Description The invention is concerned wth cholesteric liquid crystal

m xt ueeés consisting of a nematic liquid crystal which is doped with at

| east “two chiral additives. Cholesteric Ii qU| d grystals having a small
pitch are used to an increasing extent sfor vari ous new areas of
application, e.g. for polarized |ight gources [see e.g. Belayev, S. V., et
al. I'n Jpn. i%e Phys. 29, No. 4, (1990), L634] or in order to dISp| ay
tenper- atur i’gy%)'agl)'l‘%ljr changes of cholesteric layers. It.is known that
the latter application nmakes use of the considerabl e tenperature dependence
of the/helical pitTie dnventiore is heone¢mad weith e€hetastericcliquid ofystal

chol esteric |mi§tmfb§rd(ﬁ'fsiéﬁn?-r6f S aiehie lguiee crystad whittyes dopetss than
[err] to be ﬁp Y9 Ehn.glt&edﬁgbgct- ive reflective wavel ength of
ayer.

a cholesteric ere are appli catlons however, in which no, or only

a slight, tenperature dependence of the electlve reflec on of chqglesteric
liquid crystals i <helastede piquide crysials haying smed pdcheALe UM §38 fo

dependence wan dncreasingr extenthfasr vatiausi newnpeeas mfeapphoatuann e.ge for
required eff epz:tlanzéﬂ Iyt @d:mme@y[sleeee ¢ hBalayevatS Va,eeta!mermtmre Jiependence

of the pitch A Q’h szgofNehw,rE(H B1 B34 dfth'f%?déﬁﬁobdl

dopi ng them d (9 NXvE re ee
e.g. Gobl- mEb Z&fs’ 5 “E)I Ch 3 ?nggg %%H
Ger ber latier a 'ca§' é "h

resu |n Ia qnd%mc%mﬂ él%eelaehcm ﬁ‘?’a %’i' %ﬂ'@e ﬁ/éeée deflaction of
the rrper at wodode paih dholestsria Hmmdectysmalsm i This enaklesi mmerahmﬁ ic

field effect shatiges! of I@‘ssatﬁanina APCPte dns displageap by sshiftind ethiec sptsct-ur e
dependence ofy,bheafiB&iny aWé ﬂh s hh% féﬁggbvan&flectlon band of
S haV|

chol esteric I|qU|d Ccrys g a snal pltc d be possible only if
It were possible LP?use hi t hert o unkno dopant s processes, for their

use. The object of TR@Ee @GcAPPUCAlIQND BPWENET, N { 'ichdf‘eat%r PRI cryst al
m xtures havislightertesmpertatere odppasdesdesof dbe \seleemvecteﬂﬁctmm af net hod
for produci ngtmlesterict eligueidatory statenise peaiissible because a considerable
temperature dependence would interfere with or make it
.impossible to obtain the required effects.

_ It has already been shown that the temperature dependence
of the pitch in the case of chiral nematic mixtures can be reduced.
by doping them with dextrorotatory and laevorotatory chiral
additives [see e.g. Gobl-Wunsch, A. et al. [n Zeitschr. Naturforsch.

., 34a (1979) 594; Gerber, P. Phys. Lett. No. 3 (1980), 285). -These

[\ known processes, which result in large-pitch cholesteric liquid

' - crystals, give a compensation of the temperature dependence of
the electro-optical properties of nematic field effects. '

‘The use of a similar process to compensate the temperature
. dependence of the mean value Ao of the selective reflection band
of cholesteric liquid crystals having a small pitch wouid be
possible only if it were possible to use hitherto unknown dopants
and processes for their use.

The object of the invention, therefore, is to indicate liquid -
crystal mixtures having temperature-compensated selective
reflection and a method for producing such a temperature
compensation.

This is achieved according to the invention by mixing a
nematic liquid crystal material with at least two chiral dopants
which satisfy the conditions.



