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TEMPERATURE MATCHED RETARDATI ON LAYER The present invention is in the field
of liquid crystalline displays conprising an active cell containing

| ow- nol ecul ar weight liquid crystalline material and 5 a retardation

| ayer, said rewphgaison | ayer conprising a high-nol ecul ar weipghippiésess al

| ayer and a substrate. Due to birefringence effects, super tw sted nenatic
(STN) liquid crystalline active cells as such show a poor contrast and a
poor view ng angle and are not achromatic, which limts their use in color
di splays. In twisted nematic 10 (TN) cells the viewing angle is not
optimal. The viewi ng c ISt QUL I . ne display cells
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10 (TN) cells the viewing angle is not optimal. The viewing characteristics of

liquid crystalline display cells can be improved by retardation layers.
Uniformly stretched polymer films, mainly polycarbonate films, are often
used as retardation layers, Although these layers improve the optical
behavior of (S)TN liquid crystaliine displays considerably, they cannot fully

15 compensate for the effects of the birefringence of the active cell of the
display since they lack the required twisted structure. The objectionabie
color effects of (S)TN liquid crystalline displays are more successfully
compensated for by using a second (S)TN layer stacked with its optical
axis perpendicular to the optical axis of the active ceil. Optimum

20 compensation for perpendicular incident light is realized when the {S)TN
layer has the same absolute retardation value (An.d), the same dispersion
(wavelength dependence of An), an equal twist angle, and a twisting
direction opposite to that of the (S)TN active cell. These criteria apply at all
temperatures at which the display operates.

25 The superior compensating quality of (S)TN retardation layers is shown in
D-STN displays, where the optical effects of the STN active cell for
perpendicular incident light are fully compensated for by using a second,
identical STN cell with an opposite twist. D-STN displays have a high
image quality but suffer from their heavy weight and thickness. The

30 disadvantages of D-STN displays can be avoided by using (S)TN



25 The superior conpensating quality of (S)TN retardation |layers is shown
in D-STN di spl ays, where the optical effects of the STN active cell for

per pendicul ar incident light are fully conpensated for by using a second,
identical STN cell with an opposite twi st. D STN di splays have a high i mage
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retardation | ayers based on hi gh-nol ecul ar weight liquid crystalline
material. The retardation layer is usually positively bi refri ngent when t he

TES0geN © 0! ediEudtiont 8ydh SBadd o6h! Algn!Rb@BLiT LRI aN° ydaart (C

(rod-like) structure an negat | I're e nesogeni c
5 noieties of materil @hremaltwdahm la;erghtusuaﬂ;epoamvélgvmrefnnhmth@ the

d i k truct tardation.la
Crystal | ne poMFRodERs HPels o e dan-olerbwei FbteusLiaye 7 GAAMYe: s of
liquid crystal koB8ike) Qﬁﬁ&%r@ﬁﬁd USEAIy REghtivily Birdffinfeht wwﬁ@tmeeo éhie" S

conpensation for the (S)TN liquid crystalline active cell can be Tealized
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active cell. However, rObIg MII have tQ pe solved to obtain OPtI nmum
retardation | ag@sgas ere dggcribedu ¢ 4ptardation layers compensation for

(S)TN liquid crystalline active cell can be realized using only one, thin, tight-

10  weight layer. The twist angle, the twisting direction, and the retardation can
easily be matched to those of the (S)TN active cell. in WO 95/09379 it is
described how the dispersion of these layers can be finely tuned to match

the requirements of the (S)TN active cell. However, problems still have to

be solved to obtain optimum retardation layers. If the liquid crystalline

16 display is subjected to temperature changes, the retardation value changes
too, whereas the twist angle, the twisting direction, and the dispersion are

not altered by a change of temperature. The decrease of the retardation
value of the liquid crystalline active cell with increasing temperature (and

vice versa) is caused by the decrease of the birefringence of the low-

20 molecular weight liquid crystalline material used in the active cell. The
temperature dependence of the birefringence of the liquid crystalline
material increases as the temperature approaches the clearing temperature

(Tc), whereas the birefringence (and consequently the change in
birefringence) of liquid crystalline material is zero above Tc. The known

25 high-molecular weight liquid crystaliine materials used for retardation layers
have a smaller temperature dependence of the birefringence in the
temperature range in which displays are used (-40 to 90°C, hereinafter
referred to as the working temperature) than the low-molecular weight
liquid crystalline materials used in the active cells. In EP 678567 a

30 retardation layer comprising a polymerized liquid crystal oligomer having
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15 display is subjected to tenperature changes, the retardation val ue
changes too, whereas the twi st angle, the twisting direction, and the

di spersion are not altered by a change of tenperature. The decrease of the
retardation value of the liquid crystalline active cell with increasing

tenperature (agghyinsgsversa) i s caused by the decrease of thepg},%%gﬂﬂence
of the ow 20 nolecular weight liquid crystalline nmaterial used’in the

active cell. The tenperature dependence of the birefringence of the liquid
crystalline material increases as the tenperature approaches the clearing
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film thickness, rather than to attain temperature-matched compensation
between retardation layer and display. Notably, no conditions have been

10 disclosed {o attain temperature-matched compensation between the
retardation iayer and the display cell. Moreover, no detailed synthetic
prescriptions are disclosed for the preparation of the liquid crystalline side
chain polymers, and more importantly, the method for obtaining the
compensation layer appears to be non-operable.

15
The present invention provides liquid crystalline displays with a retardation
layer showing improved temperature-matched compensation behavior in
the temperature range in which displays are used, while the advantages of
light weight, low cost, and easy handling remain.

20 The invention is directed to a liquid crystalline display comprising an
addressable display cell containing liquid crystalline material and a
retardation layer, said retardation layer comprising a high-molecular weight
material layer and a substrate, wherein the high-molecular weight material
has a nematic phase above its Tg and a dynamic viscosity at the working

25 temperature of at least 100 Pa.s, and the difference of the Tc of the high-
molecular weight material and the Tc of the fow-molecular weight material
of the display cell (Tc,) is in the range of -30°C to +30°C, preferably in the
range of -20°C to +20°C, and more preferably in the range of -10°C to
+10°C; and the Tg of the high-molecular weight liquid crystalline material is

30 lower than 50°C.



