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'EP0364185B1 Description This invention relates to novel materials which are
sem -conducting liquid crystals, and to el ectronic devices incorporating
these novels materials. ConventiogalpsshqggBiropic liquid crystals are
el ectrical jnsulators. Electronically conducting liquid crystals have been
recognlsed as potentially valuable entities conmbining the properties of a
sem - colssaiptionwi t h those of a liquid crystal. Attenpts to prepare such a
material have nmet with limted success. Mesogens containing a netal atom
exhibi t vethis inenliangeiates oi wovel awatRnials iwhich yreamm-@mwcgw o reefstats, andrfp lelesteosicof
mes’ 9n danides inggreasatiog iegsl novel alerialt onduct i vity in the liquid crystalline
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exhi bi t fsbﬂop%ﬁd)rﬁﬂtoﬁ&ﬁﬁdﬁ pRipBi@es. tronl c conduction properties can be produced
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.. THuisaiseltdgamsodenom whi ch the novel liquid crystals of this invention
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wherein (a) are the hexa-n-al kanoates of benzene; (b) are the .
hexa- n- al kanoat es of tri phenyl ene and hexa-n- 45 al koxytri phenyl ene; (c)-
are the hexa-n-al kyl and al:koxybegpqpigasiggipst ri phenyl ene; (d)

rufigal | ol -hexan- octanoate; (e) are the hexa-n-al kanoates of truxene the
(hex- a- h- al kanoat es of oxatruxene are also useful); (f) are the
2,2',6,6"'-tetra- aryl bi pyran-4-ylidenes; (g) is uroporphyrin I

oct a- n-dode@fl ester and (h) ,is bis(p-n- decyl gﬁnzoyl ) et hdnat o copper
(') 50 3 EP 0 364185 Bl '@(arrpl es of ot her( i scotic ne4

beery feported in tRe literature include:- ARENE CORES

R R PERR] YCELC CORES [ERRR OR ANOVETALLLC CORES [ EREY| HETEROCYCLIC
CORES 45 [ERRE- 58 HoRol ogues and 25l ogues of . of .t hegs ounds whi ch
exhibit a digstejst Pw% crysta ase are powe tc'a?ly Asef ul A-.i; ng to
this inventigon. @ I%D 0 364185 ese disc-ljke nmesq \fither
col umar @& nefaly ¢ Pesophasies\ AdfRcal salty Off 5 mes’&gens conduct
in only one W 0 0p@ Strongl y preferked di npasi-GuyMienappropriately
oriented and suth Ori eht ed rra?eri als repre pr ef er 'aspect of the

i nvention. A flfther class of mesogens whi can for§1 rag c$ salts and
fromwhich sem -conducting liquid 5 crystals capabl €sgf exle il i ng

ani sot jsopi ¢ el ectronic conduction properties may be prddu@ed rod-Ilike
nol ecul es having a polyaromatic unit as part of their ecul a¥ SRructure
‘such as .a pol ybenzene unit having the fo#l owi ng formul¥"- 10 [ERR] wherein

X represerigs any suitable enmchai n suchyas_ an m kyl oRr al koxy group and n.
is @Jinteger.havinga , R
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wherein (a) are the hexa-n-alkanoates of benzene; (b} are the hexa-n-alkanoates of triphenylene and hexa-n-

45 alkoxylriphenylene; {c) are the hexa-n-alkyl and alkoxybenzoates of triphenylene; (d) rufigallol-hexan-

* octanoate; (e) are the hexa-n-alkanoates of truxene the (hex-a-n-alkanoates of oxatruxene are also useful); (f)

are the 2,2,6,6-tetra- arylbipyran-4-ylidenes; {(g) is uroporphyrin 1 octa-n~dodecyl ester and (h) is bis(p-n-
decylbenzoyl)methanato copper (l).
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“descriptionTrefers-to-the formati g

t }
value of at least 1. Also, rod-like nesogens in which at |east two of the
aromatic rings are |inked through suitable groups such as -Nerr]N; -N
=NO-; -CH =CH-CC-; or -[err]- Crtpogmmg)yps These rod |ike nesogens form
ei ther snegtic or nemati c phases. A further group of conpounds which
can formradical salts are liquid crystal polymers in which any of the
above nesdyamles ofiothérsiisatie mesmenspdichthec beert feparted in theitoratwre imcloderi N backbone or
attached in one or nore pendant side chains. The radical salts of such
mesggens conduct in only one or two clearly preferred di nensi ons when

.ap.p”f‘gpri at eMed and such oriented materials reprgese,,pt a further

preférred a our invention. The radi cal
are formed by doping the nesogen wt
nature of the dogant and the guanti
sel ected so ad B alter effryres
rresophase to i 28
whi ci’i's not nbrd 3
nmore than 025 and nost pr ef er ably na s
mesogen. I n general the conducti vi tﬁof t he rresogen 30 will B proporti onal

gL.¥s of the nesogens
oxi di sing or 3duci ng agent. The
yin which it is enprdyed should be
e structure or_tAg7sfability of the

The dopant ) R 4 d| n a quantity

to the quant ity osbcgpant dhhclodocgujodgiped. |t WA = [9SO&pPeeci at ed t hat

wher g@st he charge |'s del ocal i Bedsdghg nmateri al does not exist as a mixture of
the nesogen and its radical salt but rather as a nmesogg i
excess or dgfibedipepred €l ectrons. Neverthel ess for co wghi ence this
ofAa radical salt | these