This is. achi eved accor di ng to the invention by mxing a nematic |iquid
crystal' material with at |east two chiral .dopants which satisfy the

condi t'i ons 2 [err] and [err] where [err] is _the nean value of the
wavel engt h band of the selective reflection [err],... are the
concentrations of the chiral dopants. err] are coefficients in the

follow ng progression: [err] The approximation (1) is.derived as foll ows:
the tenper- ature dependence of the twisting 1/p of a nematic m xture which
is doped with1) nuafeqBn+adaBy)i « B(caAdi+ icgA)of concentrations [err] can be
represénted as follows: n [err] where the coefficients [err] in the linear
term essenti I ndi cate the tenperature dependence of the tw sting. By
taking into consideration the tenperature dependence of the mean refractive

i ndex [err] (232 which_is proportional to the tenperature dependence of the
nematic degr elof bRaéF) S(A(C1A1 + eaAe) daRdicrBt tr ¢282) Hipkt@ Aerrg2A2)

signifies the optical anisotropy and [err] signifies the regul ar refractive

i ndex of the | nggéq\cqg%gl me%'?leo ft{é’o‘f t@%\)@éﬁd{h e of t he

mean wavel engf 8 l’t‘l. of rrat iC
i qui d oryst o g tig oehpaacfz-add@ﬁ  fbe pﬁepgnﬁg BHFaPﬁg&‘ i) gy
di sregar di ng 9PRaRiSadrALiRi AR ﬁPQﬁlﬁ*eBtﬁAAFs henife @Wl%’@g@sﬁ tced for

two chiral additives to:

\J (3)  1/ao(T) = Zc,[A.+B,(T- 2°C)+C.(T- 2°C)2] [a+b(T- 22°C)]
" : | =1
The approximation (1) is derived as follows: the temper-
- ature dependence of the twisting 1/p of a nematic mixture which
is doped with a number n of chiral additives of concentrations ¢j
. can be represented as folloWs:

(4) ' 1/p(T) ZC.[A. + B,(T 22°C) + C.(T 22°C)2 +...]
) i=1

where the coefficients Bi in the linear term essentially indicate
the temperature dependence of the twisting. By taking into

consideration the temperature dependence of the mean refractive
index R(T).- which is proportional to the temperature dependence
\_/ " of the nematic degree of order S(T) - in accordance with -

(5) 1/n(T) = '2"°m2+ A0 _ a + b(T)-220€)

where AN signifies the optical anisotropy and n, signifies the
regular refractive index of the liquid crystal, then for the
temperature dependence of the mean wavelength A, of planar
cholesteric layers consisting of a nematic liquid crystal doped
with n chiral additives there is obtained

(6) 1/Ao(T) = Zc.[A.+B,(T-22°C)+Ci(T-22°C)2] [a+b(T-22°C)]
i=1

By disregarding the quédratic and higher powers this
equation is reduced for two chiral additives to:



3 [serr] .Since in the present case the pitches of the two chiral additives
nmust have an additive effect to give the small pitch required for the

sel ective reflection in the visible range, the coefficients [err] and [err]
must have the sanme sign or nmust be [err] It thus follows from equation (2)
that tenperature conpensation of {err]ds possible only if two or nore
chiral additives satisfy the condition [err] In the special case in which

the tenperat (12) detp(Eneeald Aﬁn-rd;éﬂ'é) ¢aal (g By srexBy)dedbT(C1dA 1 atCc2A2)

tenperatures far bel ow the chol esteri c- |sotrop|c phase transition T [err],

it foN<ws frome O f nts [err

of the two Chl q%@’cﬁet | ve%')ehht?gé 'gé ,g,( ‘?ﬂ%ﬁd?’w@ g\ﬁﬁ E#\ﬁhfﬂ [ ]
condi ti on [era 'XPﬁemﬁ. ave, an sl IV ?oﬁ'l%esrgﬁ é!" ddi tives
whose hel i calreguitad tf@ﬁp&%tiﬁ'BCﬂﬁﬁefﬁfbﬂi@ﬂ dnsthe |visthiej EaRgea thet ure such
that [err] (T)coefficientsc dpansbAgdmust have thes sdmme sigasoblrausbbebtain [err]
f(T). Two exanples of m xtures which satisfy the above alternatives will be