conditions to obtain a tenperature dependence which is simlar in both the
5 retardation layer and the display cell are not known. A nethod of making
a conpensator for a liquid crystal display has been disclosed in EP 573278.
The method is, however, directed to obtain a high degree of uniformty in
fiIn1thickn%ﬁ§ #ﬂﬁper than to attain tenperature-matched conpensation
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10 means material with a molecular weight higher than 1000. Of course, the
high-molecular weight material should have a nematic or discotic nematic
phase above its Tg, this in order to obtain a ({(super) twisted) nematic
structure. It is further necessary that the dynamic viscosity' of the high-
molecutiar weight material is above 100 Pa.s at the working temperature,
15 because otherwise the mechanical resilience of the retardation layer per se
is not high enough.
Within the context of this invention Tg and Tc values are determined by the
differential scanning calorimeter (DSC) method.
Within this context slightly cross-linked means cross-linked so as not to
20 aiter the dynamic viscosity to above 10’ Pa.s at 55°C or higher. This, for
instance, is the case with the acrylate network described in EP-A1-
0,423,881, as is stated in lines 34-43 of column 6 of this publication.
it was found that by slightly cross-linking of the high-molecular weight liquid
crystalline material, the retardation layers according to the invention
25 Dbecome less susceptible to pinhole forming and unwanted variation of the
twist angle due to temperature variation, and have improved mechanical
stability.
High-molecular weight liquid crystalline material which fulfills the above-
given requirements has a Tg lower than 50 °C, and preferably has a Tg of
30 -50 to +35°C, more preferably of 0 to +35°C, and a Tc of 60 to 130°C, more
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range of -20[err]C to +20[err]C, and nore preferably in the range of
-10[err]Cto +10[err]C, and the Tg of the high-nol ecular weight Iiquid
crystalline material is 30 lower than 50[err]C 3 WO 97/ 23805

PCT/ EP96/ 05747 Preferably, the liquid crystalline material of the active

cell is | ow nolvagodpgesnvei ght material. Preferably, the high- y% ﬂé
wei ght material layer is slightly cross-linked. It was founanJﬁ-g’F g

hi gh- ol ecul ar wei ght material is used with a Tc 5 conparable with that of
t he | ow nol ecul ar weight material of the active cell, the tenperature
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with that of thenatefiaiMer tied activel Celhustly! Ierpa Y inr thos@ 1gAgés) add Withdigp! ays
are ‘used. Wthin this context high-nolecular weight material 10 neans

material with aVAbescAl 2P0 J96 %i Byatarial nwith 1eiitablecrdysamic evisegsities is

hi gh- nol ecul ar %m%mat erial should have a nematic or discotic nematic
phase above its Tg, this in order to obtain a ((super) tw sted) nematic
structure. 1% i Jheunvendionrisdirestedtotheth unkiermiplanar orientedaetdryiaiidn tdyersi gh-

because. ot hor i 889 18 EPema @Rty (<In rdardatin Biets dBche Roseptibeper oo
i's not high enougilorm planar retardation layers an optimal temperature matched
retardation is obtained, but for compensation of (S)TN active cells, the best
result is obtained when the retardation layer has an equal twist angle, an
10 opposite twist direction, and an equal retardation value. Liquid crystalline
displays according to the invention are preferred wherein the high-
molecular weight material layer has a chiral nematic structure.
A chiral nematic structure is obtained by placing the high-molecular weight
liquid crystaliine material containing a chiral dopant on an orienting
15 substrate or between two orienting substrates, optionally giving one of the
substrates a different orientation direction from that of the other substrate.
Various techniques are known for making an orienting substrate. For
instance, the substrate itseif may be rubbed in a single direction. The
substrate in that case may be made of, e.g., polyimide, polyvinyl alcohol,
20 glass, amorphous polyolefins, substituted celluloses, etc. Alternatively, the
substrate may be provided with a thin orienting layer. This may be a thin
polymer layer which can be rubbed, e.g., polyimide, polyviny! alcohol, etc.
Alternatively, this thin orienting layer may be a SiOy layer evaporated at an
angle of less than 90°, usually of 60° or B6°, Generally, a substrate of poor
25 flexibility, such as glass or quartz, is used for SiOx evaporation. These
orienting techniques are known to the skilled person and require no further
elucidation here. Of course, it is also possible to employ other orienting
techniques.
To control the direction of rotation of the director (to the left or to the right)
30 and/or to obtain an angle of rotation greater than 90°, or when only one
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Wthin the context of this invention Tg and Tc val ues are determ ned by the
differential scanning calorineter (DSC) nmethod. Wthin this context
slightly cross-1linked nmeans cross-linked so as not to 20 alter the dynamc
viscosity to above 10[err] Pa.s at 55C or higher. This, for instance, is
the case with the acrylate network described in EP-Al- 0,423,881, as is
stated in |in¥O9¥PBAB of colunm 6 of this publication. |t WRCTEPIGRSTAThat by
slightly cross-1linking of the high-nolecular weight liquid crystalline
material, the retardation |ayers according to the invention 25 becone

| ess susceptible to pinhole form ng and unwanted variation of the tw st
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liguid crystalline material. Altematlvely the liquid crystalline material itself
may be provided with chiral centers. The angle of rotation of an STN
display cell typically is 180-270° {or -180 to -270°) but may be any other
10 appropriate value. In the case of an angle of rotation of 90° (or -90°), the
film is generally called “twisted nematic.” For a TFT-TN compensation layer
an angle of rotation of 90° (or -80°) is required. If the angle of rotation is
~ greater, the film is called “super twisted nematic.” In addition, this invention
also concerns retardation tayers with a smaller angle of rotation, from 0°
15  {no twist) to 90° (or -90°). At angles of rotation exceeding 360° the structure
goes through more than one full rotation within a single layer. The length
covered by the structure in a full rotation is called the pitch. The invention is
also directed to layers with a thickness greater than one pitch (even more
than 10 pitches), which can suitably be used as cholesteric reflectors.
20 The value of optical retardation (=An (birefringence) x d (thickness of the
(S)TN layer) may be adjusted by choosing an appropriate value for the
thickness of the layer. When two orienting substrates are used, this can be
done by using spacers of appropriate size. In general, glass spheres,
polymer spheres or silica spheres are used as spacers. When only ane
25 orienting substrate is used, the thickness of the layer is controlled by
accurate coating techniques such as extrusion-coating, meniscus-coating,
and spin-coating. '
The retardation layer can be placed between a potlarizer and the active cell.
It is also possible to use one of the active cell walls or a potarizer as 2



and.to chiral nematic (including (S)TN) retardation |ayers. In the case of
the uni form planar retardation |ayers an optimal tenperature matched
retardation is obtained, but for conpensation of (S)TN active cells, the
best result is obtained when the retardation | ayer has an equal tw st
angle, an 10 wop®msbs tw st direction, and an equal retardaty Em&ﬁg%ﬁ'
Liquid crystalline displays according to the invention are preferre
wherein the high- nolecular weight naterial |ayer has a chiral nematic
structure. A chiral nematic structure is obtained by placing the

hi gh- nol ecul ar weight. Ijquid crystalline erial .containin chiral

dopant on an oriﬁéﬁ'?g{}ﬁff @gl{h%fég%%h?%l‘qyﬁnb'%emﬂ @‘Pqi@ﬁﬁ %nghu%g‘ﬁ'gﬂtes,
optional Iy gi Vi ng Q& fedifitifdiuid'BSsiafingdisplsy hfefupthbr RfdueBgAat i on direction
fromthat of the other substrate.” Various techni ques are known for naking

an orienting sutBuitabiehighenolegulanweight figuidserystaliine anategal for the rejardatiobed i n
a single direction. The sulstrate in that e de, of . . ..

