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ABSTRACT 

SYNTHESIS AND CHARACTER I SAT I ON OF NEW AMPH I PH I L.l C MOLECULES 

FOR NON-LINEAR OPTICS 

New amphiphilic donor-n-acceptor chromo~hores have been 
prepared and characterised. The LB fi.lm forming ;=-nd second 
order non-Linear optical properties of these amphiphiles have 
been investigated. 

New electron acceptors have been prepared using the 
reagent 2-chlorobenzylthiocyanate. The scope of the reagent 
for the preparation of TCNQ derivatives has been 
investigated. New DCNQI and~. 7, 7-tricyanoquinomethaneimines 
have been prepared and characterised. Attempts to prepare 
novel donor-n-acceptor compounds from these electron 
acceptors were unsuccessful. 

The synthesis, LB deposition and CT spectra of R-Q3CNO 
<R = C6 H, 3 to Cz 0 H4 ,) and four substituted analogues have 
been studied. The second harmonic intensity from Z-type 
films of _C, 6 H33 -Q3CNQ was found to increase quadrat leal Ly 
with the number of LB Layers. 

Zwitterionic amphiphi Les with benzothiazol ium and 
thiazolium donor groups <C, 6 H33-BT3CNQ and C~H, 3-T3CNQ) have 
been prepared and characterised. No SHG was observed from 
fiLms of C 6 H 13-T3CNQ. FiLms of C, 6 H3 :~-BT3CNQ are Y-type and 
opticaL SHG has been observed from odd numbers of layers. A 
variation in SH intensity with the number of laser pulses has 
been observed. 

The synthesis, CT spectra and LB deposition of some new 
hemicyanine derivatives have been studied. The LB films have 
a Y-type structure and SHG was observed from films with odd 
numbers of Layers. 

Novel push-put l chromophores with the 1, 3-dithiote 
donor group have been prepared and characterised. The LB 
deposition, CT spectra and NLO properties have been studied. 
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CHAPTER ONE 

INTRODUCTION TO NON-LINEAR OPTICS 



INTRODUCTION 

Interest in non-linear optics has grown in recent years 

because opt leal technologies have taken over many areas in 

which electronic techniques traditionally domLnated. The 

increased use of fibre-optic technologies in the 

telecommunications industry stimulated the need for optical 

switching and processing devices. In non-linear optics, the 

interactions of electromagnetic radiation in various media to 

produce new electromagnetic fields altered in amplitude, 

frequency or phase, or other propagation characteristics, are 

studied. The greatest interest is in the media in which 

these effects occur; new materials for non-linear optics are 

of primary importance. 

1. The Origin Of Non-linear Optical Effects 

The origin of non-linear optical effects can be 

explained if one considers equation ( 1. 1) where the 

polarisation, P, induced in a molecule by a Local electric 

field, E, is expanded in powers of the electric field. 

P = exE + a E 2 + yE 3 • • • • • • • < 1 . 1 ) 

The polarisation, P, is a vector quantity but to simplify the 

analysts it is easier to assume it is a scalar quantity. The 

coefficient ex is the linear polarisation. The coeffic tents 

ex, a and y are complex numbers, for ex the real part is the 

-2-



refractive index and the imaginary part corresponds to an 

absorption of a photon by the molecule. When an 

electromagnetic field is applied to media consisting of many 

molecules the field polarises the molecules. The osc i t l at i ng 

dipoles emit E-M radiation whi.ch can be detected at some 

point outside the medium. The frequency of E-M radiation 

emitted corr~sponds to the vibrational frequency of the 

dipoles. If the vibrating dipoles have more than a single 

frequency component all of the~e are present in the emitted 

radiation. 

significant 

If the first non-Linear term qn makes a 

contribution then the medium exhibits an 

asymmetric non-linear optical response to the applied field 

E <w). Such a medium may consist of molecules with an 

asymmetric charge 

polar orientation 

distribution aligned 

is maintained in the 

in the crystal so 

crystal. If the 

medium is centrosymmetric then a=o. This can be argued as 

fol tows. If a field +E is applied then the induced 

polarisation P from the first non-Linear term is +13E 2 • If f.' 

field -E is applied the polarisation P predicted by equation 

<1.1) is still +13E 2 • But if the medium is centrosymmetr ic 

the polarisation should be -j3E2 • Only if j3::0 can the 

contradiction be resolved. By a similar argument for the 

next higher order term, y is the first non zero non-l i near 

term in centrosymmetric media. 

-3-



1. 2 Macroscopic Non-linearities 

Non-linear optical 

consist of many 

propert i.es are measured on samples 

that individual molecules. On the 

macroscopic scale the polarisation induced in a medium by an 

external field is given by equation <1. 2>. 

p = Eo ( X 1 E + xaE 2 + x3E 3 .... ) ....•. ( 1. 2) 

E is the applied field and the Xn terms have meanings similar 

to the molecular coefficients in <1.1>. The odd terms in this 

expression contribute to the polarisation of all materials 

but the values of the even order coefficients Xz• x~ etc. are 

only non zero if the medium lacks a centre of symmetry. 

These non-linear terms give rise to effects which may be 

useful in modern electro-optic corrmun i cations. Second order 

<xz> effects are especially important. 

the Pockets effect. 

Pockels effect modulators can 

One such effect is 

be used to couple 

electrical and optical transmission media. The modulators 

operate through synchronous refractive index changes in the 

modulator media with the digitally coded electric field of 

the transmission signal. The refractive index of the media 

must vary with the applied field. This effect can be 

achieved if the modulator material has a Large second order 

-4-



non-linear susceptibility. 

terms gives equation <1. 3>. 

Restricting equation <1. 2> to two 

P = E.., ( X 1 E + X2 E 2 > ..... ( 1. 3} 

which may be rewritten as equation <1. 4). 

P = E..,XE ..... (1. 4) 

where X= X1 + xzE ..... <1.5) But the reTractive index <n> 

can be related to X1 through equation (1. 6). 

n 2 = 1 + x, . . . . . < 1 . 6 > 

Substitution of <1. 6> into <1. 5) gives equation (1. n which 

describes a field dependent refractive index which is the 

requirement Tor the modulator. 

n = C X, + 1 - XzE >.... • .•.• < 1 . 7 > 

Second harmonic generation <SHG> is another effect that 

can be observed from materials with large Xz· The efTect may 

be explained by the use OT equation <1.3). Suppose a 

sinusoidal Laser source of frequency w is appl led which may 

be described by equation <1. 8). 

E = E~ Sin <2nwt> ..... <1. 8) 

-5-



which by substitution into equation C1.3l gives equation 

( 1 . 9). 

P = £= ( X 1 E..., Sin(2nu.lt) + Xz E<A.I 2 Sln 2 <2nu.lt)) ..... (1. 9) 

By using the famiLiar cosine formuLa Cos 2u.1 = 1 -2s i noo:t,: 

the E 2 term in equation <1. 9) becomes:-

This term represents an oscillating polarisation at the 

doubled frequency. 

A variety of other non-Linear optical effects can occur 

through Xz and X:s depending on the input frequencies, the 

proximity of vibrational or electronic resonances to the 

input frequencies, or frequency combinations and the phase 

matching conditions. A wide variety of conditions can lead 

to interesting non-l tnear effects. Various susceptibility 

functions and frequency arguments are given in Table 1. 1 for 

Xz and X:s· 

-6-



Table 1.1: Electric susceptibility functions )o:,-.<u.,,;t.lz,w'!') for 

various interacting fields. 

w2 ,w3 = input frequencies. 

Suscept. ibi l ity 

Xz<-w,,w2 ,0) 

Xz<-w,,wz, W3) 

Effect 

Optical 
Recti-fication 

Pockets 
Effect 

Frequency 
Daub ling 

Frequency 
Ampli-fication 

1. 3 Materials For Non-linear Optics 

w, = resultant field; 

Application 

Hybrid bistable 
Device 

Modulators 

Harmonic Generation 

Parametric 
Amplif'ication 

The properties of" materials are vitally important to 

the advancement of' the non-linear optics f' i e I. d. Currently 

three main material types are under investigation. 

<1> Multi layered semiconductor structures < called 

multiquantum wells <MQW>> and other semiconductors. Methods 

of" structure production are highly sophisticated involving 

molecular beam epitaxy <MBE) or chemical vapour deposition 

CCVD>. 

(2) Lithium niobate devices this technology is 

advanced and devices are at the production stage. The 

devices are, however, large as the non-linearity is smalL. 

(3) Organic materials - currently the area of' greatest 

interest. As mentioned previously, in the design of 

-7-



materials with Large second order non- L i.near optical 

properties, the molecular hyperpolarisabil ity must be 

optimised and then oriented in a medium< polymer, crystal, 

or LB film). Studies have shown that molecules containing 

conjugated n-electrons with charge asyl'll'Tletry exhibit 

extremely large values of j3. 1 The largest values are 

obtained when the molecule contains substituents that Lead to 

Low-Lying charge transfer resonance states <Figure 1. 1). 

o-o-A ~ ... + o=\:)=A-
+ 

D A tj b 4 .. 
~ !J 

A 

o-{) 

Figure 1. 1: Charge transfer resonant states of 

disubstituted benzenes. 

The polarisation arises from substituent-induced asymmetry of 

n-electrons, as well as the electric field-induced charge 

transfer resonance state making a contribution to the ground 

state elect ron i c conf t gurat ion. For the nitroani lines the 

charge transfer and substituent-induced asymmetry 

contributions to the molecular hyperpolarisability <13> have 

been separated into two parts 13 ... ctct and j3c:"" <equation 1. 1 O>. 2 

-8-



13 = 13 .... c:lc:l + 13.:~ 0 • 0 0 0 ( 1. 1 0) 

The experimental values of" 13 for a series of ni.troanili.nl?s 

are given in Table 1. 2. Values of 13sdc:l were obtained by 

vector addition of" measured values of" 13 -for nitrobenzene and 

ani line. Values -for 13 ... ~ were obtained -from a quantum 

mechanical calculation based on a charge resonance two-level 

model. There is very good agreement between the 

experimentally determined values for the disubst ituted 

systems and the calculations. 

13 ... t has been accounted for by many d i ff"erent quantum 

mechanical calculations <e.g Pariser-Pople-Parr calculations 3 

and other SCF-LCAO methods4 • 5 ). One particularly usef"u l 

approach is the two-level model previously ment i.oned which 

predicts that 13c;t is gtven by equation (1.11>. 

13c:t = 3e2 h 2 F <w> f" 6U 8 , •••••• < 1. 11 > 
8n 2 m 

where F<w>= w 

W =the energy of" the optical transition. 

f" = osci l Later strength. 

6U8 ,. = di-f-ference between ground and excited state dipole 

moments. 

F<w> is a dispersion term and enhances 13ct as the -fundamental 

-frequency approaches the energy of the charge trans-fer 

-function <Resonant enhancement>. 

-9-



Table 1.2 Second order hyperpolarisabilities for 

ortho-,meta- and ~-nitroanilines plus ani Line and 

nitrobenzene, determined by experiment. 13 ... csa and f3ct are 

also given < Values x 1030 /esu >. 

02N-o-NH2 34. 5 3. 4 19. 6 

02N NH2 

b 10. 2 1.7 1 o. 9 

NH2 

02N-b 6.0 3. 3 4.0 

02N-o 2. 2 

1.1 

-10-



Table 1.3: Calculated vedues of ~ct. and experimental values 

of~ for a series of stilbene and benzene derivatives 

< Values x 1030/esu ). 

19 34. 5 

227 260 

383 450 

217 220 

715 650 

-1 1-



Good agreement was obtained between ~ct and ~-KP for a series 

o-f disubstituted benzene and stilbene derivatives assuming 

that ~ct =~.,....,.<Table 1.3). 

compounds <1a-1c) that ~ 

Dulcie et at have found -for 

depends on the length of the 

conjugated n system. 6 

obeyed <Equat ion 1 . 1 2) . 

An empirical Law was found to be 

1-lo~ = Cn" ..... (1. 12) 

where K~2 and n =number of conjugated double bonds in <1). 

< 1 ) <a) n= 1 

<b) n=2 

<c) n=3 

CN 

1. 4. Determination 0-f Second Order Hyperpolarisabilities 

Currently there are three experimental methods -for the 

determination o-f second order hyperpolarisabilities. They 

are the EFISH technique <Electric Field Induced Second 

Harmonic Generation>, the Kurtz Powder technique and 

monolayer second harmonic generation <MSHG). 

In the EFISH technique, a PC electric -field is applied 

to a Liquid or a solution o-f the molecules of interest. 7 The 
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electric field produces alignment of the molecular dipoles in 

the medium and removes orientational averaging effects. The 

induced second order non-Linearity can then produce a signal 

at 2w from which ~ can be obtained. 

In a typical experimental set-up the output of a Nd: YAG 

laser C 1. 0641-Jm) is split and directed into reference and 

sample celL. The sample cell is translated by a stepper 

motor across the beam. A high voltage DC pulse is ~pplied to 

the sample cell and simultaneously the eel L is irradiated 

with laser pulses. The second harmonic <532nm) is separated 

from the fundamental C 1 064nm) by a system of monoc.hromat.ors 

and f' i l ters. The second harmonic is detected by a 

photomultiplier tube. The reference beam is directed into a 

crystal, such as quartz, whose second order properties are 

welL known. From the si.gnal ratio of' the sample and the 

ref'erence material, the value of the non-linear coef'ficlent 

may be obtai ned. 

The Kurtz powder technique is a convenient method for 

screening large numbers of powdered materials for second 

order non-linear optical activity without needing to gr·ow 

large single crystals. 8 The technique involves directing 

laser light onto the powdered sample and the emitted tight is 

detected by a photomultiplier tube. The method enables 

material selection for single crystal studies. From a study 

of second harmonic intensity versus particle size it is 
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possible to distinguish between phase matchable and non-phase 

matchable crystalline powders <Figure 1. 2l. 

t 
phase matchible 

/(2cJ 

not phase matcnable 

Figure 1. 2 Dependence of second harmonic intensity on 

<r>I<Lc> where <r> is the average particle size and <Lc> is 

the average length. 

Phase matchable conditions exist in birefringent crystalline 

powders where it is possible to find a direction in a 

crystal in which a component of the non-linear tensor Xz will 

produce a harmonic wave that propagates with the same 

effective refractive index as the fundamental beam. 

The latest met hod of 13 evaLuation is monolayer second 

harmonic generation. • For MSHG the chromophore is 

derivatised with a long alkyl chain, typically C20 H41 • A 

dilute solution of the amphiphilic chromophore is spread on 

the water surface to form an oriented monolayer. The 

monolayer is transferred to a glass or quartz slide and 

irradiated with laser Light; the second harmonic is detected 

by a photorrultiplier tube. This new technique has a number 
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of advantages over the EFISH technique. The experiment 

yields a direct value of e and there is very little 

absorption of the fundamental and second harmonic because the 

films are thin. Unlike EFISH, the molecular environment of 

densely-packed chromophores in MSHG more nearly resembles 

what it would be in an efficient non-Linear optical material. 

Compared to EFISH, the new technique does require extra 

synthetic effort in attaching the Long aliphatic chain to the 

chromophore. 

1. 5 The Langmuir Blodgett Technigue 

The self assembly method of providing ultrathin organic 

fiLms was first reported by K. B. Blodgett in 1935. 10 The LB 

technique involves the formation of mono/multi layers of" 

interface. molecular thickness films at an air/water 

Monolayer forming molecules typically possess hydrophilic and 

hydrophobic end groups. A dilute solution of the amphiphile 

in a volat l te organic solvent is used to spread a monolayer 

on the water surface. 

The monolayer on the water surface consists of 

dispersed amphiphlles and forms a two-dimensional solid of 

oriented molecules on compression <Figure 1. 3). The 

d t spersed monolayer may be v t ewed as a t wo-d i mens ion a l gas 

and if the surface pressure <n> is smalL the gas obeys the 

equat ton <1. 13). 11 

nA = k T . . . . . < 1 . 1 3 ) 
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Figure 1. 3 

Figure 1. 4 

The compression o~ dispersed amphiphiles on~ 

water subphase. 

-
Schematic representation of an "ideal" n-A 

isotherm 

An= 0 A--• 
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Figure1.5 LB deposition o~ a compressed monolayer. 

CJ llustrated ~or Y type deposition) 

- - -- - -- ---=-=-= /~ - - --- -- = -- - -- - - -- - - - - - -- - - -

Figure 1. 6 LB deposition modes. 
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where A= area per molecule, K = BoltzmBnns· constant and 

T = absolute temperature. If" the surf" ace pressure n is 

increased, the monolayer is trans-formed into the ordered 

solid state and n and A are approximately linearly related. 

A schematic representation of a typical n-A isotherm is given 

in F i gu r e 1 . 4. The extrapolation of" the Linear portion of" 

the curve to n = 0 gives the area at zero pressure which is 

assumed to correspond to the cross-sectional area of a 

monolayer--forming molecule. 

1.6 Qeposition Techniques 

The steps involved in monolayer and LB fi. lm -format ion 

are shown in Figure 1.5. After spreading and compression the 

monolayer may be transferred onto a substrate by dipping the 

substrate 

interface. 

perpendicularly through the amphiphile-water 

Repeated di.ppi.ng allows the -formation OT 

be multi layers. Di.f"ferent molecular orientations can 

achieved depending on whether the deposition is on the up or 

the down stroke of the substrate. The di.f"ferent molecular 

orientat tons which are obtained are designated X-, Y- or Z-

type structures <F i. gure 1. 6). Also, mixed and alternate 

layer LB structures can be obtained. For non-linear optical 

applications, and particularly for SHG, an accentri.c film 

structure i.s desirable. 12 Thus, monolayer, X or Z, alternate 

fi.lm and theY-type herringbone structures are the structures 

of interest. 
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1. 7 Non-linear Optical studies Of LB Films 

Since the report by Aktsipetrov et at of significant 

opt ice l second hermon t c generet ion from e Langmuir 8 l odget t 

fiLm, further investigations of second order non-linear 

opt teet effects in LB films have indicated that such f"'i.lms 

have excellent non-linear optical properties. 

Tieke et al reported optical second harmonic generation 

from LB f i tms of 2-docosylamino-5-nitropyridine (2 > 

<DCANP). 115 The amphiphi le gives 61 well ordered LB ft lm which 

does not exhibit 61 head to tail arrangement of the molecule; 

it may be viewed as Long chain analogue of 2-

cyclooctylamtno-5-nitropyridine <3> which has a large second 

order susceptibility in the crystalline state. 16 

~N-o-NH-o 

<2) (3) 

The material <2> forms a stable monolayer on pure water. 

Tieke deduced from the molecular packing density at fiLm 

col Lapse, that a highly t l Lted arrangement of 61Lkyl ch61lns 

exists in the fiLm structure and that the possible average 

orientation of molecules of <2> on the w61ter subphase may be 

represented as in Ftgure 1. 7. 
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-()-
Air 

·---- 02N NH ----------· 
N Water 

Figure1.7 The orientation oF a DCANP amphlphl Le 

on a water subphase. 

Consistent with theory, the SHG i.ncreases 

quadratically with the number oF layers oF <2>. 17 Structural 

studies oF the LB films, using small angle X-ray scattering, 

indicates a highly ordered Y-type structure with a large tilt 

angle of approximately 40° <Figure 1. 8). 

Figure 1. 8 Structural model for DCANP- a tilted Y type 

b i l eyer. 
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This material is the first that demonstrated optical se-con:-1 

harmonic generation from LB films that do not have- Rn X or Z 

type structure. 

The zwitterionic merocyanine dye <4) was one of the 

first amphiphi les studied after Aksipetrovs• report: 

second order hyperpolarisability of 1000 

cm5 esu- 1 was found . .,., 

o-

(4) 

X 

a high 

10-30 

Multilayers of the merocyani.ne dye <4> are unstable and for 

device applications thick films are> required (1 f.Jm>. 1.., 

Alternating films of w-tricosenoic acid and the merocyanine 

dye (4) were studied with this in mind. Unfortunately, the 

dye has Limited device potential since it exhibits a Y type 

<centrosymmetric> LB structure and the dye is unstable <it is 

readily protonated in air>. During all optical measurements 

films of the merocyanine dye (4 > were kept in a cel.l 

containing ammonia vapour to prevent protonat.ion. 

Girling et al studied the hemicyanine dye (5). 20 Other 

workers have studied the methyl sulphate salt of the 

hemicyanine dye (6) which crystallises as a mixed crystal 

with ~ ~-dimethylaminobenzaldehyde <7> and found a high value 

of Xz < -1 o-s esu). z 1 It is assumed that the hemi cyan i. ne dye 

(6) has the largest value and makes the greatest 
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contribution to Xz· Monolayers of" the hemicyanine dye <5 ~ 

and alternating mutt i layers of" the dye (5) and uJ-tr icosenoi c 

acid were studied. 

<5) 

(7) 

For monolayers of" the hemicyanine dye (5), the optical second 

harmonic intensity was -found to be more than a -factor of" 10 

Larger than -for the merocyan i ne dye (4) under compar l!llh l e 

conditions. In addition, -films of" the hemicyanine dye <5) 

showed no deterioration on exposure to air in contrast to the 

merocyanine dye (4). The alternating multilayer structures 

did not show the coherent n 2 dependence -for the optical 

second harmonic intensity. The reduction in the second 

harmonic intensity is explained by in-plane order which is 

averaged out as the number of" layers is increased and 

e-ffectively changes the distribution of dye orientations. 

Studies of" the symnetrical bilayer of" dye (S) found the 

unexpected observation of" SHG which indicates that there must 

be a di-f-ference between the two layers. 

The second order non-Linear optical properties of mixed 

films of hemicyanine dye (5) and poly<octadecylmethacrylate) 
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and hemicyanlne<S>-behenic acid have been studied hy H9yden 

:::oe..:::t__,a=:...::...l,. 2 2 Poly<octadecylmethac~ylate> is known to deposit as 

z type Layers with the alkyl side chains oriented 

perpendicular 

measurements 

to 

and 

the 

n-A 

subphase. 

isotherms 

Non-Linear optical 

hemicyanine(5) 

immiscible 

mi. sci b L e. 

and 

established 

poly<octadecylmethacrylate) 

hemicyanine<S>-behenic acid 

that 

system 

system 

the 

is 

i.s 

A series or amphiphi L ic twin-tat Led dyes (8) were 

studied by Girling et al. 23 The principle motive f'or the 

investigation or the LB f'ilm forming and optical properties 

of these materials was the possibility that these materials 

would form more fluid films, and hence the speed or 

deposition could be increased so that thicker f'ilms for 

waveguiding devices may be obtained. 

(8) R = C6 H, 3 , C, 0 H21 , C,4H29 and C,eH 3 7. 

The LB f t lm f'ormi ng properties of dyes (8) were studied. 

The C 6 and C, 0 derivatives gave unstable monolayers. From 

the pressure-area isotherm for the C 10 der i vat i ve, the area 

per molecule <at n=O) was round to be 50A 2 which is larger 

than the cross-sectional area of a pair or alkyl chains, 

indicating that the chromophores are tiLted at an angle away 

from the substrate normal. 
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Optical second harmonic generation studies gave 

disappointing results. For most of the monolayer!: tested, a 

high SHG signal was seen for the first pulse which reduced to 

between 10% and 1% of the initial value. The behaviour may 

be explained by Laser damage which gives rise to thermally 

induced structural reorientation. 

The SHG in alternate LB films of the diazostilbenes 

<9-11> was studied by Zyss et al. 24 Many worker!: have 

studied alternate Layer LB structures. 

Me ,..../ ~-oN•N -Q-co,c17HJs 
~oc ~N 

< 1 O> 

( 1 1) 

For example, the previously mentioned alternating Layer fi.lmr,:. 

of w-tricosenoic acid and merocyanine dye <4). '18 These f i. l m!':. 

contain so cal led "passive-act lve" layers. An alternative 

approach is the "active-active" layer where films of 

molecules with hydrophobic groups bonded to the donor group 

are deposited onto an initially deposited layer consisting of 
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molecules with hydrophobic groups bonded to the accepto~ 

part. The film structure is Y type and the non-linear 

susceptibility results from the addition of the individual 

non-linearities of each species. The dyes (10) and <11) were 

successfully deposited t n this mode. SHG was observed for 

various numbers of alternate Y type layers of <10) and <11). 

The results obtained show that the active-active structures 

exhibit Xz values far superior to the active-passive and Z 

type fiLms. 

Langmuir Blodgett films of the amphiphilic azo dyes. 

<12) and <13) have been studied. 2 s Both materials show 

strong SHG with second order hyperpolarisabilities <~> in the 

(, 2) ( 13) 

These values are comparable to that reported for other azo 

dyes. 26 Multilayers of <12) and <13), unfortunately have, a 

Y type structure and multilayer deposition was found to be 

poor, as judged from transfer ratios and the patchy 

appearance of the films. However, despite the Y type 

structure of fi.lms of <12), an increase in SHG was observed 

for i.ncreasi.ng number of layers. This was explained in terms 

of incomplete cancellation by alternate layers. Molecule 
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(13) has an amino group to act as the electron donor but no 

obvious acceptor substituent and consequently shows weaker 

SHG. It is possible that the azo linkage is acting as the 

acceptor group. Films of <13) deposited from a subphase with 

an increased acidity <pH = 2. 25> was found to increase the 

SHG by as much as a factor of 5. This may be explained by 

protonation of the amino group which moves the absorption 

band of the molecule closer to the SHG frequency, leading to 

an increase in SHG by resonance enhancement. 