descri bed hergjnaf consists of 76.0 wt.%of a nematic liquid
crystal descr&t)ed }%’%ét alé‘%ﬂ ir’ielonafter and made up of 26 conponents and

doped with the foll ow ng dextrorotatory cholesteric additives; in each case
the coefficients, W tmusiniollows frommequat®on He) nthaii fempesaturg . % of

di?)e‘ahg' OI(4S 5O mpdrisaaitn Df iy Ci@mbﬂﬂagdr[\l Yﬁi M%mﬁ h12cirg4§hfral . C |

I -oxol ane- err = - err =

-0.478.[err] %déltﬂ)é‘q%%lﬁfya&ﬁel cﬂﬁ?ﬁeptyl p-[(2S, 4R, 5S) - 5- decyl

rreth ‘m di oxan- 2-yl ] bhenzo A= 14 18.[err B =-2.946.[err

-2, 793 [err] 61)5 m%(t]%%ﬁcaﬁz) -pb%&yréi[eé’ta)]s[(zs 4R, 5S) - 4[ met- ]hyl 5.

octyl m di oxane] A = 13.48.10-2, B = 0.328.[err],

_ L .In the special case in which the temperature dependence of
n(T) can be disregarded, i.e. at temperatures far below the
cholesteric-isotropic. phase transition T « T¢, it follows from
equation (1) that the linear temperature coefficients Bj of the

~ two chiral additives have opposite. signs and must satisfy the
condition. ciB1 = c2B2. Alternatively, ‘it is also possible to use
chiral additives whose helical pitch temperature dependence is
small, or is of a nature such that Ti(T) is just compensated. It is
thus also possible to obtain Ao = f(T).

Two examples of mixtures which safisfy the above
alternatives will be described hereinafter.

Mixture | consists of 76.0 wt.% of.a nematic liquid crystal
described in detail hereinafter and made up of 26 components and
doped with the following dextrorotatory cholesteric additives; in
each case the coefficients, A, B and C of formula (3) being given:

5.0 wt.% of  diethyl (4S,5S8)-2-[trans-4-(p-cyanophenyl)
: cyclohexyl]-1,3-dioxolane-4,5-dicarboxylate;
A = 11.96.102, B = -2.843.104, C = -0.478.10-6

51 wt% of _ (R)-1-methylheptyl p-[(2S,4R,5S)-5-decyl-4-
o methyl-m-dioxan-2-yl]benzoate; A = 14.18.10-2,
B = -2.946.104, C = -2.793.106

75 wt.% of  2,2'-p-phenylenebis[(2S,4R,58)-4-methyl-5-
octyl-m-dioxane]; A = 13.48.10-2, B = 0.328.10-4,
C = 0.266.106



Cﬂ0266 10-6 4 6.4 wt. % of (R) - al pha- et hyl hept yl

[(28 4R, 5S) - 4-net hyl - 5-octyl - m di oxan- 2-yl ] - 4- bi phenyl car boxyl ate; A =
14 72.10-2, B = 1.757.[err] C = -1.138. 10 6 The nematic liquid crystal is
made up as follows: 2.0 wt. % of 4' - ethy 4 bi phenyl carbonitrile 2.0 wt. %
of 4' - propyl - 4- bi phenyl carbonltrlle f' . % of

4' -pentyl - 4- b phe C rbon 0/of
p- [!torang 4- [ Wg)g%ﬂafenycgé)yéﬁ %Wﬂ XH}?PﬁVtIH‘} e[(3804ﬁ 5§))o? methyl- ;
p-[trans-[ (E)-propenyl ] cyddHetwh modiesant 2ryd-4-i phienylgarboxylate;
trans™4- (3-but enyl ) -trans-A' =(ﬂ)4f7l21000§1h8n5el 1.757.80td: 0Besey+1.13801 028 % of
trans-4-(p-fl uorophenyl )-trans-4'-[(E)-propenyl]- [1,61'-bicyclohexyl]

