 -#
# > !
# #55 #
$
- >
# B
3 I'5
OE. #!5 5
# #55 #
5 #
: 5
,S#
5 # D 2
$ -# #
> # $# #
-# #3

OH



-5, I
C > " N 3 OE # ! # # # - , , 3 ,
# = # # # $ , # 3 : , '3 $#3 # | #
> # #> ! # 3 # # # # , $ $, !
# # 3, > # 5 3 SH# $ - )
# = # , 13 5 # | > - # 1 -#  #
#-5 5 3# # , r, 5 3 - # # 1" > #
# 3 =5 # - -,- 5 # -5 > # $$

O # #5 # ! # #3 > #1013, | > #
# #55 5 # y ,5 " D +, ] #3

- 1'$ 1 L, $ 5 o # = # 5
$, , | 5- # #

C)C "2,8 [/ ?2(3 08 /13 2 91 | , 23)

r I > # 1 5 # $ - >, ]
F ‘5 - # | # SH#H 1 > - > $ - #3
Lo, < 0)
C)C) Y A /1 8. , 327 2 /,8 #,1)
-- # # # #3 , > # %, ! 5- $ # " 5
" # 3 b $, - # : # | L, # #3
- > # - # ! $ # > 5 8 | 3

>C:



2

>

0 E/ <

-#

.08

“H# > # ! 51 3
| #% $$ 4
5 $ 5 # $ # # >-,
# ,3 # # 4. -
# , $ o
$#, $ # | I o#
, 0 E/
* 232,* 12 2
(2 1
1.2 +)8) 1 /4/ 0 <2
8.
#> #- $ G # 2 #
< .
# ) ' +, 1,35 #
-9 - #3  # + #
# % - #H=#> # #
34 5 4 $# . 3
# 5 - 726 # 1| > #
o1 $# G . ] )
$ - H=#> # | H.o #
3 - X -#!  $ # 2G7

# C%C # !

$# # >-,



-5 3# , # 2 >, 0 ES8 # 7 2G $3 3 :

# ! ! 5# 3 # - $9 7 2G ! $ " # ,
- 3 > # 4  $ # # '3 $ - # 9, !
$ # > > # 1 - -## > 3# #, # # - > #
#1 ,5 113 72G 3 # > > - # > + . #
# > $ 5 | # # # #3 # > $ # # # > H 8H -.A "
, - # -5 ;S # -
3 P#
v %I
D
/ PD
/8 C) 3 *3 1/ 0 %/ ./, 2, 2 4/, 0 7 (2 1 2
<, - 29/ 2 (- 1,1 2)

C)C): 42* 2 )

O - 5 # +, , | - , $# 5 : ! #3

#3 # ! #3 , $# 5 , 3 -#, ' # | # # !

O - 3# # 3# | # 5 # - .- ! , 3
#1 # # | # - 3# # ! #3 (2 >, 0 EO 7 o>

#oo# > 3 5 # # , 35 # 4 , 3#
$ - 3H# # # 3 ! = ! , $# 5 , 5

- 3# # , > 5 " -# 3 I

>CC



O - # $ # 3 -#! $ - # | -#
$3 5 # #5 $ O # -# P #!
# # 3# # #1to# > $$ "

[* 232,*
@ , 2* 2,83
). ]
2 0 E0O O - T # #2 "
$ > 5# # 1, > # # |
3, # I 5# | "# 5" #
- A# L #1 $-# # $! 5" -- §
! 5 Lty LS > 3J
5Z % S @ "X% R2% $
" , $# % > #  # # #
5 # , $# 5 ># 1l # 3 > !
.o , 35 # 13 # - #
$ - 55 > #, # #oo>
, J
z i z
" Z $# $ 5, +, ! VA
L - # J

>C

#5

S#5






#- # #1O# #

#3

C))> 8. 23/ 21/,

D $ : # $ !
P # 3 # 1| #

#1 # 3 # 15 1 #

2 # ,# 5 !, 3

# 3 # | +, =

" $ $

# OHH # ! EHH - 5
# $ $ -

-#, - $ - -,- # #

! 3# 5 #$
# 3# 5 "

# # # 3 #

C)) 23/ 2/, 4 42¢

o - 3# # # 3

, $# 5 , !
Lo, < 0 0/
# 3 # 13

>CA

#3



010 <,35 #
#o>-, > " =+
> +,# # # #3 C
"# -5 I $ ! > "# $ E*
+, | - -#= , $
- $ _5 > $ !
C # # #11
# 1 # & - #3 # !
# 3 $ 5, > #! # # #3
" 5 $ , 35 #
> # # - - # #
" - # 3 , !
011 <, $# % # >
|+ # # > % , 35 #
5 1, 3 , # 3 3
# # > # # > # S# , 5
- > , $# # 3
-5 "# 5,-5 " ,$9$
# I "# #
, ,# #55 # $ !
$ , 35 # " SH
# > 5 L, # 3 - !
-5 > # # 5 I #1