Petty et a L 

optical SHG 

(14). Z7. ze 

studied the LB film forming properties and 

of 4-n-heptadecylamino-4'-nitrostilbene 

( 14) 

However, Later studies showed that the initially prepared 

<14) consisted of an equimolar mixture of <14) and stearic 

acid. Pure 

hydrophobic 

stable LB 

<14> could not be deposited onto hydrophiLic or 

substrates. However, the impure <14> forms 

multi layers on both hydrophi L i.e and hydrophobic 

glass. The films have a Y type structure and monolayer SHG 

was observed. Optical SHG has also been observed from 

multilayer structures consisting of alternating layers of 

<14> and cadmium eicosonate. An act i ve-act i ve alternating 

structure has been produced with the hemicyanine dye <5>. 
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The dye molecules <15) and (16) have been u<?.ed tl"l ;=, 

study of the effect of amphiphile mixing on 

chromophore orientation in Langmuir Blodgett f i l m~ .. ~-=-

'I ' .I­
N-Me 

0 

H,,c,sJ\,-Q-c-NH-NHo-NO:! 

Several groups have studied the effe-:t of neighbouring 

molecules on the non-linearity of a molecule with Large 

hyperpolarisability in an LB monolayer. 30 SHG enhancement in 

hemi cyan i ne mono Layers on dilution with cadmium ar ach i. date 

was reported by Girting et al. 31 Schildkrant et aL reported 

a similar enhancement. 32 Lupo et al studied the effect of 

dilution on spectra, non- L i near it y and chromophore 

orientation of the hemicyanine amphiphile (15) and the 

phenylhydrazone ester The hemicyanine LB films 

diluted with increasing percentages of palmitic acid were 

observed to show no bulk enhancement, but a smalL increase in 

the effective non-linearity at low diluent concentrations, in 

contrast to other reports. The phenyL hydrazone ester < 1 6), 

which is known to have a high optical non-Linearity, showed 

an abnormal SHG curve: no f"ringes were seen which indicated 

a lack of homogeneity. Diluting the f"ilms with up to 40% of 

palmitic acid resulted in "normal" curve behaviour. The 
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effect may be explained in terms of chromophore reorientation 

by the d t l uent. 

Nakamura et. al have studied the effect of molecular 

mixing on the optical SHG of Langmuir &lodgett films of the 

amph t phi L es < 1 7) and ( 1 8). 34 

H37C1sO-o-N=N --o-x C I 7) X = N02 

( 1 8) 

The chromophore (17), with a nitro group as the electron 

acceptor, possesses Large polarity dipole-dipole 

interactions between molecules of ( 1 7) within the LB 

monolayer will be expected to prevent a parallel stacking 

structure <H aggregate>. When the chromophore <17) is mixed 

with the chromophore (18> one expects a mixed monolayer. The 

smaller polarity of chromophore (18> should reduce dipole-

dipole interactions between molecules of ( 1 7) and thus 

vertical orientation of the chromophores becomes possible. 

This should lead to more efficient SHG in the mixed 

monolayer. Surface pressure surface area isotherms of pure 

(17> and (18> and mixtures were obtained. The amph l phi l e 

<18) formed a stable monolayer with an area per molecule of 

Amph i ph i l e < 1 7 > , however, did not give a stable 

0 
monolayer; the area per molecule was 10A2 suggesting the 

formation of crystalline domains. SHG measurements on mixed 

monolayers containing varying concentrations of <17) were 

carried out. The SHG of monolayer <17> was very small. The 

result is consistent wlth the poor asymmetric orientation of 
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the chromophores. The SHG of the chromophore ( 18) wBs, in 

contrBst, moderBtely large. The SHG was found to be greBtly 

enhanced for mixed mono layers. The authors suggest t hRt i. s 

consistent with the predominant orientation of polBr 

amphiphi les <17) normal to the film plane as a result of 

mixing with chromophore <18). 

The zwitterionic amphiphiles (19) and C20) have been 

studied for optical SHG in mixed Langmuir Blodgett 

mono/multi layers. 35 

( 1 9) (20) 

The mixed LB film structures are Z type. The non-

centrosymmetric alignment is confirmed by the quadratic 

dependence of the SHG with the number of layers. 

The amphiphtlic phenylpyrazine derivative ( 2 1 ) has 

recently been studied by a Japanese group. 36 

(21) 

The derivative forms thick non-cent rosymmet ric LB f i l ms. Up 

to 200 btlayers of the material have been deposited by the LB 

technique. This corresponds to a thickness of more than 1~m 

and ts a useful thickness for non-linear waveguides. The LB 
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multi Layers are transparent -from the visible to the near 

in-frared region, making them applicable to a wide range of 

wavelengths. X-ray di-f-fraction studies proved that the 

amphiphi les are oriented normal to the substrate surface in 

the LB film. A long spacing of 5nm was calculated from the 

dif-fract ion peaks. This value is just smaller than the sum 

of the molecular Lengths of <21 > <2. 83 nm) and arachidic acid 

<2. 90 nm>. Optical studies show that the SH i. ntens i. ty has a 

quadratic dependence on -film thickness from to 200 

bi layers. 

The optical SHG of azobenzene dyes <22> and <23) were 

investigated by an American group. 37 

<22> n = 6 

<23> n = 22 

Langmuir Blodgett studies show that neither <22> nor <23> 

forms high quality monolayers on water. However, stable 

oft lms may be obtained when <22> and <23> are mixed with 

stearic actd prior to spreading on the subphase. Y type 

<centrosymmetrtc> Langmuir Blodgett deposition studies o-f 

stearic ac Ld: <22)[ 4: 1 l and stearic acid: <23>[2: 11 were 

successful: the films may be transferred onto glass or quartz 

sLides. Attempted Z type deposition gave cloudy films. For 
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non-centrosymmetric LB multilayer f" i l ms of" stearic 

acid: <23)[2: 1] with stearic acid alternating layers the 

second order signal was found to be quadratically dependent 

on the number of LB Layers. 

In conclusion, LangmLdr Blodgett films of" donor-n-

acceptor amphiphiles are promising materials f"or the 

fabrication of non-linear optical devices. Amphiphiles which 

will deposit multilayer structures up to ~m thickness off"er 

potentiaL f"or wavegu i ding devices. The ease of" thin f i L m 

processabi L tty is the great advantage of the LB technique. 

Further research into improving thermal 131nd mechanical 

stability should f"urther improve this class of material. 

1.8 Organic Crystals For Non-Linear Optics 

The tntttal interest i.n the search for materials with 

large NLO properties concentrated on inorganic materials <e.g 

LLNb03 , KDP etc. ),so Alongside the development of thin f"ilm 

NLO materials, organic crystals have been extensively 

studied. In organic crystals, the bulk second order 

hyperpolarisabiltty is preserved if the material has e non-

centrosynmetric crystal structure. A comparison of X2 f"or 

inorganic crystals and organic crystals is depicted in 

Figure 1.9. From the comparison it can be seen that some 

organic materials have second order bulk susceptibilities 

greater than the best inorganic materials. Furthermore, the 

organics have greater chemical stability and are more useful 
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in thet they heve increased trensparency and resistance to 

laser damege. 

A range of nitroanilines <e.g 24-30) exhibit lerge 

second order non-l inearit ies. 4-Nitroaniline and 

2-nitroani line crystallise centrosyrrmetr tcally thL~S Xz is not 

preserved. 39 However, 2-methyl-4-nitroaniline <MNA> <25 > 

crystallises non-centrosymmetrically. 40 The material 

exhibits strong SHG with X2 =6 X 1 o-?' esu. This value i. s 

approximately 5 x 10 2 larger than that for potassium 

dihydrogen phosphate <KDP>. 

5 N02 

<24) 

2 HN ,_ Me 

6 
C27) 

¢!Me 
~ 

N02 

<25) 

N(Me)2 

¢NHC0Me 
~ 

N02 

(28) 

Me~CH=N~N02 
(30) 
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Meredith et. a l studied the second order optical 

properties of a range of trans-stilbene salts (31-38> 

<Table 1. 4>. 41 The methylsulphate salt <38> was found to 

have a second order powder efficiency an order o~ magnitude 

greater than MNA. It is the highest known value of X-= 

reported to date for a crystal. The non-linearity was ~ound 

to be dependent on the ani. on: the iodide salt <34) showed 

no non-linearity, whereas the tetrafluoroborate salt <36> 

showed good SHG. 

Table 1. 4 : Second Order Optical properties of salts (31-38) 

relat i.ve to m-nitroani line (determined by the Kurtz powder 

techn i. que>. 

Me-N
1 ~ 

)(+ 

Crystalline powder Relative harmonic intensity 

m-N i t roan i l i ne 
(31) X= I- 0 
<32> X=IO:s- 0.01 
(33) X=N03 - o. 5 
(34) X=C"'H5 CH=CHC02 - 1 . 5 
(35) X=Clo...,- 5 
<36) X=BF 4 - 10 
<37) X=Reo"'"- 18 
<38) X=Meso"'"- 30 
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Figure 1. 9 : Comparison of x, for organic 

and i.norganic crysteds. 1 

~KDP 

10-7 
~Go As 
~LiNb03 

~ InSb 
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1. 9 Polymers For Non-Linear Optics 

Polymers are the subject of intense research because of 

the abi l tty to tail or molecular structures which have 

inherently fast response times and large second and third 

order susceptibilities. 42 Polymers provide synthetic and 

processing options that are not available with semiconductor 

and single crystal materials, as welL as excel Lent mechanical 

properties, environmental resistance and high laser dai'Tl8ge 

thresholds. Currently there are three main areas of 

investigation; polymeric solid solutions, main chatn polymers 

and side chain polymers. 

1. 9.1 Polymeric Solid Solutions 

In order to cover large areas with optically non-linear 

films of sufficient thickness for monomode waveguiding, non­

linear polymers can be deposited via spincoat ing or dipping 

techniques. 

obtained. 

Thicknesses ranging from 0 - 20 microns can be 

One approach is to dissolve a polymer host, 

together with optically non-linear guest molecules, in a 

suitable solvent, followed by deposition onto a substrate. 

During the spinning or dipping step the solvent evaporates 

leaving behind a smooth film. The thickness of the film 

depends on the concentration of the solution and on the type 

of substrate. 

However, after the deposition the system is most 

probably centrosymmetric. By applying a strong electric 
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rield the permanent dipoles of the optic~lly non-linear 

molecules in the polymer matrix are ori.ented by the rield, 

thus breaking the symmetry and yielding a non-centrosymmetric 

material. Electric field poling or the initially i.sotropic 

system yields optically non-linear materials. In order to 

allow the NLO moieties to rearrange themselves in the polymer 

host during the poling step, 

above its glass transition 

the polymer has to be heated to 

temperature <T 9 ), where the 

polymer exhibits a strongly reduced viscosity. By successive 

cooling to below the Tg, while keeping the poling field on, 

the obtained polar order can be rrozen in. 

Polymeric solid solutions hewe several disadvantages. 

The amount of optically non-linear guest molecules that can 

be dissolved in a polymer host is restricted to a maximum or 

ca. 10% <by weight>. At elevated temperatures orientational 

relaxation and segregation of the rather mob i l e guest 

molecules can occur, causing the sample to become electro-

opticalLy inactive again, and highly scattering due to 

crystal l t ne growth. 

1. 9. 2 Main Chain Polymers 

In order to increase the concentration or active 

molecules in a polymer matrix and decrease the possibility or 

segregation and or i entat i ona l relaxation arter pol i. ng, the 

NLO moieties are built into the polymer backbone to obtain a 

matn chain polymer. The disadvantage of this type of polymer 

is that large molecL1lar fragments must change their 
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orientBtions in order to Bchieve a non-centrosymmetric 

system during the poling step. 

1. 9. 3 Side Chain Polymers 

By attaching optically active molecules as side chains 

to the polymer backbone, the concentration of these molecules 

in the polymeric system can be increased. Moreover, the side 

groups are again not free to mtgrate, thus preventing 

segregatton and orientational relaxation after electric field 

poling. However, contrary to the main chain polymers only 

side groups need to be poled. 

The advantage of the side chain polymer approach is that 

large areas can be covered and poled. The polymers are 

compatible with many type of substrate. The polymeric 

properties can be tailored by changing the structure of the 

backbone, the acttve group or the connecttng spacer. Further 

low temperature deposition and shaping techniques are 

possible. 
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CHAPTER TWO 

NEW DERIVATIVES OF 7, 7.8.8-TETRACYANO-P­

QUINODIMETHANE. N.N' -DICYANOQUINONEDIIMINE AND 

N 7. 7-TRJCYANOQUINOMETHANEIMINE SYSTEMS 



2.1 Introduction 

The synthesis of 7, 7,8,8-tetracyano-p-quinodimethane 

<TCNQ) derivatives is important in the development of the 

understanding of the unusual electronic properties of organic 

materials with TCNQ as a component. 43 However, the potential 

of many TCNQ derivatives remains unexplored as their 

synthesis is not straightforward. Our interest was in the 

incorporation of substituted TCNQs into zwitterionic 

donor-n-acceptor structures. 

Initial synthesis of TCNQ derivatives involved 

Knoevenagel condensations of malononit.rile with 

1, 4-cyc l ohexaned i one <39) to give 1, 4-b is <d i cyanomet hy l ene >-

cyclohexane <40> <Scheme 2.1). 44 

0 

¢ (i) ( i i ) .. 
0 

(39) 
(40> <41a> 

Scheme 2. 1: < i) CH 2 <CN> 2 , 13-alanine; <ti> Br 2 , pyridine. 

Oxidation of <40> in the presence of pyridine and bromine 

gave TCNQ <41a> in 80% yield. This method has been used to 

prepare methyl-TCNQ and 2,5-dimethyl-TCNQ. 48 

Palladium catalysed nucleophilic aromatic substitution 

reactions have proved useful ln the synthesis of TCNQ 
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der t vat t ves. Takahashi et s L prepared et range of' phenyl ene 

dimalononitrile derivatives g_g. <43) from di iodo~rene~ 

<e.g 42) and malononttrile anton in the presence of' 

tetrakis<triphenylphosphine>palladium CO) <Scheme 2. 2>. 4-d., 47 . 

I CH(CN)2 MeO* (i) MeO* [OJ MeO 

.. I~ • ~ OMe OMe OMe 
I CH(CN)2 

(42) <43) 

Scheme 2. 2 <L> CH2 <CN) 2 , NaH, Pd<PPh:5) 4 ,THF. 

Derivatives (43) are read i l y ox i d i sed to the TCNQ 

derivatives i.n the presence of" Br 2 /pyridine. The procedure 

is quite general and has been used to prepare the new TCNQ 

derivative <44> <Scheme 2. 3).
48 

(i) <i i) ... 

<44) 

Scheme 2.3 <i.) H10 4 -1 2 ; ( i i > CH2 <CN) 2 , 

ox i dat ton, NaH. 
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By a similar strategy Staab et al prepared tetramethyl-TCNO 

C41b) via the diodoarene <45) by a copper catalysed procedure 

<Scheme 2.4). 49 

I CH (CN)2 Me:¢Me <t> Me:¢Me {i i) Me Me 
1;'1; ... 1.& .... 

Me Me Me Me Me Me 
I CH(CN)2 

(45) 
<41b) 

Scheme 2.4: <t> CH 2 <CN> 21 NaOMe, Cui, HMPT 1 2h, 100°C; 

TCNQ derivatives may be prepared by TiCL ... catalysed 

Knoevenagel condensations of 1, 4-benzoquinones with 

malononitrile/pyridine. 50 The procedure is caprici.ous and 

only seems applicable to tetrasubstituted derivatives e.g the 

preparation o-f 11 1 11 1 12 1 12-tet racyanoanthraqu inodimet hane 

<TCNAQ 47) from 9 1 10-anthraquinone <Scheme 

Tet ramethy L-TCNQ <41 b) has been prepared by this procedure. 152 

0 

~ 
~ 

0 

(i) 

.... 

(47) 

Scheme 2.5: <t> CH 2 <CN> 2 , TiCL 41 pyridine. 
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Alternatively benzene-1, 4-dicarbonylchlorides can ~e 

converted to TCNQ <41a) via a two-step procedure em!-'loying 

the cyanat Lng agent cyanotr imethylsi lane, TMSCI\J ( 48) 0 S':!l 

Treatment of terephthaloylchloride (49> with reagent C48l ~nd 

pyridine gives 1, 4-b L s < d i cyanot r i. methyls i l o><:ymet hy l) hen2:e:-le 

<SO>. Compound may also be prepared from 

terephthaloylcyani.de <51) (prepared from terepthaloylchlor-idE-

and copper<l>cyanide). Treatment of' s i. l oxy der i vat t ve <SO) 

with phosphorus oxychloride-pyridine gives TCNQ (41a) plus 

the dichloride <52> which can be converted into TCNQ <41a> by 

sodium borohydr t de. 2,5-dtmethyl-TCNQ, bromo-TCNQ and 

tetramethyl-TCNQ have been prepared by this procedure <Scheme 

2. 6). 53 

ACN <v> 

(i.v) ~ ~ ~ 
( CCCN f 

CCCI 

¢ 
CCCI 

<49) 

<51> CTMS 
CN 

(i) 

(50) 

(i. t ) 

• 

<52) 

+ 

NXN 
y 

NC CN 

<41 a) 

Scheme 2. 6 : <i> TMSCN (48), pyr-idinej <i. i) POCL 3 , pyri.di.nej 

< t i i> Na8H 4 i <i v) Cu < 1> CNi (v) TMSCN <48 >, pyr i dt ne. 
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Wheland and Mart in have reported a synthetic route to 

TCNQ derivatives starting f"rom the corresponding 

p-xylylenedihalide <53). 54 The synthetic steps are shown in 

Scheme 2. 7. 

CH2X 
(i) 