pol yi M de. pol yJA¥Rf| cal] PEgesen '°"§;|%&E@, °‘X§%ﬁg‘ﬁg§}és%%ﬁ'%P@f?%ﬁaﬁ’é‘%bi’f’?t ut ed
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orienting layer. This may be a thin polyner |[ayer which can be rubbed,
e.g., polyim deanddalysiloxangs.cohol, etc. Alternatively, this thin orienting
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requirements given above. Either the Tc is too high or the Tg is too high.

But with the method described in said publication, liquid crystalline

polyethers can be obtained which do fulfil the Tc and viscosity

requirements. Therefore, liquid crystalline displays according to the
16 invention are preferred wherein the high-molecular weight material is a

polyether obtained by polymerizing a monomer mixture comprising:

a) an OH-containing compound, and

b) a mesogenic group-containing mono-epoxide.

20 Starting from the polyethers as described in PCT/EP 95/03176 several
steps can be taken to make polyethers fulfilling the viscosity and Tc
requirements. The first of these is to use mesogenic group-containing
mono-epoxides with spacers. The polyethers described in the PCT
application all are prepared from mesogenic group-containing mono-

25 epoxides which have a oxiranylmethoxy moiety (i.e., the part of the
compound which is not the mesogenic group). it was found that when
mesogenic group-containing compounds were used with longer spacers,
polyethers with a satisfactory Tc and viscosity were obtained.

The second measure is to include non-mesogenic epoxides. preferably

30  aliphatic epoxides such as oxiranylmethane (propylene oxide), 2-ethylhexyl
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30 ., and/or to obtain an angle of rotation greater than 90[err], or when
only one 5 WO 97/ 23805

PCT/ EP96/ 05747 orienting substrate is used to obtain a sufficient angle of
rotation, the liquid crystalline material is mxed with a chiral material:

t he so-call egv c{y’ ril‘.l5 dopant. In principle, any optically active conpound
may be used P end. As exanpl es may be nmentioned chol cBEHERN6/05747
derivatives and 4-[(4- 5 (hexyl oxy) benzoyl ) oxy] benzoi ¢ acid 2-octyl

ester. Ordinarily speaking, up to 5% by wei ght of chiral dopant is enpl oyed
in relation to the total amount of liquid crystalline material.

Al t er nati vel y glycidy! ethesi and oyisanylethage.jatthe menqreeiamixturg ansbthusdoweed wit h

chiral center : o) k0N N4 TNAfios P t ypi ly is
180-270[ err] ?hoer -I;H%%Wg?@-%% eérérq'fs?&nt}@"I rtrgy‘;gemgina;;/§ Oéiﬁérgecit {al aé{pér opri ate
val ue. | n thecompeuntls anayibgl oxicihylintdthanenTidsed Blighatic- Sfddde-tontaikeg filmis -

generally called "tw sted nenatic," For FT- conpensatign | ayer an
angl e of rot aPPYgthars digvenat besp d@@[‘@‘?%ﬁ re. }gﬁtﬂfé%ﬂt ipyentiop isAl$Qe of

rotation i Fakil: h L " b.Si tig.n
addi t : on, I?h?? | nvEejnttclS oﬁ'egfbsgb‘léaon%gémaggr g?grgggﬁo%aﬁ'ltuggerﬂgﬁg\ﬁ ngaiiéﬁrkal | er
angl e of rotapolyethérs.om 0 15 (no twist) to 90[err] (or -90[err]). At

T L R N A e A
3 tructure in mdndner AethhABm, Sit G8! preferidie thatt ek eBaai_denﬁﬁmdsmydréxﬁ' SO
irected to layers wth a thicness greater than one PI tch (even nore
groups ratio in the monomer mixture is in the range of 5:1 to 1:1. This has

10 as a result that side reactions, notably the formation of cyclic oligomers, are
suppressed to such an extent that polymers of a narrow molecular
distribution are formed. Moreover, poiyethers formed almost exclusively by
the activated monomer mechanism are essentially OH-terminated, which
gives advantages for cross-linking.

15 In the polyethers for use in the liquid crystalline display according to the
invention use may be made of virtually any OH-containing compound, both
mono-OH-containing compounds and di-and tri-OH-containing compounds.
Examples include aliphatic alcohols, diols, triols, acrylate alcohols, acrylate
diols, mesogenic group-containing alcohols, and aromatic compounds

20 containing an OH group in a non-aromatic part of the compound. .
Espeéially suitable mono-OH-containing compounds are those according to
the formula below:

HO-(Y)m-Z
wherein:

25 Z stands for H (when m = 0), -O-C(O)-CH=CHj, -O-C(O)-C(CH3)=CH,, a
cyclic, aromatic, or heterocyclic compound having 4-10 carbon atoms,
which compound may comprise a mesogenic group,
-CH{CH,-0-C(0)-CH=CH,),, -C{CH,-OC(O)-CH=CH,},,
-C(CH,-0-C(0)-CH=CH,),-CH;, -CH(CH,-O-C(0O)-C(CH;)=CHy),,

30 -C{CH,-OC(0)-C(CH3)=CHy),, or -C{CH,-O-C(O)-C(CH3)=CH,),-CH,
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than 10 pitches), which can suitably be used as cholesteric reflectors. 20
The value of optical retardation (=[err]n (birefringence) x d (thickness of
the (S)TN | ayer) nmay be adjusted by choosing an appropriate value for the
t hi ckness of the layer. Wen two orienting substrates are used, this can be

done by usi ng wo9eeisps Of appropriate size. In general, glass ”

pol ymer spheres or silica spheres are used as spacers. Wen only 0ne Ys
orienting substrate is used, the thickness of the layer is controlled by
accurate coating techni ques such as extrusion-coating, neniscus-coating,

and spin-coatin t atj l\aye be~pl aced bgtween a pol ari zer
and the active %e‘?tga% fo?i"é al 5%@3'5‘)%'? ?@@@)ugﬁﬁgﬁ$01@$ﬁé‘ ’:dgt ive cell
wal I's or a pol aLHQF—(CH%méo@'-(Q?]nW-Rﬂ,Zﬁﬁ%in the various Y groups may be the

