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A LI QUI D CRYSTAL COVWPOSI TI ON COVPRI SI NG DI ESTER (S) The present invention

is related to liquid crystal materials. Liquid crystal materials are wel:l,

known organic materials. conprising single gonpounds or mi xtures of .
conpounds‘gﬁgch di spl ay phases, known as liquid crystal phases or -
nmesophases; havi ng a degree -of nol ecul ar ordering internedi ate between if
that of the~Aully ordered crystalline solid state and the fully di sordered )

i sotropic id state. Electro-optical devices incorporating liquid
crystal ny als are well known and wi dely used as digital displays 10
in su appticati.ons as watches, calculators and digital voltneters and are

finding use in nore conpl ex devices such as col our sw tches and di spl ays.
Al'l of these devices utilise the optical contrast obtained when an electric
field is applied across a thin insulating filmof suitable |iquid crystal
15 . material. The nolecules of the material (in a liquid crystal phase
at the tenperature of operation) are re-orientated by the field causing a
change in an optical property of the part of the filmwhere the field is

applied, eg a change,i gg i ght scattering or transm ssi.vi.ty. .20..
There are several knd V\#Q?I e@%?%l‘é@?f’é% &S&ng’r@@t DIESTER 462 utilised
|n liquid crystal devices and one type is based on the use of
"two-frequency” mat dheapseséribidatentivants  relatedi mﬁmy-dberm&lnndtmals.

materials in which an el ectro-optical effect is obtained by applying to the
liquid crystal devi dédquid crystal materials are well known organic materials

! comprising single compounds or mixtures of compounds which
display phases, known as liquid crystal phases or mesophases,
5 having a degree of molecular ordering intermediate between
that of the fully ordered crystalline solid state and the fully

disordered isotropic liquid state.

Electro~optical devices incorporating liquid 6rysta1

materials are well known and widely used as digital displays

10 in such applications as ﬁatches, calculators and digital
voltmeters and are finding use in more complex devices such as
colour switches and displays. All of these devices utilise the
optical contrast obtained when an electric field is applied
across a thin insulating film of sujitable liquid crystal

15 material. The molecules of the material (in a liquid crystal
phase at the temperature of operation) are fe—orientated by the
field causing a change in an optical property of the part of the
.film where the. field is applied, eg a change in ambient light

scattering or transmissivity.

2C There are several knbwn types of electro-oﬁtical effect
which are utilised in liquid crystal devices and one type is
based on the use of "two-frequenéy" materials. ﬂTwo-frequgncy"
materials may be defined as materials in which an electro-optical
effect is obtained by applying to the liquid crystal device

25 (ie across the liquid crystal material),either simultaneously
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25t (te across the l'i quid Crystal material ), either simultaneously 2
i n sequence,: elref:trtcal signals of two or nore distinct frequencies such.

that at | east. pne 6f the frequencies is bel ow the cross-over frequency _ﬁ

of the material (as défined bel ow) and at 4 east one is above f¢ "5~
Devices which are used as or are suitable for use as two- frequency

devikgs, ie. deviles wWiehcdPle18804 1t &pgﬁausqé@&% SRREb AiBtifé® as
described in the follow ng prior-art ref erences; §‘§ "Liquid Crystal
p

Di spliays and Col ingauengiesheuch phat rt fresigeaeiot
(1979)~ (2) ﬁ.@fet cﬁél%é-fb%ﬁgf g‘héﬁc%d roesmithe MARELAD- (@R 868ine8 MELoR) and

colour filter' by E Raynes an Shanks: El ectronics Letters Vol 10 .
pages 114-115, Befsat keast ongis; a%eofP- di spl ays using a liquid crystal

colour-15 switch' b A Shanks: AGARD Conf erence F’ s Vol, 167 :
pages 18.1-18711 (195%‘5“3?47 1°"‘F?’éﬁd’€ﬁéya%u?d'r§§%€& ?‘k&f °’Er‘%§t af Mozl d -
effect’ by H BucfiRguedtyl dbbicu)i eb dvvdcds Rih¥an ddst enployppld-eftelaysdycs
Lett ers, vol. unepldua% gg%-e%7é§§ als8§eg3191£4é21 in Q:he folloglsx)xg pli%ozl? al %nt

Speci fication
' . referencesi . .......

LA b e ey ity st t—— -

(1) 'Liquid Crystal Displays and Colouf Switches' by
10 M G Clark: Displays-Vol 1 pages 17-2% (1979).