CH2CN 

~~~ R'*R' R'*R' ( i i) 
I~ ... I~ Rl R1 
~ R2 ~ R2 

~ I~ 

CH2X CH2CN 
~R2 

(53) <54) 
NC- C02Me 

<55) 
X = Br or Cl 

~ <iiil 

~N 
C02 Me 

(v) <i. v> 
NC CN 

~ R1 R3 R1 
I~ 

~ I~ 
~ R2 ~R2 

NC- CN NC CN 
CO, Me 

(58) (57) (56) 

~ [OJ 

YN Rl R1 R, R2 and R:s = Hal, OMe ..... • 
I I 

R2 

NC CN 

TCNQR 1 RZR'-' 

Scheme 2. 7 < i) NaCN < i i > NaOMe/ <Me0) 2 CO <iii) CNC l; 

< i v) KOH ; < v) HC l. 
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React ion of dihal ide (53) with sodium cyanide gave the 

dinitri Le <54>. Treatment OT (54) with sodium methoxide and 

dimethylcarbonate in benzene establishes an equilibrium with 

the dianion <55>. Cyanogen chloride was added to the mixture 

to aTford the diester <56) which on base hydrolysis and 

decarboxylation gives the dianion (57). AcidiTicat ion with 

hydrochloric acid gives the dihydro-TCNQ <58) which on 

oxidation yields the TCNQ derivative. This method is very 

versatile and it has been used to produce twenty one TCNQ 

der i vat i ves. The disadvantages of this route are the number 

of steps involved and the need to use the highly toxic and 

expensive gas cyanogen chloride. The requirement for 

efficient alternative methodology has been recognised. 

Our investigations have concentrated on alternative 

routes to prepare the key intermediate <58). A source of 

electrophilic cyanide, other than cyanogen chloride, was 

clearly required. StaEllb et al reported that the reagent 

2-chlorobenzylthiocyanate <59) was a convenient alternative 

to cyanogen chloride for the preparation of tetramethyl­

TCNQ. 49 After initial invest l gat l ons by Dr M Hasan in our 

Laboratory, we 

reagent <59) 

have investigated in 

for the preparation 

detat l the scope of 

of TCNQ derivatives. 

Reagent <59> is a shelf stable, non-toxic liquid which can be 

readily prepared from 2-chlorobenzytchloride (60) and 

potassium thiocyanate in large amounts <e.g 50g batches> 

<Scheme 2. 8>. 
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(60) 

Scheme 2. 8 : < i > KSCN 

Currently there 

positive cyan ide, e. g 

bromide <CAP> (61 ) 

(59) 

is great 

N(Me)2 

6 er· .N 
I 
CN 

(61 ) 

interest in sources ot 

1-cyano-4-<dimethylamino>pyridinium 

has been used to prepare 

2-cyanoimidazoles. 55 Th i ocyanates have rareLy been used in 

this context. 

2. 2 Synthetic Studies 

The general synthetic strategy used -for the synthesis 

ot TCNQ derivatives <41c-41-f), (67> and <69) is shown in 

Scheme 2. 9. The method involved bromlnation of" substituted 

p-xylene derivatives <62) with N-bromosuccinlmide and 

react ion with sodium cyanide to give 1, 4-di <cyanomet.hyl > 

derivatives e, g <64>. Oi(cyanomethyl) arenes (64c-64e>, 

<64g>, <66) and <68> are all known compounds. Derivatives 

<64c), <64d) and <64g > were prepared 'from the cor responding 

dihalo compounds <63c>, <63d> and <63g> as described 

previously. CompoLmd <64-f) was prepared -from <63-f) by the 

standard procedure. 2, 6-Di<cyanomethyl>naphthalene <68) 

could not be obtained pure: a small amount ot 2-bromomethyl-
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6-cyanomethylnaphthalene <ca. 10-15% as judged by 1 H n. rn. r 

and elemental analysis) was always present as a co!"ltaminant. 

The dinitriles <64> were deprotonated using four equivalents 

of Lithium diisopropylamide <LOA>; subsequent reaction with 

four equivalents of thiocyanate reagent <59) introduced tvJO 

more cyano groLips to yield dihydro-TCNO derivatives <65). 

The dihydro-TCNQ derivati.ves (65> can be isolated but i.t is 

simpler to oxidise crude di.hydro-TCNQ derivatives <65) wlth 

bromine to TCNO derivatives without prior isolation. By this 

method TCNQ derivatives <41c-41f) and <67> were prepared in 

3 5-4 5% y i e L d from d i n i t r i L e s t art i n g mater i a L s. Vie L ds of 

the TNAP derivative (69 > were lower [ca. 20%] partLy because 

the dinitrile (68> could not be obtained pure. Compound 

<41f) is notable as it is a new TCNQ derivative containing a 

functionalised carbon substituent of which there are few 

examples. 

Attempts to prepare the unknown tet.rachloro-TCNQ <41 g> 

by this procedure were unsuccess-ful. Only three cyano groups 

could be introduced into the system to yield the compound 

<70) 

(41g) 

<Scheme 2. 9); none of the desired tetracyano compounds 

or <65g> could be obtained. However, the results 

obtained for compounds <41c-41f) have established that the 

reagent (59> is versatile in that both electron-donating and 

electron-withdrawing substituents on the benzene ring of 

compounds <64) can be tolerated. 
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Scheme 2. 9 (i) NBS, AIBN Cii> NaCN 

C59), HC l <iv) Brz. 

Me CH2Br CH2CN 

R
4

~R
1 (i) 

R'*R' <i i) R'*R' ,-..:: ., 
113 I ~ 112 ~ I"= 

113 ~ 112 113 ~ 112 
Me CH2Br CH2CN 

(62) (63) 
(64) 

114N!2C CNI11 <l v > 
I I ,.. 

113 112 

NC CN 

<65) 

(66) 
<6 7) 

CN 

---t•~ ~ ~ CN 
CH2CN <iii>, <t%v 

NCCH2 NC ~ ~ 

(68) CN 
(69) 

R' RZ R:s 

<a> H H H 

(b) Me Me Me 

<c> Cl H Cl 

(d) Br H Br 

<e> OMe H OMe 

(f) C02 Me H H 

<g> CL CL Cl 
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R"" 

H 

Me 

H 

H 

H 

H 

Ct 

CH2CN 

CI£ICI 
Cl ~ Cl 

NC CN 
H 

(70) 



2. 3 X-Ray Crystal Structure Of 2. 5-Dibromo-TCNO (41d) 

The hitherto difficult preparation of this TCNO 

derivative has resulted in few reports of charge transfer 

complexes or anion radical salts of this acceptor.s 6 .s 7 The 

structure of the neutral molecule (41d) has not been 

reported. Of interest are the possible interstack 

interactions between the polarisable bromine atoms r.Cf. 

chalcogen-chalcogen interactions which are important i.n 

stabilising the metallic state 

selenium donor systemss 8 ). 

in organo-sulphur and 

The X-ray crystal structure OT <41d) is shown in 

Figures <2. 1-2. 3>. The molecule is essentially planar with 

C2 ,... symmetry <Figure 2.1). The C-:z>-Cc 4 > bond bends in the 

plane of the ring away from the adjacent bromine atoms, 

presumably for steri.c reasons, such that the bond angle 

to 125. 4<4)0, Consistent with this, one CN group of the 

dicyanomethylene untt 

with bond angles 

is also bent away from the bromine atom 

C-:6>-Cc4>-C<z> = 120.0(4)0 and 

The CN group adjacent to the 

bromine atom deviates significantly from linearity: the angle 

Cc4>-C-: 6 ,-Ncz> = 177.9(5) 0 • The molecules OT compound <45d) 

pack in a herringbone fashion in the unit cell with close 

intermolecular N .... Br contacts as shown <Figure 2. 3>, but 

there are no close Br .... Br contacts. 
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Figures 2. 1-2.3: X-Ray Crystal Structure of" 

2, 5-Dibromo-TCNQ C41d) 

CS C6 Br~_Cl 
Nl~J~--

N2 C4 ~ C3 

Br' C6 • 

Nl' 

C4' 

Br' 
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2. 4 The Synthesis. Electrochemistry And X-Ray Crystal 

Structure Of Some New N. 7, 7-T~icyanoguinomethaneimines 

2. 5 Introduction 

7, 7, 8, 8-Tet-racyano-p-qu i. nodi methane <TCNQ) < 41 a> is an 

electron acceptor of major importance as a component of 

materials that display unusual physical propert tes, e. 9 

non- l i. near 

conduct i vi t y 159 , 

opt teal t . ;,s proper tes, 

ferromagnettsm6° and 

high eler.trical 

possibly molecular 

rect ificat ion61 • Der t vat i ves and anaLogues of the accept or 

are of greet interest. 62 ~~'-Dicyanoquinonediimine 

<DCNQI><71) derivatives are a new class of acceptors 

discovered by Hunig. 63 The synthesis of acceptors <71 > is 

east l y achieved by cyanoimination of qui nones with 

bis <tr imethylsi lyl >carbodi. imide <BTC). TCNQ derivatives 

are commonly prepared from the appropriate quinone and 

malononitrile in the presence of titanium tetrachloride and 

pyr t dine <Lehnert' s Reagent>. The method has been used to 

prepare a range of TCNQ derivatives most of which are 

tetrasubstituted <e.g tetramethyi-TCNQ <41b>>. 

N 
,r'CN 

N 
,.r' CN 

Q 2 N 
NC/ 

NC CN 

(41a) <72h) 
<71) 
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Bryce and Davies recently reported the first ~cceptors in thr 

~. 7, 7-tricyanoquinomethaneimine <72h) 

considered as hybrids of the TCNQ 

series; these c ::~n be 

<41a) and DCNOI ( 71 ) 

systems. 64 We have now extended these initial studies to 

include the synthesis of several new derivatives and studied 

their electrochemistry. X-ray crystal structures of the 

tetramethyl derivative <72m> and trimethyl derivative (7:?n> 

have been obtained. Variable temperature 1 H n.m. r spectra of 

der i vat i ves < 72n) and < 72 p> have been studied. Der i vat i. ves. 

of system <72h) could not, however, be incorporated into D-n­

A zwitterions, analogous to <41a), by cyanide displacement. 

2. 6 Synthesis of N, 7. 7-tricyanoguinomethaneimines <72h - 7?r) 

Some of the reactions which are reported to yield 

TCNQ <41a) derivatives were found to folLow a different 

course in our laboratory. Cowan et al showed that tre&tment 

of duroquinone with malononitrile and Lehnert's 

yields tetramethyl-TCNQ <41b) in ca. 55 % yield. 52 

reagent 

In our 

hands, when this reaction was performed on 1-3 mmol of 

quinone, under a variety of conditions including those 

described by Cowan et al, no tetramethyl-TCNQ was obtained. 

The mono<dlcyanomethylated> product <74m) was isolated 

<max yield 26%) and a phenolic product <75m> 

<15%- 30% yield) <Scheme 2. 10). 

After extensi.ve investigation of various reaction 

conditions, we have found that tetramethyt-TCI'JQ <41b> is. 

formed, under Cowan' s conditions only when the reaction is 

carried out on a larger scale (i, e. > 1. Og, """ 6 mmol of 
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duroqu i none 73m>. A highly exothermic react ion occurs upon 

adding titanium tetrachloride to the reaction mixture under-

these conditions. The phenolic product <75m) and 

tetramethyl-TCNQ C41b) were obtai ned; no qui nomet hi de C74m) 

was formed. 

Scheme 2.10: Ci) CH2 <CN> 2 , TiCl 4 , pyridine; Cit> TiCL 4 , BTC. 

CN 

CN 
( i ) 

+ 

0 OH 

<73) 
<74) <75) 

NC.rl" 

<72> 

R, RZ R3 R4 

(h) H H H H 

(k) -CH=CH- -CH=CH- -CH=CH- -CH=CH-

<m> Me Me Me Me 

(n) H Me Me Me 

<p> H Me Me H 

<q> -5-<CH:z) 2 -5- -5-CCH 2 >z-S-

<r> -CH=CH-CH=CH- -S-CCH:z>z-5-

<s> Me Me H H 

Ct > Cl CL CL CL 
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and phenolic products ( 7 5h-75r"> were 

p-benzoquinones r73h-73r>. When the rl?r:~ct ions c>t- qtJt nnne~ 

<73n> and (73p> were conducterl on > 6 mmol scale An at t emot 

to prepare the unknown 2, 3, 5-trimethyl-TCNO and 2. 6-

dimethyl-TCNQ) only quinomethides (74.n), (74.p> anrl phenc•l;c 

products C75n> and C75p> were obtained. Qu l. nones <. 73s) ·3nd 

C73t) gave complex mixtures which resisted puri~icBt inn. 

Attempts to prepare TCNQ And TCNAO from 

p-benzoquinone and anthraquinone by the published pro~edures 

were unsuccesst-u l _ Reactions of qui.nornethides (74h), r?A.m) 

and C74n) with malononitri le and Lehnert'= 

hopefu t L y to introduce a d i ~ yanomet hy l ene grot.lp, 

reagent, 

gave only 

the phenolic products C75h>, (75rn> and t75n> and there was nn 

evidence for the. formation of the correspondi.ng TCI'JO 

der i vat i ve. 

Recently, other workers have r P.por- ted the fed lure of 

Lehnert's reagent for the synthesis of TCI'JO derivatives. 

Becker et at obtained only mono(dicyanomethyt .. ~t.ed• product 

<76) along with the phenol. i c product from the 

tet racyc l i c qui none system ( 77 ·, (Scheme 2. 1 1). 6 ~ 

It has been suggested that tho. het eroc '/C I i. c o ··ygens i. r. 

(76) might deactivate the rar·bonyl group to attack hy thE· 

malononitrile anion and prevent the form.'9tion of the Tf~NQ. 

Within our series of quinomethide derivativos "74h-74rl this 
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electronic effect may operate in compounds (74q) and <74r> 

but it cannot explain our results with <74h-74p>. 

0 

~0~ 
~0~ 

0 

( i ) 

• 
0 

~OX) + 
0 ~ 

NC CN 
(76) 

Scheme 2. 11 <i> CH 2 CCN> 2 , pyridine, TtCl 4 • 

OH 

OX) 
I~ 

0 

One possible explanation of our results is steric crowding in 

the quinomethides <74>. The onLy TCNQ derivative we have 

obtained is tetramethyl-TCNQ (41 b). The intermediate 

quinomethide <74m> will be more stertcally strained than the 

other qutnomethides, with the except ton of <74k> < which ls 

known to be non planar from X-ray analysis66 ). The distorted 

conformation of <74m> probably makes the 0 atoms of the 

carbonyl group more accessible to complexation by titanium 

tet rach lor ide. 

Quinomethides <74h-74r> reacted with bis<trimethyl-

silyl> carbodiimide in the presence of titanium tetrachloride 

to give ~ 7, 7-tricyanoquinomethaneimines <72h-72r> in 

65-80% yield. Japanese workers reported compounds <72h> and 

C72k> prepared by this route at the same time as the initial 
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report from our laboratory of' this react ion. They reported 

that compound C72h> was unstable and oligomerises in polar 

solvents <THF, MeCN) after 24h. 67 However, we have -found 

that quinomethaneimi.ne <72h> is stable for several days in 

ac et on it r i L e solution from which it can be recovered 

unchanged in quantitative yield. Reaction of' p-benzoquinone 

derivatives and <73r) with BTC and tit ani LHT' 

tetrachloride gave as major product=. the DCNQI derivatives 

<79> and <80>, respectively; compound <81) was obtained as a 

minor product. 

/CN ECN ,.......eN 
N N N w:) c:l):J w:) 
N N 0 

NC.rl" NC/ 
(79) <80> ( 8 1 ) 

2. 7 Electrochemical Studies 

The electrochemical redox properti.es of' acceptors:. 

<72h-72r) were studied by cyclic voltammetry and the d~ta i.s 

shown in Table 2. 1. For the parent ~. 7, 7-

tricyanoquinomethaneimine <72h> the -first and second half-

wave reduction potentials are, predictably, c l ose t. o the 

values f'or TCNQ (41> and DCNQI ( 71 ) <Figure 2. 4). For 

~. 7, 7-tricyanoquinomethaneimines <72m), <72n > and 

there is a predictable Lowering in electron a-ffinity with 

methyl substitution. Sulphur substitution increases the 

acceptor ability; compound <72q> is the strongest acceptor in 
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the ser i. es and compound '7 I r J i "-'· among the st rf")ngE>st [!Cf..JO! 

acceptors known (Figure 2. 5 ·,. This trend i~ consistent with 

the known electron withdrawing property of S atom!= t·':'l~-:Je<i tc 

double bonds. 

Table 2. I First and second half-wave reducti.on potenti;;l.s 

of~ 7, 7-tricyanoquinomethc:meimines <72h-72r>, TC!'JQ <41'51) a!'"•d 

t et ramet hy l- TCf\.JQ (41b'>. a. This work; ver- su ~· Ag/AgCl, 

electrolyte 2 >( 10 - 2 t-1 Bu.._N ... CLO..,-; Pt working electrocie, 

scan rate tOO mV sec- 1 using a BAS Electrochemical Analyser. 

n. o - not observed. 

Compound Solvent El .... ,;v E' 1 .-;::IV !'£IV 

72h MeCN +0. 1 '=· -0. 42 o.se. 

72k CH 2 Cl;:: -0. 4'3 n. 0 

72m MeCN -(l. 03 -•). 23 0. ?(• 

72n MeCN +0. 07 -0. 41 0. 48 

72p MeCN +0. 1 1 -0.43 0. 54-

72q CH.::.Cl:a +0. 28 -0. 1 3 0. 41 

72r- CHzCl:::: +0. 1 7 -0.22 0. :w 

41a CH 2 Cl:a +0. 1 I -(), 31 0. 4? 

41c CH 2 Cl2 -0. 25C2e) 0. ()() 

The value of 6E is ret.;:~ted to the Coloumbi.c repulsions 

resulting from the addition of two electrons to an acceptor. 
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Within compounds <72h-72r) the tetramethyl compound <72m) has 

a markedly lower value of 6E <O. 20V) compared to other 

derivatives. This value of 6E is intermediate between that 

for tetramethyl-TCNQ <6E = 0. OOV> and tetramethyl-DCNQJ 

<6E = 0. 44V>. This may be explained on steric grounds: 

tetramethyl-TCNQ has a severely distorted ring skeleton as 

revealed by a single crystal X-ray structure. Other 

tetrasubstituted TCNQ's have a non planar structure <e.g 

TCNAQ, analogues of TCNAQ, tetracyanobianthraquinodimethane) 

while, in contrast, tetrasubstituted DCNQI derivatives, e.g 

<71b>, are essentially planar. Planarity is maintained in 

the DCNQI derivatives as the NCN group,being smaller than the 

C<CN> 2 group, can bend in the plane of these derlvattves. In 

contrast, the C<CN> 2 groups are forced out of the plane and 

the tetrasubstituted TCNQ ring distorts into boat 

conformation. 

Potential <V> 

Elgure 2. 4 Cyclic Voltammogram of <72h>. 
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Potential (V) · 

Cyclic Voltammogram o~ <71r) 
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2. 8 X-Ray Crystal Structures Of' Compounds <72m) E'trld (72n) 

The ring of' tetramethyl derivative C72m) is distorted 

into a boat con-formation <See Figure 2. 7). The -following 

three planes were def'ined as f'o ll ows: plane by atoms 

C < 4), C <5) and C < 1 3); plane 2 by at oms C <7), C < 9) and C < 1 1 ) ; 

plane 3 by at oms C < 5), C < 7) and C < 1 1 ) . The ang t. e bet ween 

plane 1 and plane 3 is 29.810, while that between plane 2 and 

plane 3 is 21.83°. There-fore the ring is more distorted 

about the bulky C<CN>z group that the NCN group. In 

contrast, the trimethyl derivative <72n) i.s essentially 

planar <Figure 2. 8). 

N2 Nl 

N4 

Figure 2. 7: X-Ray structure of' <72m) 
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C19 C18 C15 Cl3 Cll 

CllO C16 Cll2 
N12 

Flgure 2.8 X-Rey structure of C72n) 

2. 9 Variable Temperature Proton N.M. R Spectre Of <72n) and 

<72p> 

The proton n. m. r spectre of compounds <72n > and <72p> 

ere of interest. 

a broad singlet at 

cooling to ooc 

The spectrum of (72p) at 2ooc consists of 

2. 50 ppm and a singlet et 7. 37 ppm. On 

the spectrum consists of two doublets. 
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<Figure 2. 9>. The proton n. m. r spectrum of <72n) at 10oc 

consists of a narrow singlet at 2.59 ppm and broad singlets 

at 7. 36 and 2. 32 ppm. On warming to 30°C the spectrum 

changes to four narrow singlets centred at 7. 36, 2. 59, 2. 56 

and 2. 35 ppm. The observed splitting is caused by flipping 

of the cyano group attached to nitrogen. Simil61r variable 

temperature proton n.m. r results were obtained by Hunig et al 

for symmetrical/unsymmetrical ~ ~· -Dicyanoquinonedi imine 

([)(.:f\J(ll) (71 '> der i.vat i ves. oe 

t = 30DC 

8 7 
z-...___.._6 

3 2 /ppm 3 2 6/ppm 

t =20'C t • lOOC 

ij 

Jl 
8 
......___..__& _.....____.._ 

7 3 2 6/ppm 3 2 6/ppm 

Figure 2. 9 Variable temperature proton n. m. r spectra of 

~ 7, 7-tricyanoquinomethaneimine deriv61tives <72n) and <72p>. 
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CHAPTER THREE 

SYNTHESIS. LB DEPOSITION AND NLO PROPERTIES 

OF R-Q3CNQ CHROMOPHORES 



3. 1 I nt roduct ion 

As described in Chapter there is currently great 

interest in molecules which consist of' donor and acceptor 

moieties linked via an electron bridge because of' their non-

linear optical applications. Special attention is -focused on 

second order non-linear ef'f'ects such as Second Harmonic 

Generation CSHG) or -frequency doubting. The magnitude of' the 

second harmonic response is governed by the bulk second order 

hyperpolarisability <x2 >, and is maximised when non 

cent rosymmet ric at i gnment of' the molecules a l lows maxi mum 

contribution of' 

hyperpolarisabllities 

the 

<13) to 

second order molecular 

Non centrosymmetric 

alignment of' amphiphi l ic D-n-A molecules can be achieved by 

LB depos l t ion. 69 At Cran-field the interest in NLO materials 

stemmed f'rom the synthesis of' Z-13-<1-methyl-2-pyridinium>-cx­

cyano-4-styryldicyanomethanide <82> CP3CNQ>. 

<82) 

The zwitterionic ground state is conf'trmed by X-ray 

crystallography. 70 The molecular geometry of' P3CNQ is 

shown in Figure 3.1. The bond lengths in the pyridtnium ring 

and the tricyanoquinodimethanide unit are benzenoid and not 
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qu i.noi d. The pyri.dini.um ring i.s twisted cut o~ the plane o~ 

the quinodimethane ring by 30. 13°. The overlap o~ two P3CNQ 

molecules, stacked along the b axis, is shown in Fi.gure 3. 2. 

Figure 3. Ortep Plot Of P3CNQ 

Figure 3. 2 Overlap of two P3CNQ molecules along the Q_ 

axis. 

The chromophore has the htghest recorded 

theoretical second order molecular hyperpolarisabi lity of 

calculated by the Pariser-
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Parr-Pople method. 3 This high value can be contrasted with 

0. 45 X 10- 3 ° Cm15 esu- 1 for urea 7 1
, 200 X 10-30 cml5esu- 1 for 

hemicyanine (5) 20 and 1000 x 10-30 cm15 esu-' for the unstable 

merocyanine dye (4)18, The non-Linear potential of 

amphiphilic derivatives of P3CNQ was quickly established. Z­

~-1-<1-Alkyl-4-pyridinium>-o-cyano-4-styryldicyanomethanide 

<R-P3CNQ> derivatives were prepared. 

forms stable Z type films which 

The R-Q3CNQ zwitterions 

exhibit SHG. Attention 

turned next towards the related qulnolinium derivatives 

R-Q3CNQ. 

R-P3CNQ R-Q3CNQ 

We have made an extensive study of the LB film forming and 

non-linear opt teal properties of these and related 

derivatives and it is this work that is presented here. 

3. 2 Synthesis Of R-Q3CNQ Derivatives 

The R-Q3CNQ zwttterions were prepared from the reaction 

of a Lepidinium halide with either LiTCNO or neutral 7, 7, 8, 8-

tetracyano-p-quinodimethane <TCNQl and piperidine. The other 

N-a lky L derivatives were synthesi.sed si.mil.arty and 

substituted 2,5-dibromo <83>, 2, 5-dichloro (84), 2, 3,5,6-

tetrafluoro <85) and 2, 3-benzo <86) analogues were obtained 