>C

#+, , 35 # "#
o= # 5 _
# !
# -
Y i - #-
$ ! # - #
I # C , #
< - # " #11
#1 #3 # >
l# # ! #
# > 5 s -
, $# 3 % - # 5
<, # > # 3
5 (5 $ #3 " #
, 5 1 > -#
# 5,-5 #5#3
# # # - -, # !
5 A5,-5 # # > -
5 > 3#
- # > # # >

$9$
_#,

$#

-,- H# #



#55 #3 # , $# ,
5 , 13 5 # |
C! # $ , 35 # # # , 13 # >
5 , .5 5 > # | > 3# -H#H, -, #- - - -
I 3 , - # # $ , $# 5 : $ # HO
( 5 1 > EH -> , L H# # 5 #3
# > +, # 3 I3 - - # # 8* <
> - 3# # > # #3 4 # #
# # #55 #3 , $# # # $ " -5 , ! "
#- # 5 #! > # 1 -5 $ # " # # I #-5 5
# # ! # 1 3 > # 1 # $ - # 1# ] - #
5 3 -
01) # # # 7 5S5# # # 1 <5 #1 >
# $ - > -# # # #55 | , 35 # 3 % ! >
, #3 < - - - , ! - # 5 #! > # !
#3 O E # > " - $ 5 5
< 5 ([% D5 ([% ,3 N > /
H# M8 1M H HE
% s # 10 *E H H)
% $ - 18 1E * H
G EE1l /0 )0

2 3 C) . 36, 0/, "2,8 / ?2(3 08 , 327 12 2 /1 ,)



5 # # "

! # # #
S # #-5 5 # # 3 - I E/ EO EM
5- $ 5 # +, # , $ - !
! # , 3 $ - # -# # 3,
, # , 3 5 3 - G;#-5 -0, $
#3 0O E " -5 # EE
5 I > - # , ;5 # >
+, ! -# $ #11, ! ! "#
, ol $ # - > #- #- $ , I "# 5
'3 # P 5 5
, LB "# $ 5 #! > # - # : # #
, 35 # , $# #- $ , 'S5 P =
- I3 # , # > # -5 - #
5 I #55 ; -# # $ "# 3 " -H#H,o-,- #DO-
-# # #111r$ - #3 , $# I 5 # #
5 #! , 35 # @) #55 5 # #- # 3
- (> # 0 EH - , # I $ # ;
> 1 > # I -# 3 5 Fy > 5 ! # 1
o1~ -5 # $ <,35 #
% # > 5 5 $ # - # $ - > -# #
! # > -5 # $ , 35 # -5 #
5 # > # -# # # O# >
" # #55 5 # 5 3



C)) 1 /

#5 $

#55 5 # # -

$ 13# = 5 # !
C)) 2, 4

; $ I #

" -# # -#
S :

# I ,



, > # " #
#># - , $
3 I # -# #
-# # > , $#
#1 ol !
C)= "2,8 |/ ?(3 08
-# , | $
#11 5 5# |
# # 1 <#$ #3
, H-? @ 3
E $ -% - >3
# -5 115
/ % -5# $
B(. "/%&" EO
C)=) 2,8 | I3
-# > #

B(8 "/1%&'28 # ! B(. '/%&'28

$ -

#3 !

#H>

EE E. EO 08 O*

, 3 $
2 # # o>
$ - & -

# S5 #

0/

3

2,0 [/ *

., + -2,0

5 |
H ’3

B(8 '"/%&'

5

+>-
#

"# O# # |
' B(8 "1%&'

-5, 1!

#

, #1 | $#
I # # #
>H# $ 13#
$ # #
# $ !

# , | #
- $ G >
, 5 -#
' 1" B(8 '"/T%&'

> #3

+, $

' B(. "1%&'
$ ]

I 5 3

E8 # 3 #
> #
3# 1 3 | #



, # 5 C # " # = # > $ #11,
# 3 , , > % - $ - # -- # 1 >
# $ 5 ! - , #O# ] , , $ - ;
# 5 # $9% , # < P
$ - , # . $ .3 , ! -5, 1 5 5# 1
> - # # $ 5 I >, /3 , ! -5, !
5 # , .3 ,bo# , 1 # $ - - #
# $ - # # "# S # S # #
+, -, 9, # 5 5 ;3 13 % 1 //(8 "'/
# 5 - 10 ( # 3 $ ! ;3 ] #
v EEE. " 6 5 v > I # -
# +,# # # " -3 $ # E. # ! ( >0 (% 1 /1
o7 "H# - : # > , 8. 8/ # 5
$ - , # $ #
51 # .3 , b # “, ! ; 3 5 5 $ # -
-# , 3 , -5, 1 "# $
# > 1 5 | # # $ B(8 '"/%&' -5, #
# -# # # # 1 #] #1 9 ;5
- # 3 $ - > C$%$ |, # 15 | ,
Il # , I'5 I $, $ -# 5 "
# -5, 1 > > $ # 1 $8 # # 5 - :
# # "# $#



#

2

>

"B 3

#% $

3 !'5

# >3

0 E1 &

%

> H

5 3 - #

> #

5 # #

, 35 #

#

B(8 '/%&'

# > - (2> 0E1
5 - (% &7 E/ "

5# = #! #! # !

