2223493 131919 CONDUCTI NG LI QU D CRYSTALS This invention relates to novel
materials which are sem -conducting lirquid crystals, and to el.ectronic-

devi ces incorporating these novel naterials. Cbnvenﬁgzggg%yggf tropic .(-
| i quid crystals are electrical 05 i nsul at ors. y conduct i ng-

l'iquid crystals have been recogni sed as pqtentially valuable entities

conbi ning the properties of a sem -conductor with those of a liquid
crystal. Attenpts to prepare such a naterial have net with limted success.
Mesogens containing a netal atomexhibit very |ow isotropic 10 131919
conductivity and charge transf > BX £ Raaqdpg ol ecul es exhi bit

| ower conductivity in the Iiqui@ pnase than in the solid phase.
Drenth it al (Recl. Thﬁﬁawnvmm '13:19 esség nq\@é,mﬂ(t@%a}s whbigh agBort ed t hat

dopi ng a. hexa 3biie2etnshBhRRY! AR dTERALRNS idhh £ E180IeR1EMdevagene per ol e

of nesogen increases but that the doped product

exhibits isot roﬂl"€°TR9r’|'ia§1%|’faﬁﬁ |"8M°}§r"1§ gFialss. He have now discovered that
sem -conducting |i otondrentyehadl thermptiopd c6Tigili diyistals ane sotecepical

of “dopant -8t cn oxkPgRSo” E1bkERn BRLET PARRATAE b s EHEISC e BYEL 'Y
forma material nekogsednas ipobentdad hylivedpallel entitienecambéotns thesccor di ngly
from one aspect QUFel‘Jﬂ!?rﬁf s Qﬁi‘l\ébﬁ'&i&t@rsﬁ% muéf'angibuf&”cﬁy@a)’ls"m

whi ch conpri ses a sal t nesogen. rom whi ch the
novel |iquid crﬁft&'l'%tsomtﬂfegaﬁ% SUChl%\V'é B i3 hﬁ‘&ﬁ B&tg‘rGguE@Ht&ﬁ’ eSUcrBse
t her not ropi ¢ mesegegensWobrtaiatng aametdle atdm fexhibitg very ddwctdotsopic i . e.

S\ Lher 2 0, Bl Y ke SR GO AL R oSBT nde ..
aromati ¢ noi et i exhiis! pdowernicondustrivhty dwthaer 14quidc caystad i hoee phage dhangin on
30 the radicahecafiiuNprasie dslenth!dSRY GRerh. [HAvAr@TRL | FaysBSs 006,
.€1987) 534) reported that doping a hexa alkoxytriphenylene mesogen
with 0.7 moles of iodine per'mole of mesogen increases the
15 conductivity but that the doped product exhibits isotropic tonic
conduction properties. ‘

We have now discovered that semi-conducting 1iquid crystals
capable of exhibiting anisotropic electronic conduction properties
can be produced by introducing a quantity of dopant which can be

20 much smaller than utilised by Drenth so as to form a material which
comprises a radical salt of the mesogen. Accordingly from one
_ aspect our invention provides a semi-conducting 1iquid crystal
o which comprises a radical salt of a mesogen.
_ The mesogens from which the novel liquid crystals of this
25 invention may be produced are those thermotropic mesogens which are
capable of forming a radical salt, i.e. either a radical anion or a
radical cation. Preferably the radical salts are stable. The
mesogens capable of forming such salts preferably comprise aromatic
moieties as part of their molecular structure since the charge on
30 the radical can then be delocalised over the aromatic ring or
rings. The mesogens may be those which form a columnar mesophase a.
smectic phase, or may be those which form a nematic mesophase.




rings. The nesogens may be those which forma col ummar nesophase a smectic
phase, or may be those which forma nematic nesophase. -2- Apreferred
cl ass of mesogens are the disc-like (discotic) nesogens, e.g. those
repé=ted by S. Chandrasekchar in Phil. Trans. R Soc. London, A 309, 93-103

(1983), which have the following fornulae:g (a) | b)

(0 RRO 6RR R R Re~~~~~~~~ R 00
0 R 1: 9L 0~~~~ 0 ROOCCH2CH2 R N >
CH2COOR A prEf&reR class of mesogens are th@ disc-like (discotic)
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R mes09aRSe S 3 HIRSLERRGHERH 5, Fhangsgtekchar gp RHIT. .