{dOPRY §_may be Ul : 1ppl es of

dopami s whi ci® eful | Q*-omo 35 a m @ .as iodine,
al umi ni umtmal umi AT yer tRi bRo~ge Bnd ant i honypent af | uori de and
el ectron donorsfsuch as dinethgl sul phidegand [ithium @ The dopant
used to formthe radical salt of the particular nmesogeg I§ preferabl y one

whi ch i s ni 4cRisIQCWHHE t he nmeSoFen9C@E0HzEst in the quggéé y,hichis to be
enpl 5§/ed The particular quantity which is preferabl H"%ries with the

nat ure of tB g&nlcf bRE ch particul ar dopant. 40 The formation of
t he radi caIMIy carried out by heating a m xture of the :

ci-reunmst ances. A wkde variety of

dopant and the mesogen at a tenperature at which they fgQ ot ropic
phasgg i n t hgas ’ Rygen. 'ahe terrperatélre W | uspe above or
very cl ose to\lke 4 ature at ywhi ch t'he_pgesogen fornmd dsOt r opi ¢ phase
since the presende df the dopar® 8. "% transitio enperature to

;fact that tgebed phasel f or e
yrbed the general
'th}ﬂ

pe novel and pStitute a

adi cal salt of

t he mesogen may Qe gonf i r med by es HScopy. The cry line, liquid

crystal and ig ey *Ni bi % ectra. The
t ch has not

e condtfttance of

phase beha' our of tf 'nesogen

_ oped nesqgepn is . at |east t fee and refrably at east e orders of
“magni® ude greggeé] *G¥17 that of [h’u b G'B @M% sogen. L E aé‘?b”anl sot ropi ¢

conductivity properties are exhibi e seWhen the doped nesogen is oriented.in

. t he mesophaBEYERQONCLLGOBES of ani sotropy of the conducting properties is

~nmesophase. The preferfed liquid crysta

proportional to the dggree of orientatjign the nolecules in the
" Mhi S invention have a
conduct ance in (m\eﬁ)\erh),oh mensi ons which is at least 1.1 tinmes and
preferably 10 ti greaber than its (jcuqugtl on i ogé_h@a‘,ﬁb_bn.e ot her
- di mensi on. Thi s anijsotropy of -go ‘ : ctgﬁ"preserved when t he

doped or| ent ed m;,tt \)’s_ cool ed intd I
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Homologues and analoguss of any of these compounds which exhibit a discotic liquid crystal phase are
potentially useful according to this invention.



crystalline phase. Crystalline phases of the nesogens of this invention

whi ch exhi bit anisotropic conductivity forma preferred aspect of this

i nvention. :5 EP 0 364185 Bl Thepcpsghufgsigyn properties of the novel
liquid crystalline materials of this invention and the ease with which they
can be fabricated as thin films render themuseful in a variety of

el ectroni c, Thdse rdivo-lid mesogasi farmasithern@iunnel eciemattn mesbphasese Jhe Tddieal cdatngfesich n

t he order meﬂogqnh eondudt &y anly| eve vifin aire sramgiireefercididimentioryheh errtreprigiely prisptet lagd swch

Wi th a | agrientechmathyjalstrpsesapts rirefertod @specifof the dnwgritiored magnetic or el ectri cal

fi el\d.s can Befugher slegsoef mgsogens vighres form tadieal saisgandt fropi whichh pemijsensuding fuid
mat eri &l sc'YPé%ls eapabies ek ‘H‘I’“b!“f'ﬂ priseBeRicaelentrania serdntion prqepries meaY gt Rresycesk 59 mgdike
devi ces. TPIeFUlsH Pﬁﬁ‘e 3 gl pramftic ypi ﬁe‘?af‘u%‘é‘e‘b'i“f"?‘f?@’ FraFtute;suthes @ ppRanzeng HEItRaYeR f
in non- | i PREIE PR ANd ot her el ectro-optic applications. Electronic

devi ces and el ectro-optic devices i.ncorporating the novel materi- als form

anot her aspect of our invent. : pn is illustrated by the
foll om ng exanple:- 10 : YIRSy, ) , . 7,10, 11
- hexa- hexyl oxytri phenyl ene (\BA ] ﬂ‘ Y theS| zed by chl orani |

oxi.dative trimerisation of veratrlele, ation with hydrogen brom de,
and 30 al kylation of the hexaphenol produced. Doping was carried out under
a vacuwm by heating a m xture of HAT6 and [err] to 373 K. Transition

t enper at itessin/e represanassdny @dltabls iefchain Badhkdsran alkymer alkiCgrotys arugn is adli integeraavidy a

cal i hr at i aive ot atriekar tl. AisBhedikeemesogana in {Hidhgati least Ivo off thalarciogie dingd4AF6 linkiad theoupimo
endot her nsuitabjse giosps sushr &s Nl NGy 1Ol Gth-g@-alor t-G02c@1 Ahmerpunshdbase rod like
transi.t i onesggengipgn kithepsiepctihes nematigiPeees.-t o i sot ropi ¢ phase transition at 373
K or &opi nd fyihe-araupra) cempsunds vbjeh cait fofrg %ﬂ@ ater 'GH@ ictyplalpolyeaisdt whieh % ohr e
depr essedh§ apve 3‘5309%“%19[155 arednoRipPoraie °l"’ﬁé'“é T‘%E’Pﬂsba%b@‘eb?’ G%FE‘?%'G oneor(more

el ectri caﬁe"??dh asur enents vvere de u a' Pa kar
model 4192a | aﬂﬁé‘ﬁé T cF°%f’" iﬁ( mp
el ect rode"’ep a""\ﬁ?t?%a s& Nt 'Eédmé; i s@ﬁct "V

.conduc v Te ﬂf ’ %Ba emeso nsthar mg ghe S{ d an ox lslrg or a reductm e d
© na e (v t i e oye
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all three ﬁ\ﬁ@ﬁm B i1 0.9 nxsﬂéamowmta&u BrorSi itk Hofe, 1108 &R 5

Hz and 25mdstizrefn |ytnbﬁﬁor& thah DS RS BordhiN S ieaTYok 1Y Anbaaﬁaé bohavtivitd of 96 MBsged
f r equeRL ywin BéSroptricha id 88 quhtity BioSAND b ik Vililkad. wwm?b cRlthik FhedrSthé Bravga i$ N
Fi gure 2.delo8dlisstElRs iafhia toss Wt lodistl e demRidredof IR PbDyenOaNd dis REdcalisuft it tathGUasna | N
a quart z masbgentraving) befetretcesti @nsticency3 ohsiscans. Novertalbss mora:oﬁiemedte offis digsciiption