> B(8 '/%&'28 #!!,

#1 # -# 3

#

#

II#



, # -# # 0" , 3 ! - # , , $
-5, ! , 13 5 5# | $ #- #3 # # > H/EE ->
, 3 P #11, # 1" ' $$ # 1 #
, 3 ! - # "H# - ' (' HE->- E #! - # #
' T $ , #1 3 S5 #! , 35 # 5 # E . -
.3+, - # o 3 # 1 $ #1, " - #
5 I > %&' 3# | #11, # S #, 5 " 3 # |
, H # # ,5 13 -# # ! -# ! S # # 4
, 3 > # ,1 HE8 -. # # $ % . (8 '/%&'28
- $ % . (8 '/%&'28 ., # 2 >, 0 E) # # 5
# 3 # I'$ ! # # 5,44 > $ # #
- C
v A (H ZH E8H
;% >C
6 - H
78 efo
O
5 c
) ) A ) > ) ) >
Q !" #" +, >-
/8 C) = 4 | >+ - )
5 : ) # " # # # # 9 "o 5#
-5 +, - H# 08 /H "ol #, $HE8 -.(ES8



)8 "

2 >,

> %

o+ (2 >,

5

/8 C)

# o0,
, H#
/H
0O E*x O!
,  # 1 4
O EM >#
5 3
$ - #
S :
# #3 5
I # >
P2 3 <

3 3 I $

3 # 08 (2>, O

F d

B

VE:: $ % - 5

n #_

# # # 5 - ,

# $ F 5
# $ > # $
" % #5 "

#>> >H# $ -#

/0 3 /1,2 0 "( 2

-5 $
E*
-5

#, $*0
3

- #
#0"
#o1#I
123)



H HO -> - E 3 >5 b# | <, " #
#>> ># 5 3 $ - $! - 5# "
# # 5# # # # > - (2 >, 0O .H
*6 g e
o &
e3
E &
@
%
G |
MB E
2 >, 0O .H - VE:: 2 -#
5 3 - # $ - 5 , 3 $
" # $ -# # | ! !
+ # $ , | 3 I 5 |
+,# $ #-5 ,35 # # , 5
# 1 5 3 $ -# $ #>> ># #
5,44 > : # " -#
- 5 3 -
$ # # $ - #11
- | # > H $ H# #11, #
, # # 2 <F ( % #5 /
"H# , 3 # | # 3 , " # "#
5 - $ # # - [ , >



> #I0
3 $ oM "
5
F -#=
> # # |
H # # "
$ 3
8 - . 5
+, !
3 -
> 51
, $#
> 3 "
# 5 -
# #5 , &
, $# $
# - #
5 - #



# 1 #3 [ H HHOY 5 1 # " $ |, $# #
> - # $ # > | $ 5 #! > ,
$ , # 1 -5, 1 #3 # AK 1 # 5 , |
D 5 #! > , # o1 2 >, 0 .E 3 5 51
3 # P # FF5 #-5 $ - # "# 15 ! P
$ 3 " -, 3% 3 > -5 ! - # #5
# > A) I # " -5 3 - " 2 >,
0 .E
Y
n >
E
%6
g A
%
E >
H
H > C
# +* >
/8 C)> .1 2/,0 4 . 4 2% 73,1 [13)
# , $ , 3 5 3 - # # 1" B(8 '/1%&'28 -5
># $ -%$ - >3 # , $ # $ #I1, " #
, 3 $ -5, 1 1 > > $ -# ' #1 # #>
D +, # $ # -# # #-5 5 ! #
# # 3 ]
B(. '/%&'28 #!!, # # - # , 3 ! - #
5 b4# # $ # | , 5 # UE -> - E $ # ,

# #



, . ' B(. "1%&' -5, VA ] _ "
, $# 5 , , $# # # - (2 >, 0 $
#10, " ' $% - # 3 # , - 3
-5, 1 # $ # , # 1 " $ # 5 # #, >
, # | 2 >, o./ #'!' 0 .8 " , $# 5
- 3 # I'$ # $3% , # 1 # #I1,
OH
8H
4
G /H
2
H > 8 H 1H *H
2Q 3 * 3.
/8 C)>> . </,8 .2,8 [/, 42* + D- 82/,
3 * 3t >4 +>- 1)
6
>
D
H ) ) A
2Q 3+, >-
/8 C)>: .