PCT/ EP96/ 05747 substrate for the retardation layer. In this way the
t hi ckness and t samgegrgfiferent,t he resulting liquid crystalline display are

f h d d |t ab Lak- np)l d ' hOdH j i al
for the rotardall Srdiregbfded 5 A indtGerbm b2t fwfh Yo Brbligh FBL ' °
l'iquid cryst&l | compsudds havinganoxaennatom iathé cosr p pogitionevis-a-vis the OH

pol y(net h)acryl ates, polyvinyl ethers, and pol ysil oxanes. Especially
preferred are t GEPYR }GKCKIAET; al | i ne pol yet hers pol yneri zed according to

the activated MpnQfRigs"RFNEORE:, lE=CCTCER-INMBLE-c(0)-, -C=C-, -N=N-, or
-N(—0)=N-;
R’ stands for -O-R?, -NO,, -CN, -HC=C(CN),, -C{CN)=C{CN),, or -R?,

10 R®stands for an alkyl group having 1-15 carbon atoms,

~(CH,)-O-C(0)-CH=CHj,, -(CH,),-0-C(O)-C(CH,)=CHj,, or -(CH,),-OH,

x stands for an integer from 0-12,

k stands for an integer from 0-12, with the proviso that k is not 0 or 1 when
R'=-0-R?,

15 <p1 stands for a cyclic, aromatic, or heterocyclic compound having 4-10
carbon atoms, which compound may be substituted with a mesogenic
group,
¢® stands for a cyclic, aromatic, or heterocyclic compound having 4-10
carbon atoms, which compound may be substituted with a mesogenic

20 group, and
n stands for 0 or 1.

Especially suitable di-OH-containing compounds are those according to the
formulae below:
25

HO-(CHy),, c,iﬁm,,,z (HO-(CHp)w)-C-R?

-

OH R’
HO~(Y)-0-'-(97)5-O~(Y),-OH
HO~(Y)y-O-¢"-C(CH3)-¢>-O~(Y)e-OH

)



pol yet hers are described which are obtained by the activated nononer 10

mechani sm The pol yet hers described there, however, do not fulfill the
requi renents given above. Either the Tc is too high or the Tg is too high.
But with the nethod described in said publication, liquid crystalline

pol yet hers can be obtained which do fulfill the Tc and viscosity

requi rement s WOPEP8¥ore, 1iquid crystalline displays accor dPEHEPSSASHME 15
invention are preferred wherein the high-nolecular weight material is a
pol yet her obtai ned by pol ynmerizing a nononmer m xture conprising: a) an
OH cont ai ni ng conpound, and b) a mesogeni c group-contai ni ng nono- epoxi de.
20 Starting fromthe polyethers as described in PCT/EP 95/03176 several

steps can be taken to e | yethers ful filll i y
requirements. RN g%dg R%%/%" Pg(yf grqj‘beﬁ%@ g-e%h%'éb@ %gg'(l':%h?gfn (r% ng

mono- epoxi des vg't B2 SRagRd &-halBehd ehine! Meaningsas in thedformulahabdve] withithecat i on
all are prepared from nmesogeni ¢ group-contal ning nono- 25 epoxi des which
have a oxi r anylmewimbers beingtthe same or diffiereptirt of t he conpound which is not
t he nmesogeni_c Q .1t was. found that .when ' -C i.nj ng
conmpounds wer e%&%@%ﬂ%"%ﬁﬁém%ﬁ?@ nln%wﬁéﬁgﬁ%mscpgé Msaet ggﬁasié'f’ér y Tc
and viscosity WR&$orpilide Bew: The second neasure is to include non-nesogenic

epoxi des, preferably 30 aliphatic epoxides such_as oxiranyl nethane
(propyl ene oxide), 2-ethyl hexyl 7 '

Hzc:CH-—- (CHR)-{O(CHR®),CHz)qg— (Qq)a \ / R4
(R . R,
Hzc\——o/cn— {CHR )-(O(CHR®),CH2)y—O (Qa)n-@—n‘
R (R®)
Hzcwcn—- (CHR )p-(O(CHR®),CH,);—O {Q )n‘O—'R‘
; |
(R%n (R® Ja

10



WO 97/ 23805 PCT/ EP96/ 05747 gl yci dyl
et her, and oxiranyl ethane, in the nononer m xture and thus | ower the
mesogeni ¢ group density. Up to 40 nol e% of the total epoxide conpounds may
be- oxi ranyl net hane. These al i phati c epoxi de-cont ai ni ng pol yet hers have not
been descri bedwafhpsiges The present invention is also 5 direqkﬁgugeﬁbppse
novel aliphatic epoxide-containing liquid crystalline polyethers. en
preparing liquid crystalline polyethers according to the activated nononer
mechanism it is preferred that the epoxi de groups/hydroxy groups ratio in
the nononer mixture is in the range of 5:1 to 1:1. This,has 1Q, as a result
that side reactions, notably the formation of cyclic oligoners
suppressed to such an extent that polyners of a narrow )e
di stribution are forned. Mreover, polyethers formed al i

t he activated nonomer nechanismare essentially Odterm
advant ages for cross-linking. 15 1In the polyethers for

pATSYNGE and di -and
tri-OH containing conpounds. Exanpl es incl udg=ss I@M ohol s, diols,
triols, acrylate al coholsg,.-a e.di ol £S0Q€ D pf cont ai ni ng
al cohol's, and a’&(a)z —&%)Gaéﬁs"&%@c&bon ai OH JeFlip\i n a
; ; \ Y - -
non-aromati c part of the conpound. Especi all M t abl e fono gont ai ni ng
conpounds are those according to the fornmul @ bel ow W

HoC—CH—{CHR ) (O(CHR®);CH,)g—O O.Q A
\/
o
A A

wherein

Q, stands for -C{0)-O-, -C=C-, -O-C(0)-, -N=C-, -C=N-, -C=C-, -N=N-, or
5 -N(—»O)=N-;

W stands for C, O, or S,

A stands for

——{(Q RY

\_Z.
T
Q, stands for -O-C(O)-, -O-, or -Q-C(0)-C=C-,
10  R*stands for -O-R®, -COO-R®, -OCO-R®, -NO,, -CN, -HC=C(CN),,
-C{CN)=C{(CN),, or -R®,

11



HX(Y)[err]-Z wherein: 25 Z stands for H (when mJ[err] 0),
-OC(O-CH=CHerr], -0CO-C(CHerr])=CHerr], a cyclic, aromatic, or

het er ocycl i ¢ conpound having 4-10 carbon atons, which conpound may conprise
a nmesogeni c group, -CH(CH e -OCO-CH=CH err])[err],