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~rom substituted TCNQs by the published procedure. 72 The UV-

VIS solution spectra of unsubsti.tuted R-03CNQ are c~i.n 

length independent. The absorption spectrum o~ CeH,?-03CNO 

<Figure 3. 3) consists o~ a broad-top transition at 710 ~ 5 nm 

with maxima at ca. 348 and 378 nm. The broad-top transition 

is solvatochromic and ts shifted with decreasing solvent 

polarity, from 710 ±. 5 nm in acetone <1-1 = 2.88 D). A 

transition from an ionic ground state to a neutral excited 

state is consistent with this behaviour. The IR spectra 

indicate a zwitterionic ground state. A comparison of the 

stretching frequencies of the R-Q3CNQ homo t ogues < a 

doublet at 2180 and 21 50 em- 1 ) with those of TCNQ0 and TCNQ-

indicate a zwitterlontc structure. 

R, Re R:!l R• 

<20) H H H H 
(83) Br H Br H 
<84> Cl H Cl H 
<85) F F F F 
<86) H H -CH=CH-CH=CH-
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~ 

Figure 3. 3 Absorption Spectrum of <a> CeH 1 ,-Q3CNQ 

3. 3 Langmuir Blodgett Films of R-Q3CNQ 

An investigation into the LB film forming properties of 

alkyl homologues of R-Q3CNQ < for R = CH 3 to C20H4 , > using 

a two compartment Nima technology trough was carried out. 

The materials were deposited in Z type mode at a surface 

layer pressure of 25 mNm- 1 • LB films of R-Q3CNQ <R~ C 6 H,,) 

were obtained, from the molecular areas, given in Table 3. 1, 

a transition in alignment occurs at R = C,sH:!I 1 • The 

molecular area <at n = O> where the surface pressure 

increases 
0 0 

is 100 - 120 A 2 for R~ C 1 sH3 , and 50 - 70 A 2 for R 

this indicates a different tilt angle at n = 0 in 

the monolayer <Figure 3. 4>. The calculated cross-sectional 

0 0 
Van der Waals area < 30A2 ) and face area < 1 14 A2 ) of the 
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chromophore indicate that for R ~ C,~H3 , the chromophore face 

lies flat on the water subphase. 

40~--------------------------------· 

e 
z 20 
{ 

OL---------~~------~------~ 0 50 100 150 
areatA2 motecule-1 

Figure 3.4 Surface Pressure <n> vs. Surface Area Isotherms 

3.4 Charge Transfer Spectra 

The LB f t lm spectra are shown in Figure 3. 3 and the 

spectroscopic data in Table 3. 1. The general profile of the 

LB spectra is essentially the same as that of the solution 

spectra except that the position and the width of the CT band 

is altered. In acetonitrile the CT bend is at 710 ~ 5 nm for 

all the homo l ogues. The post t ion of the CT band of the LB 

spectra is dependant on the chain length e. g. for LB films of 
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<HWHM = 37 ±. 2 nm> 1:\nd for C,~H~ 1 -Q3CNQ to C;o: 0 H 4 ,-Q3CNQ tt 

occurs at 565 + 4 nm <HWHM = 22 ±. 1 nm). 

Fi~ure 3.5 

0.020 

0.015 

t 
l 0.010 

§ 

i 
0.005 

400 600 800 
WIMIIengthfnm 

This shift may be at.tributed to a change in molecular 

alignment resulting in a change from an intermolecular CT 

band <614 4 nm> to an intramolecular transition 

<565 ±. 4 nm>. This change can be explained if one considers 

the molecular areas at n = 25 mNm- 1 • The areas per molecule 

0 
of 28 - 30 A 2 for C~H,~-Q3CNQ to C, 4 H:;z..,-03CNQ are in close 

0 
agreement with the cross-sectional Van der Waals area of 30A2 

of the widest part of the chromophore, t. e. the qui no I in i um 

donor. Therefore, the alignment is nearly perpendicular to 
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Table 3. 1 : MoLecular areas and spectroscopic data 

<wavelength, absorbance and halt wi.dths at halt maxi.mum> ot 

the R-Q3CNQ LB -f i. l ms. 

0 
alkyl group area/A2 at 

(R) 25m Nm- 1 

n-Hexyl 29 

n-Heptyl 28 

n-Octyl 32 

n-Nonyl 30 

n-Decyl 34 

n-Undecyl 30 

n-Dodecyl 30 

n-Tridecyl 31 

n-Tetradecyl 28 

n-Pentadecyl 40 

n-Hexadecyl 47 

n-Octadecyl 50 

n-Eicosyl 48 

A. max absorbance HWHM 

<nm) per layer <nm) 

610 0.014 37 

614 0.017 39 

616 0. 020 37 

617 0.018 35 

616 0. 017 39 

616 0.018 38 

613 0.018 37 

615 0.022 36 

614 0.020 37 

561 0.016 22 

565 0.020 22 

565 0.020 23 

568 0.020 21 
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the substrate and the band at 614 nm must be intermolecular 

as the intramolecular transition moment and electric vector 

are orthogonal. For C 1 !!5H!!! 1 -Q3CNQ to C20H41 -Q3CNQ, the area 

per molecule at n = 25 mNm- 1 suggests that the chromophores 

are tilted towards the plane of the substrate. The 

transit ion at 565 nm probably corresponds, therefore, to an 

intramolecular transition. 

Both CT bands are in evidence for LB spectra of 

C 1 !!5H::~ 1 -Q3CNQ. When deposited at n = 40 mNm- 1 
• the main 

absorption band occurs at 614 nm, while at n = 25 rrNm- 1 at 

561 nm, with a broad shoulder above 600 nm. The two 

pyrtdinium analogues <see Table 3.2) have intermolecular and 

intramolecular CT bands observed in both LB and single 

crystal spectra. 

Table 3.2 : Wavelengths of intramolecular and intermolecular 

charge transfer bands of qu i no l in i Lim and pyridinium 

zwitterions. 

Zwitterion Intramolecular Intermolecular 

CT band/nm CT band/nm 

CH::~-ocP3CNQ 538 806 
C 6 H 1 ::~-P3CNQ 495 + 4 634 + 4 
R-Q3CNQ 565 ±. 4 614 + 4 

-69-



The spectral data for <20) and four-

substituted analogues are summarised in Table 3. 3. The 

zwitterions are listed in order of increasing transition 

energy. Mulliken CT theory states that HOMO-LUMO transition 

energy is given by equation <3. 1 ) . 73 

Ec:::t. = <EL. c - E ..... A -Ec:> + 2t 2
/ <E .. c - E ....... A - E..,> .... <3. 1) 

E •. c = ionisation energy of the donor part of the molecule. 

E ......... = electron affinity of the acceptor part of the 

molecule. 

E= = Coloumb energy. 

t = transfer integral. 

The approximation that the second term is smal I 

compared to the first, applies unless EL.c and E •. A are 

closely matched. 

(3. 1 ) gives: -

Applying the approximation to equation 

For R-Q3CNQ and derivatives sub~.tituted only at the 

acceptor end, E~. c and Ec can be assumed constant, and Eet. 

depends only on the electron affinity of the acceptor part. 

Values of E ••. A for the phenyldi.cyanomethanide group are not 

available but E ..... A may be roughly approximated to the half-
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wave reduction potentials of TCNQ and its derivatives. The 

effect of substituents on the position of the CT band is a 

hypsochromic shift with increasing half-wave reduction 

potential. For example, Amax<LB film> = 623 nm for the benzo 

analogue (86), 565 nm for unsubstituted derivative C20), 

545 nm for dichloro,dibromo analogues <84) and <83), and 480 

nm for the tetrafluoro analogue <85). Subst it ut ion may be 

used, therefore, to alter the wavelength of the CT band away 

from the position of the second harmonic in a controlled way. 

3. 6 Non-Linear Optical Properties 

The qutnollnium zwitterion <20> should possess a high 

second order coefficient on a theoretical basis by analogy 

with the pyridinium zwitterion R-P3CNQ. SHG studies were 

carried out on LB films of C 16 H33 -Q3CNO <20) using the 

apparatus schematically shown in Figure 3. 6. The films were 

irradiated with light from a Q switched Nd: YAG laser <1. 064 

j.Jffii pulse width 10 nsj repetition rate 2Hz> with the p-

polarised beam incident to the substrate at 45°. SHG from a 

Y cut quartz plate reference and LB film were monitored 

simultaneously using fast rise-time photomultiplier tubes 

<Phillips XP2020> and a dual channel Hewlett-Packard 54111D 

digitising oscilloscope. 
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- A 

Nd:YAG laser M 

s 

L F' 
L P' pa 

LB film 
---~t.-: -1-+'::-:: --- \ ---...;;;Jr--1-i''-: ~:;._: _ _, 

PMT 
M 

Figure 3. 6 Schematic diagram of the· SHG apparatus: A, 

attenuator; M,mirror; s,beam splitter; F 2 ,visible blocking 

fiLter; REF, Y-cut quartz plate; F 1 , infrared blocking filter; 

F0 ,532 nm narrow bandpass filter; PMT,photomultiplier tube; 

P 1 , halfwave plate; P 2 , Glan Thompson filter; L, Lens. 

Table 3.3: Wavelengths of solution and LB film CT bands for 

C, 6H33-Q3CNQ <20> analogues together with the half~wave 

reduction potential of the TCNQ from which they were 

prepared. 

Zwttterion CT band 
<CH3CN> 
)l.max/nm<eV> 

C,6H3:s-Q3CNQ 742(1.67) 
<benz> 
C,6H33-Q3CNQ 71 2 ( 1. 75) 
C, 6 H33-Q3CNQ<Cl 2 > 602<2. 06) 
C, 6 H33 -Q3CNQ<Br 2 ) 602<2. 06) 
C,6H:s:s-Q3CNQ<F4> 565(2. 20) 
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CT band 
<LB film> 
>-max/nm<eV> 

623<1. 99) 

565<2.20) 
545<2. 28) 
545<2. 28) 
480(2.59> 

-0. 09 

+0. 17 
+0. 41 
+0. 41 
+0.53 



Figure 3. 7 Square root of' the normalised second harmon i. c 

intensity of C16 H33 -Q3CNQ <20> vs. number of LB layers 

The 

so~ 

~ 30~ ....,. 

~ 
~ 

zo~ 

10'-

/ 
..,.../ 

--:·· 

0~~~----~----~----~---7~ 
0 10 20 30 40 50 

no. of LB layers 

intensity of the second harmonic 

<20> LB ti lm is compared with 

for 

that 

the 

of 

hemicyantne (5) which is known to have a high ~. in Figure 

3. 7. The C, 6 H33 -Q3CNQ <20) films have a non centrosymmetric 

Z type structure, in contrast to hemicyanine ti lms whtch are 

Y-type <centrosymmetric>. The bulk suscept ibi I ity of the 

b i layer <and a l l even numbers of layers) is zero. For 

C, 6 H33 -Q3CNQ <20> the SH intensity was found to increase 

quadratically with the number of LB layers, consistent with 

theory; the data corroborate the Z-type structure. For 

Y-type hemicyanine films the incorporation of a spacer layer 

between the chromophores is necessary to achieve the non 

centrosymmetric alignment for SHG. Spacers are not required 

for C, 6 H33-Q3CNQ <20> because non centrosymmetric Z-type 

alignment can be achieved. 
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CHAPTER FOUR 

SYNTHESIS. LB DEPOSITION ANp NLO PROPERTIES 

OF R-BT3CNQ AND R-T3CNQ CHROMOPHORES 



4. 1 I nt roduct ion 

Currently the synthesis and second order non-t inesr 

optical properties of' donor -n-ac:cept or chromophores is the 

focus of much attention. As ment i oned pr ev i ou !:: l y thE 

interest at Cranfield sterrrned from the preparation .;-:-,f Z-13-rJ-

Methyl-2-pyridiniuml-a-cyano-4-styryldicvanomethRnide P ::(~NO 

<82). 

<82) 

The reaction of donors (0'> with acceptors (A) has led 

to the pr epar at ion of a vast number of charge transfer o::.a l t =· 

and complexes. P3CNQ <82) was prepared from the lithium salt 

of 7, 7, 8,8-tetracyano-p-quinodimethane (L i TCNQ) and I, 2-

dimethylpyridinium iodide in acetonitriLe. 74 The format i_ on 

of P3CNQ was unexpected; in ethanol the expected product < a 

charge transfer saLt of 1: 1 st o i chi omet ry ) wa!:. formed. 
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Scheme 4.1: Possible mechanism for- the formation of" P3CNQ. 

Me 
I+ 

(}-Me+ 

<82) 

(a) TCNa-· 

(b) CsH11N 

-HCN 

Me 
I 

()=cH, + 
(a) 1/2TCNQ 

+ 1/2 H2 TCNQ 
+ 

(b) CsH11NH 
(88) 

! TCNQ 

Me 
I 

o-+ CN CN 
CH2~­
~CN 

(89) 

The intermolecular overlap of" the P3CNQ molecules gives zero 

net dipole moment together with D+A- stacking along the b 

axis. 

The substitution of cyano groups of 7, 7,8,8-tetracyano-

p-qu i nodi methane by nuc l eoph i l i c species has been described 

by workers at Ou Pont. 75 Neutral TCNQ and piperidine can be 

used instead of LiTCNQ, A possible mechanism for the 

formation of P3CNQ is shown in Scheme 4. 1. 

1,2-Dimethylpyridinium iodide <87> is readily deprotonated in 

basic media to give the monomeric anhydro base <88>. The 

anhydro base <88> reacts with neutral TCNQ to give the 

zwitterionic donor-sigma-acceptor intermediate (89). 

subsequent loss of HCN gives the product zwitterion P3CNQ 

<82)' If the mechanism proceeds via a resonance stabilised 
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anhydro base <88> then 1, 3-dimethylpyridinium iodide should 

not react in the same way as the intermediate anhydro base is 

not stabilised. Consistent with this proposal, the 1,3-

derivative did not yield a zwitterion under identical 

reaction conditions. Furthermore, 1, 4-dimethylpyridi.nium 

iodide does give a zwi.tterion from reaction wi.th LiTCNQ or 

TCNQ/p i pert dine. 

The preparation of a related zwitterionic donor-

acceptor compound <90> from~~~~· .~'-tetramethyl-p-phenylene 

diamine <TMPD> and 7, 7,8,8-tetracyanoperfluorpo-p-

quinodimethane <TCNQF 4 > was reported by workers at Du Pont. 76 

Reaction of donor TMPD and acceptor TCNQF 4 initially led to 

the formation of a charge transfer complex of 1 : 1 

stoichiometry. Stow crystal growth of the complex Led to 

isolation of crystals of (90>: the single crystal X-ray study 

of which revealed a dimeric structure. 

H Me +\-o-/ FF 
Me-N ~ !J N~CN-CN 

I ~ !J 
Me CN eN· 

F F 

(90) 

The amphiphilic derivatives of P3CNQ <e.g C, 6 H~ 3-P3CNQ> 

have been the subject of intense study. The high second 

order theoretical coefficient of P3CNQ prompted the synthesis 

of z-e-<1-hexadecyl-4-pyridinium)-~-cyano-4-styryldi.cyano-
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1-hexadecyl-4-methylpyridinium bromide and LiTCNQ using the 

procedure described for P3CNO. '74 

LB monolayer up to a surface pressure of 50 mNm- 1
• From the 

surface pressure versus surface area isotherm the arAa per 

0 
molecule (at n = 0) was found to be 100A2 • 

0 
the face area was calculated to be 100A2 ; therefore, the 

hydrophilic chromophore must lie face down on the water 

subphase at n = 0. Z type (non 

centrosymmetric) fi. Lms on hydrophillcally treated quartz 

slides. The charge transfer band of in 

acetonitriLe occurs at 645nm. The band is blue shi/ted 150 

nm to 495 nm and narrowed HWHM = 27 nm <HWHM = 76 nm 

solution spectra) for the LB film. 

LB films of C, 6 H33 -P3CNQ are photochromic; they are 

bleached by radiation at wavelengths which overlap the charge 

transfer bands. 77 Ashwell et al assign the switching to 

intramolecular charge transfer from the negatively charged 

dicyanomethanide acceptor part to the donor <the pyridini.um 

ring>. The photochromi.c switching of' in 

solution is shown in Figure 4. 1 Photochromically switched 

solutions of C, 6 H33 -P3CNQ slowly recolour through thermal 

photochromic reversion. Ashwell found that LB f'i lms of 

C, 6 H33 -P3CNQ are readily bleached, and the bleached fiLms 

show no signs of thermal reversion even after one year. 
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Figure 4. 1 

a.. ... -"' Ci 
c 
Cl 
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0.005 
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cal Be~o~• bleaching 

' --.... _,. ..... .... ...... 

·. 600 
Wavelength/ nm 

800 

Photochromlc switching of C, 6 H~ 3-P3CNQ 

LB films of C, 6 H33 -P3CNQ and the qutnolinium derivative 

optical second harmonic generation. 

Ashwell et al have studied the quadratic non-linear optice~l 

The structure of the mixed films is Z type. This was 

conf t rmed by optical SHG measurements the quadratic 

dependence of the optical second harmonic intensity wi.th 

number of LB layers corroborates the non centrosymmetric 

structure. The charge transfer spectra of heteromolecular LB 

films show a single transit ion at a wavelength dependent on 

The charge transfer LB 
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spect.rB of heteromolecular films .~r-e not tr.e :-ombinz,tion of 

The presence of a single LB charge transfer bAnd for 

het.eromolecular LB fiLms of C,~H33-P3CNQ and C,.,~~-:--03Cf'JO 

indicates that mixed films. are not phBse separated but are :=m 

organic alLoy. 

The successful Z type LB deposition and efficient 

opticaL second harmonic generat ion of f i L ms of C, ~H~ 3 -P3C-:NQ 

and suggested that the amph i phi l i c 

benzothiazolium derivative C, 6 H33 -BT3CNQ <91\ should show 

interesting non-linear optical properties. The t.hiazol ium 

derivative C6 H, 3 -T3CNQ (92) was also identified as a related 

target molecule, the synthesis of which would clearly be more 

demanding. 

C6 H 1 ~-T3CNO 

( 91 ) C92'> 

4. 2 Synthetic Studies 

Ci) Z-S-<N-n-Hexadecyl-2-benzothiazol ium>-~-cyano-

4-styryldicyanomethanide <91) <C,~H~3 -BT3CNQ) 

C, 6 H33-BT3CNQ was prepared as outlined in Scheme 4.2. N-n-
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Hexadecyl-2-methylbenzothia~olium iodide (94) wa~ prepRreM ~y 

heating a mixture oF 2-methylbenzothiazole (93) with one 

equivalent oF n-hexadecyliodide at 90°C For 48h. Reacti.on of" 

salt C94) with 7, 7, 8, 8, -tetracyano-p-quinodimethc.ne ar.c:J 1'1--

methylpiperidine gave c,.H3~-BT3CNO C91) in 63% yield as 

green microcrystals. The ionic ground state oF C 1 ~H~~-BT3CNO 

is indicated by the IR spectra: co comparison oF the cyanidP 

stretching frequencies of C, 6 H::!''!I-BT3CNO <a doublet at _:>180 

and 2150 cm- 1 ) with those of TCNQ 0 and TCNQ- 1 indicate ;:c 

zwitterlonlc structure. 

Scheme 4. 2 

O N 
'rMe 
s 

(93) 

( i ) 

(94) 

(i) C,.:-H-:!1 3 1, 90°C; (ii> TCI\IQ: 

(iii) ~-methylpipertdine. 

( i i ) A range oF N-alkyl-BT3CNQ, -benzoxa~ole and 

benzoselenazole derivatives (95-99) were prepared and 

characterised. The spectroscopic and analytical data ar·e 

summarised in the experimental section. 
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<iii.) Z-f3- (N-Met hy l-4-hexy l -2-t hi a:-:o I i um) -c~-cyano-

4-styryldicyanomethanide <92) <C.,.H,-:!-T3CN0l 

The synthetic procedure used to prepare C 6 H,~-T3CNQ is 

shown in Scheme 4. 3 Reaction of 1-octene ( 1 0()) \vi+. h 

N-bromosuccini.mide in aqueous dimethylsulphoxide gave 

1-bromo-2-octanol ( 102) in 80% yield. Oxidation of the 

alcohol <102) with acidified sodium dichromete solution gave 

1-bromo-2-octanone ( 103) in 82% yield. 2-Methyl-4-

hexylthiezole ( 104) Wo:\S prepared from 1-bromo-2-octanonP 

<103) and thioacetamide in refluxing ethanol by the method of 

Hantsch. A mixture of 2-methyl-4-hexylthiazole (104.) and one 

molar equivalent of dimethylsulphate was heated at 90°C fc,r 

1h to afford 2,3-di.methyl-4-hexylthiazolium methylsulphate 

<105) as a purple oil. Reaction of salt <105) with the 

l it hi um salt of TCNO in refluYing acetonitri.Le gave green 

microcrystals of C6 H13 -T3CNQ C92) in 72% yield. 
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(i) 
( i i ) 

( 1 00) ( 102) 

< 1 OS) ( 1 04) 

<92) 

< i i L > MeCSNHz: 

(v) LiTCNQ/~-methylpiperidine. 

4. 3 Langmuir Blodgett Deposition Of C, 6 H~~-BT3CN0<91) 

The film forming properties of C, 6 H~~-BT3CNO were 

investigated LISing c. two-comp::;rtment Nima Technology LE?. 

trough. Monolayers of (91) were spread from solutions of 
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dichloromethsne onto the pure 

water subphase <Mill iO, 18f"K)) of one compartment (A) which was 

isolated from the second compartment <B > by a surface 

barrier. C, 6 H33 -BT3CNQ forms a stable monolayer; the SLir-face 

pressure versus surface area isotherm is shown in Figure 4. 2 

At a surface pressure <n) greater than 50 mNm- 1 the -f i l m 

collapses. LB films of C 1 6 H33 -BT3CNQ were transferred onto 

hydrophilically treated quartz slides at a surf"ace pressure 

of 25 mNm- 1 at the rate of 0. 15 mm Sec- 1 . 

4.4 LB UV-VIS S"ectra And O"tical Second Harmonic Generation 

The UV-VIS LB spectrum of freshly deposited ft lms of" 

C 16H33 -BT3CNQ show absorptions at 568 nm and at 652 nm 

<broad> with corresponding absorbance~. per monolayer of ca. 

0.007 and 0.012. The absorbances at 568 nm and 652 nm are 

assigned to intramolecular <IRCT> and intermolecular <INCT> 

charge transfer bands, respectively, by comparison with the 

Kramers-Krontg transformed single-crystal absorption spectrum 

of the pyridinium analogue Z-6-<1-methyl-2-pyrtdinium>-a-

cyano-4-styryldicyanomethanide <82>. The structure of the 

deposited LB film of C 16H33 -BT3CNQ is thermally unstable; 

after annealing at sooc for ~ 4h there is a marked change in 

the UV-VIS spectra compared with 

intramolecular 

intermolecular 

charge 

band is 

transfer 

enhanced 

the pr i st i ne f i l m. The 

the band fades whi. le 

<absorbance per monolayer = 

0. 012) and sharpened <HWHM = 22 nm). The UV-VIS LB spectra 

of monolayers of pristine and annealed films of C1bH33-BT3CNQ 
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are shown in Figur-e 4. 3 . As ment L oned prev t ous l y CSec t i or· 

3. 4), the qui.nol inium analogues R-03CNO show either an !RCT 

band (R~C,:5H:3,) or an INCT band CC 6 H 13 'fR'>C,4Hz.,.) but not 

both. The UV-V IS LB spectra of' R-03CNQ are depend::~nt on 

molecular tilt and, there-fore, for C, 6 H:!' 3 -8T3CNQ the change 

upon heating may be attributed to a change in molesular 

or L entation. 

Langmuir Blodgett multilayers of C,~H~~-BT3CNQ have~· Y 

type structure <centrosyrrmetric) and opti.cal second harmoni.c 

generation has been observed for odd numbers of layers. The 

intensity of' the second harmonic varies with the number nf' 

laser pulses for an LB monolayer of' 

(iF i gure 4. 4. For -freshly deposited f'i Lms, the second 

harmonic intensity is negligible f'or the in it i. a l l.aser 

pulses, while for subsequent pulses the second harmonic 

intensity increases to 10-30% of the value for monolayer LB 

films of qu i no l in i um zwitterions .:md the 

hemicyanine dye <5>. This variation in the second harmonic 

intensity may be explained by (i.) a change in LB structure 

<the in it tal increase) and n i > laser damage <the subsequent 