. </,8 .2,8 [, 42* + D- 82/,

3 * 3t >4 [ >3+>-

2

2



& >
A
H
b
H ) ) A
2Q 3+, >-
/8 C)> : . </,8 .2,8 /[, 42* + B- 82/, 2
3 * 3t >4 [o+>- )
# # 5 - MZ#H -&- E # ! #3 0 . # 1 # > #
# > )H 3D
6II
% %& H )0 - H/H -
= % %& H *E - H.) -T
/4> H/E -T
2 3 C)> 2 3 *3 4 3* 0 083 2 =/ 2,0
O -5# 1" ! # | O## #S# $ WWEN&
9o# ,# !'$ - -# 1 - $ % /(. 7T/%&":1. # ] # o, 0# | $#
$ EE8$ "1%&' -5 9o# ,# !'$ - - , # 1 - $
% /(. 7/%&":1. #1 9 8 ! (8 +, 3 4 ( %&' /1/: #

-5 ! $# r "# Z HS#&-HE =



# # > - "# , 35 # # , # | 2 >, 0.0 3 "
T T
@
2 > 0.0 7 3#3 % 5 F #
# , # # 3# | I'# # 3 # s - # > #5 !
, ,3 , I %&" 3# ! 4" #11, 1. # | , 13 e
#, " L # # . 3 # ! $ %/ )(. D /%&'28
% #5 8 > - # - , #o- 3 ! -5,
, D # ,# 3# | C , # #3 $ # -
$ . # ! # |3 ,  Lo#N ! # - # - , # o -
, 3 , ! %&" 3# ! -5 1
# > # $ - 5" # , > > # -
# 5 -5 - # -5 I $, , $
5 , # - "> # > #I - # 3
33 $ # 5 : > # , $# 5
, , # /0 8H -&- E #5 , #5 5 : it
5 1 , 5 #11, # $ : , 1 # ] 5
" - # " H# -5 L # , > #5 5 : 5 1,
" # o# , # $hHO-&- E3 > 3 I $ : -



/8

C)>

# 5 , > - "H D #
#-5 5 - # E1 18 3 # ,
%&' 3# | -# # EE E. EO 00 O* , !
+, # # 3 ''$ # -
, > # " , % # ,-3 $ #
> # # # " # 5 H > "
# > 3 M - # # > $ - # 54 1|
$ ! - # - # - - #
# >H# ! # +, | # # +, | I'$
, LI , # # 0 +, ,- -H# # , |
0 .1 # # 5 # #, = >
1* 20 *73 31.2 23 4 7?2 ?21*%* 20 *73? ?2 >?2+ 20/
2/, 1. ,73- 7 J 51/, 3/, )
> , # , $ , , # #H O# > - !
# # > - # 4 # # # # > -



-# # 3 : $ #>> ># 8 -#
| -# # $ - > 1 - # " # -
: 2 #-5 ; & 8
# | # # 5 , > 3
# $ -# # (2>, 0.) " !
#
2 >, O.)D# #,! % # >
3 # #5 # > >
, H # 1, .3 , ! %&' 3# !
- #9 S # #, "
> # # 5 - , #55 ; -# H
“#o # ;O# 1! ! ' 5
! ' 5 # ., 13 S5# =1 # 1"
> # > # # 5 - ) " #
- # L # | #5
= # S H#H #, # # #
# | -5 (% N -# 3
- , 3% S # #, I # #
, $# $ ,35 # "
# #9 S # #, # S5 # $
# # | O## # #

#

E1 " I
#
I - 5#
$ <#
#
I
#$
# 5
3 :5
. S# 5
$ # # >
5 #, 3
5
- . #
$ /0 8H



3 B(8 '1%&' -5, | D
# ,3 , ! -5 | - 5
$# $ > # , $# 5
5 5 I | # , $# $ ,35
C # >
<, $# 7 ,
)
0 .* B # $B(. ' 1%&'28
" -5 L # o# 1| #
# ", 13 # > 5
# , ", 1 3 # 5# |
# 1 |5 5 # o :
# # 5 % ! # , 5 -5
, 1 3 > 3 > - , )
# > # #>> ># | 5 #
3 #= " I>1 # # 5 3 - $
> , -5 'O # ;5
" # #>> ># 5

#



C # 0 $ B (.

5 n

2 >, 0O.M # ! "

EH

4

"1%&'28

#

2Q
%

\Y
1

_5,

% . (.