-C(CH[err]-O%- CH[err];E]err],
-C(CH err]-O - CH err])[err]-CHerr], PCT/EP96/05747
-CH(CH err]-OC(O-C(CH err])=CH err])[err], 30

-C(CH err]-CC(O-C(CH err])=CH err])[err], or
-C(CH err] -OC&O C(CHerr]) CH[err])[err] CHerr], 8 WO 97/ 23805
PCT/ EP96/ 0574R" ¥taaidsfoisart alkyldcbiip haling LS@&H{omrat]JDr[ser r]-, -CH(CHerr])-

:CH:I(_:I%GEQ—I[SJ]G?&%H("?_%? @%%é‘y &FQW"R[%?F?P"” RGei n the various Y groups

may be the sagés@ndglf&f;qroe m st ands i ndependently for an integer from
0-12, with the proviso that § conpounds havi ng an oxygen atomin the [err]
or [err] posiPi®otrvis-a-vis the OH group are excluded, Q stands for

L9701 g 5o - Pty 4 Pove B ool an ol g by 10
Cg EJ(;?] gg g\TI)B [afpf(, osifibn ]V)BI[E-ée“-tr’/ﬂthe agy?éﬁoﬁhagéxi BFoud(vitlinal or gemiiainavi ng 1- 15
(CH[err])[eral]&QwE;(@ﬁ C(CH err])=CH err], or -(CH[err])[err] OH,
nisOor1,
q is 0-3, with the proviso that q = 0 when m =0,
10 risOor1,

R® stands for an alky! group having 1-15 carbon atoms,

R® stands for H or an alkyl group having 1-15 carbon atoms, and

R'? stands for an alkyl of alkoxy group having 1-20 carbon atoms.

15 Among the epoxides according to the formulae given above, the ones with
spacers (thus, m andfor q is not 0) are preferred. Of course, it is also
possible to employ mixtures of different mono-epoxides and OH-containing
compounds in the monomer mixture. This can be done to adapt the
dispersion of the retardation layer to the dispersion of the active cell. For

20 further information on the matching of the dispersion reference may be had
to WO 95/09379. As mentioned above, it is possible to employ up to 40%
of non-mesogenic mono-epoxides, for instance oxiranyimethane, in the
monomer mixture.

It also possible to use blends of high-molecular weight liquid crystalline

25 material in order to satisfy the Tc and viscosity requirements.

The above-described liquid crystalline polyethers can easily be rendered
cross-linkable with photocurable or thermocurable cross-linkers such as
polyisocyanates, or by introducing acrylic groups (e.g. acrylate or meth-
acrylate groups) into the OH terminated polyethers. Notably, the end-
30 capping with 2-methyl-2-propenoyl chloride is one of the most appropriate
12



X stands for an integer fromO0-12, k stands for an integer fromO0-12, with
the proviso that k is not 0 or 1 when Rerr]=-ORerr], 15 [err] stands
for a cyclic, aromatic, or heterocyclic conmpound having 4-10 carbon atons,
whi ch conpound nmay be substituted with a nmesogenic group, [err] stands for
a cyclic, aronwp het er ocycl i ¢ conpound having 4-10 car

whi ch conpound nag?/ﬂ%sggsubsti tuted with a nmesogenic 20 group?’%ifﬁ’gﬁ&zf’ands
for O or 1. Especially suitable di-OH containing conmpounds are those
according to the formul ae below. 25 [err] 9 WO 97/ 23805

PCT/ EP96/ 05747 wherein R err] stands for an al kyl, group having 1-12 carbon
atons, and z, Yroutes. it is !Qoﬁ i 1henplok & ‘ﬂg%mﬁgmi ff ?ﬁ&"?(ﬂ‘ﬁﬁﬂ"a

above, with the gaIRer SHIEMS H@e SHiBod dapd/eF eBtrylic  gritipttSini
mesogeni ¢ gr oupgg%t%t f';ll ni %g rmnol-ne oxl des arde t hose saﬂlsfgﬁr‘yg (t'a‘ﬁ"e Pg‘tgrrul ae
bel ow epoxide in the monomer mixture. Examples of suitable acrylic group-
containing epoxides are:
HZC—-—CH—(CHz)m—-O-CO-f=CH2
\0/

CH,

HZC-\—/CH—-(CHZ),,,-—O-— ¢'~(Q)y -9*-0—~(CH,)-O-CO-C=CH,

5 O CH,

wherein m= 1-12, and k, n, ¢', and ¢® have the previously given meanings.

Especially suitable is:
HZCR—/CH——(CHg)g ~—0-CO-C=CH,
o CHs
10
Examples of suitable acrylic group-containing OH-containing compounds
are:
OH OH

HzC—CH—" (CHz)m ‘_‘O-CO-C'-"-CHz

CHs

. OH OH
H,C~—~CH~—(CHy)y—O0— ¢'~(Q)n ~¢°~0—~(CH,)-0-CO-C=CH;

CH,

13



[err] [err] 10 WO 97/ 23805

PCT/ EP96/ 05747 [err] [err] wherein JQerr] stands for -C(O-0, -CC,
-0CO-, -N=CG, -C:N, -Cerr]CG, -NeN, or 5 -N([err]O =N-; Wstands
for C, O or S Astands for [err] Qerr] stands for -OC(O-, -0, or
-0 CO-CC 6(;%%5 stands for -O-Rerr], -COORerr], -OCORerr],
-NdJ err], - CN)[err], -C(CN)=C(CN)[err], or -R err|PCT/EPIB747
97/ 23805 PCT/ EP96/ 05747 Rl err]

stands for an al kyl group having 1-5 carbon atons, R err] stands for an

al kyl group having 1-5 carbon atons
: wherein m= 1-12, and n, K, rp and ¢* have the previously given meanings.

in above definitions a cyclic compound means cyclopentyl, cyclohexyl,
bicylo-octyl, and the like. Aromatic groups are, for instance, phenyi,

5 biphenyl, naphthyl, and the like. Heterocyclic compounds are cyclic or
aromatic compounds which contain one or more hetero atoms, such as
nitrogen, oxygen or sulfur. Examples are morpholinyl, piperidinyl,
pyrimidinyl, thienyl, pyrrolidinyt, pyridinyl, and the like.

10 It is possible to add separate acrylate monomers to the acrylic group
containing polymer in order to control the physical properties before and
after cross-linking (e.g. viscosity before cross-linking and cross-link
density).

15 The invention will be further illustrated with reference to the following

examples.