decrease). The pulses of IR radi;:;.tion (1,0641-'m) rrobably 

cause a change in the film structure so that the second 

harmonic intensity is resonantly enhanced by the proximity of 

the increasing IRCT band at 564 nm. 
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Figure 4. 2 Sur~ace pressure <n> versus sur~ace area 

isotherm ~or C, 6 H3 ~-BT3CNQ. 

4B~. ----------------------------~ 
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Figure 4.3 UV-VIS LB spectra o~ monolayers o~ 

(a) Ca. 5 min a~ter deposition. 

<b> After annealing at sooc for~ 4h. 
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Variation of the SH intensity with the Nd:YAG 

laser pulses. The s L gna l intensity for the C, 6 H3 ~-BT3CNQ 

film is relative to the intensity from .::\ monolayer of 

hemi cyan i ne <S). 

0.3 

0.2 

0.1 

0~------~------~--------~------~------~ 
0 10 20 30 40 50 

Number of pulses 

4. 5 Langmuir Blodgett Deposition Of C6 H13-T3CNQ <92) 

Monolayers of C6 H13-T3CNQ were spread from solutions of 

C6 H, 3 -T3CNQ in arlstar chloroform onto the pure water 

subphase <MilL iQ, 180> of compartment <A>. The surface 
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pressure <n) versus surf" ace area i !?.otherm was obt e~ i ned "'"" 

compressing the monolayer at 100 cm2 min_, <Figure 4. 5'>. The 

compressed f"ilm is stable up to a surfa~e pressure of 

r:-: 40 mNm- 1 . 

to collapse. 

At surface pressures above this the film begins 

LB -films of C6 H13 -T3CNQ were trans-ferred nnto 

hydrophilically treated glass slides at a surface pressure o-f 

30 mNm- 1 • Transfer ratios were close to 100%. 

4. 6 LB UV-YIS Spectra And Optical Second Harmonic Generation 

The UV-VIS LB spectrum of freshly deposited monolayers 

of C6 H, 3 -T3CNQ shows an absorption at 482 nm with an 

absorbance per monolayer of" 0. 0446 <HWHM = 15 nm). The 

UV-VIS spectrum of a monolayer of C 6 H, 3 -T3CNO is shown i.n 

Figure 4. 6 LB mu l t i layers of C 6 H13-T3CNQ can be 

successfully deposited onto hydrophilically treated glass 

s l i.des. The UV-VIS LB spectrum of a 5 layer film of 

C6 H13-T3CNQ is shown in Figure 4.8 The spectrum shows the 

expected absorbance increase of the band at 482 nm in 

accordance with the number of layers deposited. 

Single pulse SHG measurements were performed using a 

Nd: YAG laser 0. .. = 1. 064[-lm; pulse width, 10 ns; pulse energy, 

<1 mj) with the beam at an angle of 45° to the Tilm. SHG 

measurements were performed on monolayer and five layer films 

of C6 H, 3 -T3CNQ. No measurable second harmonic signal was 

obtained from a monolayer of· C6 H13 -T3CNQ even at high tas.er 

powers. Similarly, the five layer LB film of C~H,'"'-T3CI'JQ 

gave no observable second harmon i. c signaL at I ow or high 

laser powers. 
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CHAPTER FIVE 

SYNTHESIS. LB DEPOSITION AND NLO PROPERTIES 

OF SOME NEW HEMICYANINE DERIVATIVES 



5. 1 I nt roduct ion 

Accentric Langmuir Blodgett films represent promising 

approaches to high-efficiency SHG materials. 79 One of the 

earliest reports, by Girling et al, of optical SHG from a 

Langmuir Blodgett multilayer concerned 1-docosyl-4-[2-

Cdimethylaminophenyl)ethenyLJpyridinium bromide <5). 2 '? 

<5) 

This hemicyanine derivative (5) was deposited in 

monolayer and multi layer fiLms and the second order opt icEd 

properties investigated. Langmuir Blodgett multi I ayers of 

hemicyanine (5) have a Y type structure <centrosymmetric). 

Mono layers of derivative exhibit SHG: the signal 

diminishes for the b i layer and a l l even number of layers. 

The incorporation of a spacer layer 

allows accentric alignment of the 

in the chromophore layers 

amphiphi les. The spacer 

molecule used for the hemicyanine derivative <5) was 

w-tricosenoic acid. For 

of <5) and w-t r i coseno i c 

intensity was found to 

LB multilayers of alternate layers 

act d, the observed second harmonic 

increase superlinearly and not 

quadratically with the number of layers. 
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The second harmon i. c non-linear opt i cal properties r.•f 

hemi cyan i ne analogues, 
eo. e1 

<106) and <107), have been studied . 

( 106) 

NHR 

OR 
( 1 07) 

( 108) 

Monolayers of the hemtcyanine dye <106) were deposited 

by the LB technique onto quartz slides. Optical second and 

third harmonic generation has been observed from the 

monol ayers. The optical second order hyperpolarisabi.Lity (~) 

was found to be 2. 1 x 1 o-z? esu; for hemi cyan i ne derivative 

(5) a value of 0. 2 x 10-27 esu has been reported. The 

increase in ~ is assigned to the more charge-asymmetric 

conf t gurat ion and hence stronger n-n• absorpt i. on band which 

is centred at 418 nm. 

Mono layers of the hemi.cyanine derivative ( 1 07) 

deposited onto glass slides were found to exhibit strong SHG 

when irradiated by a Nd:YAG laser. An enhanced optical 

second harmonic signal for <107) was observed as compared to 

hemi cyan i ne derivative <5). An SHG intensity of 110 ±. 10 

a.u. <arbitrary units) was observed for derivative (107) and 
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~or the hemicyanine C5l an SHG intensity oF 15 ~ 5 a.u. The 

increase f"or the N-st i l bazene ( 1 07) was une>~pect ed. l n the 

same report, the 0-st l l bazene der i vat i. ve ( 108' was shown to 

~orm monolayers on glass which gave an SHG intensity o~ 

12 ± 2 a. u, compared to 15 +Sa. u ~or hemi.cyanine derivative 

<5). The authors assign the SHG increase ~or the N-

stilbazene <107) to resonant enhancement. LB mu l t l layers nf 

<107> and (108) have a Y type structure; no SHG signals from 

bilayers 0~ these materials is consistent with this 

assignment. 

Recently there have been reports of attempts to obtain 

non centrosymmetric thin films o~ hemi.cyanine derivatives. ez 

One noveL approach to thin film production involve~. a 

sel~-assembly technique Initially developed by Sagiv.e 3 The 

synthetic strategy for the formation of seL~-assembled Layers 

o~ the stllbazolium chromophore precursor <109) is shown i.n 

Scheme 5. 1 Reaction of hydroxyL groups on the '2.ilicate 

sur~ace with trilodositane gives the initial substrate-bound 

intermediate <1 10). Quaternisation enables the introduction 

0~ sel~-assembled chromophores with high second order 

coe~~icients <6>. Finally, a mutt i layered polymer backbone 

consisting o~ two silicon layers and an internal PVA layer Is 

introduced transverse to the chromophore stacking dLrection. 

The polymer layer is added to enhance structural stability. 
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Scheme 5. 1 

i i 

The selT-assembly OT stilbazolium 

chromophores. 
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The resulting self-assembled layer has an architecture where 

the chromophores are aligned to form an H aggregate and 

anchored at the donor and acceptor ends. The self-assembled 

films were found to adhere strongly to glass and are 

insoluble ln the majority of organic solvents. 

Optical SHG measurements of multilayers ot" the self­

assembled chromophores were carried out using a Nd:YAG laser. 

No in-plane anisotropy was observed from films rotated about 

the film normal. Thi.s indicates that the chromophores are 

aligned uniaxially about the substrate normal and that there 

is a high degree of order in the films. This is corroborated 

by the almost complete destructive interference of SHG from a 

sample with monolayers on each face of the glass substrate. 

From the SHG data an average orientation angle (4-1) between 

the chrornophores and the substrate norm;, l was found to be 

approximately 31-39°. The macroscopic second order 

coefficient <x:az .•.• ) was found to be 2 x 10 _., esu for the 

super L at t i c e f i l m. The optical SH inten~.ity incressed 

quadratically with the number of layers and is consistent 

with the non centrosymmetric alignment. 

The use of spacer layers in LB mu Lt i.l.ayers of 

hemicyanines to increase the optical SHG efficiency has had 

only limited success. An exciting recent deveLopment is a 

report by Ashwell et al of the highest observed second 

intensity from a multilayer Langmuir Blodgett harmonic 

fi. Lm. 84 They have studied the SHG properties of fiLms of 

the hemicyanine dye ( 1 1 1 ) and the salt (112). The new 
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hemicyanine derivative <111) with the i.odide counterion was 

found to give an optical SH intensity two to four times that 

of the hemicyanine standard <5) <bromide counterion), 

( 1 1 1 ) 
( 1 1 2) 

The new amphiphilic spacer group <112) was found to 

give LB films with the hemicyanine dye < 111) where the N-

docosanyl chain of ( 1 1 1 > interdigitates with N-octadecyl 

chains of the spacer group <112>. The arrangement may be 

viewed as a "molecular zip". Low angle X-ray diffraction 

provides evidence of the interdigitation. A d spec ing of 

0 0 
43A is 18A shorter than the calculated Van der Waals length 

0 
of 61 A. Optical SHG measurements on interleaved LB films 

were carried out. The second harmonic intensity [relative to 

hemicyanine (5)] was found to increase quadratically with the 

number of b i layers. A 200 layer film gave a second harmonic 

intensity 18,300 times the docosylhemicyanine value. 

Recent work shows the continued importance of 

hemicyanines in non-linear optics; therefore new derivatives 

are attractive synthetic targets. The synthesis, LB 
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deposit ion and NLO properties of" ~.ome hemic:yanine~. containing 

the benzot hi azo l i um group was, therefore, undertaken ,9nd the 

results are reported here. 

5.2 Synthetic Studies 

<1) C 1 e-Hemicyanines (1 13a-f13d) 

The hemicyanines were prepared as shown in Scheme 

<5. 2). 4-Aminobenzonitril.e <114) and 1-bromooctadecane in 

hexamethylphosphoramide at 120oc yielded 4-octadecyl 

aminobenzonitri Le <115) as a white solid (84 %). Treatment 

of the nitrile (115> with 1. 1M diisobutylalumi.nium hydride in 

toluene solution yielded 4-octadecylaminobenzaldehyde <116> 

in 76% yield. 8~ Condensation of aldehyde <116) with N-alkyl-

2-methyl iodide salts <117a-117e> in refluxing ethanol in the 

presence of a catalytic amount of piperidine gave new 

hemlcyanlne amphiphlles C113a-1 13d) in 80-87% yield. 

<2> C6 -Hemicyanine <118) 

The salt <105> was prepared as previousl.y described; 

reaction with p-~.~-dimethylaminobenzaldehyde in the presence 

of piperidine gave 2-[2'-<4-dimethylaminophenyl>ethenylJ-4-n­

hexylthiazol ium methylsul.phate (f 18> in 60% yield. 
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Scheme 5. 2: < i) C 1 eH378r; < i i.) D I BAL/t o l uene 

( 1 1 4) ( 1 1 5) 

( 1 '16) 

< 1 1 7 a- 1 1 7 d) 

-96-



Table 5. 1 Hemi cyan i. nes prepared as outlined in 

Scheme 5. 2 

Compound R, RZ R3 X Yield<%> 

< 1 1 3a > Me -CH=CH-CH=CH- s 84 

( 1 13b) C,eH:s7 -CH=CH-CH=CH- s 82 

< 1 1 3c) Me -CH=CH-CH=CH- 0 80 

(113d) Me Me H 5 87 

5. 3 Langmuir Blodgett Alignment Of C~-Hemicyanlne <118) 

A Nima technology two compartment LB trough was used to 

investigate the film forming properties of the c6-hemicyanine 

(118). A 1.0 mg mL- 1 solution of C 6 -hemicyanine <11e) in 

aristar dichloromethane was spread on the pure water subphase 

of compartment (A). The amphiphi le did not form a stable 

monolayer; the material was soluble in the water subphase and 

therefore unsuitable for LB deposition. Hence monolayer SHG 

of C 6 -hemicyanine (118) could not be studied. 

5.4 Langmuir Blodgett Deposition of Hemicyanine <113al and 

Hemicyanine ( 1 1 3b) 

Ultrasound was used to enhance dissoLution of 

hemicyanine <1 13a) and hemicyanine <113b) in ari.star 

d i ch L oromet heme. Clear solutions were obtained by 

filtration. The sol.ut ions were spread on a pure water 
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subphase <Mi. L l iQ, 18M0l of compartment <A> which was isolated 

from the second compartment <B) by a surface barrier. The 

surface pressure versus surface area isotherm of hemi.cyani.ne 

<113a) is shown in Figure 5. 1. The monolayer of hemicyanine 

(113a) is stable up to a surface pressure of 60 ni'Jm- 1 ; above 

this pressure the film collapses. The surface pressure versus 

surface area isotherm of hemi cyan i ne < 1 1 3b) is shown in 

Figure 5. 2. A plateau at 30 mNm- 1 is observed which is 

associated with a molecular reorganisation. On compression 

at surface pressures greater than 30 mNm- 1 , there is a 

further rapid decrease in area per molecule until 50 mNm- 1 

where film collapse is observed. The molecular area <at n = 
0 

0) where the surface pressure increases is 200-210 A2 for the 

initially compressed film, whereas on recompression this 

0 
value is reduced to 1 30-1 40 A 2 • l t is possible that the 

molecular reorganisation may involve reorientation of one 

alkyl chain so that the monolayer is more densely packed. 

Mono layers of hemicyanine c 1 1 3a) and hemicyanine 

( 113b) were transferred by withdrawal of the hydrophilic 

substrate through the subphase-LB film interface. Substrates 

were glass slides pre-treated by acetone wash (i. i ) 

ultrasound in water <30 min.) <iii) ultrasound in 2-propanol 

<30 min. > (iv) irrmersion in 30% w/v hydrogen peroxide 

solution <24h.) <v) pure water wash <vi> dried by blowing 

with nitrogen. Mono layers of hemicyanine c 11 3a) and 

hemicyanine <113b> were transferred at. 30 mNm- 1 • Transfer 

ratios were close to 100%. 
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Figure 5. 1 
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Fi~ure 5. 4:UV-VIS Langmuir Blodgett spectra of 

<a> Monolayer hemicyanine C1 13a) deposited at n = 31 mNMm- 1 

(b) Monolayer hemicyanine ( 1 13b) deposited c;t n = 31 mN,..1m- 1 
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5. 5 UV-VIS Solution And LB SRectra 

Mono layers of hemi.cyanine < 1 1 3a) and hemicyanine 

( 1 1 3b) were successfully transferred onto hydrophi l ically 

treated glass slides as judged by monolayer/multilayer UV-VIS 

spectra. The solution spectra of hemicyanine <113a) and 

hemicyanine <113b> in ari.star dichloromethane are shown in 

Figure 5. 3. A single band centred at S31 nm <HWHM = 70 nm> 

is present in solution spectra of both hemicyRnine (113a> and 

hemtcyanine (113b> An additional band centred at 326 nm 

<HWHM = 31 nm) was observed in the spectrum of" hemicyanine 

(113b). 

The UV-VIS LB monolayer spectrum of hemicyanine C113a> 
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i.s shown i.n Fi.gure 5. 4. In the LB spectr11m the CT hand is 

shi.fted to 430 nm (/j)... = 101 nml. For hemicyanine ( 1 ! 3h) t h~· 

LB UV-VIS spectrum contai.ns bands at 480 nm CHWHM 121 nm' 

and 361 nm <HWHM = 30 nm) and for thi.s compound the shift i.n 

the CT band is reduced (/j)... = 11 nm), and the i.ntensit'.· i.s 

reduced compared to the band at 361 nm. 

5. 6 Optical Second Harmonic Generation 

Si.ngle pulse SHG measurements were carried out u:.ing a 

Nd: YAG Laser with the p-polarised beam incident to the 

substrate at 41°. Optical SHG measurements were performed on 

monolayers/mult i Layers of hemicyanine <113ed and hemtcyanine 

<113b), The intensity of the second harmonic signal 

compared to that from the hemicyanine dye <5). Monolayers of 

hemi.cyani.ne <1 13a) were found to gi.ve optical second harmonic 

intensities ca. 3.8 tlmes that -for monolayer hemicyanine (5). 

For monolayer hemic yan t ne <113b) the opt teal SH intensity 

was found to be ca. 2. 3 times that for monolayer hemtcyanlne 

<5). Langmuir Blodgett multilayers of hemicyanine <113a) and 

hemicyanine (113b> have a Y type structure <centrosymmetri.c) 

and optical SHG has been observed for odd numbers of layers. 
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CHAPTER SIX 

SYNTHESIS. LB PEPOSITION AND NLO PROPERTIES 

OF CHROMOPHORES WITH THE 1. 3-DITHIOLE DONOR GROUP 



6.1 Introduction 

The quadratic hyperpolarisability OT amphiphilic 0-n-A 

materials is currently of great interest.e6 The 1, 3-dithiole 

heterocycle has received only little attention as a donor in 

D-n-A materials. This is surprising since this heterocycle 

has been the centre of much attention within the fi.eld of 

organic metals. The synthesis and electrochemistry of 1,3-

dithiole donor derivatives is welL developed and 

understood. e.,. 

Lehn et a l made a syst emat i c study of' the quadrat i c 

non- L i near it i es of push puLL poL yenes. ee They studied the 

NLO properties of' polyenes with the benzodithiole donor group 

e. g. <119a-119f), <120a-120f), <121a-121f) and <122a-122-f). 

Cr s 
~ 

S A 

( 1 1 9) 

~s 
~ . s 

( 121) 

A= '>=a , '>=<CN 
H H CN 

<a) (b) 

( 120) 
A 

( 1 22) 

A 

<c> CN 

(d) <e> (f) 
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Their alm was to study two e~fects which :::tre known "' -

!'?· i gn if i cant l y enhance the mot ec:ul ar- hyper po l a r i '= 3 t-• ~ t i t y •. f. \ : 

- an i.ncrease in the tength of the conjuqstecl system bet .. Jeen 

the donor and ~cceptor groups. a• 

- an i.ncrease ln the charge-.:tsymmetrv betv•een the gr:')•_mri A~1d 

first excited states through altering the donor an~ ~~-ertor 

groups. 90 

Lehn et at studied the t•U l k seco11d harmonic 

efficiencies of' compounds (119-122), <a-f) by the r.urt::::: Powcier 

Techn L que <described earL i er pp 1 1 ) . The results are shown 

in Table 6. i. 

Table 6. Relative powder efficiencies of compounds 

(119-122), <a-f'). All measurements r~etati.ve to SHG eff'tciency 

of' powdered urea for Lr-radiat Lon at 1. 06 ~tm (Left 1 Brid 1. 3.2 

fJm ( r i. ght >. = two-photons. fluorescence; '=:HG 

eff' i c i ency bet ween KDP (Pot ass i urn D i. hydrogen Phosphate) anci 

ur-ea; - not measured. 

( , 1 9) ( 1 20) ( 1 2 1 ) ( 1 22) 

(a) 0 f () f' 0 () (\ 

(b) 0 € 0 () 0 .. -, 

(c) f () o::; () 1 (1 30 12 13 

(d) () (1 c (I :: 0 (' .. l 

<e) f (l f (I f (l 

(f) 13 0 0 (l 0 

-104-



Their aim was to study two effects which are known to 

significantly enhance the molecular hyperpolarisability <~n; 

- an increase in the length of the conjugated system between 

the donor and acceptor groups. 69 

- an increase in the charge-asymmetry between the ground and 

first excited states through altering the donor and acceptor 

groups. 90 

Lehn et al studied the bulk second harmonic 

efficiencies of compounds <119-122), <a-f>,by the Kurt2: Powder 

Technique <described earlier pp 11). 

in Table 6.1. 

( 1 1 9) ( 120) 

<a> 0 f 0 

(b) 0 E 0 

(c) f 0 5 0 

(d) 0 0 E 0 

(e) f 0 f 0 

(f) 13 0 0 

The results are shown 

( 1 2 1 ) <122) 

f 0 0 0 

0 0 0 

10 30 12 13 

E 0 0 

f 0 

0 0 

Table 6. 1 

<119-122), <a-f). 

Relative powder efficiencies of compounds 

All measurements relative to SHG efficie~cy 

of powdered urea for i.rradiation at 1.06 1--1m <left) and 1.32 

f.lm <right). f = two-photons fluorescence; = SHG 

efficiency between KDP <Potassium Dihydrogen Phosphate> and 

urea; - not measured. 
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One difficulty in interpreting powder SHG measurements 

is that the technique measures only a convolution of SHG 

signals and SHG annihilation effects on the bulk powder 

sample can effect the results. ~ 1 Taking these effects into 

consideration the results obtained indicate that the 

materials <119-122>, <a-f) are good candidates for further 

optical studies e.g 

generation <EFISH) 

organised assemblies. 

electric f i.e l d induced second harmonic 

measurements and incorporating into 

SHG signals more intense than that of 

urea were observed for compounds in the ser i.es b, c, d and f. 

The relative SHG powder efficiencies of series c are large 

and efficiency is dependant on the conjugation length between 

donor and acceptor. 

An 

recently 

EFISH study 

been reported. 

studied together with 

<123a). 

of the push-pulL carotenoids has 

The derivatives <119a-122e~) were 

the previously unreported polyene 

<123a) 

The molecular quadratic hyperpolarisabiliti.es <13) determined 

by the EFISH experiments are given in Table 6. 2. 

For the series <119a-123a) a progressive red shift of 

the charge transfer band occurs on increasing the conjugation 
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t engt h. An enhancement of the quadratic hyperpotarisability 

(~) occurs on lengthening the polyene chain. 

Table 6. 2 Opt i ccd second order molecu!.ar 

hyperpolarisabilities determined at 

a. 1 o- 4 e esu. 

1. 32._.m in c h t oroform. 

Molecule A.,... ... ></nm ._.. ~ C2w) 1 ..... ~CO)' 

C119a> 372 30 20 

C 120a) 456 1200 570 

C121a) 466 2200 1000 

c 122s) 500 7250 2800 

C123s> 485 2700 1100 

The off-resonance values of the second order molecular 

hyperpotartsabt l ity Cf3o) are large, e.g for compound <122a> 

._..~ is equal to 7250 x 10-""e esu CCf 4-nitroaniline ._..a= 293 

X 1 Q-4-e esu 9~), The off-resonance second order molecuLar 

hyperpolarisablltty, So, for derivatives C119a-123a>may be 

approx lmated by equation (6. 1). 

~o oc n 2 • "" ••..• (6. 1 > 

where n = number of double bonds in the polyene chain. 

The approximate square dependence is in agreement with the 

reported experimental results for other polyene systems. 94 
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For series <119a-123a) the equation <6. 1) is obeyed -for n 