‘using a Befetsas thERmMAMAIGN d-aBadichl St in hepeclrquametoes.. A nodul ati on anplitude of
1. 25 x 10- 5ATvideaveriets ofcHopants mayl bemuiissds Bampiessof dBpantsuvitD rau bei0Sedul inclids eleptron

'si gnal % sacegptorsy such rag| iedine, n@ﬂmunhtsgmw p.bilemipiym dribsoreige el aritimoryf pertplluaritle @ed
phases, - viticiren donese sygh e dimpihwigulphde anditay@imejal.of t he | i ne i ncreases by at

| | east five Tt dopant ypaddp forpitheraden ealicnb thepRCylan MeprgpR i7 Praferabiyconejwhich fs m'mﬁ ned
congtant vavetr'e méos\mcﬂt éeaa? In; 2 o u'r'%ca 'f %rea‘?'me«s F?fh 'wesuaaws vwa)ch 't n

t he st’ﬁ?g_';z °se'r %s ‘P dg it} ‘gb fq‘j@ a
SRl P o 0% % o s %E % ey T db ﬁsﬁ;&.ﬂ* lf;s?f’,é E e &mﬁ&%

: (Fi Der ro will usually be above or very ciose to the temperature at which the mesogen forms an isotropic

' phase since the presence of the dopant depresses this transmon temperature t0 some exient. Such
processes are believed to be novel and constitute a further aspect of this invention.

45 The formation of a radical salt of the mesogen may be confirmed by esr spectroscopy. The crystalline,
liquid crystal and isotropic phases each exhibit characteristic esr spectra. The fact that these phases are
formed is indicative of a dopant which has not disturbed the general phase behaviour of the mesogen.

The conductance of the doped mesogen is at least three and preferably at least five orders of
magnitude greater than that of the undoped mesogen.

50 The anisotropic conductivity properties are exhibited when the doped mesogen is onented in the
mesophase. The degree of anisotropy of the conducting properties is proportional to ‘the degree of
orientation of the molscules in the mesophase. The preferred liquid crystals of this invention have a
conductance in one or two dimensions which is at least 1.1 times and preferably 10 times greater than its
conduction in at least one other dimension.

85 This anisotropy of conductance may be preserved when the doped oriented material is cooled into the
crystalline phase. Crystalline phases of the mesogens of this invention which exhibit anisotropic conductivity
form a preferred aspect of this invention.



the crystal to columar phase transition there are two distinct changes in
the esr signal: (1) the linewdth 50 decreases sharply by a factor of
approxi mately 1.5; .(2) the linewgpiolaehqepmgs asymetric, the asymetry
increasing-with increasing tenperature (Figure 3b). Oienting the col umar
phase by cooling fromthe isotropic phase in the presence of a magnetic
field (fieThd eodugtivgtropertiesTyf the aateldiguid grystaliine haterials tof thisgineetiopfand theseser wifiny
(appr oxiwhigh dey cprabe fabricgled @3 iHn) fimy render hemsuseiubipyp variety: efrRiagt:anioy thernorgiastronic
preger vpd grio-eladionip geviqes.ohe 5B “Q?sy'g e arden ef the, graferialsTiileh qap jba pehigvedhby heating
conaygt |d!f?°£“ or;with ‘?N?aﬁ?'i °( Eyteragpligation jof loealigafynagpetit:iop plpgrical fiejds can by deteqtpd by

condugt %3 | 'H\Q’é ? éﬁﬂ‘ieét'ﬁ mpterals may e s Héﬂe’ep‘?‘i‘tw gengery 2 de‘PfP'I'C‘af'%' t hat
measur e ? Regieg pfdfiema I@s (qnders thepusafyl dn.pan;lipagy optics and
conduct i 'as SL":nft':‘ftﬁ@p Our ﬁr?ﬁ‘f'cgs apd ol tt§ 99dops i'}?%'p%i""ﬁgﬁl QP BEeY e

'HAT6 rresogﬁ‘gl o (-3} od| ne .and anti nony pentafl uoride
vt ol i

al so prod LA en suitably aligned
exhlﬁﬁtedugﬁlggﬁ$o I C conductlon propertlesym%( p?ﬁ? | y dopi ng of the

mesogens 2, 3, 6, 7 10, 1 1-hexaghexylthiotriphenylene (HTT6) and 2, 3; 6,
7, 10, 11- hexa (par aundecyl oxyben oyl oxy)tri phenyl ene (HBT11l) with

alum niumtrichloride, alumniumXribigwi de, iodine or antinony

pent akl uori de resulted in the odiogti on of a radical salt ‘of the nesogen.
Claims 10 1. A sem R onduct| ng i d crystalline material which conprises

a radical salt of a by dop| n en with not nore than
sogen, B dgﬁaﬂeég Ing an oxidising or a