30vvt%of I i haidg ithbRows? W . % of
-[trans-4- (3 uqée*ﬁeFlycggPﬁggﬂN4§bﬂ%y - éé%rgo?u tsrl le 2.0 wt. % of

2 [trane a. 35(0'?{}’ by 1 et 6»1%%&%6 éﬁﬁe%afégﬁ?'tﬂl 60wk % of
2- (trans- Yo y@ f]ohe& p epyy14-biphenyl cycl ohexyl ) benzene

. % of 7.0 M%tmfans pmmwwb:pmnylaamldmun[a rans- 4-
pent enyl ) C'E’G' whesyof beng @sﬂuﬂE?/Oﬁfpentenyl]cyclohexyl]benzomtr:le

[
0 w
fefhg};ﬁgg, ot 96 Y5 Oh% 2 rdpd e otk Mibensomheng ) - 1
[2-(trans. ﬁ&mmo@ Mr RAYD-305-4 - (Piflugraphenyhy,
tr

(trans-4- pentyl cyclo henyl ether 5.0 wt. % of
éns-pent yv3.04wt % o0fs - V|Hy':\|r[sr41(p lupeophenyl)-trans-4'-[(E)- propenyl]--
_ ~ [1,1'-bicyclohexyl] _
3.0.wt.% of 4"-pentyl<p-terphenyl>-4-carbonitrile
3.0 wt.% of  4'-[trans-4- (3-butenyl)cyclohexyl]-4-bipheny!-
o carbonitrile
2.0 wt.% of 4'-[trans-4-[(E(-3- pentenyl]cyclohexy!] -4-
o biphenylcarbonitrile
2.0 wt.% of 4'-[trans-4-[(E)- propenyl]cyclohexyl] -4-biphenyl!-
_ carbonitrile '
6.0 wt.% of 1-[2-(trans-4-butylcyclohexyl)ethyl]-4-(trans- 4- :
' penty!l cyclohexyl)benzene
- 4.0 wt.% of 1-[2-(trans-4-butylcyclohexyl)ethyl]-4-[trans-4-
- (4-pentenyl)cyclohexyllbenzene
3.0 wt.% of  4-[2-(trans-4-butylcyclohexyl)ethyl]-4'-(trans-4-
pentyl-cyclohexyl)-1,1'-ethylenedibenzene

1
4.
(4
4

p-
p-
4-

W 50 wt.% of ethyl p-[2-(trans-4-propylcyclohexyl)ethyl]lphenyl
ether
6.0 wt.% of ethyl p-[2-(trans-4-pentylcyclohexyl)ethyl]phenyl
ether ' -

- 5.0 wt.% of 4-trans-pentyl-4'-trans-vinyl[1,1'-bicyclohexyl]
- 6.0 wt.% of methyl [4'-trans-[(E)-propenyl][1,1’-bicyclohexyl]-
4-trans-yl] methyl ether
40 wt% of  4'-trans-3-butenyl){1,1’ blcyclohexyI] -4-trans-yi
ethyl ether
3.0 wt.%.of trans-4-methoxy-trans-4'-[(E)-3-pentenyi]-
. [bicyciohexyl]
2.0 wt.% of 1-ethoxy-4-[trans-4- [(E) -3-pentenyli]lcyclohexyl]-
benzene
3.0 wt.% of (E)-2-butenyl p-(trans-4-propylcyciohexyl)phenyl
ether
4.0 wt.% of (E)-2-butenyl p-(trans-4-pentylcyclohexyl)phenyl
ether



6. 0~wt . % of methyl [4'-trans-[(E)-propenyl][1,1"-bicyclohexyl]-
4-trans-yl] methyl ether 4.0 wt. % of -