(2) 'Fast switching twisted nematic electro-optical
shutter and colour fllte“' by E P Raynes and I A Shanks:
Electronics Letters Vol 10 pages 114-115, 1975.

(3)  *Multi-colour displays using a liquid crystal colour
15 switch' by I_A Shanks; AGARD Conference Proceedings Vol 167
' pages 1_8.1-_1_8.11 (1975).

(4) 'Frequency addressed liquid crystal field effect'
by H Bucher, R T Klingbiel and J P Van Meter: Applied Physics
Letters, Volume 25 pages 186-188 (1974).

26 B '(5) "UK Patent Spec1f1cat10n No. 1,463,979.
(6) .:UK Patent Specification No.1,469,638.
(7) '_UK.Patent Specification No. 1,477,478.
(8) UK Patent Specification No.GB 2,042,2024.

Known two-frequency devices may make use of one of the

s 25 followiﬁg kinds of two4frequency effects:

(i) multiplexiig.of.liquid crystal displays either by
" modulating a signal at a frequency below fo while applying a
constanﬁ signal above fo, or oy modulafing a signal above fo
while applying a constant signal below fo, or by modulating
30 signals both above and below fo; it is well known to those
skilled in the art that:higher levéls of multiplexing can be

4

frapuengies) 1p Ridowy 7- '24.



. &
6). UK Patent Specification No.1,469,638. (7) UK Patent Specification
NOY1, 477, 478. (8) UK Patent Specification No.GB 2,042, 202A' Knotwn '

f& -f._requency devi ces may nmake use qf one of the 25 f-ol | ovi ng ki-nds of ¢
- frequency effects: (i) mul ti & exing of liquid cryst al displ ays

“ei t her by d,uI a _si at_a requenc ow ying a .
const ant §FD {3%3(—5‘ P8, 9%%n5§u% PR séfbﬁar”@boi}én?%o ile appl Wng
a constana sﬂma_l flajuewcy 9, or by nodul ating 30 signals both above and.-
below fo; it is well known to those skilled in the art that higher Ievqu

of multipl exi {gigdan . b@eratm:t asnkihuid thesalt siobltieqsein twhach athe possi bl e
\émhtj[]t ergn ic';s% ﬁy.ftjhaqg Sviéeeq'éegxg tclh(ea into oggeétaattl O%%izlp#gé@l%ncryﬁ al

qurd-<cry evice'Is svvltc 0 One state by
appl i cati ofi & burst of b&astrmalesmxtarhscat = ifgaghencyt beldw dquaenty bel ow fo

a0 back, ek s ShESust bl sgrRbIBhL AR B £ ot a0 Brigugney aPove

fo. Int e shut fast at ur al
rel axati oabd)verré'owerb'! [thist wam) thaeshotttehenay zbnsswws:hs;l ﬂa@ster than (iii)

operati on; gyl guk i ¥§i§%aﬁgut &ﬁreswgi-etmﬁws e bP t(He') above which are

_swtchedrepeltlv y;
transitions;
10 (iii) 'operaticn'as lii;uid. crystal shutters of the type
 as in (ii) above which afe switched repefitively; such shutters
may be used, for example, in frame-sequentiai displays as
disclosed in UK Patent Specification No.GB 2,042,2024.

Two-frequency liquid cfyétal materials which have been used
15  in known devices have consisted either of (i) materials of a
' single family'type'which have a high viScdsity_(and therefore a

relatively slow electro—optical responsé) and a%so a liquid
crystalline temperature range giving restricted temperat*“es'of'.
operation; (ii) materials which are mixtures which include a

20  component of relatively poor chemical stability: or are coloured,
eg yellow; or (iii) materials which are.mixtures of compounds

which do not show adequate Hielectric switching properties.

It is an 6bject of the present invention to provide a
11qu1d crystal two-frequency material hav1ng an improved
25 combination of propertles.
According to the present invention in a flrst aspect a
composition suitable for use as & liquid crystal material ir a : | -
two~frequency switchihg device comprises: '



d

day be used, for exanple, in frame- sequentlal d| splays as disclosed in UK
Pat ent” Spemflcatlon No. GB 2, 042, 202A. Two-frequency |iquid crystal
material s which have been used 15 in known devi ces have consisted ei tﬁ&r
&f (i) materiats of a single fanmily type which have a high vi sc_05|ty {and
therefore a relatively slow el ectro-optical response) and also a liquid

stalline tenperature range giving restficted tenperatures of operation;
(|| materials which are nmixtures which include a.20 conponent of

rel. atlvely poor chem cal sta I|t or red | | ow; el )
mat\em als which are m‘xtur@s o"f C r?ag J\E/\/(n}’lacgn%lodtnﬁoas/%omrpercfeurﬁt nd