0.5 nol es of dopant per

redyci ng agent. 2. Agge ; di ng to Claim 1 characterised in that

t he "n%sogen nol ecul e conpri ses omatic 15 noiety. 3. A materi al
according to either of Cains 1 > &gracterised in that the nesogen is a
disc-1i ke nmesogen. 20 4. A materjal adCording to any of the preceding
clainms characterized in that the sogen is a hexa-n- al kanoate of
triphenylene or a hexa-n-al koxy- triphenylene. 5. A material according to
Claim4 characterised in that 'E‘&E nmesogen is 2,3,6,7,10,11 hexa- hexyl oxy
triphenylene. 25 6. A materi al %ordi ng to Caim4 characterised in that

the nesogen is 2, 3, 6, 7, 10, 11-hexa- hexylthiotriphenylene. 7. A

mat er i a'wa@%%éiée&%y ‘i:ﬁlorguadxﬁhtée GiARFsBSES veBfbid, Borhd¥latidn\Rth H&EGA BromideZand3, 6,
7, 1Qo bikyiktiex dt thd hexaphenblRfédabeac @Wﬂgcwéébﬁﬂ%@)éht%ﬁér d VabRIEBY heRhy: a Mixture of
mat er i alHATE arfar KGN 378 KCrrarsib tembariiaes @érb mesbuied ubifitpd Pr®EINBSDSIR usiP Indiom| €
conpri ses axafbedtiyra s@tatd TharthbetograinaFignyg 1) peuddogedLHATE shows two endothermic peaks,
corresponding to the crystal to columnar phase transition at 343 K, and the columnar to isotropic phase
transition at 373 K. On doping with 1 mole per cent of AICI; the transition temperatures are depressed (340
ss K and 370 K) and the endotherms are broadened.
A.C. alectrical conductivity measurements were made using a Hewlett Packard model 4192a Impedance
Analyser and a sample cell with 5 x 5 mm platinum electrodes coated with platinum biack, and with
. separation 5 mm. The conductivity of HAT8 changes by at least six orders of magnitude when doped with
e’  AlCl; from less than 10~° S m~ to approximately 10~*-10~2 S m™'. In all three phases, the conductivity
40 was found to be constant between 5 Hz and 25 kHz and then to increase approximately linearly with
increasing frequency. The variation of the conductivity with temperature is shown In Figure 2.
Esr measurements were made on a sample contained under vacuum in a quartz tube of intermal
diameter 3 mm and filled to a depth of 15 mm using a Bruker ER 200 X-Band esr spectrometer. A
modulation amplitude of 1.25 x 10~5 T was used for all measurements. For undoped HATS6, the esr signal is
45 a single fine of negligible intensity in all of the three phases, whilst for doped HAT6 the intensity of the line
increases by at least five to six orders of magnitude. The intensity of the signal remained constant over the
whole of the measured temperature range (293-403 K). In the crystalline phase, the signal has a Lorentzian
shape, and there is a small yet steady decrease in the linewidth with increase in temperature (Figure 3a). At
the crystal to columnar phase transition there are two distinct changes in the esr signal: (1) the linewidth
- 60 decreases sharply by a factor of approximately 1.5; (2) the linewidth becomes asymmetric, the asymmetry
increasing with increasing temperature (Figure 3b).
Orienting the columnar phase by cooling from the isotropic phase in the presence of a magnetic field
{field strength 1.8T) produced a significart, degree of anisotropy_(approximately ~2 1072 8 m™). This
amsotropy of conductivity was preserved on cooling in*o Jhe crystalhne phase. The variation of conductivity
85  with temperature is shown in Figure 4. ol is the conductwuty measured perpendmular to the magnetic field
and 07" is that measured paraflel fo the magnetic field. 0~ is the slecirical conductivity of the unaligned
sample.
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35 [ERR] 40 wherein X represents an end-chain group and n is an integer
having a value of at least 1. 9. A material according to Claim8
characterized in that X represent Epd ey B1group or an al koxy group. 45
10. A material according to Claim2 characterized in that the nesogen

nmol ecul’e conprises at |least two aromatic rings linked so as to forma
rod- | i ke nobepigl &f. thd HATE\ nisabgen i vith aveddund itdbgontide, dotline cind Gintirhom ibnibifuofde also
char act erprodechdi o radicalt saft loé theatmesogen whigh ahdni gpitably aligyest exhibjtesi gnisotropicncontiictidn a
radi-cal- gwdrertief a nesogen is incorporated either in the main chain or in
oneigr nor eSiarly dopipged dgriresagen 2. i7nid 1irbexahexibipliphenrlong St tiBlEN R 8. Brid: of
t he pr&cddihmg @arandacyirienzenasyiigbagyipre (ARG W'H\ea“ﬁ'ﬁ%%g'ﬁ"'w BpAtyminuen fgbomigoc a|
cation. geinepsantimopypepiafiugride RN g Progutenyof rectaaliehg 14 BPR9Lhar act er i sed
i n that tcg% dopant is selected fromthe group conprising alum nium
trichlori al uni ni umtri brorri de,, iodine and antimony pentafluoride. 7
EP dfngﬁgnfﬁ =i cle%z.cp il gta.HN.s? a0 A glr mawa}s gj Jggﬂi 50 by
mesogen Whl ﬁ,g °§ @ﬂﬁ)ég | gne QH {?I ted ani sot ropl c on uction Being
properties. Si mlar y dop| ng of t he nesogens 2, 3, 6, 7, 10 1

1- hexahexy| hhhddribil 266N B QaifnHT dfdlac@idd % that, theﬁme%genlﬂeletﬁle cbhpiR¥ @n aromatic
(par augdecymesiybenzoyl oxy) tri phenyl ene (HBT11) with aluminiumtrichloride,
alum niumtribrom de, iodine or antinmony pentafluoride resulted in the
producti @ afmaeriaishcerding 3@ lettheobf Clhimsne 0@ aharadBrizodyih ihat thd meogen is a disc-like
sem - conductneseger. i qui d crystalline material which conprises a radical salt
of . .a nesogen fornmed by dop| ng the nesogen with not nore than 0.5 nol es of
doparft2opel Aromaterialf aceradingyerany ohte dessedity dime ghagagtotizer! i Bt Besagen scksmIy:
agent . 2. Adlkpaeaiq ofdieheny, B??flar’ﬂj"ﬁ"ba' wittRhenYieRRr acterl sed in that the rresogen
nol ecul e conprlses an aromatic 15 mat eri al according t

either of% cf dPaieial acgprding é%g‘agbf‘éf‘?’g‘éﬂ's‘?%'“ttﬂét‘h? H@s‘ﬁ% 59%?1679 RS Ee"P"P’Q’e
nesogen 20t PhpnyioneHt er| aI according to any of the preceding clains
characferj z hat sogen i s al k ate,o e ene or
a hexa-n- slal§e t?::&i ?rﬁ'" y erbriaém Chaffde" egl’l a at é'(':ecgre %’ %"g ‘st 0 %31 ai mp@ quexa'
characterlse e nmesogen is 2,3,6,7,10,11 hexa- hexyl oxy

tri phenyl®eng. mdeial acchrdifg 116 'didih @%%@hgw ih Qe Meébgoh & 2C4.64,1 69, iilndxhat
the m33'309€n(phﬁur%ecy%xyb@nzo;loxyﬂ-ﬂph Jlerﬁexa'