ROOCCH2CH2CH2Cl i IR CSoc. .Landomach 308, (23163 L 1983) haohbeh havk diheafeld owing
benzene; (b) are ghhguiagxa- n-al kanoates of triphenyl ene and

hexa- n- al koxytri phenyl ene; (c)- are the hexa-n-al kyl and al koxybenzoates of
tri phenyl ene; (d) rufigallol-hexa-n-octanoate; (e) are the
hexa- n- al kanoat es of 05 truxene the (hexa-n-al kanoat es of oxatruxene are
al so useful); : :

o)
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(f) are the 2,2',6,6'-tetra- aryl bi pyran-4-ylidenes; (g) is uroporphyrin |
oct a- n-dodecyl ester and (h) is bis(p-n-decyl benzoyl)nethanato copper (I]).
Exanpl es of other discotic nesogens whi ch have been reported in’ 10 t\_g $
l'iterature include:- -4- ARENE CORES

R R R R~~ Re~~~~~~~~~~ R R R 3 RR R RR

R R RI.°R COOC7H1-1 2. R
OCOC6H40COH17 3. R 000C13H26 R SC6H13 R ALICYCLIC CORES R

R hereff F% ) a & hexa-nfa tes of RR R
A wherettn Xa) EB%% hexa-p nfalkanoates 2 benzen&jC %)I-)QEP% the 1
H23 c}«3AhK]VETp@53-@¢gigqggptgsyn .trjphenyjene“amq hexqvp—alhqgg¢{1mhenylene,

R R (¢) alRe7¢he Rexa-nSklikyl and alkoxybenzoates &I0&kEpktnylene; (d)

9. R Hal OCgHrufigallol-hexa-n-octanoate, (e) are the hexa-n-alkanoates of

05  truxene the (hexa-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 copber (ID).
Examples of other discotic mesogens which have been reported in
10  the literature include:-



R . POLYMENRS RN (~~~N > ~ NR R~~~~~~~~ 10. R
COC6HC1-:11-1 . 8. RxH2d 2H25 0C6H11M111 M a 2H~~~~~~~~~~~~~~~~~ 1
-5- *Honol ogues and anal ogues of any of 't hese conpounds which exhibit a
distetic liquid crystal phase are potentially useful according to this
invention. These disc-like nesogens formeijher columar or nematic 05
mesophases. The radical salts of such nesogens conduct in only one or in
one strongly preferred di nensi on when appropriately oriented and such
oriented naterialé EEErEEent a preferred aspect of the invention. Ahfurther
cl ass of nesoge i n formradical salts and 10 from whic
sem -conducting liquid crystals capable'ofF%xhibiting ani'sotrop
goyced are rod-1i ke no
Dl ecul ar struct

pol ybenzene unit hav the fol |l ow ngf
‘represents any sui R d chai n sgreh™asS
an integer having a vgd ue of at |east 1. Ak
at least two of the aromatic rings. are |i ednthrough sui tabl e groups\_such
as -N=N-; -NaNO-; -CH CH 20 -GC; or *COCHN groups. These ro®
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are incorporated either in the main chain backbone or attached in 25 one
or nore pendant side chains. The radical salts of such nesogens conduct in

S
1

only one or two clearly preferred di nensions when appropriately orienteq’

and such oriented materials represent a further preferred aspect of our =

I nvention. 30 The radical salts of the nesogens may be forned by

dopi ng the nesogen with an oxidising or ﬁ'Teducing agent. The nature of

t he 6- dopant and the quantity in which it is enployed should be

sel ected so as,not, to alter either the strpcture or the stabjlit f the
g F Hef

mesophase to abgmargHes Apd Anajegies, of pny; g g€ (gompopnds ¥hich axiiBity i h o
quantity whi chdisotdc Wguid targstl phaod aseppotendlad 1gf us@Ful acvesdbentand is
pref erably not AR Qn@%‘ﬂ%g' 25 and nost preferably not nore than 0.1 noles
per nole of mesodgen. 1n geheral the conductivity of the nesogen will be
proportional to tH8esgisetlikermesngans femmeel ther \ralumrardor inemati¢ be

appreci atggl t hgésopigéss .t Nehe Rab D@ SaPle Bfdicheme ddagnbRtia 190&ﬁg{‘ﬂﬁe

exist as a mxture of 1 t he sogen .and its radical salt but r er as
S esonen hav, b 1 AR Strenaly BreTRred AIEDs on Whed APRBY k)G rAanged f or