10. In a Later report, Lehn et al studied Langmuir Blodgett 

fiLms buiLt from mixtures of the carotenoid benzodithia-9-

polyene-pyridine <122c> and w-tricosenoic acid. 

Crs 
~ s 

(122c) 

The carotenoid (122c> does not give a stable monolayer on the 

water sub phase of a Langmuir Blodgett trough. The pure film 

was found to collapse below 10 mNm- 1 • The surface pressure 

area isotherm displayed a plateau at 18 mNm- 1 associated with 

a molecular reorganisation. The films were found to collapse 

at a pressure higher than 45 rrt-.Jm- 1 • 

The orientation of the polyene chain in the film of 

C122c) was studied by UV-VIS Linear dichroism. 96 The results 

suggest that the carotenoid is oriented perpendicular to the 

substrate in LB films and therefore the films are promising 

candidates for optical SHG. The authors suggest that the low 

wavelength of the n-n• transition is a result of the 

formation of an ordered parallel aggregation of molecules of 

C122c) <H aggregate) which are formed at a surface pressure 
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of' 18 mNm- 1 corresponding to the plateau on then-A isother·m. 

The NLO pr opert i. es of' donor-n-accept or c e>mpounds <. 1 2 4: 

and <125) have been studied by the EFISH technique 97 . ThA 

derivatives were prepared by Wittig condensations of' the 

reagent ( 126) wi.th 4-tricyanovinylbenzaldehyde 

4-nitrobenzaldehyde. The resuLts of' the EF ISH measurements 

are given in Table 6. 3. 

NC CN 

(124) ( 1 26) 

Table 6. 3 Quadrati-c non-Linear optical susceptibilities 

<13,13o>, dipole moments and electronic transit ion energies <E> 

of push puLL derivatives.1. 10-::.o cm~esu- 1 • 2. D. 3. eV. 4. 

determined at 1. 58~m. 

Compound e:. 

( 127) 21 12 7. 1 3.07 

( 124) 52 25 6. 9 2. 71 

( 125) 4 a.~=t2oo 2.06 
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The EFJSH measu~ements of were obtained in Me 2 SO 

solution. The vaLue of r3c,, which can be used to compare the 

NLO properties between molecules, is independent of 

transition energy and, thus, the value [. s not greatly 

affected by resonance enhancement. 

The nitrophenyl derivative ( 124) has a value 

of the order of the prototypical 

p-!::f, !:::1.-dimethylaminonitrobenzene <127) <21 x 10-30 cm15 esu-• ). 

The derivative (125) gives an intense second harmonic and a 

f3.f-l value of 1200 x 10-30 cm15 esu- 1 which is an order of 

magnitude higher them (127). The di.pole moment of <125) was 

not measured due to its poor solubility and hence a value of 

13 could not be obtai. ned. It is clear that amphiphi l ic 

derivatives of <125> would be promising materials for optical 

second harmonic generation in Langmuir Blodgett films. 

In this chapter the results of synthesis, Langmuir 

Blodgett ali~nment and optical SHG studies of the new 

amphiphilic donor-n-acceptor derivatives <128) and <129) are 

described. 

( 1 28) ( 1 29) 

The large second order molecutar. hyperpolari.sability of 

derivative (125> and the benzodithiole derivatives (119), 

suggested that long chain chromophores with the 1,3-di.thiole 
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donor group linked to a dicyanomethylene ac~ept8r group ·~ g 

C128l and C129l) may be promising NLO mAteriAls. 

6. 2 Synthesis. 

Ci>4-Cn-Hexadecyl)-2-C4-dicyanomethvLene-2, 5-cyclohexadiene) 

3-dithiole C128) 

The synthetic route to <128> is shown in Scheme r, 1. 

1-Bromo-2-octanone ( 103) vJas prepar-ed as pr-eviousLy 

described. Reacti.on of (103> with potassi.um ethyl xanthate 

in refLux i ng ethanoL gave 0-et hy l-1 -xant hy l oct an-2-onP < 1 3C') 

i.n high yi.eld. 4-He~yl-1, 3-dithiole-2-thione ( i 3! ) was 

prepared from the dithiocarbonate derivative (130) and 

phosphorus pentasuLfide in reftuxing toluene. A solut~on of 

thione ( 1 31> and one equivaLent of d i. methyL ~.u l ph;':lt e we•'= 

heated at 90°C; this yielded 2-rnethylthio-4-n-hexyL-1, 3-

d it hi o L i um methyl su l ph ate ( 1 32) L n 45'%. y L e l d. 

Phenylmalononitrile C134> was prepared by the routP 

described by Cava et aL. 9 e Treatment ot- ben::::ylnitri.Le <133> 

with one equivalent of LDA then 2-chlorobenzylthiocyanate 

gave compound C 1 34) after an acidic work up. The push put l 

chromophore <128) was prepared in 85% yield by coupling 

4-n-hexyl-1, 3-di.thi.olium 

phenylmalononitri.le C134>. 

methyl sulphate 

-110-

( 1 3:?) with 



Scheme 6. 1 

( 1 33) 

( i i i ) 

(i.v), (y) 

... 

H 

( 103) 

( 1 30) 

~(ill 

( 1 3 1) 

H 

NCCCN 
,~ 

h 

( 1 34) 

NC6CN 
,~ 

h 
+ 

( 134) 

(i) EtCOS2 -f<+, acetone, ref'lu><i (ii) P,Ss, 

toluene, re-flux; <iii) <Me0) 2 SO,, 90°C; <iv) LDA; <v) 2-

chlorobenzylthiocyanate; <vi> pyridine/glacial acetic acid 

3/1 (v/v) 
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Ciil4-<n-Dodecyl>-2-CdicyanomethylenemethyleneJ 

-1. 3-di.thiole <129) 

The synthetic route to <129) is shown in Scheme 6. 2. 

Salt (140) was prepared rrom 1-dodecene in 20% overal yield 

by an analogous route <Scheme 6. 2> described above ror the 

synthesis of the C~ analogue. Salt <140) was then reduced 

with sodium borohydride in ethanol to give 

2-met hy l t hi o-4- <n-dodecy t) -2!::!.-1, 3-d i. t hi ole < 1 41 ) . Treatment 

of < 141) with acetic anhydride, roll owed by tet raf l uorobor i. c 

acid diethyletherate, gave tetraf"luoroborE!lte salt <142) in 

83% yield. Aldehyde <143> was prepared by an analogous route 

to that developed by Yoshida. 99 Treatment of salt <142> with 

tributylphosphine followed 

triethylamine 

condensation 

gave the 

OT aldehyde 

by 

aldehyde 

( 1 43) 

aqueous glyoxal and 

( 1 43). Knoevenagel 

with mal.ononltri.Le cmd 

piperidine gave the target dicyanomethylated push pu l I 

a mph i ph i l e ( 1 2 9) in 38 % y i e l d. 
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( i ) 

H21C1o~ ___,.. 
( 1 35) 

HOH 
H21C1o-\_Br 

( 1 36) 

(i v> 

(i. i ) .. 

~1C1ols 
I )=s ....... ~----
s 

( 139) 
( 1 38) 

(v)' <vi>~ 
<vt t > H21C10ySvSMe 
---~•~ d. s"" H 

( 1 41 ) 

~<viii),<ix) 
(x), <x t), <xi t) 

H21C1o'lfS~ .,.. .. ..,__ __ 
ILs'-\::o 

<143) 

~ <xiii>,<xiv> 

Scheme 6. 2: <i> NBS/DMSO/H2 0; 

H21C1oliS)!H 
S BF4-

< 1 42) 

( i i. i ) 

EtCOSz-K•, acetone; (iv) P 2 S~H toluene; <v> <Me0) 2 502 ; <vi> 

HBF 4 .Et 2 0; <vii> NaBH 4 , ethanol; <viii) Ac 2 0; <ix> HBF 4 .Et 2 0; 

(x) PBu 3 ; <xi) 40 wt% aqueous glyoxal; (xi i) triethylamine; 

<xtii> CH2 <CN> 2 ; (xiv> piperidine. 
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A systematic i. nvest t gat ion of" the film 

properties of the 1,3-dithiole derivPctive<;. ·:12·3) and •I:?CJ> 

was carried out using a two comp~rtment f\JimA Technolo::w LB 

trough. Sol.ut ions of the chromophore=' in 

dichloromethane or chloroform, were spread on the pure w~ter 

subphase 

isolated 

barrier. 

< M L l l i 0, 1 8 M0) of one comp~rtment I ,A,) "v!h i c h w:-. co. 

from the second compartment 

A volume of of 0. 30 mgmt-• scl uti. on of 

<128) was spread on the pure water o;;ubphao;:e of comr~rtment 

<A). The surface pressure versus surface area isotherm for 

<128) i.s shown in Fi.gure 6. 1. The amphiphile forms a stable 

monolayer which collapses at a low surface pressure 

mi\Jm- 1 ) • Films of (129) wen~ depoo;:.ited onto hydrophill~ally 

treated glas:. slides at a sur·fa~e pressure of 3n mNm- 1 

The UV-VIS solution spectrum of amp h i. ph i. L e 

displays absorptions at 594 nm ~nd 645 nm wLth half width at 

half maxi. mum <HWHM) of 50 and 35 nm, respectively ccigure 

6. 3). The UV-VIS L8 monolayer spectrum of (128) is marked! y 

different to the solution spectrum. There is a diminution nf 

peaks r-:94 nm and 645 nm ~nd the appearance of 

absorption at 41 1 nm CHWHI'-1 10 nm>. The uv-vr s solutio.., 

spectrum of <129:>, with absorptions at 228, 347 :o:tnr:i 54:? nm, 

is shown in Figure 6. 3. The monolayer LB UV-VfS spe~trum is 

shown in Figure 6. 4. Peaks. present in the solutir:>n spectrum 

are absent in the LB spectra and an e~bsorpt i. on at 28 7 nm 
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<HWHM = 20 nm> appeared. Therefore amph i ph L l es < 1 2.g > and 

<129) have LB spectra where there is a window at the second 

harmonic (532 nm> and opt L cal SHG measurements are, 

therefore, not affected by resonance enhancement. 

6.4 O~tical Second Harmonic Generation 

SHG measurements were carried out using the apparatus 

previously described <Section 3.6>. The mean second harmonic, 

intensity is compared wlth the corresponding signal from an 

LB monolayer of the hemicyanine dye <5>. 

By comparison with other chromophores with the 1,3-

dithtole donor group, wh_lch show large second order non­

l tnearities <e.g <1 19>, <125)), the amphiphi les <128) and 

<129) should possess high second order coefficients. 

Remarkably, monolayers of <128> deposited at a surface 

pressure of 30 mNm-, 

powers. Similarly, 

show no opticaL SHG even at 

monolayers of the amphlphile 

hlgh 

( 1 29) 

laser 

which 

were depostted at 25 rrNm- 1 did not give any observable second 

harmonic signal at low and high laser powers. 

-t 15-



Figure 6. 1 
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j 

i 
.a 

Figure 6. 3 UV-VIS solution spectra in aristar 

dlchloromethane Cal amphiphlle <1281. 

(b) amph i phiL e < 129). 
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CHAPTER SEVEN 

EXPERIMENTAL 



7. 1 GENERAL METHODS 

Mass spectre were obtai. ned on a VG 7070E L nst rtJment 

operat i. ng at 70eV. Infrared spectra were recorded on Perkin 

Elmer 577 and 45 7 spect rophot omet ers. Me L t i. n g po i n t s were 

recorded on a Kofler hot-stage mi c rose ope appar-atus and are 

uncor-rected. Proton NMR were recorded on a Bruker AC2SO 

i. nst rument <250. 133MHz) and a Perk i. n Elmer R-248 i. nst r-ument 

<60MHz). Chemical shifts are r-elative to tetr-amethylsi.lane 

<TMS) and are given in ppm. 

Cyclic Voltammograms <CV> wer-e obtai.ned on a BAS 100 

electrochemical analyser-. The CV cell consisted of Ag/AgCl 

reference elect rode, platinum working electrode wi.th 

tetrabutylammonium perchlorate <TBAP, 2 x 10- 2 M) electrolyte 

i.n di.chloromethane or acetoni.tri.le. 
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7. 2 EXPERIMENTAL TO CHAPTER 2 

7. 2. 1 Methyl-2, 5-di (bromomethyl )benzoeite (63·0 

Methyl-2,5-dimethylbenzoate <62f') <5. 53g,O. 034mol ), 

~-bromosuccinimide <13. 5g,0.075 mol> and 

azobisisobutyronitri le <O. 3g> were mixed in dichloromethane 

<60ml> and refluxed f'or 2h. 

af'f'orded compound <63f') <7. 2g, 6M~) 

83°C<f'rom methanoL>; El ~1.: 

Standard aque~u? work up 

as a white sol i d. MPt. 81-

324 (M+); Analysis f'ound: 

C, 37. 8; H, 3. 1; Br, 49. 9. Calculated f'or C, 0 H, 0 Br 2 0 2 : 

C, 37. 3; H, 3. 1; Br, 49. 6%; IR v,......."" <KBr>: 1725, 1445,1290, 1092,997 

and 920 cm- 1 ; ~H<250MHz, CDCL 3 > 7. 95 <s, 1H>, 7. 40 <s, 2H>, 4. 95 

<s, 2H>, 4. 39 <s, 2H> and 3. 95 <s, 3H> ppm. 

7.2.2 Methyl-2,5-dl(cyanomethyl>benzoate <64r) 

Compound (63f) <4.6g,0.014mol> and sodium cyanide 

<4.5g,0.09mol> were suspended in a mixture of' dioxane <30ml> 

and water <30ml) and stirred vigorously for 24h at zooc. 

Sol vent was partial l y removed in vacuo and the solid product 

collected by fiLtration, washed with water, dried and 

recrystallised f'rom methanol to yield compound (64f) 

<2. 6g, 84%) as a white solid. MPt. 98-99°C; El ~1.: 214 <M+); 

Analysis f'ound: C, 67. 5; H, 4. 7; N, 13. 0. Calculated for 

C,;aH,oNz02 : C,67.3;H,4.7;N,13.1%; IR Vrneuc <KBr): 2290, 1724, 
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1 460 1 1 444 1 1 300 1 1098 1 1000 and 96 1 em- 1
; oH <60MHz, CDC l :::o >: 7 qc:: 

(s 1 1 H) 1 7. 55 <s, 2H> 1 4. 08 <s, 2H), 3. 90 <s, 3H) and 3. 74 (s, 2H> ppm. 

7. 2. 3 Preparation of TCNQ Derivatives Uslng 

2-Chlorobenzylthiocyanate 

7. 2. 3. 1 General Procedure 

The reactions were performed in dry benzene and under 

an atmosphere of nit regen. A solution of di<cyanometh)d> 

compound <64) in benzene was added dropwi se over 0. 5h to a 

stirred solution of l i. t hi um diisopropylamide <LDAl (4 

equivalents) in benzene at o-5°C. A solution ot' 2-

chlorobenzylthiocyanate <4 equivalents) in benzene was then 

added dropwise over 20min. The solution was stirred at 0-5°C 

for 4hl extracted with water and the aqueous e:-<tract 

acidified with concentrated hydrochloric aci.d. 81"omi.ne <ca. 

4 equivalents> was added to the stirred aqueous suspension 

which was stirred untiL a 1 l the TCNQ had precipitated 

<typically 24-48h>. The product was collected by filtration, 

dried and purified by silica column chromat.ogl"aphy (')I" 

recrystallisation. There was thus obtained: 

7. 2. 3. 2 2, 5-Dichloro-TCNO (41c> 

yieldl.MPt. 305-307°C<dec. 

<dec. )J. 

(from 
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7. 2. 3. 3 2. 5-D i bromo- TCNO (4 I d > 

y i e l d ) . MP t . 

Cdec. ) J. 

315°C<dec.) (-from acetonitri I.e) [ l it~ 4 31rS-31,<=l.°C 

7. 2. 3. 4 2, 5-Dimethoxy-TCNO (41e) as a red po\>Jder 

y i e l d) . MPt. 300-305° C <dec. ) (-from 1, 1,2-trichloroethane> 

[ l i.t::s 4 300-305oc <dec. >J. 

7.2.3.5 2-Metho.><:ycarbonyl-TCNO (41F> as a yellow solid 05% 

yieLd>.MPt. 224-2260C(dec. )(from acetonitrile.'; EI "'1.: 262 

<M+>; Analysis found: C,64.2;H,2.5;N,21.3. Calculated for 

C, 4 H 6 N4 0 2 : C,64.1;H,2.3;N,21.4%; IR Vrn'"'""' (f<8r): 2220, 1725, 

1435, 1295, 1195 and 1084 cm- 1 ; oH <60MH2, CDC l 3 ): 

8. 4-7. 6(m, 3H) and 4. 2<s, 3H>ppm. 

7. 2. 3. 6 

(67) as 

11, 11, 12, 12-Tetracyano-!, 4-n.-=tphthoquinodimethane 

golden crystals (45% yield> (from 

dichloromethane/petroleum ether, a-fter column chromatography 

on silica, eluant dichtoromethane/cyclohexane 9:1 v/v'.MPt. 

216-2180C [Lit 109 244-24SOC <dec.)], 

7. 2. 3. 7 1 !, 11, 12, 12-Tetracycmo-2, 7-m•:tpthoqvinodimethane (69> 

as a purple powder <ca. 20% y i e l d '> • MP t . 

acetonitrile> [li.t' 10 >365°Cl. 

7. 2. 3. 8 1-Cyanomet h_v t-4- (d i cyanomet hyl > t et r<''tch l orobenzene 

(70) as a white powder (14% yield). MPt. 236-238°C from 
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acetonitrile; El '""/ .: 317 <M+ >; Analysis found 

C, 41. 2; H, 0. 8; N, 1 3. 1 j c l' 43. 9. Calculated for C,, H 3 N:sC L 4 : 

C, 41. 4; H, 0. 9; N, 13. 2;Cl,44. 5%; I R Vmox <KBr): 2940, 2240, 

2220, 1580, 1460, 1340, 1210, 1020, 870 and 850cm- 1 ; 

oH<250MHz, CDCl 3 ) 6. 08Cs, 1H> and 4. 18Cs, 2H)ppm. 

7. 2. 4 Preparation of Mono(dicyanomethylated)-p-benzoquinones 

7. 2. 4. 1 General Procedure 

To a solution of the substituted p-benzoquinone, in 

dichloromethane, was added titanium tetrachloride followed by 

a solution of pyri.di.ne and malononi.tri.le in dichloromethane. 

The mixture was stirred, typically, at 25 o C for 24h. The 

reaction mixture was poured onto water, the organic layer 

separated, dried <MgS0 4 ) and the solvent removed in vacuo. 

The crude residue was purified, where neccessary, by silica 

column chromatography or fractional sublimation. 

7. 2. 4. 2 1-0xo-4-di cycmomet hyl ene-2, 5-cyc l ohe><adi ene (74h > 

The quinomethide C74h) 

cyclohexanedi.one 

Hyatt. 101 

monoethylene 

-122-

was 

ketal 

prepared from 1' 4-
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7. 2. 4. 3 1-0~o-2. ~ ~ 6-tetramethyl-4-dicyanomethyfene-2, 5-

cyctohex~""ldiene (74mJ 

To solution of 2, 3, 5, 6-tetramethyL-p-benzoquinone 

<73m) (400mg, 2. 4mmol) in dichloromethane <25ml) was added 

titanium tetrachloride <1. 16g, 6. 1mmol) and then a sol uti. on 

of pyridine (948mg, 12mmol) and malononitrile C402mg,6. lrTTnol) 

in dichloromethane C25ml) at 0-5°C. The mixture was stirred 

at for 24h. Column chromatography, eluant 

dichloromethane/hexane <7: 3 v/v) gave compound <74m) 

C112mg, 22%>. MPt. 124-128°C; EI ~t.:212(M+); Analysis found: 

C, 73. 2; H, 5. 5; N, 12, 5. Calculated for C, 3 H,~N2 0: C, 73. 5; H, 5. 7; 

N, 13. 2%; IR v..,.,..., <KBr): 2220, 1635, 1580, 1510, 1460, 1440, 

1385, 1370, 1355, 1330, 1310, 1265, 1220, 1160, 1130, 1100, 

1030, 1010, 860, 775, 690 and 600cm- 1 ; 8HC250MHz, CDCl~): 

2. 44Cs, 6H) and 2.02Cs, 6H>ppm. 

Followed by a second component, wh i. ch was not obtained 

analytically 

rn;.: 251 (M+); 

pure, identified as compound 

IR v,...,.x <KBr): 3570, 2920, 2220, 

<75m). 

1630, 

1450, 1385, 1330, 1300, 1220, 1130, 1100 and 1030cm- 1 • 

7. 2. 4. 4 1-0~o-2, 3, 6-trimethyl-4-dicyanomethylene-2, 5-

cyctohexadiene (74n) 

EI 

1570, 

To a solution of 2,3, 6-trimethyl-p-benzoquinone 102 

<73n) (86 7mg, 5. 8mmo l) in dichloromethane (15ml> was added 
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t i t an i u m t e t r a c h L or L de < 1 . 2 g, 6 . 4 mmo l ) and t hen a so l u t l on o-f 

pyridine <l.Og, 12. 7mmol> 

in dichloromethane C25ml) 

and malononitri le <420mg, 6. 4mmol> 

at 0-5°C. The mivture was stirred 

for 24h at 25°C. Column chromatography, eluant toluene-hexflne 

( 1 : v/v) gave compound C74n) <477mg, 41%). MPt. 102-106°C:; 

EI "'/ .,.: 1 98 Analysis found: C, 72. 5; H, 4. 9; N, 14. 0. 

Calculated for C, 2 H 1 0 N 2 0: C, 72. 7; H, 5. 1; N, 1 4. 1 %; 

CKBr): 2225, 1630, 1575, 

1260, 1 220, 1 1 70, 1 125' 

1500, 

1 1 05' 

1435, 

1035, 

1400, 1375, 

930, 900, 875, 

IR 

1345' 

780, 

Vrne.x 

1290, 

670, 

620, 580, 515 and 495 em- 1
; 

2. 52 <s, 3H) and 2. 12 Cs, 6H) ppm. 

oH<250MHz, CDCl~>: 7. 46<s, 1H), 

Followed by a second component, which was not obtained 

analytically 

"'/.: 237 <M•); 

pure, i.dentified as compound < 75n). El 

1600, 

1100, 

400 

1570, 

1030, 

cm- 1 ; 

IR VITia>< CK8r): 3550, 

1550, 

935, 

1 480, 1380, 1330, 

895, 860, 805, 740, 

2970, 

1320, 

700, 

oH <60MHz, CDC l ~): 7. 06 C s, 1 H), 

2. 16 <s, 3H) ppm. 

2920, 2850, 2240, 

1270, 1240, 1210, 

690, 550, 520 and 

2.30<s,6H> and 

7. 2. 4. 5 1-0xo-2, 6-dimethyl-4-dicyanomethylene-2, 5-

cyclohexadiene (74p> 

To a solution of 2, 6-dimethyl-p-benzoquinone 103 <73p> 

<366mg, 2. 7mmol) in dichloromethane C25ml) was added titani.um 

tetrachloride ( 1. 28g, 6. 75mmol) and then a solution of 

pyr t d t ne < 1. 06g, 1 3. 5mmo l) and ma Lonon i. t rile C444mg, 6. 75mmo l) 
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Ln dichloromethane <25ml) at 0-5°C. The mixture was stirred 

at for 15h. Column c hromat ogr aphy, eluant 

dichloromethane, g~:~ve compound <74p) (122mg, 24%> as an orange 

solid.MPt. 134-1380(; EI rnf ..,: 184 Analysis found: 

C, 71. 7; H, 4. 3; N, 15. 3. Calculated for C, ,H,.,N2 0: C, 71. 7; H, 4. 3; 

N,15.2%; IR v.,..,.,.,..., <KBr>: 2220, 1635, 1580, 1 430, 1 380, 1 2 40, 

1200, 1040, 1030, 950, 930, 910, 900 and 780cm- 1 ; 

oH<60MHz, CDCl 3 ): 7. 26<s, 2H> and 2. 06Cs, 6H)ppm. 

Followed by a second component, wh L c h was not obtai. ned 

anal yt i cal l y 

"'/.: 233 (M•); 

pure, ldenti.fi.ed 

I R v ......... >< < KB r ) : 3400, 

as compound <75p). EI 

2230, 1600, 1520, 1480, 

1310, 1290, 1 210, 1170, 935, 890 and 745cm-,; 

oHC250MHz, CDCl 3 ): 7. 80<s, 2H) and 2. 33<s, 6H)ppm. 

7. 2. 4. 6 BenzoC1, 2-b, 4, 5-b'lbisf 1, 4Jdithiin-5-oxo-10-

dlcycmomethylene 2, 3, 7, 8-tetrahydro (74q> 

To a solution of bis<ethylenedithio>-p-benzoquinone 104 

<73q> <284mg, 1 mmo l) Ln dichloromethane <50ml) was added 

titanium tetrachloride <105mg,2.51T1Tlol) and then a solution of 

pyridine <393mg, 5mmol> and malononitri le <164mg, 2. 5mmol) in 

dichloromethane <20ml>. The mixture was heated at reflux for 

24h. Column chromatography, eluent dichloromethane, gave 

compound <74q><44mg,34%> as a black solid.MPt.212-214°C; El 

"'1.: 336 <M•>; Analysis found: C, 46. 2; H, 2. 1; N, 8. 1. Calculated 
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C, 46. 4; H, 2. 4; N, 8. 3%; I R v I"T''ax < kB r) : 2220, 

1620, 1580, 1460, 1380, 1280, 1 150, 1 130 and 820cm- 1 • 

Followed by a second component, which was not obtained 

anelyti.cally pure, identified as <75q). El ""'/..,: 375<M ... >; I R 

v.,..,.,.. <KBr): 3420, 2930, 2230, 1605, 1570, 1465, 1310, 1220, 

1 21 0, 1 1 40, 945 end 750cm- 1 • 

7. 2. 4. 7 Napht ho[ 2, 3-b] [ 1, 41 di t hi i n-5-di c yanomet hyl ene- 1 0-one 

~ 3-tetrahydro (74r) 

To e solution of ethylenedithionaphthoqui.none 105 <73r> 

<100mg, 0. 4mmol) in di.chloromethane <20ml) was added t i.tani.um 

tetrechloride <383mg, 2mmol) and then a solution of pyridine 

C 1 57mg, 2mmo l) and malononitri.le C 1 32mg, 2mmo l) in 

dichloromethane <20ml). The mixture was stirred at 25°C for 

24h. Fractional sub l i mat ion <220° C, 0. 05m8ar) yielded 

compound C74r)(52mg,44%) as a black soli.d.MPt.240-242°C; El 

,.,../_: 296CM•); Analysis found: C,60. 6; H,2. 7; N, 9. 5. Calculated 

C, 60. 8; H, 2. 7;N, 9. 5%; I R v"'"'"" <KBr >: 2220, 

1635, 1590, 1540, 1 490, 14 70, 1 420, 1340, 1280, 1250, 1 150, 

1 1 20, 880, 820, 780 and 720cm- 1 • 

A second sublimed component was obtained, which was not 

pure, identified as compound enalyticelly 

..... !.: 335<M+>; JR v,.,...,.,.. <KBr): 3400, 2940, 2235, 

1470, 1220, 1180, 910 end 880cm- 1 • 
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7. 2. 5 Prepar~tion OT ~. 7, 7-Tricyanoquinomethaneimines. 

7. 2. 5. GeneraL Prcocedure 

To solution of the substituted quinnmethide in 

dichloromethane was added titanium tetrachloride and thPn 

bisCtri.methylsi lyl )carbodi imide. The reaction mixture w~s 

sti.rred typical.ly Tor 72h e~t 25°C. The mixture was pour-ed 

onto water, the organi.c layer sep.~rated, dri.ed <MJS0_.1 and 

the solvent removed in vacuo. The crude residue wa~. 