.8 A matenal accordmg to Clacm 2 charactenzed in ‘ghat the mesogen molecule comprises a polyaromatic
" moiety having the formula:

wherein X represents an end-chain group and n is an integer having a value of at least 1.
9. A material accordiri'g to Claim 8 characterized in that X represents an alkyl group or an alkoxy group.

45 10. A material according to Claim 2 characterized in that the mesogen molecule comprises at least two
aromatic rings linked so as to form a rod-like molecule.

11. A material according to any of Claims 1 to 9 characterized in that the material is a liquid crystal
polymer in which a radical salt of a mesogen is incorporated either in the main chain or in one or more
50 pendant side chains.

12. A material according to any of the precedmg claims characterised in that the mesogen comprises a
radical cation. .

: el
s5 13. A material according to any preceding claim characterised in that the dopant is selected from the group
comprising aluminium trichloride, aluminium tribromide, iodine and antimony pentafluoride.



hexyl thiotriphenylene. 7. A material accordi ng to CI aim4. Gharacterl sed in
that the nesogen is 2, 3, 6, 7, 10, 1 1-hexa- 30

(par aundecyl oxybenzoyl oxy) tri phenyl ene. 8. A material EH’!@HMH’”MI&J
characterized in that the nmesogep 0/3ds.@glE conprises a m
having the forrmula: 35 40 wherein X represents an end-chain grou afd n |s
~an integer having a value of at least 1. 9. A material according to Caima8
“char act er Poping ¢frihe HiTE Xnasegen cwitenalumininm citikromide; riedine end anmimahk osnjafigerisia also4 5
10. A rPEdusean radisdlotellighdha Gromoen mhich ohen adekly |ahgé’ﬂd iexikitad tanisotespinrosndycton

noi eculpé°P'8 rlses at Ieas two aromat c rlngs ked so as to forma
rod-lik g" ré HTT8hend 243, 67, o,
Char b Tpr ey H'aif ’]j ik o A Hﬂ %g |°" o PYREIm Horgie,
radi cal "§I°fa" oy Reee (5ué’e°'°§u i er%? 3?85'06'? % chain or in
one or 4 {? pendant si de chains. 12. A materl aI according to any of
t he precedi ng cI ains characterised in that the nesogen conprises a radical
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trichl ori geoxidRing Bt ftediBidgrdgiton de, i odi ne and antinmony pentafl uori de.

-14. A material according to any precedi ng clai mwhich conprises not m)re

t han 0.225A mmzkegisi @aéordiagp@nClaipet chidpdcrrisl imeable mesdgen malenld esrmmisesaarcarodatiog t O
Cl aimn 14, moiptych conprises not nore than 0.1 noles of dopant per nole of 5
mesogen. 16 A material according to any of the preceding clains wherein the
conduc Bant enatriak srsondipg) (e @ither wE Cleins heor Pngherertafised p dhat thearaesogancis i fisgideon i s
1.1 timesM@%8¥ter than its conductance in one other dinmension. 10 17. A '

mater i all ccording to CI a m 16 charact erl sed in that the conductance of the
i quPd % §éﬁt;éﬂ"f' i ' FecoyE,L TR eaAST ! 1€ BROHLASE ML s
greater tHSACHS 4 VPBAY Bﬁ?roar{'ef‘%" é‘y'tf' &' Prensi on. 18. A materi al

accor digng, tn%te%f RELafl (o™ chadhrek! rCHEY 36 RURAT: bRl WIS HRIGY o

isin |ts hase r 0cess |

Semzg conduct| ng I iquid crystal l'ine materl al which conprises mxing a
”95099% VR rfedtoribiS adeBBRE 116 Mim f 2 Chlrddebrised” ROh&iathe $¥sbgelis 2, WP 6l 9, ¥8,511lHelRS as
many nol egex@ihiofipkbap which is an oxidising agent or a reducing agent. 20
20. A process accordi ng to Caim19 characterised in that the m xture is
heat ed 7t OA andezigipadcorkiing Qo dfiaimid chardrisedion! R e PRE3sRniis 2f @l BEW, 18 111-nbke-

el ec:;bronl(pardeme@taxybamvlmmibhenger&t Ieast one material as clainmed in any of

Clainms 1 to 18 or whi ch
8 A material according to Claim 2 characterized in that the mesogen molecule comprises a polyaromatic
moiety having the formula:

wherein X represents an end-chain group and n is an integer having a value of at least 1. .
9. A material accordirig to Claim 8 characterized in that X represents an alkyl group or an alkoxy group.

45 10. A material according to Claim 2 characterized in that the mesogen molecule comprises at least two
aromatic rings linked so as to form a rod-like molecule.

11. A material according to any of Clairﬁs 1 to 9 characterized in that the material is a liquid crystal
polymer in which a radical salt of a mesogen is incorporated either in the main chain or in one or more
50 pendant side chains.