‘dielectric w athiaw fpegpeciessa pbslt;sreadle)l:qcectc cﬁnllshErqwes@tconauﬂrmigon
to provide a |bauld rvalal ol ;ug,asq&%emgh kkal Agying an inproved 25

conbi nati on of properties. resent | nventi in a first
aspect a conposition sui abI jyui d S r| in.a

t wo- frequency switching VT c ngf@a@ Q’ é@ ? nent A
havi ng at room tenperature and at | ow frequencl @sQ-a positive d| el ectric
ani sotropy andvweerfinsRi mpdoR, are éndepsnderthipdoptkyhayeyrs haydwefsem 3

formula: [err] o 7 carbon atoms; and Z is selected from 1,4 phenylene, trans-.
1,4-cyclohexyl and 2,6-naphthyl; and
ii. a second component B having a low viscosity and

consisting of one or more compunds heving a general formu;a:_

3-®-co O«Q—K

wherein R3 and R are independently n-alkyl groups having from 3
to 7 carbon atoms, the cross-over fgequency of the composition
being not greater than 20kHz at 20°C.

Preferably, component A_compxises from 50 to 60% by weight

_of the composition. - .' '

The compos;tion may additiondlly comprise:

iij. a high clearing point additive, component C,
forming up to 20% by weight'of.the qomposition.

An example of such a composition is one where component aA
forms up to 60% by weight, component B forms from 35 to 40% by
weight of the composition and component C forms up to 20% by
weight of the composition, component C preferably being a compound

of formula:
3 Re -B-D-<D-(D=s

wherein RE and RF are independently n-alkyl groups containing

from 3 to 7 carbons.

The relative proportions of component A and component B in
the composition according to the first espect of the invention are
selected so that the mixture has the desired property, ie a cross-
over frequency not greater than 20 kHz and preferably also a

viscosity less than 100 cps at 20°c.



wherein R and R are independently n-alkyl groups having frog13 1 - 2
te 7 carbon atoms; and Z is selected from 1,4 phenyl ene, trans- ~
1, 4-cycl ohexyl and 2, 6-naphthyl; and ii. a second conponent B-having a ¥
| ow:vi sgosity and consi sting of one or nore conpunds having a general '
formul'yid wherein R and R are indep@ndently n-al kyl groups having from%{&;
"4 to 7 carbon atons, the cross-over frequency of the conposition being n8t

greater than 20kHz at 20[err]C. Prefer bly, conponent A conprises from50
to 60% by:wei ght CBPS%meEoﬁfﬁagF{*%'n?sTﬁ’be &g ?é’i%ﬂ%’r&ﬁté’dn%ltionm ly

conpri se: siiEhals applid t6| £arigiga ReyBtand@Aitbifl acomiehetke C, forning up to
20% by wei ght of the conposition. An exanple of: sgch a"con};Osition IS one
wher e conSBREeREEAST BRIROLEPPY SfcbhSB Wtﬁ\ﬁ{){ﬁf’h%?p A B o1 E°%f rom 35 to

40% by weingghtidfe.t he conposition and conponent C fornms up to 20% by wei ght
of the conposition,_ c onent- C preferably bein campound of .formul a:
[err] wherein R@rﬁﬁ_ﬁr%lga?‘?é“ﬁ"ﬁﬁ%g@nﬁgﬂ?’f 8- gtfek%f’i‘b wo‘g%sc%“(‘?rﬂugfiﬁi ng from 3
to 7 car bgreferdddyr £ ahievEoXlowfng nigksreX conponent A and conponent B in |
t he corrposi__t_i on according to the first aspect of the invention are

]\..C >H7 —@’C C. o—@c.i ol..-o _@(g Hﬂ"'.‘ about 24 parts by weight

n__CS-.H," -'-@-—(0§ 0 "@'CEO __o- H"_n about 32 parts by weight |

Preferably, Component B comp_;ciSes the following compounds
preferably in the following mixture: . '

h‘C3H7 '@"-@-O‘.'@—({H“‘YL : 'abeuf. 19 pérts 'by weight

' ) . | . . ' ) F ' -. | .
?\*CYH‘l“@';CO~O“@—CY;H‘rVL about 30 | parts by weight
’\{7HIS'—CO>-CO'OS'HM.”- about .2.6 parts .by weigﬁt