conveni ence t hasd dagkrorpented meta@rials ordphesénty anyveFaradd aspexdi 6fRltheal t in
t hese circunst wi de variety of dopants may be utilised. Exanples of

nces. A
dopants 15 \?\ﬂfe(?%i%'y be useful include electron acceptors such as
i odi ne, al um ni umAt Futthieor ¢ldess off mesogens whidiv oan Fformnuhdical rsahfs and

pent af | uoj de angh @3 € c ' - i isthi um

net al . Thitfa6 dopant ﬁgg‘t tsg'mf %?%eéﬂgﬁpam@f’d%%{wﬁf c?ﬁ%ﬁ%a?fi%ﬂ?%irh?g

mesogen is predetsabropisnelegtrent ¢ sopductipn prapentiencmaik egrieduced areast in

the quantity whodN1ke motebsl e3mhaviigda pl19ardmaiti €Wndt as part of their o/
molecular structure such as a polybenzene unit héVing the following

15 wherein X represents any suitable end chain such as an alkyl or
~ alkoxy group and n is an integer having'a value of at 1east 1.
'Also, rod-like mesogens in which at least two of the aromatic rings.
~are linked through suitable groups such as
~N=N-; -NsNO-; —-CH=CH- '
20 -C=C-; or -COQ-CH-N— groups. These rod like mesogens form either
" smectic or nematic phases.

A further group of compounds which can form radical salts are
liquid crystal polymers in which any of the above mesogenic units
are incorporated either in the main chain backbone or attached in

25  one or more pendant side chains. _ . .

The radical salts of such mesogens conduct in only one or two
clearly preferred dimensions when appropriately oriented and such
oriented materials représent a further preferred aspect of our
tavention. _ _

30 The radical salts of the mesogens may be formed by doping the
mesogen with an oxidising or a reducing agent. The’nature of the



quantity which is preferably added varies with the nature of the nesogen
for each particular dopant. The formation of the radical salt is preferably
carfied out by 25 heating a m xture-of the dopant and the nesogen at a
tenperature at which they forman isotropic phase in the absence of oxygen.
The tenperature will usually be above or vgry close to the tenperature at
whi ch the nmesogen forns an isotropic phaSe”since the presence of the dopant
depresses this transition tenperature to some extent. Such processes

are believed to he,navely al!?iq ﬁﬁ?ﬁ?hﬁ Litnewﬁicfhuﬂ hg' eﬁ@%g& s?nBuwctﬁé H‘I\é%%d on.

The formation of "2t Rdieal
spectroscopy. Th&ocky ookl ta ﬁéteﬂ Pd;th&i‘ &hgfgtaucm\'e <P"sdf\¢o§:ﬁab1b’ﬁévse 1~e!'&ch

fe)érlrrgldt | gh?:lgftcggmlb%brﬁsésfo Eﬁgﬁibﬁifiﬁﬁtf&%eé haPr@ﬁrabW h:ﬁ@ed ?ﬁgﬁ 2;@
phase behaviour &t1ine f dng%égg t%ﬁ@ '@\Bﬁgaﬁﬁ aﬂﬁé“%? x?'p P?Pe?ﬁﬁé’f? P CTat
Itﬁatst ]Eh[ ﬁeoang mesbgenalhy iat %ﬁmsablfy u_ert cubderﬂranfomgand mast prefbmabiyhan
at o e undo 0 A a c 4V
properties are &ﬁ?ﬁ%a%&f%‘ﬁ%ﬁé& 'ﬁ@&gﬁﬁ'&%é&g{. eﬁf@%ﬁ?lt h@é/
mesophase. The dogduativityaof sther opsogen whd berproporttignpt dpethe quantity of
proportional to gBgafleghee 45 TRl pE i1 (1P aBBHRIBLES thit WhGre the

mesophase. The pr erred |qU| i s 1 nvention

conduct ance in 16hargeds dglocal SGF’ F“BF%”\MMQR‘F% o exjdaas 3 mixtynaof ang
preferably 30 ti vag ﬁs@@éﬁranﬁhﬂ!‘s radi c@INSIIA beb riabhért akchviesOFEh AAVEY