12. A material according to any of the preceding claims characterised in that the mesogen comprises a
radical cation.

' - R X
55 13. A material according to any preceding claim characterised in that the dopant is selected from the group
comprising aluminium trichloride, aluminium tribromide, iodine and antimony pentafluoride.




has been produced . by a process according to Caim 19 or 20725

Pat ent ansprui che 1. Hal bl ei tendes, fl Gssigkristallines

radi kal i schen Sal z ei nes Mesogengp ‘0Welk §4esq durch Dotieru Nmﬂm I“\mu)mmpnt
nicht nehr.als 0,5 Ml Dotierungsmttel pro Ml Mesogen gebi e|t wra, 30
wobei das Dotierungsnittel ein oxidierendes oder reduzierendes Agens ist.
2. Mat efd.ah mgenshBecdriBip taialy ptgceding claim which compribeschatimore lthag €128 molee picdopatt perdaB
des ‘Mesogemeiebigtdsbgesi nen ar omati schen Rest besitzt. 35 3. Material genW
Anspruch 1 oder 2, dadurch gekennzei chnet, dag des Mesogen ein

Sch é.Lbe 5.k Friatedd) éﬁcoﬂﬂbﬂﬂo@ &GHpim S, whigh comprigen ety et thea PABIesy siaeanh e repley of

vor angegangeneat Anspr Uche, dadurch gekennzei chnet, dal das I\/bsogen ein
Hexa- n- aI kanoat von Tr|t stnéltﬁenprgdgé%g%'n E’aﬂg al k tr| hen §'l‘ﬁj

Mat er i alt® en
2,3,6,7, 10‘“‘1‘9’% H@Bﬁ?& dl:SS‘&')? Pl 'Bﬁé wsewr ‘TOEY”gaP? P°5°e éﬁ‘?ﬁ%’%h 4,
dadur Ch .geK en{gn Iaé:cg élgm 16 chg gﬁ § 99&% Qf?hejlﬁ t} rysta mat rial

1- Hedandlyl GALE ol %@E‘l@gaﬂ%1 imo e fee o

gekennzelc ne

2, 3,6, 74408 erm%@&arnun&aﬁm aw&aﬁ@@w @warsd'ténamnyﬂaeme Inﬁter;an% in M@E@aauﬁle
gerrAB Anspgndédd 2, dadurch gekennzei chnet, daB das Mesogennol ekU elinen
pol yagsomati schen Rest besltzt mt der Formel : 8 EP 364 18581

1 11 Bl i kb, A plotesh tor he btchidickiod. dtlalsbini-Sonbucting-liquill crysiifinematgial whiok compiisescmiking @ppe
darstel | t mesdgen veichds gaparie o/aiming & tadiodl tsalewitheup XS tines ras weany gebenta dopahto 9.
Mat eri al gemahis dnsdoising lagddt orgiaeduciofnaggetkennzei chnet, daB X el ne Al kyl - oder
el nwl koxy- G uppe darstellt.

20. A process according to Claim 19 characterised in that the mixture is heated to a temperature at whlch
an isotvopic phase is formed.

21. An electronic device incorporating at Isast one material as claimed in any of Claims 1 to 18 or which
has been produced by a process according to Claim 19 or 20.

25
Patentanspriiche
1. Halbleitendes, flissigkristallines Material mit einem radikalischen Salz eines Mesogens, weiches durch
Dotierung des Mesogens mit nicht mehr als 0,5 Mol Dotierungsmittel pro Mol Mesogen gebildet wird,
30 wobei das Dotierungsmittel ein oxidierendes oder reduzierendes Agens ist.
2. . Material gem#B Anspruch 1, .
" dadurch gekennzeichnet,
daB das Mesogenmolekiil einen aromatischen Rest besitzt.
s
3. Material gem#B Anspruch 1 oder 2,
dadurch gekennzeichnet,
. daB das Mesogen ein Scheiben-hnliches Mesogen ist.
Nt

40 4. WMaterial gem&B irgendeinem der vorangegangenen Anspriiche,
dadurch gekennzeichnet,
daB das Mesogen ein Hexa-n-alkanoat von Tnphenylen oder ein Hexa-n-alkoxytriphenylen ist.

5. Matenal geméB Anspruch 4,
45 dadurch gekennzeichnet,
daB das Mesogen 2,3,6,7,10, 11-Hexahexyloxytnphenylen ist.

6. Material geméB Anspruch 4,
. dadurch gskennzeichnet,
§0 - daB das Mesogen 2,3,6,7,10,11-Hexahexylthictriphenylen ist.

7. Material gem&B Anspruch 4,

dadurch gekennzeichnet,

daB.das Mesogen 2,3,6,7,10,1 1-Hexa(p-undacyloxyb;nzoyloxy)tu‘iphenylen ist.
55
8. Material gem#B Anspruch 2,

dadurch gekennzeichnet,

daB das Mesogenmolekill sinen polyaromatischen Rest besiizt mit der Formel:

8



10. Material gemaB Anspruch 2, 15 cdadur ch ‘gekennzel chnet; daB das
Mesogennol ekU zum ndest zwei aronatische R nge so angefal

ei n stdbchenf6r- miges Ml ekU gelpplgss #5581 11. Materi alnml’!am"“‘ “ﬂn III|
i rgendei nem der Ansprtlche 1 bis 9, 20 dadurch gekennzei cknet

Material ein flUssigkristallines Polyner ist, in welchemein radikali sches
Sal z el nes Mesogens entweder in der Haupt kette oder in einer oder mehr er en
anhangenden Seitenketten integriert genr B i rgendei nem der
vor angegangenen Ansprfche, , daB das Mesogen
ei n"i[ﬁadi kal i sches Kation enth~IX 2B | rgendei nem der

vor angégangenen Anspr Uche, dadurch SO daBl das
Dotierungsmttel ausgew-hlt ist aus der Guppe mit A umniniuntrichlorid,

Al mrib | od t af t 3

T gontel nonTH %er%n@w}%@r?ﬂ TRefs Brre 2 B ER T aROodRd 0 25 ol -
ogen ent halt. 35. 15. Material gemAB Anspruch