It has been found that compositions according to the first

e

aspect of the present inventién unexpectedly shows a favourable
combination'of the following properties'for use as two-frequency
switching materials: : |
liquid crystalline temperature range;
viscosity; '
stability and .
diele¢t:ic switching propérties (eg cross-oﬁer frequency); lack
of colouration, ie they are colourless. . |
'Strongly negative' compduhds, which mayﬁbe used as
additives to the compositions of components A and B, are compounds



Sel ected so that the m xture has the desired property, ie a cross- over
frequency snot &reater than 20 kHz and preferably also a viscosity |less than
100 cps at 20[erf]C. - 'Cross-over frequency' is the frequency of. '

el ectrical sighals applied to a liquid crystal material at which t}.|8

di él ectric anisotropy of the material chahges from positive to negative.-
P>\=§fr,-erabl y Conponent A conprises the follow ng conpounds preferably in the
I'Towi ng m xture: about 24 parts by weight [err] [érr]

fo
about 32 part shamingea gidgaftéve [dieleéteriabhyisotpapp Makind aC AGRPHItAS §h@ter
f ol \-dwi ng conpgids pé;%ferably in the followng mxture: [err]
[err] about 19 parfs by weight [err] about 30 parts by weight- [err] .
about 26 parts by weight It has been found that conpositions according to
the first aspect of e pres t_@e_%éo u e%ﬁly shows a favourable
conbi nation of the follow ng%‘ro ties’ %ﬁ‘ wo- f requency swi tching

mat eri al s:

CN CN
(11) R ~-(H<{H)>-co-0-{o)—0or.

CNTN

where R = alkyl and < x/\ is@ or@ . '
'High clearing point additiv_e' as mentioned above means one
or more compounds having a liquid crystal to isotropic liquid

transition at high temperaturés eg above 150°C. Examples are

compounds having the following generalised formulae:
-_(j.)_ - . R R < Formula Q1
(44) R R_' - | F;rI;ula 02
@in ! . (@4 .Fo;mla-gg
(iv) K' Cbo formula 04

where the groups R are the same or different n-alkyl 'groups and

_ the groups R'_ are alkyl or alkoxy groups which may be the same or
different, where is a trans_—1,4-disubstitut'ed cyclohexane
ring or a 1,4-disubstituted benzene.ring. '



A

~150[err] C. Exa

quuid'crystalline tenperature range; viscosity; stability and dielectric
swi-t ching properties (eg cross-over frequency); |ack.of colourations ie
they are colourless. 'Strongly negative' conpounds, which nay be used as

- addi tives. t.o the conpositions of componepts A and B, are conpounds , 18 6

hay®g a negative dielectric ani sotropy having a nagnltude greater than 3\;,

~eg lerr] where R = al kyl and [err] 1s or 'High clearing point

addi tive'-as nentioned above neans one or nore conpounds having a liquid.-.

crystal to isot @peleonlgogywo& ra%@éf&ir@"'t@ttﬂy ¢hréeRpLat wﬁ%hegpﬁgexe A\

es are conmpounds having the foll owm ng general’ sed
formul ae: (iaventlon may be a nematic liquid crystal material whlch 1 Fosgul a Cﬂ

(i) [err] Formula @ (iii)
flerr] in its nematic mesophase in two-frequeﬁ@&raﬂﬁilggt{ddé) but it
[err] Formula 4 where the groups R are the sane or

di f f er ent ncéﬁﬂﬂyhlgécﬁépﬁ 8hébtic material used in its smectic mesophase
5 in such appllcatlons.
| . Mixtures of llquld crystal materials may be formed in- a
known way, eg by heatlng ‘the components above the nlxture
clearing point and then stlrrlng for a tlme (eg 5 mlns) at that
temperature before allowing the materlal to_cool.

10 ' Accordihg_to the present invention'in alsecond'aspect_a
liquid crjsfal device includes two.dielecfric Substfates_at
least éne of which is optically.transparent, a layer of liquid
crystal maﬁeria; sandwiched'bétﬁeén the substrétes'aﬁd electrodeg
on the inner surféces of the substrates to'enable an electric

15 field to be épplied across fhé'laxgr of liquid crystal material
to provide an eleqtro-optic effect fherein,.characterised in
that the liquid crystal matefial'consists.of or includes a
composition according to the firsi'aspegt, the device including

means for switching the frequency of electric fields applied
*

xs

20 between electrodes on the respective substrate inner surfaces
to cause the dielectric anisotropy of liquid crystal material

to be switched between states giving'diffefent optical response.