4' -trans-3-butenyl)[ 1,1 -bicycl ohexyl]-4-trans-yl ethyl ether 3.0 wt. % of
trans-4-net hoxy-trans-4'-[(E)-3-pentenyl]- [bicyclohexyl] 2.0 w. % of 1
-ethoxy-4-[trans-4-[ (E)-3-pentenyl ] cycl®hexyl]- benzene 3.0 wt. % of

(E) - 2- but enyl (trans-4-prop cl ghex ether 4 wt.. % of

(E) - 2- butenyl %Wtrén§f4 pén?émééfﬁh%ﬂér%ﬂgﬁys Bﬁﬁé?nyuquo(g‘%){ﬂﬁ of 1
-et hyl -4' -trans-4-[ (E) - 3- pbipkenyl cycl ohexyl ] - bi phenyl 4.0 wt.%of 1

-[transt 4- [ ( B 03wiet ohy! | ¢y Irahsxallﬂ(Eﬁ} 3m997ényt1m@ohbx?yl]MMp%pyl-
p-[trans-4-(3-pentenyl)cych | phenyl trans-4-

I I | at t t
i d orystar CGuaeh BB ﬁ @ é 41 %é#nﬁé’l{“ibﬁkﬁ e
i ndi vi dual conponents and 8 %a%F?EM’% &'8evorotatory chol est -

eric additives; with again for each additive the coeff|C| ents A, B and C of

formula (3) bei ng Mixttre H. Bonsists odf 751tbwt.% net la/Inematic liquid crystal -
7- oxoandr ost - 6e§6n8bdtﬁﬂdeta¢leh%"r6maﬂef éﬁdﬁoh@m&m& of 2463AdMddal C =

I-oot gf;hgﬁ;lr] dorh db' %J, g !i,y evoo choles .
> Lphenyt ol h@ﬂ e e e o o RBA A %C. .
hexyl]-1, 3- d.%&@ I’SUH .912.10-2, B = 0.342. 10- 4,
1. OB%err] _ _
- 3.9 wt.% of 16beta-methyl-17-oxoandrost-5-en-3beta-yl
- ' acetate; A = 12.73.10-2, B = 4.529.10°4,
C = -0.844.10°6

7.3 wt.% of  bis[(S)-1- methylheptyl] p-terphenyl-4,4"-dicarb-
oxylate; A = 19.98.102, B = 0.138.104, C =
1.535.10-6

6.9 wt.% of dlbutyl (4R,5R)-2- [trans -4-(p-cyanophenyl)cyclo-
hexyl]-1,3-dioxolane-4,5-dicarboxylate; A =
89121028 0342104 C = 1.038.10-6

6.8 wt.% of diethyl (4R, 5R)-2-[trans-4-(p-cyanophenyl)cyclo-
hexyl]-1,3-dioxolane-4,5-dicarboxylate; A =
11.66.10-2, B = 2.862.10-4, C = -0.562.10-6

The nematic liquid crystal is made up as follows:

3.0 wt.% -of 4'-ethyl-4-biphenylcarbonitrile

3.0 wt.% of  4'-propyl-4-biphenylcarbonitrile

5.0 wt.% of  4'-pentyl-4-biphenylcarbonitrile

4.0 wt.% of  p-[trans-4-(3-butenyl)cyciohexyl]benzonitrile

8.0 wt.% of  p-[trans-4-[(E)-1+pentenyl]cyclohexyllbenzonitrile

3.0.wt.% of 4"-pentyl<p-terphenyl>-4-carbonitrile

3.0 wt.% of 4'-[trans-4-(3-butenyl)cyclohexyl]-4-biphenyl-

: carbonitrile _

2.0 wt.% of 4'-ftrans-4-[(E)-3-pentenyl]lcyclohexyl]-4-
biphenylcarbanitrile '