Bl

ei

Dot I er ungéma&an m
14, wel EE% , 1 Mol Dot|e’rungsmttel pro Mol Mesogen
ent hal t. 16 %Eé}g&; er vorangegangenen AnsprUche, 40
worln die Lg?tfahl t des ‘%B Si gl?r%lg'lsgategl linen Materials in zum ndest _
ei ner Di- mnma@fhlae,gggrm,gprggh@er Ist als seine Leitfghigkeit in elner anderen
Di mensjson. dddurchgbi@hnzaichrgeneB Anspruch 16, dadurch gekennzei chnet, 45
daB di e Lei yégadus gleedgonrtlaekillf duminaast Gl ardihatisttisRaige Vo bryoflig UBnfast) dERIET adménfzﬁl ner
D nensi on zuiges thleskul gébiitawirg)r Bl er i st als seine Leiftfhigkeit in einer
anderen Dinension. 18. Material gemaB Anspruch 16 oder 17, dadurch
gekivgzelﬁhwbtenalﬁﬂnﬁﬂ irgemtiginero der Avbrriéahe &bbisi9n sei ner kristallinen Phase ist.

#of ahr degurch geepnzgiclriel. ung ei nes hal bl ei tenden, fl 1l ssigkristallinen
Materials, e dasdiatadpl ain fissigirigieline® Pelwmer igbdo yelphom S fagialisches $aiz eleRsiMASPAsBh e s
Sal z bil dene'Pé‘&?ﬁ?’ in rﬁ‘P’t“aHPtée“Q @dey "59"P?éPd°§ 6‘9\‘f?’8'l‘ #hangsnden Seifepigotien integriert ist.

Dot i erun | ches ei.n oxidi erend %ens oder ein reduzi erendes
pgens [t "gwqgr;‘ kel "RHEM uch 19, dadur ch

\?\:rgﬂgre;fge |so§%s°3 Wadiﬁ'stﬁggraﬁgn en%éﬂe Tenperatur erhitzt wrd, be!

13. Material geméB irgendsinem der vorangegangenen Ansprbche,
dadurch gekennzeichnet,
30 daB das Dotierungsmittel ausgew#hlt ist aus der Gruppe mit Alumininiumtrichlorid, Aluminiumtribromid,
lod und Antimonpentafluorid.

14. Material gemis irgende_inem der vorange_géngene"éi Anspriliche,
welches nicht mehr als 0,25 Mo! Dotierungsmittel pro Mol Mesogen enthilt.
35
- 15. Material gemiB Anspruch 14,
welches nicht mehr als 0,1 Mol Dotierungsmittel pro Mol Mesogen enthélt.

NS | 16. Material gem#8 irgendeinem der vorangegangensn AnsprUche..
40 worin die Leitfihigkeit des flissigkristallinen Materials in zumindest einer Dimension 1,1 mal gro8er ist
als seine Leitfihigkeit in einer anderen Dimension.

17. Material gem#B Anspruch 186,
dadurch gekennzeichnet,
45 daB die Leitfihigkeit des flissigkristaliinen Materials in zumindest einer Dimension zumindest 10 mal
groBer ist als seine Leitféihigkeit in einer anderen Dimension.

18. Material gemiB Anspruch 16 oder 17,
dadurch gekennzeichnet,
‘50 daB das Material in seiner kristallinen Phase ist.

19. Verfahren zur Herstellung eines halbleitenden, fllissigkristallinen Materials, weiches eine Mischung
eines Mesogens, welches ein radikalisches Salz bilden kann, mit bis zu 0,5 mal so vielen Molen eines
Dotierungsmittels, welches ein oxidiereindes Agens oder ein reduzierendes Agens ist, umfaBt.

66 :
20. Verfahren geméB Anspruch 19,
dadurch gekennzeichnet,
daB die Mischung auf eine Temperatur erhitzt wird, bei welcher eine isotrope Phase gebildet wird.



EP O 364 186 Bl : 1 11111 1 Iii 1111211 :;21. El ektronische
Vorrichtung mt zum ndest einem Material gemAS den Anspr r"mu“lﬂllmmll
oder welches durch ein VerfahrenEg@rgnggamAnsprUchen 19

hergestel It worden ist. 'FRevendl catlons 1. Materiau cristal 15 nYiduide

sem - conduct eur, qui conprend un radical sel d'un mBsogbne forne en dopant
| e nBs ogbnlelamh@u@riqmtms mif eurBindestabiem Mditoricicgomiit depainsprtichen tiis 18] ©day lveiehes| e
dopant 6t aqlurchWedgﬁvngmydmnsmucfﬁmma@@nmhewswltuomen!itO 2. Materiau selon
la revendication 1, caractairsd en ce que |a nol cule de ndsogane contfent
unepar tRevendlcatiensi que. 3. Mat~riau selon |'une des revendications 1 ou 2,
caracté&rlsWen ce que | e m~sogbne est un m~sogbne anal ogue a un di sque. 15
4. Mat di a‘U‘“@’é"F d‘HStF bauigle semisepReigloNTa ApioFre gF%é'Bd%q'ﬂab?' dg-‘% g8np JEme pnc o
que le mes gg AN §s P'Hs 3? %2 M8igtda darent par Bsle 9 "I5R0°R], 9 dppant étant un
hexa- n- al ¢ V°t‘¥°'F'Br?BH PEPREEIUt ULt =ri au sel on | a revendication 4,

car ach dul SGa&h %&R?aif-igeJeﬁa.Jlﬁo%th Q&?%ct&éé orfee’ u§| &ch%]uecar ggcéF%“ tight Y Ygkrtio

tri hen 1 b rrau selon l'a reven en ce que
phenyl DhsmatiQue

| e m6sogbne est 2, 3,6, 7,10, 11- hexa- hexylthl o- tri phdnyl bne. 25 7. Mat ~r| au
sel on | @ raxm&Rdl 'sEléht had dés rofeRBiBAibrs 1 SVY, @Bralistishl UE cé Sum%ﬁ%ﬂﬁ‘e &ﬂm més