<«



f#hé groups R are alkyl or al koxy groups which may be the same or -
different, where iis a trans-1, 4-disubstituted cycl ohexane ring or a
L 4- di substituted benzene ring. 7 The conposition according to the first
aspect of the present invention nay be a nematic liquid crystal material
which is used in its nematic nesophase in t&w-frequency applicat ions, but .
ithcould also be a snectic material -used in its snectic nmesophase 5 in ”
- such appli-cations. Mxtures of liquid crystal materials may be" grned in a
‘knpwn, way, eg. by heating the components above the nixture clearing point
and~t'hen stirring for a time (eg 5 nins) at that tenperature before
allowing the material to cool. 10 According to the present invention
in a second aspect 'Bhd igghérhlcicpasatuctéon cmdi opénatdentad ddvidecofi the
substrates at |east one of which is optically transparent, a |ayer of
l'iquid crystal wingeto ahishnghusehefl thet seemdt Aspentbbelaigeararihoghepéer gées on
the inner surfaces of the substrates to enable an electric 15 field to be
appl i ed acr oss Theedéwiyer actordigyi tb (thysas@donﬂaa@etﬁ.l may ber exy denoan two-—
el ectro-optic effect therein, characterised in that the liquid crystal
‘material consi Sreqaénay swﬂtcthmlgsdavmr;peglamwoqf adhosee dam gescribed ﬁ.nr'eb:e
aspect, the device including -
prior art references given above.

- : | Examples of the comp051t10n and propertles of mixtures
embodying the first aspect of the invention w111.now be glveﬁ.
In these éxamples, where the properties given were all measured
at 20°C, the following symbols are'used:.

component percentage by weight.

R
1

N-TI .= nematic liquid crystal to 1sotron1c 11qu1d

tra351tlon tenperauure (clearlng point).

=

dielectric constant measured parallel to the
average moleéulq;_axis (director) of an aligned

-1iquid crystal at low frequencies (<<fo).

€ |{HF permittivity measured parallel to the average
molecular alignﬁent axis of an aligned liquid

R crystal at high frequencies (>>fo).
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- means for switching the frequency of electric fields applied 20 -between
‘el ectrodes on the respective substrate inner surfaces to cause ¢he -
dielectric anisotropy of liquid crystal material to be sw tched between v
‘states giving different optical response. 20 The general construction  °
and%ﬂperati on of devices of the kind to ich those of the second aspect QJ
lerrg are known per se. _Thgegﬁwtgel@fggg_ghg& %grpged as ect may be

any known twp-. fred‘uency swi t ching devi ce, il %scrl bed in
the prior art references gi %Wamo@@leql})lanmlegmént hﬁclsomp@sll b1 Déheand
properties of m xtures enbodyhiia pfs g1 st aspect of the |nvent| on will rv
be given. In these exanpl es, mhere he properties given were all neasured

at 20 C, the foll m:%lpg syenbeL atg Used: = conponent percentage by weight.
NI = nemati ¢ [iquid tat to isotropic liquid transition
tenperature (cleappng poi nt; [err] ILF ~ = dielectric constant neasured
paratl'el to the avelfige nol écirar €oxis (director) of an ali gned liquid
crystal at |ow frequencies (<<fo). [err] HF = permttivity measured
parallel to the aferage ﬁnlcamslsabva} |fga@iﬁa{cya&§ égcfplg{lngi agg@g) liquid

n = viscosity.

An - = birefringence.



c?ystal at high frequencies (>>fo0). = permttivity neasured
perpend| cutar o the average nol ecular alignnent axis of an aligned liquid

c;rystal [err]LF~ - [err] HF [err] fo = cross-over
frequency (as explai ned above). [err] 10= Viscosity. An o
biy ef ri ngence. 10 . ' 22 EXAMPLE 1 M XTURE 12\2|
Co nent ' [err] [err] [err] [err] [err] PROPERTIES’
OF MxTURe 1 ERAPLEL T
N\ MIXTURE 1
. : N-I
Component % ( )

n—-Cq_”q -@-COC —Q—-C.Oo—@-cg'H H—n 29
n-Cs‘Hu‘@'COO LG ~31
m{3H7—®"C®'§’>{YH1I‘“ o &
h-c,-H,}—@-Cqé‘Q‘CrH.rm 16
n{ﬁ,s.ﬂcoo—g»cfﬂﬂ-n "