8.0 wt.% of 1-[2-(trans-4-butylcyclohexyl)ethyl]-4-(trans-4-

: pentylcyclohexyl)benzene

2.0 wt.% of 5-(trans-4-pentylcyclohexyl)-2-[p-(trans-4-

propylcyclohexyl)phenyl]pyrimidine



of di ethyl (4R, 5R)-2-[trans-4-(p-cyanophenyl)cyclo-
, 3-di oxol ane- 4, 5-di carboxyl ate; A = 11.66.10-2, B = 2.862.[err], C
.[err] The nematic liquid crystal is nade up as follows: 3.0 wt.%

8w . %
exyl ]
-0.56

f 4-ethyl-4-biphenylcarbonitriIe30wt % of
- propyl - 4- bi phenyl carbonitrile 5.0 V\P % of

6
h
0
4
4' tyl - b 4.0
T i B BF e 'héxt?wénévﬁufyqueclgftﬁwl)%lav'l -4'-(trans-4-
p-[trans-4-[ (E)-1 +pent enpgltytHcyedahexybniohi-ethyleédedibanzang

4

- peht’yl <p- B0 WYy lo$- 4- gpacyalmdphéreyB ®ra/m$-%-{ﬂ -(trans-4-propylcyclo-

-[trans-4-(3-butenyl )cychl é%hec@@bbﬁ?létb' le 2.0 wt. % of | f
1.2 (irans. Z“EW*"’(%??T ﬁﬂeé ﬂﬁ@?%é?%‘r a?ff’ﬁ?mé’e‘vﬂ?yl AP cne”
s-4 _

2.0 wt. % of n e 2-[
pr opyl cycl ohé?ﬂ )&ﬂaz})ﬂf] p@t F%'iz {] %X "PW(S oi?)exyl)ethyl]phenyl
4-[2-(trans-4-butyl cycl oh@t\hl@l’et hyl']-4"- (t rans-4- pentyl-cycl ohexyl)-1,1
' - et hyl enedi BeDae®% Bf0 W4-Wrahs- pent Raothang-vinyl[1,1'-bicyclohexyl]
trans-4- [ 2- (E.@RGt% mepyI&yﬁlaqr sxu ghgmhCycb%ffﬁﬂ?éﬁyﬂomﬁﬁs-?y

wt . % of et hyI p-| 2- (tra | cyc yl') et hyl [ phenyf “et her 10 wt . %
of ethyl ns-4- pe hex n t.her
4 transypentgﬁzow%? s- \I?l ( bP@é(t,% &ywl'fhg %YG\f ﬁ’éyﬁ 1- %Mans-
E%S(B butenyl)[ll- |§ ]-4-trans-yl ethyl ether 3.0 w. % of
n

s- ( 4- Behtwh¥d f1, 1tran6y4+mah>d>qy-4ramam‘ [0H)-8tpeintentyd]- 3.0 wt . %
of ‘trans-4- met hoxy-t r an{bfcydioRexdipent enyl | - ,
- 2.0 wt.% of 1-ethoxy-4-[trans-4-[(E)- -3- pentenyl]cyclohexyl]-
benzene
3.0 wt.% of = (E)-2-butenyl p-(trans-4-propylcyc|ohexyl)phenyl
ether ' _
4.0 wt.% of (E)-2- butenyl p-(trans-4-pentylcyclohexyl)pheny!
. ether '
3.0 wt.% of 1-ethyl-4'-[trans-4-[(E)-3-pentenyljcyclohexyl]-
biphenyl
4.0 wt.% of -1-[trans-4-[(E)-3- pentenyl]cyclohexyl] -4'-propyl-
biphenyl
3.0 wt.% of p-[trans-4-(3- pentenyl)cyclohexyl]phenyl trans-4-
: propyl-cyclohexanecarboxylate