"1%&'28 #!1,

# 5 # |

E %
%
1'%

) A

3+, >-

-5

>S/+>-

AG;5#

%

S # -5
# # 5 $
P o# ! -5
H
$ Hoo
$
3 U
_#’ ,
2 >, .M
#, !
n > 2



< S>>
$ -# $
6 - #3
C$ -# #
D $ -
5 ) )
- o .
#>> >t 5 3
# + $
5 1 - 1 #
- <, 3 #
.55 $ #>>
#3 5
;5 - 3#
) ! #5
#3 5
1HH
OHH
C
> 8HH
%
" JHH
%
>
H
/8 C):

2 13/%% &4-

3) ,
, 55
# $
, 1 3
# # 5#
1 ! >
# |
- -# #
$ # 9
!

H# -
I "# 3
) >

E1l b

> E/

.k

>
8HHH

2 >C

#



# | , 35 # , : > # $$ - # #
,55 > # # 9 " 2 , $# 5 6, ; ! #
#3 ;5 - "# .0 -&- E" # 5 , " 3 ! 5
" - , # , > $ - #H>> ># # 5 ,
$ # 5 : > l, - , # > > #
# - # = # # > - , 3+, # > 1 - #
3 5 ! 3 #3 #1 " 65 $ - # #
- #3 ;5 - # : L # # # 1 $%
, >
< ! $ $ - " #5 > ! 5- $ H 3 # = ! #
$ -# ", 13 3 I C : $$ - # # , ! :
$ -# $ - " # #1 , 3 , 35 # I, -
5 > # > 5 # #! > |5 # 5 # 5# $ -
$ -# $ - , # 2 >, O0/E
w
% 2 3 3

/8 C): x| .23 &1 < 4 1 0 /* 33 2/ ,)



, >
#
#3
7 $
;O -
$! #
@)
!
5 # #,
_# =
$
#
8 -5#
1 $%
! # -
5 #
" >
3 n
# [1]

$3

#>>
S#

(%

YHS$*O0

-#H O# #

> #

#5 1

# "# 8

> A

# , # C -#
3, # - I # !
D $ - -5
5 $ , 35 #
- # |
! # ! 3
- # 5

# 3 # > |

.$ 3 MH EHH

#11, 5

3

# #>> ># #
$ -# -3 #
L
$ - #3 #
# # I#
#11 $ #
#11 $ # !
5 # > - :
# # # "
# 1 # 5 |/
! # 5 0 *
# > #
# # :
# % #
, 35 #
,5 # > -



/8

/8

H ) ) )A E ) >
BG A F GwW? G% 3%V

C):> . </,8 .2,8 [/, 42* + - 82/,

3*3 + >- 45/+bH- 2 1 :?)
#l $ # > #1 M- ol ,35 #
+, # ! 5 $ , 35 # WE E #! # | #-#
$ - 3 # ! # 5 # #, "# #3
" # $ # , # ! - # 3 # I $
$ -5 , 1 EO OO

C

7
o
$ >
g
7
% A0

H ) > ) ) ) A E

Q I #" +, -

C): </,8 2,8 |/, 42* + B- 82/,

3% 3 >4 $%&>- 2 1 )

>A

2

$$

B(.



>A>

- , HO# #H O# " 5 , # # | # !
-# # 1" 5 # $ ! 1H 10 - #H "ol
, $# 5 , $ #H- #- $ -# # ! 5 ! # #
# ! -# ! #3 | #5 $ - # 3 ! -
- # # ,1 8.88 -&-E C "# , > # I
#!! "H #3 > - # 3 -#= > , 35 # - S # #
, H#> > - # -# H H# > # # $ -$ - >
SH# - "6 H#-H#HHH "o $ - "# , #3 # |
5 > # #, -5 (2>, 018
1HH
OHH
8H :
Y
g BHH
%
C /HH
ﬁ > CcC
c .HH
" EHH
H
> 8 HHH
C G(<G%F& <
2 >, 0/8 < #3 $% . (.'/%&'28 # 5 EE(.0 -&- E
C # # , > # #!! $ ! # - # , 35 #
#3 # # 3 , '3 % #3 - # $ -#
N $ #1- .- ! .35 # " ., 1 # F8 ,
$3 5 - # - - # o
! > # # 5 > # 3 I # 'y.E -&-_E "



# 3! # #>> ># 5 - " -# # # 3 $ !

- /0 " # I - #, EE # 3, # $
# # 5 - # # # "H# $#
= # -# # " # 5 # 3 " # -
- # # # " #3 $ -3 # , EE , = $ -
-# I $% 3 I #l $ #!- - I " #
# - , B O#HO# ,5 13 -# # " > # >
2 >, 0/0 4 , S# 5 , #1 " 5 #1 # 0
# > 35 # 5 # # # 0% I MO EHO , $ >
I I # - , $ - # $# P "# , $#
3 I B(. "/1%&" #!!, EO 00
:C
>C
>
C
H ) ) A ) >

BG AF G%? G( $J

/8 C):C . . </,8 .2,8 [, 42* + ?- 82/, 2

3 * 3 .4 | >/+>-: 2/, 0 4 2 04 1.2 )

>A:



5 #
5 5 I #>>
> >
$ #> # |
L) -

#3 "

5 !
% #5 8
" !