PROPERTIES OF MIXTURE i
An

0.12

IR 8.2

1t = 3.6

S = 5.5 SR
fepp = 2.7 | |
begp = 1.9 -
fo = 9.0 Kz

= 90 cps

. n



[err] = 0.12 [err] = 8.2 [.err] = 3.6 [err] = 5.5 [err]

= +2.7 [err] =-1.9 [err] = 9.0 kHz n _ =.90 ops *11 EXAVPLE 2 -
"M XTURE 2 Conponent ' [err] Terr]<[err] ¥
. [err] 15 [err] [err] PRODERTI ES OF M XTURE 2 [err] .12 [err] =
%rr] - 11 . ,u/
. EXAMPLE 2 | -
| T 5 | r’
MIXTURE 2.
N-I -
Component %

.(Oc)

h—Cq,Hq—@‘CQO‘Q‘COOH“ o
""Q‘Hu@'m"’%m‘@‘cf"‘ W-re
iy oo{_\,—CS-H“ a5 9
' n—cguu—O{oo-@{ﬁu-@ e

- Gy g‘@'@o@—(‘_g\—[u w13

n—cguucsa _—

-PROPERTIES OF MIXTURE 2

An = O 12

SuF = 7.7 .

“HEF = 3.3

. = 5.3

berp = 424

begp - = 2.0 . |
fo ' = 6.0kHz o

1 = .96 cps



" . PROPERTIES OF MIXTURE 3

4n - = 0.12
P = 8.2 | T
SF = 3.4
*‘-J. = 5,2
b = 3.0
begp = 1.8

fo =-. 4.5 kHz |

6.0 kHz [err]

='5.3 [err] = +2.4 [err] =-2.0 [err]
s *12° . . 24 EXAMPLE 3 M XTURE 3 Conponent
err] .[err] [err] 9.5 101 [err] [err] [err] PROPERTIES OF . *
3 n =.0.12 [err] =8.2 [err] = 3.4 [err] =5.2 [err] =3.0
| 12 | 24
EXAMPLE 3
MIXTURE 3
Component . % N-I
| o - (°c)
e e O IOt
n—Cqu—@-coo_'@—cs;H“_,L .
h{3W7—®—CQo-@{ —H,,—n_ s o
- Coo
et BBt
= -
h’CS'Hu“@}@@ 6.5



{

[e[r] = 4.5 kHz 13 EXAMPLE 4 M XTURE 4 Conponent

- =-1.8 [err]

[e r] [err] [err] [err] PROPERTIES OF M XTURE 4 [err] = 45 cps
:[err] '@5 =0.10 [err] = 5.7 [err] = 3.4 [err] © o= 4.4 [err]
= +1.4 [err] =-1.0[err] = 4 kHz ' ' L : :

13 | J
EXAMPLE 4 - - B
W
MIXTURE 4 _
Component % N-I

n—-CbH‘B‘Q_I_\—wo—Q—(—OO_@'CfHu"L 2-0.'0- : _(oc)
- “—C7H‘5—QO'COO‘O_@-CN 4.5 .
r\—-CS-H“—®-COO‘®_C5’Hu-n - ;25,5. -_73
-Gy Hie=CH)- Coo‘@'cs' Hin s
- n—C—,ng—@_CQO?’C'(Hw"‘— 22.5

PROPERTIES OF MIXTURE 4

T = 45 cps .

b = 0.0

1wk = 5.7

N = 3.4 Y
‘L = 4.4

berp - .+1.'le,

bepp - -1.0

. Po . = 4chz ' . . - _ ._o



$4 Conpounds used in the above sanples are known and sone are comrercially
avai |l abl e, The fluoro-substituted esters of conmponent B specified abongsare
‘described in UK Patent Specification No. 2.063, 250A and exanpl es of t :
5iesters of ‘conponent A are described in UK Patent Specification No. .
1,432, 692. - 27 CLAIMB 1. A conposition suitable for use as a liquid
crystal material in a tw frequency switching device conprising: i. a
first conponent A -having at roomtenperatyse and at |ow frequencies a
positive dielectric anisotropy and consisting of one or nore conpounds
haﬁLﬁg a general fornmula: [err] wherein RL and R2 are independently n-al kyl
groups having from3 to 7 carbon atons; and Z is selected from _
1, 4- phenyl ene, trans-1, 4-cycl ohexyl and 2, 6-naphthyl; and i.i. a second
conponent B havi ng aCPBRPUAASCHISS ynathP AEAYS FAMRILDORISNEOWR st ECBHAFSUNdS
having a gener abmh&¥cidh 8y dv@iidbieherein. R and R are independently n-alkyl
groups having from '

The fluoio-sﬁbstituted estérs of component B specified
above are described in UK Patent Specification No. 2.063,250A
and examples of the diesters of component A are described in UK

Patent Specification No. 1,432,692.