[ bi cycl ohexyl] 2.0 wt. % of 1

-ethoxy-4-[t

rans-4-[ (E) - 3-pentenyl ] cycl ohexyl ]- benzene 3.0 wt. % of

(E) - 2-butenyl p-(trans-4-propylcycl ohexyl)phenyl ether 4.0 w. % of
(E)-2-butenyl p-(trans-4-pentylcycl oheé%/l ) phenyl ether 3.0 wt. % of

l-ethyl-4"-[trans-4-[(E)-3-pentenyl]cy

ohexyl]- biphenyl 4.0 wt. % of 1

-[trans-4-[(E)-3-pentenyl]cycl ohexyl]-4"'-propyl- biphenyl 3.0 wt. % of

p- [t rans- 4- ( Fhperneagured chraportied poetlyd two anixtdres | and [l are

propyl = ycI o@m?ﬁggr mxmleatfguom Thablgeasur ed properties of the two

m xt ur s and 11 are conpil ed in the fol |l ow ng T Tabl e: Par amet er

M xture | MdH-e—-—fer+ ay —470

470 [err] fnr‘r‘Parame{. [pr{*]M*tuqu r#rlf]prr]] Mlet'ure I 0.-10.

-0.10 A Ad nnf wt . %4 [nm] 6. 0470 6. 0470

1.498 1.496 An 0.120

0.110 Tenperja} 0 - o5 0 -350 range [enr]

To [er r\F’HM [nm] 63 |Di rection of helical

L R.ro In this Tghle [err] S|gn|f| he mean
dAef8Tse em"l"'?/(ii ef lecti on; A&g\ﬂﬂM si gAl fies the ndwi dt h {of

wavel engt h
the selectiv
signifies th
range; A ind
o

reflection (FV\HM(ﬁfuII wi dth at hal f§y maxinum); [err]/dT
e

t enper gnav/atd6pendence of [6:Q3 in tFE operati 6@2 enper atjur e
cates a coefficienfy which indicates t
No ' - 1.498 1.496
An _' ~0.120 0.110
Temperature 0-50 ) 0-50
range [°C] '
To [°C] 57 63
Direction of helical L R
rotation '

In this Table A, signifies the mean wavelength of the
selective reflection; AArpwHM signifies the bandwidth of the
selective reflection (FWHM = full width at half maximum); dio/dT
signifies the temperature dependence of 4o in the operating

- temperature range; A indicates a coefficient which indicates the

increase of Aq(c) due to the doping of the cholesteric mixture
with its nematic "host” substance in accordance with the
following formula: Ag(c)=Ao + Ac; T¢ signifies the cholesteric-
isotropic transition temperature.

Claims
1. A cholesteric liquid crystal mixture consisting of a nematic
liquid crystal which is doped with at least two chiral additives

and is characterized in that the chiral additives satisfy the
conditions

(1) a(c1B1 + c2B2) = b{c1A1 + c2A2)

and



inc-:fease of [err](c) due to the doping of the cholestericmxture wWwth its
nenmati ¢ "host" substance in accordance with the follow ng fornmula:

[err](c)=[err] + Ac; [err] signifies the cholesteric- isoH ”ﬂ w”HMHUm
tenperature. Cains 1. A chol esteri (;GI iquid crystal mx f
e

a nematic liquid crystal which is dop |

with at ieast two chiral addifivés
and is characterized in that the chiral additives satisfy the conditions

[err] and, ThRemaasureddprorgities of the twe miguresdupBd |l a8 11 are

conpi l ed i n comgiled dni the Tellbwingalabig:er M xture |

Mxtuxd Il [err] [ nm 470 470 [err]

[ nn Paramsgter  SMbRRFE 'PT [T T Sibdture 11

0.10 o= LI d\_{ o0z

6.02 no Ao [nm] 1. 49%7 1. 488 [err]