o rension. T SQLSBLSP O be QNG BEbles DNGREAIAATER e Gope
Qf st he nesogens mbnvdwiientmvhhr\s|dmcmkptjbnevdﬂebstt015he foamatdonrafpiacradical
conductivity for Wa it A Eftﬁésr %Fﬁﬁﬁfﬁnc‘}g this invention.
| A wide variety of dopants may be utilised. Examples of dopants
15 which may be useful include electron acceptors such as iodine,
aluminfum trichloride, aluminium tribromide and antimony
pentafiuoride and electron donors such as dimethyl sulphide and
lithium metal.
The dopant used to form the radical salt of the particular
20 mesogen is preferably one which is miscible with the mesogen; at
least in the quantity which is to be employed. The particular
quantity which is preferably added varies with the nature of the
mesogen for each particular dopant.
_ The formation of the radical salt is preferably carried out by
N\ 25 heating a mixture of the dopant and the mesogen at a temperature at
which they form an isotropic phase in the absence of oxygen. The
temperature will usually be above or very close to the temperature
at which the mesogen forms an isotropic phase since the presence of
the dopant depresses this transition temperature to some extent.
30 Such processes are believed to be novel and constitute a further
aspect of this invention.
The formation of a radical salt of the mesogen may be confirmed
by esr spectroscopy. The crystalline, 1iquid crystal and isotropic
" phases each exhibit characteristic esr spectra. The fact that
35 these phases are formed is indicative of a dopant which has not



The conduction properties of the novel liquid crystalline materials of this
I nvention and the ease with which they can be fabricated as thin films

render themuseful in a variety of ‘el ectronic, therno-electronic and ii
opto-el ectroni ¢ devices. The 20 changes in the order of the material s>

whi ch can be achieved by heating directJy or with a laser or by the
application of localised nagnetic or electrical fields can be detected by
changes in the conductivity and hence the materials may be useful in

t enper at ur e seneterbeddthe generaili piaset belaydodie\ofctiee medbgenuni que optical 25

roperties of the terl I Sel I p. N@Nylinie pties and
gt hgr el ectro-opti '?Pe géﬁﬂ%&{‘&;%g ﬁ]J:el ggﬁ%ﬁ?%%gvr%egg T'zliénac?qe?‘é'&et%r %}-“gpt I C
devi ces incor parafensdlyhat least fiue oridars of omagnd hudeh greakasethanothatiof

i nventi on. e Jitopbd\WR3bhE) IS illustrated by the foll owing exanple: -
The disc

R O So UOR Wfckin SRRt S R AR 7 O
chlorani| oxi dalopy¢ siesogar :1sta¢ﬂi@nt?1f 1Egt|?te )r?gt@ehgef. r’fggﬁi%gbﬂo’ﬂ i on wa tS h
chrried out undBrsSHond s eBp el pdipRBPEIG S diRbertienan IR o"37s
Transi tion t engegeeaofsonvientationsof citeundlegulesPdnkthe @k saphaBSC2 Thei ng
indium as a caljRpatded™ ffudBIErydta TSt BASTRNATIOF THAVE S tondifctdREPARI
10 one or two dimensions which ts at least 1.1 times and preferably 10
times_gfeater than its conduction_in'at_]east one other dimension.
| 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
15 anisdtropic_condu;tivity fdrm a preferred aspect of this invention.
The condnttion_propertjes of the novel liquid crystalline
materials of this invention and the ease with which they can be
fabricated as thin films render them useful in a variety of
electronic, thermo-electronic and opto-electronic devices. The
20 changes in the order of the materials which can be achieved by
heating directly or with a laser or by the application of localised
magnetic orfelecfrical fields can be detected by changes in the
conductivity and hence the materials may bé_useful:in temperature
sensors and information storage devices. The unique optical
25 properties of the_materials renders them useful in non-linear \/
optics and other electro-optic applications. Electronic devices
and electro-optic devices incorporating the novel materials form
another aspect of our invention. '