3 4 3 to 7 carbon-atons, the cross-over frequency of the conp05|t|on
bei ng not greater than 20kHz at 20C. 2. A conposition as cl’ai me'd in

. claim1 and wherein conponent A forns up. to 60% by wei ght of the =
oorrp03|t| on. 3. A conposition as clained in claiml1 or claim2 and
Wher eigwt he conposition additionally eonprises: iii. a high clearing - /
poi nt ditive, conponent C, formng up to 20% by wei ght of the A d
conposition. 4. A conposition as aimed in claim3, and wherein
conponent A forns from50 to 60% by wei ght, conponent B forms from 35 t Su/
40% by wei ght and conponent C-fornms up to 10% by wei ght of the conposition.
5. A conposition as clained in cl 6248 and wherein conponent C conprises
one or nore conpounds having a formula: or wherein each Ris independently.
alkyl, each R is independently alkyl or alkoxy and [err] represents
either [drr] A epmppsition syhpakliet fon use a$ & ddduid cevetah akeriathi ch

addi ti onalihy, %pﬂ-éﬁ%né&‘ ﬁﬁ@bﬁiﬁ‘ﬁhvmgﬂﬁfﬁsiﬁem” sing one or nore
strongly negative conpounds having a negative diélectric anisotropy with a
magni t ude gr eat de th a,q. first component A having at room temperature and

at low frequencies a 9051tive dielectric anisotropy and consisting

of one or more compounds having a general formula:

Ri=Z- o0 er: co-0 G

wherein R1 and R2 are independently n—aikyl groups having from
3 to 7 carbon atoms; and Z is selected from 1,4~phenylene,
trans-1,4-cyclohexyl and 2,6-naphthyl; and

ii. a second component B haning a low viscosity and

consisting of one or more compounds having a general formula:

Ry—{r—coo LR

wherein R3 and R4 are independently n-alkyl groups having from
3 to 7 carbon atoms, the cross-over frequency of the composition
being not greater than 20kHz at 50°cx
2. A composition as claimed in claim 1 and wherein component A
forms up to 60% by weight of the composition.
3. A composition as claimed in ¢laim 1 or claim 2 and wherein
the composition additionally comprises:
iii. a high clearing point additive, component C, forming
up to 20% by weight of the composition.
.4. A composition as claimed in claim 3, and wherein component A
forms from 50 to 60% by weight, component B forms from 35 to 40%
by weight and component C forms up to 10% by weight of the

composition.

T
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Y. - Aconposition as claimed in claim1 and wherein Zis [err], R is
n-C5H11 and Rk is selected fromn-C5HL1 and n-C3H7. 8. A conposition as
claimed in claimland wherein R4 is n-C5H and R3 is sel ected from n-C3H7,
A- O5HL1 and n-C7HL5. 9. A conposition as clained in claim1l and wherein
conponent A conprises: about 24 parts by_\/\/el ght; together wth

[err] about 32 parts [err] : . by wei gﬁ% [err] and
whé&Fei n conponent B conpri ses: about 19V%arts [err] _ 3
by, wei ght [err] - about 30 parts [err] by wei ght about -

26\parts [err] by wei ght 10. ‘A conposition

as ¢l ai medP+i n &|compealtieg mmilhiiﬂsd dorekaim 8 and twherétn |componento@pounds in
at | east %&Tmé@a% Yod nsr..staafm dunpfsr h801APES eBmitgt ght of the overall
m xture: 11111111 111111 llé ’b ENLEV KR |

Ro o—.—.—-c:\l

R-@-co0-<D-cn
wherein each R is independently alkyl, each R' is independehtly alkyl or
a'lkoxy and @— represents either @— or -@"

6. A composition as claimed in claim 1 and which edditionally
comprises an additional component comprising one or more strongly
negative compounds having a negative dielectric anisotropy with a
magnitude greater than 3. |