, # #
$ # |
-# #

1HH

M 8)H
C
%8

c /8 H
@)
?
%

E4 EH
-
/

*H

H

/8 C):

2 /1317

>

C G(<GWF& <

4

/

>S/+>-

>A

$ # %!'%3 ,35 #
> # ,35 # #
" #># (2 >, 0 /1
- rs -, -5,
, 3+, D $ - # ,
- - 3 !
, +3 ' %&' 3#
# > # # 5
EH # # $
3, 5 #3
#3 D $ - $ 5
OH .
%l
8Hf
/' H bt
a
> '(gCB
4
/
8HHH
, 0 0 ,0/ 1, +>C



C)A 4 ,* )
E #S$ &K * EM*H )0 .8H
#1# B j#-#- #1  O# EH3 K ES$ $ 0

EM/8 ./ E)/

/! % | >$ ( * \ 5 @ '@ | D> "
7 7, #- < & "j = E**) 5 .0/

8 | B# E$ %*MM 8* /)

0 7 =C E*ME 8/ 8/)

1 C #>,3 $ ) EME) /M E*8*
) P % % EMM) // 08

* N D D U>3 $ )EM/8 01 8MO

M N, 3, # | S, $ & $ EM)! E 0))

EH B N# B # #1$ 10 BEEMM8 M8 EMO

EE B D ,> 7)$ ** &4 D EMM/’

E. P | " P | $$ G | % #" # 7 N, 4
P >I##! P D/!=# $ EMMO 0 M)O

E/ P D = % D #!#!1% P) ' $
EM** M//

ES P | " #l# P I $$ #1 & H#-8& ) *
ES$ $ 1% 3EMMO EH. E//

EO % < D #! NS ** & 4 D EMMM

E1 D# #,! 2 - "#1 | B # | B,#,!
@# | ! & K * EM**'E.E 8ME

E) I P,! B I > B B #! 2#%< EMBIH
1 0EM

E* % D,3%

) & 5 EM** E1H E

>AC



EM % 2 % & % 5 K & %#-3 1> 2

7 EMM1
H P P# K | " 2 F & KO * C
& "] = EM11

.E F 3 $ ) & 5 EM*M E)* 01/
&#=#-, # # - 2 # # #H=# < >,

j N#"#3#%$ 2 EM*1 )HM

.l E # >-, #1 @ |!1<3# $% ) EM/* 1H E/OE

.8 % 7 #1 0O D# "2 2 % & % 5 P
P B 3 E/E ..E 7 - 7 & "J] = EMMH

.0 1 < , -# B D O# , # ! 1 & EBOAL E81 ))

1 1 N FIB,= 7)$* &4 D EMMS'

) D# #,! % B #1  Bl#,0 & K * EM)) '1.
EOHM

NN N# P P B 3 #8% )% &5 EM*/ MM .ME

.M B O 3 EM*8 OE*

IH G < #> <, $#J 2 - * ] % ) " E$

$ &' G D#, ! #! 2 % &# I EMOO /.0 /)E

& "j =

IE % I 7 D 6 *J BEM*)

/. I " # |7 " < <# #> #%$ %

) &5 EM*0 E// .8/

12 # F % "# @ @ O# # =##M11$ 7)
EM)/ MO M8*

/8 B D #1 9% 7 'EMMO /)8 ))E

/10 P | ‘C 'EMMH /8) 1E)

> A



/1 E B P > 7 @ N = & %H#! | af #1 C
' E M €0C M

1y P I " P | $$ % P > B# # B D %
# #4 $ EMM1 1 E/E

[* P " 7 1# = P 1 $% B P I #1 %

$ EMM1 1 E/)

IM P | " 7 I# = #1 OC %EM M *

8H 7 1> 6 I 3 o # ! N SEMM/ .1 E)*M

S8E P I " O O#= C B P P I 2 # P <
D " | $ EMM1 1 M1M

8. P | " | B <#-3 < # O P 7#HE #
$ ) % EMMH E/)8

8/ B 4> D % ?2 5% @ #= - =# #-
N#"# L O, #  3# # @ > <#=,# | O D# "

7 %# # D - #!P1!I3 "$ )EMM)@EHB800
88 D #1 % $ - E$ EMMO®./
80 P | " #1# 7 N <= “#1 P 11$$ # |
$ EMM* * [))

81 P | " P I $%$ P #- G 7 <
D# # # ! % B CD " 'EMMXT/@0

8) P | "1 T71 & 0 & E ( * 1 % )
(! B O " 4#1D N, # & F <C EMM)

8* < D#= % 7 P P B3 $!) @&5EM*>@
0/

8M B 1> 1 < G# 7 !> B | P < = # 1

E EM*)@M)

> A=

@,

D #

<4 #:

. 8



OH % < % 5 I % = C % #-)3 # 1& N B#

3 EMM8 E* EM 8EE

OE 7 < @ @) D# "2 D 2%$ p!& P B3
5 EM)M 1H .10

0. D > % O & %#-53 ! # ! @& I)ENM'10 .H /M/

0/ % 7 # < I # P ! 3 > B < > B >

B D # | %! 7 $ EMMO O E1HE

08 P | ! G I % #" # 7 N, 4 = <4#3 " = C
B D P # > # 11 $ # ) "5 & EMMH *1
EEE)

00 P | "$ ) & 5 EMMH E*1 EOO

01 & D B D ,> | < D = | ! < %
) 8 EMMH /.0

0) & D B D ,> | < D = | K #1!I < %
1 EMM8 )1 )OE

o* <4#3 " = 7 * & K * EMMB '

oM % 7 E

1H /I B! = O D D, > # 11 % N J#BH "' ES$
E ( & $ & *E & o @) # 1 < C & "
i = EM*1

1E < " % # = #! K &N ! I %
$ 8 ! # # 7,3 EMM.

1. B 4> & G - #1 P | "2 F EM*8 EH)
)11

1/ P 1 ! G < % O# " = B O P 2 7 #
O =3 % EMY)) /] *8/

>AA



21 ,*3 1,
) 2.7)
#- $ "= # 3
;3 13 4" ! ) # 5
3# | # 5 : # /0
I - # o+ -@ EE EE E. E. # #
#1 ./01 #$ ) ) *o* # #
# " # 0, Y% # 5 -#
- 5 # 5 5 E/ "
# # # # , ! # 3 #
" -5 3 > # # 5
= #11, = " 3 5 # >
I # > # 1 # -#
.3 , ! # - ( %&' # !
5 5# | # > -1 $ 1 % -1 #
%&" ! # "# 5 5# | | $
5 - 5" $, W&'S
5 # > , 9 3& #
lo# - # $58%, # $# !
#1 15 1 - ! : "
- | @= # > & # = #
" # # = # | $ - +# - 1 #
#55 5 # %&" ! # !

# ! -
- # 52 #
1 #- ) ) *o*
M EH #  #+, |
5+, 7 #, " =
# " @ ! 5 ##
# -#
o1 !
g
R >
$, # # 5
4 # (% ' #
| | @toc "5 I,
- 5 1 > +
#1 "# 5 5#
# -5 | >
+, = I+,
# 5 5# | #
$ #55 5 #
" #
| 4" #11,



11, " # 5 5# 1. > &- 55 1
( - # - 11  518%% N NI
%&' H# ! %&WT@3IH | +, - oan g
5 1 - #1114, - 3# 1 -5 1
5 5 5#  #11, $ # 4
A %e&' 34 1 #IL, > #
g #I1 TLoH > 1> $ ,
i > . .3 3 %& 3# | $#-  $ -#
3 %/)(.D/%& ' ? = %&' 3H | -#  #
5 5# B11, 5 1, e
" 5 I, # | #3 Ls $ " >
( 3 $ 5 5 # 1 ##  # \## 3#
% &
&% % &
$$ $ L, > 5 # ! > #
$#-" = $ , !5 # 5,1 # 3 - # I
5 5 1 5 $ > vy
#3 5 3% 1 $ .5 3 >
i #o

5



2 #-5 r, $ - > # $ . #oo-

$ > > # # $ %&" 3# | , 5#
< # - $$ $ %&' #! %&WT7T@3# ! #I!!, ! !

> # " 5 # 1, > 3 ! #

-# I -5 # 5 # SH #- G & # #3 5
# #11, 5 # L # 3 #! v # "

> # +, - #I, "H# s | $ # > # | # 3,

#- , # 3# = # > # % 5 $ - > #

I # - # 1 > 5 5 # > | > - $ -#

"1 # 5 - (3, $ # > 5 # " $
%&'2 #I11, 3 > > # # 0% &' #I!I, C #
% = D:%&" #!!, # 3 ! , o> > $ # , , # # >
! # > 5 # @) - # o, | "5 # #3
3# ! -3 # 1,3 #- -5 # # # v 3 #! #

, I3 #! >  $ # , >
$ # o
c > # > # # - 5 ;3 138 | %&'2
-# # ! $ ! 3 -, # > # &' 3# | -# #
T H#-5 %> 6 ':%&'2 "l # >H# # - $ B EMH. -
# > # # 3 ! 5 I > % (0T %& #IT
$ ., # 1 4" # "o I $3 C $ 5
3# - $ # > # 9% 3# | 3 ! <,
# - - 3 ! # 36 D %W&'2 #!!, # 3, !