10 HAT6~shows two endot herm ¢ peaks, corresponding to the crystal to

col umar. phase transition at 343 K, and the columar to isotropic phase
transition at 373 K. On doping with 1 nol e per cent of AIC13 the transition
tenﬁﬁ?atures are depressed (340 K and 370 K) and the endotherns are

br oadened. 15 A.C. electrical condugtivity nmeasurenents were nade
-using a Hew ett Packard nodel 4192a | npedance Anal yser and a sanpl e cel
with 5 x 5 nmplatinum el ectrodes coated with plati num bl ack, and with
separati on 5 nm Thdheoimkention tiy DIl usitifatedhbyndihe foilawingasampliex-or ders of
magni t ude when dope e 0 t

approxi mately 10-4 drhgl gﬂc%%gﬁe%% b %‘r%éz E) a]s]e;sm&t hgx‘@%ﬁgt heﬁ fn\?vas
found to be cons{®#hkb6)bet ween 5 Hz and 25 kHz and then to |ncrease
approximately linearly with increasing fogquency. The variation of the
conductivity with tenperature is shown ip Figure 2. -9- ESr neasurenents
were nade on a sanple contained under vgsyu pOR a quartz tube of intermal
diameter 3 mMmmand filed to a depth of usi ng a Bruker ER 200 X-Band
esr spectroneter. A nodul at igg " J 1.25 x 10-5 T was used for al
measur enents. For undoped HAT6 g1 gnal is Cﬁﬂ) HLne of 05
negligible intensity in all of. el phases, Q.IS(S gd C‘i’oped HAT6 t he
intensity of the line incregees 1 @ five to six orders of

magni tude. The intensity of the signal i ned constant over the whol e of
signal has a Lorentzian shape, and there|10

t he neasured tenperature range (293-40 the crystalline phase., the

is a small yet steady
decrease in the linewidth with increase g tenperature (Figure 3a). At the
arystal to columar phase ‘transition there are two distinct changes in the
esr signal: (1) the Linemﬁdth_decreasgixgharply by a factor of

was synthesised by chloranil oxidative trimerisation of veratrole,
05 demethylation with hydrogen bromide, and alkylation of the
* hexaphenol produced. Doping was carried out under a vacuum by
heating a mixture of HAT6 and A1Cl3 to 373 K. Transition
_temperatures were measured using a Perkin-Elmer DSC2 using indium
as a calibration standard. The thermogram (Figure 1) of undoped
10 HAT6 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 AlCl;
the transition temperatures are depressed (340 K and 370 K) and the
o endotherms are broadened. ' |
15 A.C. electrical 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 black, and
with separation 5 mm. The conductivity of HAT6 changes by at
least six orders of magnitude when doped with A1Cl3 from less
20 than 10~10 s m~1 to approximately 104-10-3 s m~1. 1In al) three
phases, the conductivity 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.



approximately 1.5; (2) the linew dth becones asymetric, the 15

asymmetry increasing with increasing tenmperature (Figure 3b). Oienting the
col umar phase by cooling fromthe-isotropi c phase in the presence of a;
magnetic field (field strength 1.6T) produced a significant degree of =
ani sotropy (approxi mately -2 10-2 S mgl>. Thi s ani sotropy of conductivity
was preserved on 20 cooling into the crystalline phase. The variation
of conductivity with tenperature is shown in Figure 4. Ol is the

conductivity rreasewd..eraeﬁmadts:weaé made! &F aB&MALI Eorlta®hél %ﬂdexov&éuﬁnﬁ t hat

oS he i ol achipta ol oF Hreris, Syageger s maes LAt 8 siakntn |V
al g_m' n: um It{I beforrsdm uis dnlg raeBa_mtr:am lzmonXI-aaaulteaa‘rl up&otdgma&e?o p{ Oguced a
';ﬁl !sg?r o;s)?c co&ﬁ?ﬁ]ﬁgg%ém@sb}%e%slsgr b?bdﬁﬁ'g%g&%ﬁ ??(errzlsogens 2, 3.
6, 7, 10, 11-hmeeasur@@nts. hdrylyndoped iHAKEGn\ihenest STT®)] dnck 31ng;1e 8ing of10,
11- hexa (@ar aﬁ%ﬁn@gimybﬁmexmw AT gﬁhﬂ@"tﬁ% h@@s) Wnﬁ*% gbé{ﬁ‘

trichlori fumtrih or ant Iuom

resul ted in tHEATS ShRudptensidy of Fh@il'd&? tnareasgs PMea’hﬁgéﬁtelf“’e tocsr Vs 1. A
semi - conduct i r&'derﬂtbﬁimﬁgmhdél | The MAVtens ftly ohithle symani seifined aBhsadntsal t

f I d h h h
nesogen o) ecufETcEibheLe 3¢ B BRettaa, Frmpefatish Fadg CIFHEEdoL o ™ 11
according to etheherystalUne phase,othe sdgaabidasra dedentziahaghapbe amistigae is a
O SC ot kOUTESORER 1), e UtERd e BTN Enb O AR LTEh AREFEHHenty ol ai o

rip

characterlsed a-n-a enyl ene or
a hexa- n- a|kox5gmpgr11qungﬁkgﬁ§e 3a). At the crystal to columnar phase

transition there are two distinct changes in the esr signal:
(1) the 1inewidth decreases sharply by a factor of
approximately 1.5; (2) the linewidth becomes asymmetric, the

15 asymmetry increasing with increasing temperature (Figure 3b).