puriTied, wher·e neccesary, by si. L ica column ch,.-ome~tography or 

fre~ctional sublime~tion. 

7. 2. 5. 2 ~-Cyano-4-dicyanomethylene-cyclohexa-

2, 5-d/enyl ideneamine (72h) 

To a solution of quinomethide C74h) C100mg, 0. 64mmol > in 

dry di.chloromethane <20ml) was added ti.tantum tet,.-achloride 

and bis(tri.methylsi. Lyl) car bod i L mi de (61 3mg, 3. 2mmo l) 

(599mg, 3. 2mmo l). The mixture was stirred at 25°C for 72h. 

Column chromatography, eluting wi.th dichloromethane, yielded 

compound <72h) (49mg, 43%) as an orconge sol i.d. MPt. 176-

1780C(dec. >; EI ,....,/ .. : 180<M .... >: Ane~Lyo:.Ls found: C, 66. 4; H, 2. 2; 

1'1,30.9. Calcule~ted for C, 0 H ... I'J4 : C,66.7;H,2.2;f'-J,31.1%; IR vrr.,. .. 

<KBr): 2240, 2180, 1550, 1380, 1 260, 1250, 1030 and 750 em-'; 

oH<60MHz, CDCL 3 ): 7. 68Cd, 2H>, 7. 49<d, 1H) and 7. 16 (d, 1H)ppm. 
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7. 2. 5. 3 J:.i-Cyemo-2, 3, 5, 6-tetramethyf-4-dicy~'inomethyfene­

cyclohe><a-2, 5-dieny/. ideneamine (72m) 

To a solution of' quinomethide <74m) (100mg, 0. 47mmol) in 

d i ch l oromet heme <1Om L > was added titanium tetrachloride 

and bisCtrimethylsilyl)carbodiimide < 1 3 6 mg, 0. 7 1 mmo l > 

< 1 33mg, 0. 71 m-no L). The mixture was stirred at 25°C f'or 60h. 

Column chromatography, elut Lng with d i chloromethane, 

separated compound <72m> <80mg, 76%) as ye l low 

so L i d. MP t . 1 9 2 ° C; E I ,.,.., I.: 222 <M•>; Analysis -found: C, 71. 1; 

H, 5. 0; N, 23. 5. Calculated for C, 71. 2; H, 5. 1 i 

N, 23. 7%; IR v,.,.,.,.,.. <KBr >: 2220, 2160, 1560 and 1380cm- 1 ; 

oH<250MHz, CDCL 3 ): 2. 40Cbr. s, 6H) and 2. 21 <br. s, 6H)ppm. 

7.2.5. 4 J:.i-Cyano-2, 3, 6-trimethyl-4-dicyanomethylene­

cyclohexa-2, 5-dienyt ideneamine (72n) 

To a solution of quinomethide <74n) <257mg, 1. 3rrmol> ln 

dry dichloromethane <12ml> was added titanium tetrachloride 

and bis<trimethylsilyl> carbodi imide <308mg, 1. 6mmo l) 

<297mg, 1. 6mmo L). The mixture was stirred at 25°C f'or 40h. 

Column chromatography, eluting with dichloromethane, gave 

compound <72n> C243mg,84'%). MPt. 1360C<dec. ); EI ,.,..,/,.: 236 

Analysis -found: C, 70. 4; H, 4. 1; N, 25. 0. Calculated f'or 

IR v,.,.,.., ... <KBr>: 2220, 2160, 

2140, 1630, 1540, 1445, 1410, 1380, 1310, 1230, 1130, 1040, 

-128-



1015, 935, 890, 755, 665 and S4Scm-'; 5H(?5C)MH::,COCL~): -; 45 

<s, 1H), 2. 58<s, 6H> and 2. 33rs, 3H>ppm. 

7. 2.5. 5 ~-Cyano-~ 6-dimethyl-4-dicyanomethvle~e­

cyclohexa-2, 5-dienvl idene::~mine (72p.1 

To a solution of qui.nomethide <74p> <424mg, 2. 3mmol :' in 

<20ml) was added titanium tetrachlcride 

and bis<trimet.hylsi lyl Jcarbodiimide 

dichloromethane 

<574mg, 2. 9mmo I) 

<534mg, 2. 9mmo l). The mi.xture was stirred at 25°C tor 6f'lh. 

Column chromatography, etut ing with dich!oromethAne, gave 

compound <72p>C320mg,67%>.MPt.261-262°C (dec.); Ef fT'</«>: 20-S 

Analysis found: C, 69. 1; H, 3. 6; !'J, 26. 6. CaLculated for-

C 1 zHeN4 : C, 69. 2; H, 3. 8; N, 26. 9%; I R v "'"" ,_, < Nu J o l ) : 2 2 3 5 , 2 1 50 . 

1630, 1570, 1550, 1495, 1385, 1260, 1210, 1040, 970, 

915, 760, 725, 655, 550 and 465crr·-'; cSH(250MHz, CDCl~) 

<br. s, 2H) and 2. SO<vbr s, 6H>ppm. 

945, 

7 . 37 

7. 2. 5. 6 5-Dicvanomethvlene-lO-f::j-cy,~nofmine-2, 3. 7, 8-tetr.:thvdro­

benzo[ !, 2-b. 4. 5-J::.' Jbis[ !, 4]dithi in ( 7 2q> 

To a solution of qui.nomethide (74q)(100mg,O.:i0mmol) in 

dichloromethane ( 40ml) was added titanium tetrachloride 

<28 7mg, 1. 5mmo I> and bi.s<tri.methylsi.lyl'>carbodi. i.mi.de 

< 2 8 1 mg, 1 . 5 mmo l ) . The mi.xture· v1as heated at reflu:>< for 48h. 

Preparative t. l. c on s i I i ca coated plate, 

dichloromethane eluant, provided an analytically pure Sctmple 
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of ( 7 2 q > < 6 7 mg , 6 2 ~{. ' as a b ! a c- k so I. i d. "'1 P t . EI n'"lj , 
.· c· 36(1 

!'l.na l ys i o::. found: c t 4 6 . 5 ; H' 2 . 1 ; ~J I l 5 . '":' Cat cut ated fc·" 

2180, 1 560, I 440, 1 390, 1030, 750 and 680cm-'. 

7. 2. 5. 7 5 -[) i c yanorne t h v /. ene- / 0-t;j-c~'anc :' mi ne-2. 3- t et r 8~-, )'drc-

naphtho£21 3-b][ 1, 47dlthi in (?2r} 

To a solution of quinomethide <74r) <40mg, 0. 1 4rrmoL > in 

d i ch L oromet heme <1Om L > was added titanium tetrachLoride 

< 1 34mg, 0. 7mmo L) and bis<trimethylsi lyl>carbodi imide ( 131 mg, 

0. 7mmo l). The mixture was st Lrred at for 2 4.h. 

Preparative t. l. c on a silica coated plate, using 

dichloromethane eluant, gave compound ( 72 r) <2 2mg, 68%) as a 

black solid.MPt. 258-260°C; El rn; .. : 320<M•>; Ana t ys is. found: 

C,59.6;H,2.3;N,17.2. Calculated ·for C,,~H0N4 S 2 : C,60.0;H,2.5; 

N, 17.5%; IR vrn ... x <t<Br): 2220, 2180, 1570, 1490, 1460, 1330, 

1280, 1260, I 160, 750, 730 and 680cm- 1 • 

7. 2. 6 Preparation of~~· -Dicyanoquinonediimines 

7. 2. 6. 1 t:f .• t:f' -Dfcvano-S, 10-di imine-2, 3. 7. 8-tetrahydro-

benzo[l.2-b, 4,5-b'Jbisf1.4Jdithiin (8CJ> 

To soLution of bistethytenedithio)-p-benzoquinone 

C73q> C150mg, 0. 53mmol) Ln dichloromethane <SOml) was added 

titanium tetrachloride C498mg, 2. 6mmo l) and bi.s<trimethyl 
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silyl) carbodi.i.mide C487mg, 2. 61'TYnol). The mixture was heat8d 

at reflux for 96h, poured onto water, the organic Layer 

separated, dr i. ed <MgS0 4 'l and the soL vent removed in \··~,cuo. 

Purification of the soL L d residue by s i.l l ca co!. umn 

chromatography, eluant d i chloromethane, gave compound 

C 8 0 ) < 6 2 mg, 3 5%) as a b L a c k so L L d. M P t . > 3 2 0 ° C ; E I "'"'I • : 3 3 8 

<M•+2H); Analysis found: C,41.9;H,2.1;N,16.6. Cslcule~ted for 

C, 2 HeN 4 S 4 : C, 42. 8; H, 2. 4; N, 16. 7"1..; JR v"~"">' <KBr>: 2130, 15~0. 

1460, 1260, 1 135, 1 100 and 820cm- 1
• 

7. 2. 6. 2 5-0xo-10-f:j-cy~noimine-2, 3-tetrahydro-benzo[ 1, 2-b. 4, 5-b' J 

bis£1,4Jdithiin (81.1 .. ~nd f:j,!::J'-Dicvano-5,10-diimine-

2, 3- t e t r a hv dr o-benz o[ I , 2- b, 4, 5- b ' J b i s r I , 4 1 d i t h i i n ( 7 ° ) 

To soluti.on of ethylenedithionaphthoqulnone 

C73r)(200mg, 0. 8mmol) in dichloromethane ( 40ml) wa=. 01dded 

titani.um tetrachloride <766mg,4mmol) and bis<trimethylsilyl> 

carbodiimide C749mg,41'1Tnol>. The mixture wa=. stirred at 25°C 

for 24h, poured onto water, the organic layer separated, 

dried CMgS0 4 ) and the solvent removed in vacua Purificati.on 

of the solid resi.due by si. L Lea column chromatography, eluent 

d i chloromethane, separated compound (81) <SOmg, 23%). MPt. 172-

1740C; EJ rn;.: 272 <M+); Analysis found: C, 57. 1; H, 2. 7; N, 10. 1. 

Calculated for C, 57. 3; H, 3. 0; N, 10. 3%; IR 

<KBr): 2150, 1640, 1580, 1560, 1510, 1320, 1280, 1250, 1150, 

880 and 690cm- 1 ; oH<250MHz, CDCl 3 ): e. 98•:m, lH),f!.. !0(rr •. lf-n. 

7. 70-7. 67(m, ::'Hl,:::. 27(m, 4H.>ppm followed by compound r79> 
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C161mg, 68%) .MPt. 180-1.'.32°C(dec. >. .A,nc;~l ys is found: C, St .. 5: 

H, 2. 8; N, 18. 3. Calculated C, 4 HeN 4 S 2 : (;,56. 7; H, Z. 7; f'J. 18. 9'X; !P 

Vrn.,.>< CKBr): 2150, 1550, 1-510, 1470, 1330, 1310, 1260, 1170, 

1 140, 1130, 910, 770 and 670cm_,; oH(250MHz, CDCl~): 7. 77-7. 7:'\ 

(m,4H) and 3. 28 <s, 4HJppm. 

7. 4 EXPERIMENTAL TO CHAPTER 4 

7. 4. 1 fY-n-Hexadecy/-2-methylbenzoth[azol ium iodide (94) 

To 2-methylbenzothlazoLe (93) <2. 98g, 201'TYT1ol) was added 

n-hexadecytiodide <14.08g,401'TYT1ol> end the mixture heated st 

900 C for 48h. The mixture was cooled to 0°C e~nd diethylether 

C400ml) wss added. The precipitated white solid of C94) was 

collected, wsshed with diethylether, and dried in vacuo 

121-123oc (from methane l '>; EI ...... /..,: 374 C2. Og, 20%>. MPt. 

<M•-J-);Analysis found: C, 57. 4; H, 8. 1; N, 3. 5. Calculated fol" 

Cz 4 H 40 INS: C, 57. 5; H, 8. 0; N, 3. 7%; I R v ..,..0 ... O<Br >: 2900, ?840, 

1580, 1 520, 1 4 70, 1 440, 1 3 75, 1 340, 1060, 1020, 780, 730 and 

720cm- 1 • 

7. 4. 2 Z-{3- (fY-n-Hexadec y l-2-benzot hi azo l i um) -a-cy.'f'tno-4-s t yr y I 

dicyanomethanide [C 1 ,£.H3 ~-BT3CNQJ (9!) 

To 19 solution of salt C94) C250mg,O. 50mmol> in 

acetonitrile C30ml) was added TCNO <45) C102mg,O. 50mmol) and 
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['i-met hy l pi peri dine <50mg, 0. 5rrmo l ) . The solution was heated 

at reflux for 24h. On cooling to 0°C the product was 

collected, washed with cold acetonitrile, and dried in v.~c-uo. 

This yielded green microcrystals 

< 1 71 mg, 62%). MPt. 186-1880C; Analysis found: C, 76. 3; H, 7. 4; 

N,9.7; 5,5.8. Calculated for C:35 H4;.;:.N4S: C,76.4;H,7.6;N,10.2; 

5, 5. 8%; IR v.,....,."" <KBr): 2900, 2840, 2180, 2150, 1600, 1530, 

1500, 1460, 1370, 1345, 1335, 1290, 1260, 1200, 840, 740 and 

720cm- 1 • 

7. 4. 3 2-Methyl-4-n-hexylthiazole (104) 

To a solution of 1-bromo-2-octanone C103> <1.5g, 7.3mmol) 

in ethanol <20ml) was added thioacetamide <O. 55g, 7. 3mmol) and 

the resulting solution heated at reflux for 24h. The solvent 

was removed in vacuo to give a clear yellow oil <104) 

< 1. Og, 80%). El ""/.: 184<M ... +1 >;Analysis found: C, 65. 5; H, 9. 1; 

N, 7. 5. Calculated for C 10H, 7 NS: C, 65.6;H, 9.3;N, 7. 7%; IR v.,... 5 K 

<neat): 2920, 2860, 1 540, 1 460, 1 380, 1 260, 1060, 8 70, and 

690cm- 1 • 

7. 4. 4 2, 3-Dlmethyl-4-n-he><ylthiazol ium methyl sulphate (105> 

Dimethylsulphate <590mg,5rrmol) was added to 

2-methyl-4-n-hexylthiazole<104) <1. Og, Smmol) and the mixture 

heated at 12ooc for 1 h. The mixture was cooled to 0°C and 
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diethylether ( 60m l) added, the salt 

purpLe oil (1.33g,86%>. E I ""/ ..,.: 1 98 <M•-Me l ·); Ann lysis found: 

C, 46. 4; H, 7. 2;N, 4. 4%. 

H, 7. 4; N, 4. 5%. 

c, 46. 6; 

7. 4. 5 Z-{3- (f:j-Net hy f -4-he><:.v It hi azo I. i um) -a-cyano-4-st yrv 1-

dicyanomethanide fC¢,H13 -T3CNOJ (92) 

To a solution of' salt (105) C300mg, 1. 08rnmol) in dry 

aceton it r i L e C20ml) was added TCNQ < 220mg, 1. 08rnmo l) and 

N-methylpiperidine C107mg, 1. 08mmol ). The resulting solution 

was heated at relux f'or 24h. On cooling to 0°C compound (92> 

was collected by filtration <250mg, 62%) . MPt. 22ooc (dec.> 

(from acetonitrile); Analysis found: C, 70. 3; H, 5. 8; f'.l, 14. 6. 

Calculated for C, 70. 5; H, 5. 9; N, 14. 9%; IR Vrn.':ll>.:. 

<KBr>: 2940, 2860, 2190, 2160, 1610, 1550, 1500, 13t.o, 1350, 

1330, 1280, 1250, 1225, 1200. 970, 830 and 770 em- 1
• 
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Table 7. 1 Spectroscopic and analytical dat~ ~or R-PT3CNO 

der i vat i ves. 

R 
+ I <95) R C:H:s I 

x-c -._. erN _ ,~c_N (96) R = CH~ 1 X=O 

NC ~ It CN (97) R = C., .;;H:5:5• X=O 

R.....,BT3CNQ (98) R = CH~ 1 X=Se 

(99) R = CHzPh 1 ><=S 

Compound Found(%) Calc(%> Y i e l d (%) MP t , ° C ;>._ rn"'""' 1 I n m 

<95) cl 70. 6; cl 69. 2; 50 328<dec. ) 712. 0 
HI 3. 5; H1 3. 4; 
Nl 16. 5; Nl 15. 9; 
51 9. 4. sl 9. 5. 

(96) cl 73. 9· I cl 74. 0; 30 212-214 6:"?4. 0 
HI ':> 

d. 4· I HI 3. 7· I 644. 0 
i'JI 1 7. 1. N, 1 7. 3. 

(97) cl 78. 2; cl 78. 7· . 37 183-184 698. 0 
H, 7. 6; HI 7. 9· I 767. 0 
Nl 1 o. 1' Nl 10. 5. 

(98) cl 62. 4· I cl 62. 0; 30 334 (dec. ) 691' 0 
H1 2. 7· I H, 3. 1 ' I 710. () 

Nl 1 5. 7. N, 14. 5. 

C99) C, 74. 9; cl 75. 0; 60 238.-240 256. 0 
H, 3. 9; H, 3. 9· 

' 
750. 0 

Nl 13. 5. N, 13. 5. 

1. i.n DMSO. 
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7. 5 EXPERIMENTAL TO CHAPTER 5 

7. 5. 1 Preparation of Hemicyanines (113a-113d) 

7. 5. 1. 1 General Procedure 

To a stirred solution of 4-(octadecyLaminolhenzaldehy~e 

C116>e~ in ethanol was added the appropriate N-alkyl-2-methyl 

sa l t ( 1 1 7 a- 1 1 7 d ) and a cat a l y t i c amount of p i per i d i n e. T he 

mixture was heated at reflux for 4h. On cool tng to 0°C, the 

product was collected by filtration and then recrysta!l.ised 

from n-butano l or methane l and dried in vctcLIO. 

7. 5. 1. 2 

A 

2-£2-(4-0ctadecylaminophenyl>eth€>nyl.7-3-f::!.-methyl­

benzot hi azo I i um i ad ide ( 1 ! 3a > 

mixture of aldehyde c 1 1 6) ( 800mg. 2. 1 mmo l ) , 

2,3-dimethylbenzothiazol.i.um iodi.de C117a)(1. 16g,2. lmmol> and 

pi peri dine CO. 4ml) in ethanol C20ml) wa!O heated at reflux f'or 

4h. This yielded compound C113a> <2. 2g, 84%) <':15 ::< red sol td. 

MPt. 176-178°C<f'rom n-butano!>; El 

found: C, 63.0; H,8.0;N, 4. 2. Calculated f'or 

C., 63. 2; H, 8. 3; N, 4. 3%; I R v,.,....,.""' (Nuj o l) 3360, 1590, 1540, 1390, 

1160, 830 and 810cm-•; UV ~m~~ <ethanol) 532. Onm. 
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7. 5. 1. 3 2-[ 2- (4-0c t adecy f ami nophen -.,..··{ > e t henv f _7 -3-t:Y.-n­

hexadecylbenzothiazofium iodide (113bJ 

A mixture of aldehyde <116l <500mg, 1. 34-mmol .l, [i-n-hexa-

decyL-2-methylbenzothiazol ium iodide (1 17b) (650mg, 1. 34rrrnol > 

and piperidine <0. 4ml > was heated at ret-Lux for 4h. This 

yielded compound <113b> as a red soli.d (940mg,82%>.MPt.99-

101°C <from methanoL>; Analysis found: C, 68. 6; H, 9. 4;N, 3. 3. 

Calculated for C, 68. 7; H, 9. 5;N, 3. 3%; IR 

<KBr >: 3360, 2920, 2860, 1590, 1570, 1470, 1 350, 1 1 60, 830 

and 810cm- 1
' UV A~~~ <ethanol> 535.0, 337.0 and 204. Onm. 

7. 5. 1. 4 2-[2-<4-0ctadecylaminophenylJethenylJ-3-!:::!-methyl­

benzo><azol ium iodide 0 13cJ 

A mixture of 

dimethylbenzoxazolium 

aldehyde 

iodide 

( 1 1 6) ( 41 Omg, 1. 1 mmo l), 2, 3-

<117c> C300mg, 1. 1 mmo L) and 

pi peri dine <O. 4ml > i. n et hc:mo l <20ml) was heated at ref tux for 

4h. This yielded compound 

<551mg, 80%>. MPt. 189-190°C(from 

C, 64. 6; H, 7. 9; N, 4. 2. Calculated 

< 1 1 3c) as a red 

n-butanol); Analysis 

for 

sol i.d 

found: 

C, 64. 8; 

H,8.1;N,4.4%; IR v""'""""' <Nujol): 3360, 1590, 1545, 1490, 1460, 

1310, 11 40, 845 and 820cm- 1
; UV }..""''"'"'' (ethanol ) 533. 0, 314. 0 

and 289. Onm. 
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7. 5. 1. 5 2-[2-(4-0ctadecylaminophenyf >ethenv/1-3-t:J-methv!-

4-methyl-thiazol ium iodide (! 13d) 

A mi. .xt u re of aldehyde C 1 1 6) (500mg, 1. 34mmo l ) , 2. 3, 4-

trimethylthi.azolium iodtde ( 1 1 7d) <342mg, I. 34rrmo L) and 

piperidine CO. 4ml) in ethanol <20ml) was heated at reflux fo,.. 

4h. This yielded compound ( 1 1 3d) as an orange soltd 

C711mg, 87%). MPt. 184-186°CCfrom n-butanol >; El 

<M+-Me I); AnaL ys i. s found: C, 60. 8; H, 8. 3; N, 4. 5. Calculated for 

C, 70. 0; H,8. 4; N, 4. 6%; I R v"'""'""' <Nuj o l): 3360, 

1 590, 1540, 1480, 1455, 1430, 1 345, i 1 80, 830 and 81 Ocm- 1 ; UV 

~m&x <ethanol) 485.0, 275.0 and 204.0nm. 

7. 5. 1. 6 2-[ 2- ( 4-0ctadecy t aml nopheny l) et heny ll-3-t::J.-met h)'' l-

4-n-hexylthiazol ium methyl sulphate (f !8) 

To a solution of 2, 3-dimethyl-4-n-hexylthiazol ium 

methylsulphate <105) <500mg, I. 6mmol) in ethe..nol C20mL> was 

added ~ ~· -di.methylaminobenzaldehyde <2 40mg, 1. 6rrmo l) And 

piperidine CO. 4ml>. The solution was heated at reflu>: for 1h. 

The solvent was evaporated in vacuo to yi.eld a red solid. 

Silica column chromatography <eluant acetone/diethylether, 

5: 1 v/v) separated compound ( 1 1 8) ( 406mg, 58';1,. >. 

Recrystalltsation from methanolldiethylether (4: 1 v/v) 

afforded an analytically pure sample.MPt. 142-144°C; Analysi.!:. 

found: C, 57. 2; H, 7. 3; N, 6. 2. 

C, 57. 3; H, 7. 3; N, 6. 4%; IR v"'~"" CKBr): 2920, 1570, 1530, 1440, 
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1380, 1330, 1290, 1260, 1170, 

(ethanol> 481.0 and 204. Onm. 

7. 6 EXPERIMENTAL TO CHAPTER 6 

7. 6. 1 2-Methyl th i o-4-n-hexy/. -1, 3-di t hi o I i um methyl suI phc~t e 

( 132) 

To 4-n-hexyl-1, 3-dithiole-2-thione \131) 

<500mg, 2. 3mmol> was added dimethylsulphate <2 90mg, 2. 3rrmo l > 

and the mixtur-e heated at 900C for- 0. 5h. On cooling to 0°C 

diethylether <200ml> was added. This yielded compound <132> 

as purple 0 i l <356mg, 45%). EI 

Analysis found: C, 38. 3; H, 5. 7. 

C, 38. 4; H, 5. 8%; oH<250MHz): 6. 90<s, lH>, 3. 80<s, 3H), 2. 78<t, 2H), 

1. 34 <~ 8H> and 0. 98<t, 3H>ppm. 

7. 6. 2 4-n-Hexyl-2-(4-dicyanomethylene-2, 5-cyclohe:<a 

dieneJ-1, 3-dlthiole (128) 

To solution of 

pyridine/glacial acetic 

salt 

acid 

( 1 32) (231 mg, 0. 70mmo l) in 

<20ml, 3: v/v) was added 

phenylmalononitr-ile <134> <100mg,O. 70mmol) and the solution 

heated at reflux for 24h. On cooling to 0°C the solution was 

poured onto water <200ml>, diethylether added <100ml), the 

organic layer was separated, dried (Mg50 4 ) and the sol vent 

removed in vacuo to yield compound <128> as a blue solid 
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C80mg, 35%>. MPt. 48-490C; El ,..,.../_: 326 <M ... ); A.nalysi.s found: 

C, 66. 2; H, 4. 5; N, 8. 7. Calculated for c, 66. 3; 

H, 5. 5; N, 8. 6%; I R vrT\,..,.. <KBr-): 3020, 2920, 2840, 21 90, 2 1 60, 

1600, 1380, 1360, 1340, 1180, 840, 700 and 540 em- 1 ; 

oHC250MHz,CDCl~) 7.21-6.98 <dd,4H>, 6.91 <s,1H). 2.78 Ct,2H), 

1. 35Cm, 8Hl and 0. 92<t, 3H>ppm. 

7. 6. 3 1-Bromo-2-dodecano I ( 136) 

To a st trr-ed slurry of 1-dodecene <135> <40g, 0. 24mol) 

in DMSO (400ml) and water <20mt> was added ~-br-omosuccinimide 

<85.4g,O. 48mol) portionwi.se over 2h. The solution was 

stirred at 25°C for 24h. Oiethylether <200ml> and water-

<400m l) were added, the organic layer separated, dr-ied 

<MgS0 4 ) and the solvent r-emoved in vacu~ The alcohoL <136) 

was obtained as a clear colour-less liquid <34g, 54%). EI 

f'T1/ .: 263 <M+); Analysis found: C, 54. 8; H, 9. 1. CalcuLated for 

C, 2 H23Br0: C, 54. 6 i H, 8. 9%; I R vrT\.,.,.. CNuj o l): 3370, 1 350, 12 20, 

1120, 1040, 860, 740, 660 and 570cm- 1 em- 1 • 

7. 6. 4 1-Bromo-2-dodecanone (137) 

To a stirred solution of alcohol <136> <34g,O. 129mol> 

and water C20ml) was added a solution of sodium dichromate 

<64g, 0. 39moll in sulphuric acid <480ml, 3. 6M> dr-opwise over-

2h. Diethylether <200ml) was added and the mixture stir-red 

vigorously for lh. The organic layer was separated, washed 
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with water, dried <MgS0 4 ) and the solvent removed in v.:tcuo to 

give the ketone ( 1 37> as white solid <29. 3g, 87';{,). 

MPt. 38-4ooc; EI "'/.: 263<M++1 ), 183<M ... +1-8r); Analysis found: 

C, 54. 7; H, 8. 4. C, 55. 0; H, 8. 8%; JR 

570 v~.~<Nujol): 3370 1 17401 11201 8401 740 and 

cm- 1 ; oH<250MHz,CDCl~): 

and 0. 77 Ct 1 3H) ppm. 

3. 79 <s 1 2H>, 2. 53 <t I 2H) I 1.16<s,16H) 

7. 6. 5 Q-Et.hyl-1-xemt hyl dodecan-2-one ( 138 J 

To a solution of ketone C137> <10. Og,0.0383mol> in 

acetone <100ml) was added potassium ethyl xanthate 

<6. 13g, 0. 0383mo l) and the mixture heated at reflux for 4h. 

On cooling to 0°C, diethylether <200ml) and water <400ml) 

were added. The organic Layer was collected, washed with 

water, dried <MgS0 4 ) and the solvent removed in v.:'lcuo to give 

( 138) as a tan solid <29. 3g,87%).MPt.38-4QOC;EI ....... /_: 305 

277 <M•+1-Et); Analysis found: C,59.1;H,9.0. 

Calculated for Cn5 H200 2 S 2 : C,59.2;H,9.2%; I R v'""",.., < Nu j o l '> : 

1720, 1650, 1600, 1410, 1270, 12201 

840 and 800cm- 1 • 

1150, 1110, 1050, 870, 

7. 6. 6 4-n-Decyl-1, 3-dithiole-2-thione (/39> 

To a solution of ketone ( 138) <5. Og, 0. 016mol) in 

toluene <100ml) was added phosphorous pentasulfide 

<21.9g,0.048mol) and the mixture heated at reflu.x for 24h. 
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On cooling to 0°C, diethylether <200ml) a-nd water <200ml) were 

added. The organic layer was separated and washed with 

dilute sodium hydroxide C200ml, 1.0M). The organic layer was 

separated, dried <MgS0 4 ), and the sol vent removed in vacuo. 

Silica column chromatography of the residue, eluting with 

d i chLoromethane, gave thi.one ( 1 39) as a clear red oil 

Analysis found: C, 56. 6; H, 7. 8. 

Calculated for C, 3 H22 S 3 : C, 56. 9; H, 8. 0%; IR V,.,0 '"' <KBr): 2920, 

2860, 14 70, 1060, 890 and 71 Ocm-,; oH<250MHz, CDCL~): 

6. 59<s, 1H), 2. 51 <t, 2H>, 1. 19<s, 16H) and 0. 81 <t, 3H)ppm. 

7. 6. 7 4-n-Decyl-2-methylthto-1, 3-dithioltum 

tetraFLuoroborate (140) 

To thione <139) <2g, 7. 3rrmol > was added dimethyl sulphate 

(0. 92g, 7. 3mmol) and the mixture heated at 90°C for 15min. On 

cool i.ng to 0°C, tetrafluoroboric acid diethyletherate 

<54%w/v; 2. 2ml, 7. 3mmol) was added. Diethylether <400ml) was 

added and the precipitated white solid ( 140) 

washed with cold diethylether and dried 

<1. 6g, 58%). MPt. 72-730C; EI ""/•: 291 <M ... +2H-8F 4 -); 

found: C, 44. 4; H, 6. 5. Calculated 

H, 6. 7%. 
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7. 6. 8 4-n-Decyl-2-methylthio-2fj-1, 3-dithiole (/4/.l 

To a solution of' salt <140> (1. 5g, 4mmol) in ethanol 

(40ml) at 25 o C under an atmosphere of' nitrogen was added 

sodium borohydride <454mg, 12mmol> and the mixture stirred for 

4h. The solvent was removed ln vacuo and dichl.orometheme 

<100ml) added to the residue. Water was added to the 

mixture, the organic Layer was separated, dried <MgS0 4 ) and 

the solvent removed in vacuo to give (141> as a clear 

colour Less oiL <O. 96g,82%>.EI ~t.:290<M•>;Analysis f'ound: 

C,S7. 9;H, 9.0%; 5H<250 

MHz, CDCL::~>: 6. 63<s, 1H>, 5. 59<s, IH), 2. 25 <t, 2H), 2.14(s,3H>, 

1. 19<s, 16H> and 0. 81 <t, 3H>ppm. 

7. 6. 9 4-n-Decyl-1, 3-dlthtollum tetraf'Luoroborate <142> 

To oil ( 1 41 ) <540mg, 1. 86mmo l > was added acetic 

anhydr t de <O. 18ml, 1. 86nmo L) and t et raf' l uorobor i c. acid 

diet hy L ether ate (54%w/v; 0. 55ml, 1. 86mmo L) and the solution 

was stirred at ooc for 2h. Diet hy Let her <400ml > was added, 

the precipitated tan solid (142) was collected, washed with 

diethylether and dried in vacuo <510mg,83%>.MPt. 64-66°C;EI 