2, 3, 6, 7, 10andiogueR@Matsqddar aundoéeyl oxybenzoyl oxy)triphényl tne. Vat r| au
selonsla revendi cation 2, caract6ris6 en ce que |a noldcule de ndsogbne
conpr end. leﬂérpﬁIsélmﬂ'upﬂl:l%a'éﬁﬁmédhw&;réayd%ﬁﬁes,|ca'atftﬂrséﬁath 6 qudle dBsogéne est un hexa-

n dans | aquakehestede taghéhdian be uniibxgn-alage-tribeényled. ne term nale et n est un
entier ayant une valeur d au noins 1. 40 9. Matdriau selon |a revendi cation
8., r aft oMatérigu geforcle reyardictianedy cataatéiseenice guedepésogbnecest 3387 1011 -grahemdoxy

al cg%‘} 10vieheeEei au selon | a revendication 2, caractl risé en ce que la
nmol 6cul e de nﬁso bne c rend au nmol ns 45 eux cycles aromatiques |ils
de fagof aM?t °'Uﬂé°" ool | 4e CaaTRIITB RS AUY) f?é"?sPQfée °?Ef3%‘1°éﬁ‘%i‘ﬂ'h§’@lt%

| ' une des ' %‘flﬁS‘Pcatlons 1 a0y, caract6r| s6 en ce que le rraterl au est un

PO AR i B e 0 0 i LB OB

ungé § 2
chal hes | a(Pera Y 8' | au sel on I une des revendi cati ons

prdc6de g Q\ﬁatérﬁ@rsé\&’; Bl leiiaEtor 9. Sl STISPEANS Lt €13 %nd4Boehd dhrfighbndCib | ON-

I cat1ons Xp

13. Mat drigkiep6 Qg}ngtiqw@a,q%%m}éen ntes, caracterisOen ce

que ls¢ dopant est choi si dans Ie

. dans laquelle X représente un groupe de chaihe lerminale et n est un entier ayant une valeur d'au
ot moins 1.

9. -Matériau selon la revendication 8, caractérisé en ce que X représente un groupe alcoyle ou un groupe
alcoxy.

10. Matériau selon la revendication 2, caractérisé en ce que la molécule de mésogéne comprend au moins
45 deux cycles aromatiques liés de fagon & former une molécule analogue & une tige.

11. Matériau selon 'une des revendications 1 & 9, caractérisé en ce que le matériau est un polymére
cristallin liquide, dans lequel un radical sel d'un mésogéne est incorporé, soit dans la chaihe principale,
soit dans une ou plusieurs chathes latérales.

50

12. Matériau selon I'une des revendications précédentes caractérisé en ce que le mésogéne comprend un

radical cation.

13. Maténau selon l'une des revendlcatlons ,srecédentes caraciérisé en ce que le dopant est choisi dans le

56 groupe comprenant le trichlorure d'aluminium, I tnbromure d'aluminium, I'iode et le pentafiuorure
d'antimoine.

10



55 groupe conprenant le trichlorure d' alumnium le tribromtre—m —
dalumnium 1'iode et |e pentafluorure d' anti noi ne. 5 Bl
1 1111111 J Il * C L M Ep gashhesit 6ri au sel Onullrgﬁﬂﬁﬂ UUD] !',
revendi cations precedentes, qui contient pas plus de 0,2

par nol'eé de nesogene. 15. Materiau selon la revendication 14, qui conprend
pas pl us te Maédaunmlon I'the ddoEaerticgians prédédentbs, dubcontient pus iy de 0,2&6\0!9 Nt tioprantapar
sel on | ' une myleslemdsegdol.cat i ons pr~c~dentes, dans | equel |a conductance du
mat 6riau cristallin |iquide dans au noins une dinmension est 1,1 fois plus
grange quts- Metcenerinet larfeendiesian i ducameendineepyE sle. 0.1 golp7de dapenty pag molsedeon

| a revandi cA¥PWAeL6, caract6ris ean ce quo |a conductance du mat-~riau
crlstallln | i qui de dans au noi ns une i mensi on est au nons di x f0|s

gr ande qu Y q‘?” L?efvraﬁeaaﬂx%"dﬁﬁensaer Qo o e papcpgincg e ety Bl

|'* une ou I SgR 8V MRDR AR diTensioncosh &7 &Y RIYS Orante AP 8P icRwugiReR éa'liu‘ﬁ“’ a""°

| e mat dri au g? fBans sa phase cristalline. 19.. Procedd pour prodU|re un

mat eri au. g M%Iéﬁéu' doldn } ada wr:&gau £ 18, TS LELY quedl borBRRbS b més quMEb
nmbsogbne quigade Sy b QlirkbiRsi .PEéT%B niéms Rk biE ‘1 T\dead{ﬁcéa Jedfibtions dbhsunb Al
aut ant de nghRssigh. un dopant qul est un agent oxydant ou un agent

rdducteur.. 20. Proced6 solon | a revendi cation 19, caract6ris6 en ce quo le
mel angs efbl MaiBail son fune 06 réutra ey Bidndicatidnsl 18Ul | cara@isise b ea1G® 16/matsid aS1ans

i sot rope. 25a phigde crisiatig@osi ti f el ectroni que i ncorporant au noins un materi au
solon | "une des revendications 1 18 ou qui a W6 produit par un proc6d6

sol on la ¥ePendomui prdul® wumitériap evigalii tigride GamPONd@BU3 Guid®nside B0ménger un
mésogeéne gui est capable de former un radical sel avec jusqu'a 0,5 fois autant de moles d'un dopant
\J 20 qui est un agent oxydant ou un agent réducteur. .

. 20. Procédé selon la revendication 19, caractérisé en ce que le mélange est chauffé & une température 2
laquelle est formée une phase isotrope.

25 21. Dispositif électronique incorporant au moins un matériau selon l'une des revendications 1 & 18 ou qui a
é1é produit par un procédé selon la revendication 19 ou la revendication 20.
30
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