Orienting the columnar phase by cooling from the isotropic
phase in the presence of a magnetic fleld (field strength 1.6T)
produced a significant degree of anisotropy (approximately -2
102 s m~1). This anisotropy of conductivity was preserved on

20 cooling into the crystalline phase. The variation of conductivity
with temperature is shown in Figure 4. O is the conductivity
measured perpendicular to the magnetic field and 0"1 is that
measured parallel to the magnetic field. O~ is the elgctrical
conductivity of the unaligned sample. ' N

25 Doping of the HAT6 mesogen with aluminium tribromide, iodine
and antimony pentafluoride also produced a radical salt of the
mesogen which. when suitably"aligned.exhibited anisotropic
conduction properties.’

Similarly doping of the mesogens 2, 3, 6, 7, 10, 11-hexa-

30 hexylthiotriphenylene (HTT6) and 2, 3, 6, 7, 10, 11-hexa
(paraundecyloxybenzoyloxy)triphenylene (HBT11) with aluminium
trichloride, aluminium tribromide, 1odine or antimony pentafiuoride

resulted in the production of a radical salt of the mesogen.

i



‘10 S. A material according to Caim4 characterised in that the rresogen'
is 2,3,6,7,10, 11 hexa-hexyloxy triphenylene. 6. A material according to

.0 a mA characterised in that the nesogen ts 2, 3, 6, “g

| | -exa- hexyl thiotriphenylene. 7. A material accordi ﬂ"l “'IH“IMI“ “ |“|
characterised in that the 15 mesogen +s1®@2- 3, 6, :7,*10¢ *

| I - hexa( paraundecyl oxybenzoyl oxy) tri phenyl ene. 8. A mat eri al according to

Claim 2 characterised in that the nmesogen nol ecul e conprises a pol yaromatic
moi ety having the formula: *~~~~ X wherei n CkAIM$resents an end-chain group

and n is an int egerg‘%‘éhf‘gco%gucting Yﬁiu‘fﬁ Wysﬂliﬁ@sﬁlaﬂeﬂ?l wﬁiE‘ﬁ‘tc%ﬁ:bnailses a

according to Caim§g characterrise X'represents an al group -or
an al koxy group. ragicad patfeofad Mese#Mi ng to A aim2 char acterl sed in that

the mesogen nol egul mﬁfamilaaescﬁrdw\&b canmal OffAra€tdriives i thadthe as 25
to forma rod-1ike nol ecu#é {Tater al acg rdi &to any of Clains 1to
9 characterised PRSQYER MP “rlrﬁt‘i-ﬂmpﬁ Ssa0, 3rom] Y4l pol ymer in which a
radi cal sal 050f 3.nesmgterial acwydprg doeel ther hef GIBith”Ié onii2n charaichenisedn
one or nore pendin hSaI d?hecr?n%'sgéen 39 a di}g-liﬁe%s%rgbﬁ according to any of

the preceding clalng™ " "-="="=7"~ "7 -~ ~~-S2~~~= 111111 11111
11111 1 1 liii 4. *ACmaterivl cardénpidoeanysofl the mnatectine Haddyen conpri ses

a radical cationg Qw%ctArF%] aiha%cawﬁtbg&swiewheiamﬁn%ﬁsedlm cl ai ms

whi ch conpri ses dopan IS an oxl| reducing agent. 14. A
materi al accor di ﬁﬁ‘ﬂhﬁ“&l‘&'i&rﬂ@dﬁé#dt@ék?@e‘d iPhepylente dopant is sel ected

fromthe grogp cENPIA fiabér Rl1USEErdTMg Roctiam decha®lcterigbd Mnntha® the
t_“ bromi de, i odi Rgsggne% tf r;oey.’ %n{f‘fhlegg-rhle?t_eloxy triphenylene.
~ 6. A material according to C1a1ml characterised in that the
mesogen is 2, 3, 6, 7, 10, H-hexa;hexy]thiotripheny1ene.
7. A material according to Claim & characterised in that the
15 mesogen is 2, 3, 6, 7, 10, 11-hexa(paraundecyloxybenzoyloxy)
triphenylene.
8. A material according to Claim 2 characterised in that the

mesogen molecule comprises a polyaromat_ic moiety having the formula:

—~O-KO~Br KO

<N

wherein X represents an end-chain group and n is an integer having
(U 20  a value of at least 1. '
9. A material according to Claim 8 characterised in that X
represents an alkyl group or an-alkoxy group.
10. A material according to Claim 2 characterised in that the
mesogen molecule comprises at least two aromatic rings linked so as
25  to form a rod-1ike molecule. |
11. A material according t6 any of Claims 1 to 9 characterised in
that the materfal is a liquid érystal polymer in which a radical
salt of a mesogen is incorporated either in the main chain or in
one or more pendant side chains. o
30 12. A material according to any of the preceding claims



15. A material according to either of Clains 13 or 14 which conprises not
nore than 0.5 nol es of dopant per nole of nesogen. 16. A material according
to Cl aim15 whi ckh conprises not nore than 0.25 H“ mn er nol %of ¢
mesogen. 10 17. A material according to any l“ﬂuﬂ Huﬂnﬂmcl ai s
wherein the conductance of the liquid_cfystalline*meteria if at |east one -
dinension is 1.1 tinmes greater than its conductance in one other dinension.

18. A material according to Claim16 characterised in that the 15
conduct ance OfcltalﬂecterUédﬂ tor yhdtalthe mesogércicomgrfises & radbeal eakiodi. nension is

material accorinl PR, a¢Edip (i aRy e Bhe pPefdiied, BTN, nai (he
material is | mqwsismystddnanhewmhsts apooxidigng or @ wedued noagente
production of g ssrﬂ.atwsiv%t&qnhbq\;a gwwabaéﬂaraetmﬁa 1) thd¥ Ehe COMPII Ses

m xi ng a nmesogen which is h_a dopant.
21. A process méBFdlsnﬁelQFtEFaf VWZU‘%HQ?%R:ICBW‘?&I"G r?'ﬂﬂHi'“!"h‘é”Gbﬂ)aWtdehs an

- OXi ﬂl Si n]gn%ger&lumnﬂmr Qﬂ%ﬂ%@g?ﬁdineﬁnd antzi?morrﬁl rﬂ%ﬂ@orﬁ@@m dlhngt tg t
either o ai charagter in eated to a
\\nrrperature at%%c’?ﬁﬁﬁ%‘s&f:%r 89 #?a§gt E%&m Y‘é honi ¢ devi ce

cor por at i ng compk bsest not]molratthanao Eamol:ésalofredbplantapcy moleralmasogen.o 19 or
whi ch has bee r gﬁﬁct% M"i 20 to
22. 24. A semn‘dgog uct Sjé)'yaﬁcqu’clngr{:g %? erl aﬂ Su ?%1&{%3? ng?%a{m
her ei nbef ore d&28r nokes tdQPi@f @ﬁéd@ﬁéet@fméogeﬂ -egoi ng Exanpl es.

10 17. A material according to any of the preceding claims wherein

the conductance of the quid crystalline material 1n at least one o
dimension is 1.1 times greater than its conductance in one other '
~ dimension. ' '

18. A matertal according to Claim 16 characterised in that the

15 conductance of the liquid crystalline material in at least one

' dimension is at least 10 times greater than 1ts conduction in one
other dimension. 3
19. A material according to either of Claims 17 or 18 characterised
in that the material is in its crystalliine phase.

20 20. A process for the production of-a'sém1-conduct1ng 1iquid
crystalline material which comprises mixing a mesogen which is
capable of forming a radical salt with a dopant.

21. A process according to Claim 20 characterised in that the
dopant is an oxidising agent or a reducing agent. - N

25 22. A process according to either of Claims 20 or 21 characterised
in that the mixture is heated to a temperature at which an
isotropic phase is formed. . : | .

23. An electronic device incorporating at least one material as
claimed in any of Claims 1 to 19 or which has been produced by a

30 process according to any of Claims 20 to 22.

24. A semi conducting liquid crystal material substantially as
hereinbefore described,with reference to the foregoing Examples.