7. A compositioﬂ as claimed in claim 1 and wherein Z ie-<:>—, R, ie
n*CgH,; and Rl is selected from n—CgH;, and" n-C3H7.

8. A composition as claimed in claim 1'and wherein R, is n- CSH11
and Ry is selected from n-C3H,, n~CsH;; and n-C;H,g.
9. A composition as claimed in claim 1 and wherein component A

~comprises: | | A

about 24 parts

‘\_(3“’7—@_( O-—@— "@"@H n— by w_eight;

: together with

: : aoout 32 patts
. V\,-'C-— H‘I _'@"COO-@—COO -H"—n’ by weight;

3 and wherein component B comprises

n{3H7 _®®0@(le; n | .al.aout 19 parts

| by weight.
' - about 30 parts
CS'HH_@‘COO"‘C{HH by weight
a_bout 26 parts
n= C7 If—®—c 'QCS'HN by weight

10. A composition as claimed in claim 1 and which is a mixture of
the following compounds in at least approximately the stated

percentages by weight of the overall mixture:

* c L M S *



g

..(1:I5a|[med]|n claim1l and WhICh is a mxture of the followng conmpounds |n at %

f

. | east appr oX¢éiHoShy

err] [egr] [err]
mlxturg Iﬁog})g:,l"l}g err]@[ {gvﬁ pﬁ-;co\r/rg?gln?s in a
FeggpeapprOX|natel sttat'ed percen S by oht e o

[err] [err]

ound [err] [err] [e”] L 6.5 11. A conposition as.

{ne)r(HJr-e Oorrpoun-é —O—COO"@“ CCO‘O—(Y Hh 32

h-(3 - —®-COO~@-C§H" -n | EE

n"(gHu ‘-@—COO—’—C‘gH“ -n | | 15
n=Co MRy~ o0 4B (s n 3

"CYHHL3H e e

11. A composition as claimed in claim 1 and which is a mixture of

~ the following compounds in at least approximately the stated
percentages by weight of the overall mixture:
Compound ' b4

h=Cyy Hq -—@—com@—co.o-@_( ’/u”l 27
A= (S'H”"—CO o-@-co o@_cgy o 29
v Gy Hy iy cooe{}cS hi-n 5.

h.""(s HU ‘—®_COO-S :}-— C{H” : | 15
"C7 H;g'—@—COO{CD—-Cy/'/” . | 13

h~ CS'HHC:HM n e

12. ‘A composition as claimed in claim 1 and which ig a mixture of
the following compounds in at least approximately  the stated

percentages by weight of the overall mixture:

- Compound 4

—@Hcho OQ—CO o—@—Cj—H,, 29
"‘CSHM‘@‘C OO“Q‘ CO-O*@—Can“'L 3
h—C H7~@—co-o—@~cs—ﬂ,, T
- (g‘”n‘O—CQOQ(S'H” 16

by wei ght of the overall
t he stated percentages by g A corrp05|t|ou ”

2

29 [err] [err] \,.J



“oferr] [err] [err] [err] 13. Aliquid crystal device conprising two

«di el ectric supstrates at |east one of which is optically transparent,

Jayer “of 1iquid crystal ‘mat eri al sandw ched between the substrates and

el ectrodes on-the inner surfaces of the substrates to enable an electric

fleld to be applied across the |ayer of Jgquid crystal nateri al b? provi de
‘el ectro-optic effect therein, the device also including nmeand

smhlchlng t he frequency of electric fields appl i ed between the electrodes

.on the repsective substrate inner surfaces to cause the dielectric _ -

anisotropy of liquid crystal naterlal to be switched between stateg glVlng

di fferent optical response, and e|n the I mpLrQvenent conprlses the
liquid crystal naterlg! qglnH ncas<:f?kﬁdg§ eb@|n11

.13. A quuid crystal device comprising two dielectric substrates at
least one of which is optically transparent, a layer of liquid |
crystal material sandwiched between the subst:ates and electrodes on
the inner surfaces of the substrates to eﬁable an electric field to
be applied across the layer of 1liquid crystal material to provide an
electro-optic effect therein, the device also inéluding ﬁeéns for
switching the frequency of electric fields applied between the
electrodes on the repsective subsfrate inner surfaces to cause the

- dielectric anisotroPy'of liquid crystal material to be switched
between states giving different optical response, and wherein the
improvement comprises the liquid crystal material being a composition
as claimed in claim 1. '
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