Example 1

20 To a mixture of 50 mmoles of 4-methoxyphenyt 4-hydroxybenzoate and 65
mmoles of potassium carbonate in 40 ml of acetone were added 65
mmoles of a,-bromo-1-alkene (i.e. 4-bromo-1-butene, 5-bromo-1-pentene,
6-bromo-1-hexene). The resuiting mixture was refluxed for 24 hours with
vigorous stirring. The precipitate was filtered off and the filtrate was added

25 to water and washed with chloroform. The organic layers were combined,
washed with water, dried with anhydrous magnesium suifate, and
evaporated to dryness. The crude product was used without further

purification.

14



Rlerr] stands for Hor CHerr], pis 1-7, 5 mis 0-12 wth the proviso
that compounds having an oxygen atomin the [err] or [err] position

vis-a-vis the oxygen of the epoxy group (vicinal or gemnal) are excl uded,
nis Oor 1, gqis 0-3, with the proviso that g [err] 0 when m=0, 10 r is

0 or 1, Rerr] waomrdssf or an al kyl group having 1-15 carbon aj 551 ]
stands for H or an al kyl group having 1-15 carbon atons, and err| stands
for an al kyl of al koxy group having 1-20 carbon atons. 15 Anong the

epoxi des according to the formul ae gi ven above, the ones with spacers

t hus, d/ 0 d O | bl
Lo ool oy m e Lrta Sphibn ok SRRl o ATBRigSKPIAT Aaan I AP e e
in the monomer w&m&mﬁihémsa@wwe daded uo Mok dfbﬁ-dil&@@érséﬁibgefacfdhe

retardation layer to the dispersion of the active cel further
i nformati on on t¥he mixtare wgs @i!rreﬂa@t avypdemiperatuies @I&%@Ufa,ydlhﬁe%atdthtﬁ(}m

non-mosogeni ¢ maNOISIENBRRNSnals, dr BaRs wi s isBbuh Bkt o sl e

mxture. 1t gl sQapSsHtd dhdt heRSWith WatslSusti Auugrat. ”ﬂ’aé?%hﬁa’h"c YdeB Wad bfed d
crystalline 25 material in order to satisfy the Tc and viscosity

requi renents. THYeRFBIGNesyR sulfate PﬂﬁLﬁ\@Pé‘F%fQ@ ap| dnveesso| The seude peadushsi |y
be rendered cro%aé }&W,&éﬁ%%ﬁgﬁ&y abl e or thernocurable cross-1inkers

such as

Polyethers were made of these epoxides and ethylene glycol using the

10 general polymerization procedure described in PCT/EP 95/03176. The
resulting properties are compiled in TABLE |, wherein spacer stands for the
number of carbon atoms between the epoxy group and the oxygen atom of
the mesogenic moiety, and n’ stands for the dynamic viscosiiy at 356°C, 2nr
rad.s™

15
To characterize the mechanical properties of the materials as a function of

temperature, dynamic mechanicat spectroscopy was applied. This method
consists of placing the high-molecular weight liquid crystalline material in a
rheometer and applying a small dynamic strain at a frequency of 1 Hz.
20 Depending on the viscosity of the sample studied either a Bohlin CS50 or a
Rheometrics RDS-ll was used. The stress and strain are then measured as
a function of the temperature. The measured stress contains both in-phase
elastic response and out-of-phase dissipative response with respect to the
applied dynamic strain. This visco-elastic behavior can be described by the
25 G' and G” dynamic shear moduli, where G’ is the storage modulus and G”
is the loss modulus. The loss modulus G" can be converted into the real
part of the dynamic viscosity via the relation G"= n'.0, where @ is the

angular frequency, in our case 2x radians/s, and n' is the real part of the

dynamic viscosity.

15



pol yi socyanates, or by introducing acrylic groups (e.g. acrylate or neth-
acrylate groups) into the OH term nated pol yethers. Notably, the end- 30

capping with 2-methyl -2-propenoyl chloride is one of the nost appropriate
12 - W) 97/23805

PCT/ EP96/ 057330%#% is also possible to enploy a certain anmount of
acrylic grou % n| ng OH cont ai ni ng conpound and/ or acr PCFEP96/05747

group-cont ai ni ng epoxi de in the nononer m xture. Exanples of suitable
acrylic group- containing epoxides are: [err] [err] 5 wherein mr 1-12, and
k, n, [err], and [err] have the previously given neanings. Especially
suitable is: TABLE 110 Exanpl es of suitable acrylic group-containing

OH cont ai ni n%con%)p%rég[s_ ar e: E%rr] I .%?30) Mw 7 (Pa.s)
1 2 27134 139 2222
5 2 3 20/26 124 2617 4x10*
3 4 16121 121 2854
Example 2

10 To a mixture of ethylene glycol and 1.5 mole% of boron trifluoride diethyl
etherate (of total amount of epoxide) in dichloromethane there was slowly
added dropwise, at room temperature, a mixture of 4-(methoxy)pheny! 4-
{oxiranylmethoxy)benzoate and oxiranylmethane dissolved in dichioro-
methane. The polymerization mixture was stirred overnight. The polyether

15  was precipitated in ether, washed with ether, and dried under vacuum. The
yield was 75-90%.

The propertias of the resulting polyethers are listed in TABLE i, wherein
EP/OH stands for the ratio of epoxide-containing compounds and OH-
containing compounds, PO% stands for the mole% oxiranyimethane of the

20 total amount of epoxides, n' for the dynamic viscosity at 35°C, 2 n rad.s™.

16



[err] WO 97/ 23805

PCT/ EP96/ 05747 wherein nmr 1-12, and n, k, [err], and [err] have the

previ ously given nmeanings. In above definitions a cyclic conmpound neans
cyclopentyl, cyclohexyl, bicylo-octyl, and the like. Aromatic groups are,
for instance, Weswisgos5 biphenyl, naphthyl, and the Iike. Fb}éﬁﬁ%%@kic
conpounds are cyclic or aromati c conpounds which contain one or 2t er o
atons, such as nitrogen, oxygen or sulfur. Exanples are norpholinyl,

pi peridinyl, pyrimdinyl, thienyl, pyrrolidinyl, pyridinyl, and the I|ike.
10 It is possi?AgLéqladd separate acrylate nononmers to the acrylic group
containing polymer rm order to control the physical properties before and
after cross-linking (e.g. viscosity before cross-linking and cross-|ink

- _ : : . h | Coh ;

the ol | ovi ng NampIREORxanpFO% 38 (6b o rettie of UEamol coby

4- met hoxyphenyl 4-hydroxybenzoate and 65 nmol es of potassium carbonate in

40 m of acetone were added 65 mmol es of [err]-brono-1-al kene (i.e.