0.120 0.110 Tenpqgrature 0 - 50

0 - 50 rang¢AhgwuimTo [nm] [jerr] 35 57 35 - 68
Direction o} hel i cal L _ Hrotation In this Table
[err] signifpes e el gngth of t el ectije reflecpiqgn, [err
signifies t giﬁédn-i;vm gﬁﬁﬁ‘c{?\eyhe sel ecti vebiqe lectiopn (FWHAM = full width at

hal f maxi mug),; [err][dT signifijes the tenperature dependenc [err] {in

t he operati é\tenp.er mfvét-‘?"inge; A indi cgﬁj@é a coefficient aqu(ych i ndi ¢at es
the increasg of [err](c) . due td the doping of the gholesteric mxturejwi th
its nematiclhgost” substance ir accordande4®8th the fol |l owi Ag@3®r nul a:

[err}e{:):[__e r] + Ac; [err] signifies the cholesterjc-
an 10.120 ~ 0.110
Temperature " 0-50 _ o 0-50
range [°C] '
To [°C] 57 83
Direction of helical L | | R
rotation o

In this Table Ao, signifies the mean wavelength of the
selective reflection; AApwHM signifies the bandwidth of the
selective reflection (FWHM = full width at half maximum); dio/dT

o signifies the temperature dependence of Ao in the operating
temperature range; A indicates a coefficient which indicates the
increase of Aq(c) due to the doping of the cholesteric mixture
with its nematic "host" substance in accordance with the
following formula: Ao{C)=Ao + Ac; T¢ signifies the cholesteric-
isotropic transition temperature.

Claims

1. A cholesteric liquid crystal mixture consisting of a nematic
liquid crystal which is doped with at least two chiral additives
and is characterized in that the chiral additives satisfy the -
conditions '

(1) a(ciBq + c2B2) = b(c1A1 + c2A2)

and



| spt+opic transition tenperature. Cains 1. A chol esteric Tiquid crystal |
m xtute consisting of a nematic liquid crystal which is dop “nm mﬁ“‘
two chiral additives and is characterized in that the chi raﬂmm l

satisfy the conditions [err] and [err] and therewith the el ectivd *

reflection of the entire mxture is teﬁperature conpensated and [err]/dT
<0.5 nm[err] applies over the operating tenperature range of the mxture

where [err] {28)thd/ks@d) aaloeAaf+iada)er @HagBh HeaBadi+ DTdCAl e O

reflection, [err],... are the concentrati ons of the chiral dopants and
[err]sar teegrgapg' 3hERSwith" theesbRIdY s eéF @ ey Imturg ASTeL ot
a chol ester| P&u”r‘ﬁ" 8”§9merl§aﬂﬁ§ QP I gg/a oe fﬁg Blvef ths

characteri zeapenatmgt terpetatpzet rangs ioff the hmxweduwhen% %@rlS]t%m?%lﬂr]
where [err] 'valdél&:fnﬁ@é\ wavekerigjtht bandewtltheossletive ﬂéﬂédctfmsebecm e

ref'eCtH’” % ﬁh@nd}%‘%”fﬁeahh%? & érl’tE] éﬁﬂdﬂl th 8“3 [err]

are coerfti Cl r an err <

nm [err] app?’B Zﬂ%\%\txg %%m{r@mggggﬁ ange of the m xture.
(3) 1/A0(T) = 2c.[A.+B.(T -220C)+C;(T-220C)2]~ [a+b(T -220C)]

=1 '
~ 2. A method for the temperature compensation of the

wavelength-selective reflection of a cholesteric liquid crystal
using at least two chiral dopants, charactenzed in that the
-dopants satisfy the condmons :
(1) a(G1B1+csz) blctA1 + czAz)
and

(2)  1/Ao(T) = a(c1Aq + CpAp) + aT(c1B1 + C2B2) + bT(C1A1 + C2A2)

where Lo is the mean value of the wavelength band of the
.selective reflection, c1,c2... are the concentrations of the chiral
dopa’nts and Aj, B are coefficients in the following progression

(3 1/%(T) = ZC.[A.+B (T-220C)+Ci(T-220C)2]+[a+b(T-220C)]
i=1 _

and dio/dT< 0.5 nm/oC applies over the operating temperature
range of the mixture.