# O#>> ># $ - , , # # # , o, # # >



> ! # o ( , I 5 - - $ # , %, # 0 # # >

! - ! 3 ! $ 8H 81 3 F ! , 55 >
- $ - EM2 & B # - - ) ! ! # " #

! # ! # 5 - # > " # > 5

4" # # # - " # > # % #3 5 3#

$ ! 5 - # #11 $

L # # o $ %/ (.#D!'/ %8 M(8 '/%&' -5 , !

I # 4" # $ - $ y#-5 $# 3,

# > #11, $ 5 " # # v
,3 , | +, , -

? = B(8 '/1%&" # ! B(. '/1%&" $#- $ -5,! B(8 '/%&'28
B(. '/%&'28 -5, 1 # 5 D$ -% - > -# # ,

, 3 #55 5 # > # C - 3# 1 $ $ .
#11, ! - # $ 5 ! > %&' 3# | #I11, 3
. #3 C # B(. '/%&' /]* - $B(.'/%&'28 # #
" -# 3 # 3, ! # # > - $ - , ! $
- # 5 3 1, #>> ># 5 #55 # $ -
)> % )

E 2, o= # %&' 3# ! -5, 1 #
55 I ; C



2, ># # >-, D I> $ - %$ - > 5 5

B(8 '/1%&'28 # ! B(. '/%&'28 ! 5 # - ' $ 5 1, >
-- # % -
/I G;5 - # | - # $ # 5 # 3 # $ -#
+, , # 5 B# > < # > ( B< #3 > .. AT
# 5 3 3 , ! P # ! , 5 I # - # 5 -
S # # # 5 & | # 1) $ #-" =
0o 2, > # #, $ 5 I, $ -1 8 - 5 n
S # o, #I1 > © >
1/ B $
E P 1 " G I % #" # 7 N, 4 = <4#3 " = C <
B D P# > #11 $#) '5 & EMMH
*1 EEE)
(# B 4> D % ? 5% @ #= - =# #- @,
N#"# L O, # 3# # @ ,> <#=,# | O D#!" %
7T %# # D - #!P 113 "% ) EMM) EEM EHS800
(3 P 1 " | B < #-3 < # O P 7# = #1 <4 #.
! $ ) % EMMH E/)8 ( P |1 " G I % #" #
# 1 7 N,4 $ 1) " $ EMMH E/00
I (# P 1 $ ) & 5 EMMH E*1 EOO0O (3 ® | 'EMMH
/8) 1E)
8 , - #1 <2 "% 3 EM*8 1E*

0 N # # | % $# ) ' $ EM*0 .*1



B % O #! #!1G! | % $ EM)0 8H /EHE

(# B D ,> 7)% ** &4 D EMM/' (3 & D
B D ,> | < D = I #1 8 %) ' 5%

" EMMH /.0
% < D #! 7)% ** & 4 D &EMMM



11 ,0/9 )

55 1 . C I+, - #1115 1
# # ! ! # , > 5, R
1> 1' -# ] $
& %
& % % & & %
Q<? 88- 1 8
% # # # J
CB (ND J /888 (F .E*/ .EO0. (BZ&
k & BJ C ,%$% #-5
< (2 DJ 3 # !
% & # # J 53 #-5
& %
& % % & & %

<?* *8- 1

% # # ]

CB (ND J /8/) (F E*H .E.0 (%Z&
& B (I 2 3 >¢# "=

< (2D »8z18. (/Y 810 (.Y S %'

% &

% &

ESM) (%Z%

% &

% &

EOEH (%Z%

%> >&A(18. 1* %# J % )*8M 8 H* & E) 8/ Y

2 ,1J %) .. 80) & E/ 8*Y

%8. .1&* .% /F ()H1 )1 % )8)) 8 *8 & EO

*0Y



& % % &
& % % & & % % &
AK %* >(8 71%&"

% # # # ]
CB (ND J /8/E (F E** E.) (%Z& EO)H (%Z%
k & B (! 2 J ,$% #-5

< (2D »8218. (8Y 8 810 (EY S %'
%8. &* (18. 1* %# J % )* 8M 8 H* & E) 8/ Y

2,13 %) 1. 8)) & E8 8* Y
% >&\>%:F ()H1 )1 % )8 )) 8 *8 & EO *0 Y
& % % &
& % % & & % % &
Q<?88- 1

% # # #

CB (ND J /8.E (F EOM .H*. (%Z& E081 (%Z%
T& BJC ,$$ #-5

< (2D J 3 #

% & # # J ,$$ #-5

Q>+ 88 1

% # # #

CB (ND J /8.E (F LE00 ..H*/ (%Z& EO/M (%Z%

k & BJ C ,$%$ #-5

< (2D J 3 # |

% & # # J ,$% #-5



<%

7

11 ,0/9)

# $
> -3 ! -
F3 # s
2/, 0 4

<% # ! P
$

- %* *(8

? A A+ -

"1% &'



E H

EHH

<%

7

F3

#

21,

0 4

$ A %*$ (8

1?2 AA+ -

"1% &'