4- bronp- 1- b end, 5-Wbno- 1- p@hit en@8/38- br onB4L- hexeneBx10he resgBr2ng

m xture was refluxe r 24 hqurs w vigorgus stirring. The precipitate
U 11 (flte BBaduca & o e Piges?

was filtered off and filtrate added
6 101 50 5/16 - 1818
7 51 10 327138 101 1692
8 51 17.5 29/31 88 4.5x10* 1564
10 9 5/1 25  23/27 69 1503

The results in TABLE It show that optimum Tgs and Tcs are obtained when
oxiranylmethane is used in an amount up to 25 mole%.

15 Example3

Blends of polyether according to PCT/EP95/03178 and oxiranyimethyi
containing polyethers were made. The polyethers appeared mixable in all
ratios. Polyether No. 6 was blended with a polyether of 4-methoxyphenyl 4-

20 (oxiranylmethoxy)benzoate and 4-methoxyphenyl 4-{oxiranyimethoxy)-
benzoate (EP/OH: 10/1). By varying the ratio it was found possible to
obtain blends with Tgs varying from 5/16°C to 45/51°C and Tcs up to
146°C.

17



25 .to water and washed with chloroform The organic |ayers were conbi ned,
washed with water, dried wth anhydrous magnesi um sul fate, and evapor at ed
to dryness. The crude product was used without further purification. 14

WD -97/ 23805 PCT/ EP96/ 05747 To a
sol ution of gﬂ es of 4-nethoxyphenyl 4-al kenyl oxybenzoate in 60 m of
di chl or omet hahd added 40 mol es of m chl or oper benzoi c RET/8BP6RISES7

m xture was stirred at roomtenperature for 24 hours, diluted with 60 m of
di chl oronet hane, and washed with a 5% aqueous sol ution of sodiumb5
carbonate and then with water until neutral. The organic |ayer was dried
over magnesi unEgathpletds and evaporated to dryness. The crude product was
recrystallized from net hanol. Pol yethers were nade of these epoxi des and

et hyl ene glycol using the 10 general polynerization procedure described in

PCT/ EP 95/ 03176, 2 Bifq 16f Std WA SRR of Sdlyéthér RBIP!ih HcloBed@ible werther i n

spacer stands er of on at bet we epoxy group and

t he oxygen at cadded 0.08 gm@cmgsmadunﬂ‘i &9{)@{;\8& Bayer |AGt andi0.0Dig bha Stgnami ¢
viscosity at 35[Lerr rr.] rad.slerr o characterize the mechani cal
propert i es%of ﬁ%‘%&epg’hﬁ’é t'b J'icqtﬁ{? lahons. The polysther Solution

contained 0.27% wiw of chiral dopant ZL! 4572®, ex Merck. After filtration
(0.2 um filter) the solution was spin-coated on a 3X3 inch rubbed, Pl coated
100 um glass substrate and dried for 5 hours in a vacuum oven at 20°C.
Subsequently, the 3X3 inch sample was put onto a hot plate at 100°C and
10 cooled in 5 minutes to 90°C. After 5 hours at 90°C the sample was cooled
to 20°C. A homogeneous retardation fim was obtained which at room
temperature had a value of retardation of 744 nm at a wavelength of 550
nm and a twist angle of 163°. The dynamic viscosity after cross-linking was
found to stay below 10° Pa.s in the temperature range of 50-70°C.
15
Example §

The temperature-dependence of the birefringence of polyether No. 8 from
Example 2 was determined and compared with that of a commercially
20 available low-molecular mass fiquid crystal mixture (ZLI-5049®, ex Merck).
For this purpose, a small display cell with a thickness of 5.0 pm was filled
with polyether No. 8. The rubbing directions of the two display glass plates
coated with an orienting layer were 180° relative to each other. After
orientation at 80°C for two hours, a homogeneous planar orientation of the
25 polyether was obtained. Using a spectrophotometer the retardation value of
the display cell, placed between two polarizers, was measured at various
temperatures. From the measured retardation value and the thickness of
the display cell, the birefringence of the polyether was calcutated. For the
determination of the temperature-dependence of the birefringence of ZLI-
30 5049 a similar procedure was used.
18



tenperature, dynam c nechani cal spectroscopy was applied. This nethod
consi sts of placing the high-nolecular weight liquid crystalline materi al
in a rheoneter and applying a snmall dynamic strain at a frequency of 1 Hz.
20 Depending on the viscosity of the sanple studied either a Bohlin CS50
or a Rheonetri ogoM3séds was used. The stress and strain are tp&gm?%?&y,’ed
as a function of the tenperature. The neasured stress contains DO

i n-phase el astic response and out-of - phase di ssipative response with
respect to the applied dynamic strain. This visco-elastic behavior can be
descri bed by the et A HE p SRR Ibirath i ﬂé?ﬁ‘e

st orage nodul us lanznﬁgglé;i%ﬂﬁtgﬁposs ?négggFus. Tﬁ?ﬁg&g"ﬁﬁﬁeﬁggg p?z’an ber
converted into tNe.8and Zid0406fare lgivery Theibirefringense g noimalized todhawvalwe G'=

bnd Terr] i tnett ol Eparie Houh s ingt e cisBitiersitis debendengs &5 8505
PCT/ EP96/ 05747 ThRitingen& of §B?§ﬂ’fer No. T8 (dicvely Matches that Cf[ e ddahmercidfv
[err] (Pa.s) 1 2 27/ 34 139 2222 5 2 3

20/ 26 184 display reixture ZL1 5048c10[ err] 3 4 15/ 21 121
2854
Example 6

To a mixture of diol and 1.5 mole% of boron trifluoride diethyl etherate (of

10 total amount of epoxide) in dichloromethane there was slowly added
dropwise at room temperature a mixture of 4-methoxyphenyl 4-(oxiranyl-
methoxy)benzoate in dichioromethane. The polymerization mixture was
stired overnight. The polyether was precipitated in ether, washed with
ether, and dried under vacuum. The Yyield was 75-90%.