~1.: 243(M• -BF 4 -)j Analysis found C, 47. 1; H, 6. R. Calculated for 

I R v.,...e... <KBr >: 2940, 2860, 1630, 

1500, 1 4 70, 1 450, 1380, 1030, 750 and 720cm- 1 • 
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7. 6. 10 4-n-Decyl-2-rormylmethylene-1, 3-dithio/e (/43.• 

To a solution of salt <142) <SOOmg, 1.5mmol), •mder an 

atmosphere OT nitrogen, was added tributylphosphine 

(333mg,1.65mmol) and the solution heated at 40°C for 2t-.. 

Triethylamine < 1 52 mg, 1 . 5 nTno l ) and aqueous g l yo:•:."\ l 

<40wt%; 2. 18ml, 15mmol) was added and the solution stirred at 

2SOC -for 2h. Water and dichloromethane were added, t hP 

and the solvent 

chromatography 

organic layer separated, dried <MgS04) 

removed l n vacuo. Si l i.ca column 

o-f the residue, eluant d i ch l oromet hene, separated 

aldehyde<143> <290mg, 68%>.MPt. 36-380C;EI "'I.: 284 

Analysis found: C, 63. 2; H, 8. :3. 

C, 63. 3; H, 8. 5%; I R vrn..,.>< <nuj o l): 1640, 1320, 1260, 1190, 1 1 no, 

920, 880, 800, 740, 700 and 640cm- 1 • 

7. 6. 1 1 4-n-Decyl-2-(dicyanomethyfene)methy/ene-1, 3-dithiole 

(129> 

To a solution o-f aldehyde (143> <100mg,0.35mmol) in 

ethanol <40ml) was added mal onon it r i l e < 23mg, 0. 35mmo l) and 

piperidine <29mg,O. 35mmol> and the solution heated at reflux 

-for 4h. The solvent was removed in v~cuo. Water and 

dichloromethane were added, the organic layer was separated, 

dried <MgS04 ) and the solvent removed in vacuo to give 
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compound (129> as red sot id < 44mg, 3.13%). MPt. 4-7-4-90 ( i 

EI Analysis found: C, 64. 8; H, 6. 8;N, 8. 3. 

Calculated for C,,.,H24N 2 S 2 : C, 65. 0; H, 7. 3; N, 8. 4%; IR v"''"'>< CKBr> 

3060, 2940, 2860, 2210, 1410, 1270, 900, 740 and 71 Ocm- 1 . 
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APPENDIX I - X-RAY CRYSTAl DATA 

A. CRYSTAL DATA FOR 2.5-Dibromo-TCNQ C41d> 

Chemical Formula: M = 361. 98, monoc- l in i c, 

space group P2,/C CNo 14), a= 6. 184(1), b = 6.445 (1), c = 

0 

14. 653 <2) A, ~ = 90. 56< 1 ) 0 , U = 583. 9 < 1) A, Z = 2, De = 2. 059 

0 
gem-", F<OOO) = 344, 'X= 0.71069 A, fJ <Mo-Kcl) = 68.6 cm- 1 , 

crystal size <O. 37 x 0. 22 x 0. 05 mm). 

Data collect ion: Unit cell parameters and intensity data were 

obtained by Tollowing previously described procedures 104 

using a CAD4 diTfractometer operating in the W-29 scan mode, 

with graphite monochromated Mo-Ka radiation. A total of 1030 

unique reflections were collected <3 < 28 < 50°). The 

segment of reciprocal space scanned was: (h) 0 7 
, I (k) 

0 .... 7, <l> -17 ..... 17. The reflection intensities were 

corrected for absorption, using the azimuthal-scan method 10~; 

maximum transmission factor 1. 00, minimum value 0. 66. 

Structure solution and reTinement: The structure wBs solved 

by the application of routine heavy-atom methods <SHELX-

86,06)' and refined by full matrix Least squares <SHELX-

76107), After l ocat ion, and isotropic refinement, of at L 

non-hydrogen atoms, a further absorption correction was 

appl ted, program DIFABS 1015 ; maximum correct ion 1. 37, minimum 

0. 57. Refinement continued with a L L non-hydrogen treated 
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antsotroptcally. The single hydrogen atom of the asymmetrtc 

unit was allowed unrestricted isotropic refinement. 

The final residue R and were 0.031 and 0. 033, 

respectively, for the 86 variables and 880 data for which 

the weight, w, being defined as 1/[cr2 (F0 ) + 0.0005 F 0
2 ]. All 

computations were made on a DEC VAX-11/750 computer. 

Atom numbering scheme for 2,5-dibromo-TCNO <41d) 

Br 
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B. CRYSTAL DATA. INTENSITY DATA. COLLECTION PARAMETERS AND 

DETAILS OF REFINEMENT FOR COMPOUND <72m) 

Chemi. caL FormuLa: C 1 4 H 1 2 N4; M = 236. 26; monoc I i.n i c; sracP 

0 
group P2,/n; a= 15.047<6), b = 8.117 (3), c = 10.466 A; f3 = 

0 
91.31<3) 0 ; U = 1277.95 A; Z= 4; De= 1.23 gem-'; F<000) = 

496; :>.. = 0. 71069 A; 1-.1 <Mo-Kcx) = 0. 44 cm- 1 ; 8 min/max = 1. 5, 

25. 0; T = 293K; Total d~ta observed = 1627; significant test 

of parameters = 21 1; wei. ght i ng scheme = 

1/[cr2 CF 0 ) + 0.00169(F 0 ) 2 ]; final R = 0.045; final Rg = 0.067. 

Data were collected on a CAD 4 diffractometer folLowing 

previously described procedures 104
• The structure was solved 

by direct methods <SHELX-86 106 ) and developed and refined 

using standard Fourier and Least-squares procedures. Non-

hydrogen atoms were refined anisotropi.cal ly, hydrogens 

isotropically. Bond angles and lengths are shown in TRbte 

A. 2. 
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Nl 

N2 

N4 

Atom Numbering Scheme for compound C72m> 

C < 1 > -N < 1 ) 1. 139(4) c < 2 > -c < , > -N < 1 > 175.4<3) 
C<3>-C<2> 1.436<4) C<4>-C<2>-C<1> 123. 7<3) 
N<2>-C<3> 1.142<4) N(2)-C(3>-CC2) 1 74. 8 <3) 
C<13>-C<4> 1.469(4) c < 1 3 > -c < 4) -c < 2 > 121. 9(3) 

C<7>-C<S> 1.354(4) C<6>-C<S>-C<4> 120. 4(3) 
C<9>-CC7). 1. 466(4) C<7>-C<5>-C<6> 122. 4(3) 
C<11>-C<9> 1. 462 (4) C<9>-C<7>-C<5> 118.1(3) 
N <4> -c c 1 o> 1.151<4) N<3>-C<9>-C<7> 126. 4(3) 
c < 1 3 > -c c 1 1 > 1. 35, (4) C<11 >-CC9)-NC3> 115. 3(3) 
c <2 > -c < 1 > 1 . 431 ( 4) NC4)-CC10>-N<3> 170.4(3) 
C<4>-C<2> 1.360(4) C<13>-C<11 >-C<9> 118.2<3) 
CC5>-C<4> 1.476(4) c <1 1 > -c < 1 3) -c < 4 > 117.5<3) 
CC6>-CCS> 1 . 501 <5) c < 1 4 > -c < 1 3 > -c < 1 1 > 122.1 (3) 
C<8>-C<7> 1.501(5) c < 3 > -c <2) -c <1 > 110.7<3) 
N<3>-C<9> 1.299(4) C<4>-C<2'>-C<3> 124. 9(3) 
C<10>-N<3> 1.332<4> C<5>-C<4>-C<2> 120. 9(3) 
c < 1 2 > -c < 1 , > 1.497(4) c < 1 3 > -c < 4 > -c <5 > '117. 1 (3) 
c < 1 4 > -c < 1 3 > 1.503(5) co> -c cs > -c < 4) 117.1(3) 

C<8>-C<7>-CC5> 121.8(3) 
C <9>-C <7>-C <8> 120.1(3) 
c < 1 1 > -c < 9 > -c <7 > 118.2(3) 
C<10>-N<3>-C<9> 123. 9(3) 
CC12>-C<11>-C<9> 118.3<3> 
C<13>-C<11>-C<12> 123.4<3> 
C<14>-C<13>-C<4> 120. 4(3) 

0 

Table A.2: Bond lengths <A> and angles C0 ) for compound 
<72m>. 
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C. CRYSTAL DATA. INTENSITY DATA. COLLECTION PARAMETERS AND 

DETAILS OF REFINEMENT FOR COMPOUND <72n> 

Chemical Formula: C, 3 H 10N 4 ; M = 222. 25; monocl ini.c; spe~c:e 

0 
group P21/c; a = 13. 978<1>, b = 11. 714(1), c = 14. 736<1)A; 13 

= 98. 96°; u = 2325. 18; Z= 8; De= 1.27 gcm- 1 ; F<OOO> = 928; 

Cu-Koc radietion; A.= 1.5418; 1-' = 6.07 cm- 1 ; 9 min/max= 3,65; 

Total date observed = 3314; significant test F 0 > 3crF 0 ; No. 

of perameters = 350; weighting scheme = + 

0. 00004669(F 0 ) 2 ]; 'final R = 0. 055; final Rg = 0. 076. 

Deta were collected on a CAD 4 diffractometer following 

previously described procedures 104. The structure was solved 

by direct methods <SHELX-86 106 ) and developed and refined 

using standard Fourier and least-squares procedures. Non-

hydrogen atoms were refined anisotropically, hydrogens 

isotropicelly. Bond lengths and eng l es are shown in Table 

A. 3 and Table A. 4 respectively. 

Mil 

Nl3 

Atom numbering scheme for compound <72n) 
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Table A. 3: Bond Lengths (~) for compound <72n>. 

Molecule 1 . 

C ( 1 1 > -N < 1 1 ) 1. 151 (4) N < 1 2 > -c < 1 1 > 1 . 32 7 ( 4) 
C < 1 2) -N < 1 2 > 1. 303 ( 4) c < 1 3 > -c < 1 2 > 1.466(4) 
c < 1 1 2 > -c < 1 2 > 1. 462(4) c < 1 4) -c c 1 3 > 1.512(5) 
c < 1 5 > -c < 1 3 > 1. 362 {4) c < 1 6 > -c < 1 5 > 1.516<5) 
c < 1 7 > -c c 1 5 > 1. 457<4> c < 1 s > -c c1 1 > 1.373(4) 
c < 1 1 1 > -c < 1 7 > 1.451(4) CC19>-C<18) 1. 425(4) 
c < 1 1 o > -c < 1 8 > 1. 434 (4) N < 1 3) -c < 1 9 > 1 . 1 46 ( 4) 
N<14>-C<110> 1. 144(4) c < 1 1 2 > -c < 1 1 1 > 1. 338 ( 4) 
c < 1 1 3 > -c < 1 1 2 > 1. 505 <5) C<21>-N<21) 1. 154(5) 

Mo-L ecu L e 2. 

N<22>-CC21 > 1. 334 <5) C<22>-N<22> 1. 309 ( 4) 
C<23>-C<22> 1.471(4) C<212>-C<22> 1.456(4) 
C<24>-C<23> 1.521(5) C<25>-C<23> 1. 349 ( 4) 
CC26>-C<25> 1. 517<5> C<27)-C<25> 1.452(4) 
c <28 > -c <27> 1.379(4) c < 2 1 1 > -c < 2 7 > 1 . 451 ( 4) 
CC29>-C<28> 1. 430 <4> C<210>-C<28> 1. 436 ( 4) 
N<23)-CC29> 1.147{4) N<24>-C<210) 1 . 1 34 ( 4) 
c <21 2 > -c <21 1 > 1.337(4) C<213>-C<212> 1.504(5) 

Table A. 4: Bond Angles ( 0 ) for Compound <72n>. 

N < 1 2 > -C <1 1 > -N < 1 1 > 1 6 9. 8 < 3 > 
C<13>-C<12>-N<12> 114.5<3> 
c < 1 1 2 > -c < 1 2 > -c < 1 3 > 1 1 9. 6 < 3 > 
CC15)-CC13>-C<12> 121.4<3> 
CC16)-CC15)-CC13) 121.2<3> 
CC17>-C<15>-C<16) 120.0<3> 
CC111 >-CC17>-C<15) 118. 6<3> 
c < 1 9 > -c < 1 8 > -c < 1 7 > 1 2 8. 1 < 3 > 
CC110>-CC18>-C<19) 110.5<3> 
NC14)-C<110>-C<18> 175. 7<3> 
c <1 1 1 > -c <1 1 2 > -c < 1 2 > 1 1 7. 7 < 3 > 
c < 1 1 3 > -c < 1 1 2 > -c <1 1 1 > 1 1 9. 9 < 3 > 
CC22>-N<22>-C<21) 126. 9<3> 
CC212>-C<22>-N<22> 126.1 <3> 
CC24>-C<23>-C<22> 116.4<3> 
CC25>-C<23>-C<24> 122.1 <4> 
CC27>-C<25>-C<23> 118.9<3> 
C<28>-C<27>-C<25> 124.6<3> 
CC211 >-CC27>-C<28) 116. 8<3> 
CC210>-C<28>-C<27) 121.1 <3> 
NC23>-C<29>-C<28> 173. 4<3> 
C<212>-C<211>-CC27) 123. 6<3> 
C<213>-C<212>-C<22> 122.1 <3> 
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CC12>-N<12>-C<11> 126.8<3> 
c (1 1 2 > -c < 1 2 > -N < 1 2 > 1 2 6. o < 3 > 
CC14>-C<13>-CC14> 117.0<3> 
c < 15 > -c < 1 3 > -c < 1 4 > 1 2 1 . 6 < 3 > 
CC17)-CC15>-CC13> 118. 8<3> 
C<18>-C<17>-C<15> 124.5<3> 
c < 1 1 1 > -c < 1 7 > -c < 1 8 > 1 1 6. 8 < 3 > 
c < 1 1 o > -c < 1 8 > -c < 1 7 > 1 2 1 . 4 < 3 > 
NC13)-CC19>-C<18> 173. 3<3) 
c < 1 1 2 > -c < 1 1 1 > -c < 1 7 > 1 2 3. 8 < 3 > 
CC113>-C<112>-C<12> 122. 4<3> 
NC22>-C<21>-NC2J) 168. 7<3> 
C<23>-C<22>-N<22> 114.6<3> 
c < 2 1 2 > -c < 2 2 > -c < 2 3 > 1 1 9. 4 < 3 > 
C<25>-CC23>-C<22) 121. 5<3> 
CC26>-CC25)-CC23) 121.8(3) 
CC27>-C<25>-CC26> 119. 2<3> 
CC211 >-C<27>-C<25> 118. 7<3> 
C<291 >-CC28>-CC27> 127. 9<3> 
C<210>-C<28>-C<29) 111. 0<3> 
NC24>-C<210>-C<28> 177.1 C3> 
C<211>-CC212>-C<22> 1 17.8<3> 
C<213>-C<212>-C<211 > 120. 1 <3> 



APPENDIX II- COLLOQUIA. LECTURES AND SEMINARS GIVEN BY 

INVITED SPEAKERS IN THE DEPARTMENT OF CHEMISTRY DURING 

THE PERIOD 1ST AUGUST 1988 TO 31ST JULY 1991 

<A> 1ST AUGUST 1988 TO 31ST JULY 1989 

AVEYARD, Dr. R. (University of Hull) 
Surfactants at your Surface 

* AYLETT, Prof. B.J. (Queen Mary College. London) 
Silicon-Based Chips:- The Chemist's Contribution 

* BALDWIN, Prof. J.E. (Oxford University) 
Recent Advances in the Bioorganic Chemistry of 
Penicillin Biosynthesis 

BALDWIN & WALKER, Drs. R.R. & R.W. (Hull University) 
Combustion: Some Burning Problems 

• :BU'fi.ER, -Dr. A.R. (St.· Andrews University) 
Cancer in Linxiam: The Chemical Dimension 

CADOGAN, Prof. J.I.G. (British Petrol~um) 
From Pure Science to Profit 

CASEY, Dr. M. (University of Salford) 
Sulphoxides in Stereoselective Synthesis 

* £R!£tl, Dr. D. (University College London) 
Some Novel Uses of Free Radicals in Organic 
Synthesis 

DINGWALL, Dr. J. (Ciba Geigy) 
Phosphorus-containing Amino Acids: Biologically 
Active Natural and Unnatural Products 

ERRINGTON, Dr. R.J. (University of Newcastle-upon-Tyne) 
Polymetalate Assembly in Organic Solvents 

FREY, Dr. J. (Southampton University) 
Spectroscopy of the Reaction Path: Photodissociation 
Raman Spectra of NOCl 

15th March, 1989 

16th February, 1989 

9th February, 1989 

24th November, 1988 

-

15th February, 1989 

lOth November, 1988 

20th April, 1989 

27th April, 1989 

18th October, 1988 

1st March, 1989 

11th May, 1989 

• GRADUATE CHEMISTS, (Polytechs and Universities in 12th April, 1989 
North East England) 

R.S.C. Symposium for presentation of papers by 
postgraduate students 

HALL, Prof. L.D. (Addenbrooke's Hospital, Cambridge) 2nd February, 1989 
NMR - A Window to the Human Body 

HARDGROVE, Dr. G. (St. Olaf College. U.S.A.) December. 1988 
Polymers in the Physical Chemistry Laboratory 

HARWOOD, Dr. L. (Oxford University) 25th January, 1988 
Synthetic Approaches to Phorbols Via Intramolecular 
Furan Diels-Alder Reactions: Chemistry under Pressure 
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" JAGER, Dr. C. (Friedri~~-Schiller University GDR) 
NMR Investigations ~f ~ast Ion Conductors of the 
NASICON Type 

JENNINGS, Prof. R.R. (Warwick University) 
Chemistry of the ~asses 

* JOHNSON, Dr. B.F.G. (Ca~bridge University) 
The Binary Carbonyls 

LUDMAN, Dr. C.J. (Durham University) 
The Energetics of Explosives 

MACDOUGALL, Dr. G. (Edinburgh University) 
Vibrational Spectroscopy of Model Catalytic Systems 

• MARKO, Dr. I. (Sheffield University) 
---catalytic Asymmetric Osmylation of Olefins 

McLAUCHLAN, Dr. K.A. (University of Oxford) 
The Effect of Magnetic Fie1ds on Chemical Reactions 

• MOODY, Dr. C. J. (Imperial Colle~e) 
Reactive Intermediates in Heterocyclic Synthesis 

PAETZOLD, Prof. P. (Aachen) 
Iminoboranes XB:=NR: Inorganic Acetylenes? 

PAGE, Dr. P.C.B. (University of Liverpool) 
Stereocontrol of Organic Reactions Using 1,3-dithiane-
1-oxides 

POLA, Prof. J. (Czechoslovak Academy of Sciences) 
Carbon Dioxide Laser Induced Chemical Reactions -
New Pathways in Gas-Phase Chemistry 

* REES, Prof. C.W. (Imperial College London) 
Some Very Heterocyclic Compounds 

9th December, 1988 

26th January, 1989 

23rd February, 1989 

18th October, 1988 

22nd February, 1989 

9th March, 1989 

16th_ Novemj:>e~, 1988 

17th May, 1989 

23rd May, 1989 

3rd May, 1989 

15th June, 1989 

27th October, 1988 

SCHMUTZLER, Prof. R. (Technische Universitat Braunschweig) 6th October, 1988 
Fluorophosphines Revisited - New Contributions to an 
Old Theme 

SCHROCK, Prof. R.R. (M.I.T.) 
Recent Advances in Living Metathesis 

SINGH, Dr. G. (Teesside Polytechnic) 
Towards Third Generation Anti-Leukaemics 

SNAITH, Dr. R. (Cambridge University) 
Egyptian Mummies: wbat, Where, Why and How? 

STIBR, Dr. R. (Czechoslovak Academy of Sciences) 
Recent Developments in the Chemistry of Intermediate­
Sited Carboranes 

13th February, 1989 

9th November, 1988 

1st December, 1988 

16th May, 1989 

VON RAGUE SCHLEYER, Prof. P. (Universitat Erlangen Nurnberg) 21st October, 1988 
The Fruitful Interplay Between Calculational and 
Experimental Chemistry 

WELLS, Prof. r.B. (Hull University) 
Catalyst Characterisation and Activity 
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<B> 1ST AUGUST 1989 TO 31ST JULY 1990 

BADYAL, Dr. J.P.S. (Durham University) 
Breakthoughs in Heterogeneous Catalysis 

* BECHER, Dr. J. (Odense University) 
Synthesis of New Macrocytic Systems using 
Heterocyclic Building Blocks 

BERCAW, Prof. J.E. (California Institute of Technology) 
Synthetic and Mechanistic Approaches to 
Ziegler-Natta Polymerization of Olefins 

BLEASDALE, Dr. C. (Newcastle University) 
The Mode of Action of some Anti-tumour Agents 

BOWMAN, Prof.l·M· _(Em5)_ryJJni_v~r~ij;y) 
Fitting Experiment with Theory in Ar-OH 

* BUTLER, Dr. A. (St. Andrews University) 
The Discovery of Penicillin: Facts and Fancies 

* CHEETHAM, Dr. A.K. (Oxford University) 
Chemistry of Zeolite Cages 

* CLARK, Prof. D.T. (ICI Wilton) 
Spatially Resolved Chemistry (using Natures's 
Paradigm in the Advanced Materials Arena) 

COLE-HAMILTON, Prof. D.J. (St. Andrews University) 
New Polymers from Homogeneous Catalysis 

CROMBIE, Prof. L. (Nottingham University) 
The Chemistry of Cannabis and Khat 

DYER, Dr. U. ( Gla.xo) 
Synthesis and Conformation of C-Glycosides 

FLORIAN!, Prof. C. (University of Lausanne, 
Switzerland) 

Molecular Aggregates- A Bridge between 
homogeneous and Heterogeneous Systems 

* GERMAN, Prof. L.S. (USSR Academy of Sciences-
Moscow) 

New Syntheses in Fluoroaliphatic Chemistry: 
Recent Advances in the Chemistry of Fluorinated 
Oxiranes 

GRAHAM, Dr. D. (B.P. Reserch Centre) 
How Proteins Absorb to Interlaces 

GREENWOOD, Prof. N.N. (University of Leeds) 
Novel Cluster Geometries in Metalloborane 
Chemistry 
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1st November, 1989 

13th November, 1989 

lOth November, 1989 

21st February, 1990 

23rd M__arch, 19_9_0 

7th December, 1989 

8th March, 1990 

22nd February, 1990 

29th November, 1989 

15th February, 1990 

31st January, 1990 

25th October, 1989 

9th July, 1990 

4th December, 1989 

9th November, 1989 



HOLLOWAY, Prof. J .H. (University of Leicester) 
Noble Gas Chemistry 

* HUGHES, Dr. M.N. (King's College, London) 
A Bug's Eye View of the Periodic Table 

HUISGEN, Prof. R. (Universitat Miinchen) 
Recent Mechanistic Studies of [2+2] Additions 

* KLINOWSKI, Dr. J. (Cambridge University) 
Solid State NMR Studies of Zeolite Catalysts 

LANCASTER, Rev. R. (Kimbolton Fireworks) 
Fireworks- Principles and Practice 

LUNAZZI, Prof. L. (University of Bologna) 
Application of Dynamic NMR to the Study of 
Conformational Enantiomerism 

PALMER, Dr. F. (Nottingham University) 
Thunder and Lightning 

PARKER, Dr. D. (Durham University) 
Macrocycles, Drugs and Rock 'n' roll 

PERUTZ, Dr. R.N. (York University) 
Plotting the Course of C-H Activations with 
Organometallics 

PLATONOV, Prof. V.E. (USSR Academy of Sciences­
Novosibirsk) 

Polyfluoroindanes: Synthesis and Transformation 

POWELL, Dr. R.L. (ICI) 
The Development of CFC Replacements 

POWIS, Dr. I. (Nottingham University) 
Spinning off in a huff: Photodissociation of 
Methyl Iodide 

ROZHKOV, Prof. I.N. (USSR Academy of Sciences­
Moscow) 

Reactivity of Perfluoroalkyl Bromides 

STODDART, Dr. J.F. (Sheffield University) 
Molecular Lego 

SUTTON, Prof. D. (Simon Fraser University, 
Vancouver B.C.) 

Synthesis and Applications of Dinitrogen and Diazo 
Compounas of Rhenium and Iridium 

THOMAS, Dr. R.K. (Oxford University) 
Neutron Reflectometry from Surfaces 

THOMPSON, Dr. D.P. (Newcastle University) 
· The role of Nitrogen in Extending Silicate 

Crystal Chemistry 

-155-

1st February, 1990 

30th November, 1989 

15th December, 1989 

13th December 1989 

8th February, 1990 

12th February, 1990 

17th October, 1989 

16th November, 1989 

24th January, 1990 

9th July, 1990 

6th December, 1989 

21st March, 1990 

9th July, 1990 

1st March, 1990 

14th February, 1990 

28th February, 1990 

7th February, 1990 



<C> 1ST AUGUST 1990 TO 31ST JULY 1991 

*ALDER, Dr. B.J. (Lawrence Livermore Labs., California) 
---aydrogen in all its Glory 

BELLt, Prof. T. (SUNY, Stoney Brook, U.S.A.) 
--Functional Molecular Architecture and Molecular 

Recognition 

15th January, 1991 

14th November, 1990 

BOCHMANNt, Dr. M. (University of East Anglia) 24th October, 1990 
Synthesis, Reactions and Catalytic Activity of 
Cationic Titanium Alkyls 

BRIMBLE, Dr. M.A,o(Massey University, New Zealand) 29th July, 1991 
Synthetic Studies Towards the Antibiotic 
Gri-seus-in -A-

BROOKHART, Prof. M.S. (University of N. Carolina) 20th June, 1991 
Olefin Polymerizations, Oligomerization& and 
Dimerizations Using Electrophilic Late Transition 
Metal Catalysts 

* BROWN, Dr. J. (Oxford University) 28th February, 1991 
Can Chemistry Provide Catalysts Superior to Enzymes? 

BUSHBYt, Dr. R. (Leeds University) 6th February, 1991 
Biradicals and Organic Magnets 

• COWLEY, Prof. A.H. (University of Texas) 13th December, 1990 
New Organometallic Routes to Electronic Materials 

• CROUT, Prof. D. (Warwick University) 29th November, 1990 
Enzymes in Organic Synthesis 

DOBSONt, Dr. C.M. (Oxford University) 6th March, 1991 
NHR Studies of Dynamics in Molecular Crystals 

GERRARDt, Dr. D. (British Petroleum) 7th November, 1990 
Raman Spectroscopy for Industrial Analysis 

HUDLICKY, Prof. T. (Virginia Polytechnic Institute) 25th April, 1991 
Bioeatalysis and Symmetry dased Approaches to the 
Efficient Synthesis of Complex Natural Products 

t 
JACKSON , Dr. R. (Newcastle University) 31st October, 1990 

New Synthetic Methods: «-Amino Acids and Small 
Rings 

KOCOVSKYt, Dr. P. (Uppsala University) 6th November, 1990 
Stereo-Controlled Reactions Mediated by Transition 
and Non-Transition Metals 
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* LACEY, Dr. :J. (Hu.i..l University) 
Liquid Crystals 

LOGAN, Dr. N. (Nottingham University) 
Rocket Propellants 

* MACDONALD, Dr. W.A. (ICI Wilton) 
Materials for the Space Age 

MARKAM, Dr. J. (ICI Pharmaceuticals) 
DNA Fingerprinting 

* PETTY, Dr. M.G. (Durham University) 
Molecular Electronics 

PRINGLE t, __ Dr_._P_.G_._ {Br_is_t_olJ..Ini_V'ers it~)_ 
Metal Complexes with Functionalised Phosphines 

PRITCHARD. Prof. J. (Queen Mary & Westfield College, 
London University) 
Copper Surfaces and Catalysts 

SADLER, Dr. P.J. (Birkbeck College London) 
Design of Inorganic Drugs: Precious Metals, 
Hypertension + HIV 

SARRE, Dr. P. (Nottingham University) 
Comet Chemistry 

31st January, 1991 

lst November, 1990 

11th October, 1990 

7th March, 1991 

14th February, 1991 

S~h December, 1990 

21st November, 1990 

24th January, 1991 ...... 

17th January, 1991 

SCHROCK, Prof. R.R. (Massachusetts Institute of Technology) 24th April, 1991 
Metal-ligand Multiple Bonds and Metathesis Initiators 

* SCOTT, Dr. S.K. (Laeds University) 
Clocks, Oscillations and Chaos 

• ~·,Prof. B.L. (Leeds University) 
Syntheses with Coordinated, Unsatura~ed Phosphine 
Ligands 

8th November, 1990 

20th February, 1991 

SINNt, Prof. E. (Hull University) 30th January, 1991 
Coupling of Little Electrons in Big Molecules. 
Implications for the Active Sites of (Metalloproteins 
and other) Macromolecules 

* SOULENt, Prof. R. (South Western University, Texas) 26th October, 1990 
Preparation and Reactions of Bicycloalkenes 

WijiTAKEit. Dr. B.J. (Leeds University) 
Two-Dimensional Velocity Imaging of State-Selected 
Reaction Products 

28th November, 1990 

* Attended by the author. 

+ 
Invited specifically for the pos&graduate &raining programme. 
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