15 The properties of the resulting polyethers using different diols as initiator
are listed in TABLE lll. The ratio of epoxide to diol was 10:1. PEG stands

for polyethylene glycol.
TABLE Il
20
No. diol Tg (°C) Tc (°C) Mw
10 hexanediol 37/43 124 3152
11 PEG400 30/36 100 2351
25 12 PEG1000 30/37 97 2744

19



Exanple 2 10 To a m xture of ethylene glycol and 1.5 nol e% of boron
trifluoride diethyl etherate (of total amount of epoxide) in

di chl oronet hane there was sl owy added dropwi se, at roomtenperature, a

m xture of 4-(methoxy)phenyl 4- (oxiranyl met hoxy)benzoate and

oxi ranyl nmeth | ved in dichloro- nethane. The pol ynerization m xture
was stirred overnight. The polyether 15 was precipitated irPCIEPOsHs9RShed
with ether, and dried under vacuum The yield was 75-90% The properties of

the resulting polyethers are listed in TABLE |1, wherein EP/ OH stands for
the ratio of epoxide-containing conpounds and OH containi ng conpounds, PO%
stands for théﬂﬂ]@ﬂx oxi ranyl net hane of the 20 total amount of epoxi des,
[err] for the dynam c viscosity at 35[err]C, 2 [err] rad.s[err]. 16 WO
97/ 23805 PCT/ EP96/ 05747 TABLE | |
No. EP/OH To zP@&M:gn(of@ 00 g dtpd etlhé}ﬂo 3 (4.83 ity

10/ 1 28/ 3 Z? pély [7e$r] BQSSO’HE mM‘#ﬁ'H(f‘ll

40  21/31 (tetfe'@vdrofuran) were added 0.38 ms § mmoleg)iof dry pyrline. Hiel6

1602 8 Ly qresuiting sqiih vlas codlell with an 8 bath’ gt 'E‘?’?]Wal‘gli%%‘ii’

dropwise a solution of 0.46 ml (4.76 mmoles) of 2-methyl-2-propenoyl

chloride (methacryloyl chioride) in 6§ ml of dry THF. The ice bath was

removed and the mixture was allowed to warm to room temperature and

heated overnight at reflux temperature. The cooled mixture was filtered in
10 order to remove the formed salt and evaporated to dryness. The residue

was dissolved in dichloromethane, precipitated in cold ether, filtered off,

rinsed with cold ether, and dried under vacuum. The yield was 4.21 g.

SEC: Mw: 3215

Amount of 2-methyl-2-propenoate (methacrylate) groups built in (*H-NMR):
16 147%

Tg: 17/23°C, Tc: 83°C.

Example 8

20 To a mixture of 16 mmoles of ethylene glycol and 1.5 mole% of baron
trifluoride diethyl etherate (of total amount of epoxide) in dichloromethane
there was slowly added dropwise, at room temperature, a solution of 160
mmoies of 4-methoxyphenyl 4-(4-oxiranylbutoxy)benzoate in 160 mi of
dichloromethane. The polymerization mixture was stirred overnight. There

25 was added a solution of 5 mg of lonol and 64 mmoles of triethyl amine in
120 mi of dichioromethane. After stirring for 1 hour the mixture was cooled
with an ice-bath and a solution of 64 mmoles of 2-methyl-2-propenoyl
chioride in 40 mil of dichloromethane was added dropwise. After the
addition the mixture was stirred for 1 hour at room temperature and was

30 refluxed overnight. The reaction mixture was subsequently washed with 1M

20
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Tg (DSC): 3/11°C, Tc {DSC): 77°C.

Example 9

A 35% wiw solution of the cross-linkable polyether obtained in Example 7
in cyclopentanone containing 2.0% w/w of lrgacure 369®, ex Ciba Geigy,
and 0.40% wiw of chiral dopant ZLI 4572®, ex Merck, was spin-coated
onto a 3X3 inch rubbed, Pl coated 100 um glass substrate and dried for 20
hours at 20°C in a vacuum oven. The sample was oriented for 2 hours at
70°C, cured by radiation using a UV-lamp for 60 seconds at 70°C under a
flow of nitrogen, and cooled to 20°C. The dynamic viscosity after cross-
linking was found to stay below 10° Pa.s in the temperature range of 50-
70°C. The Tg after cross-linking was 33/44°C and the Tc after cross-linking
was 114°C.

Example 10

The twist angle of the cross-linked retardation layer of Example 9 was
measured as a function of the annealing temperature. The annealing time
was kept constant at 24 hours. The twist angle of the sample was
measured after fast cooling to room temperature.

In Figure 2 the measured twist angle is plotted as a function of the relative
annealing temperature (Tamear19, the Tg being the midpoint of the on/off
set of the Tg measured by DSC). As can be seen from this graph, the twist

21
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10 cooled in 5 mnutes to 90[err]C. After 5 hours at 90[err]C the sanple
was cooled to 20[err]C. A honpbgeneous retardation filmwas obtai ned which
at roomtenperature had a value of retardation of 744 nm at a wavel ength of
550 nmand a twi st angle of 163[err]. The dynami c viscosity after

cross- i nki ngv found to stay below 10[err] Pa.s in the tenperature range
of 50-70C. 1 e 5 The tenperature-dependence of the bPFFEPYM§dtice of
pol yether No. 8 from Exanple 2 was determ ned and conpared with that of a
commercially 20 avail able | ownolecular mass liquid crystal m xture
(ZL1-5049[err], ex Merck). For this purpose, a small di sgla cell with a

t hi ckness of Bnglg i prantically constaat af o funetion ofclemperatyn 'fﬂ%”?%l‘}ﬂ?ﬁ?g

di rections of S Al gl ass plates coated with an orienting |ayer
were 180[err] |;§1£§%E‘t¥¥§reé%n§ﬂé S other. After orientation at 80[err]C for two

hours, a honogeneous planar orientation of the 25 polyether was obtained.
Usi ng a spectrophotoneter the retardation value of the display cell, placed
bet ween two p , was neasured at various tenperatures. Fromthe
measured retardation value and the thickness of the display cell, the

birefringence of the polyether was cal cul ated. For the determ nation of the
t enper at ur e- dfrenctoss-inkedd etardatiorelayengixample Savas peged vohma hod piate ar

procedure was olfﬁseigé thl»g clean room at a temperature of 50°C. After 7 days the cross-
linked sample despite the presence of dust particles, showed no signs of
pinholes.
10
Example 12

The cross-linked retardation layer of Example 8 was laminated with a
polarizer with an adhesive (ex Sanritz, LLC2-81-185®). This compensation

15 layer was placed onto a hot plate at a temperature of 60°C. After 24 hours
the cross-linked sample was still completely intact. The test was continued
for a total time of 340 hours, after which the compensation layer was still
intact. The temperature was subsequently raised to 80°C for 48 hours,
which did not affect the cross-linked layer. Finally, the temperature was set

20 at 90°C, and the stability was tested after 500 hours. The cross-linked layer
did not show any sign of destruction after this additional annealing
treatment of 500 hours at 90°C at 50% humidity.

Example 13
25
To a solution of 15 g (88 mmoles) of 10-undecen-1-ol in 130 mi of dichioro-
methane were added 24 g (70% assay; 97 mmoles) of m-chloroperbenzoic
acid. The mixture was stirred at room temperature for 48 hours. The
reaction product was washed with a 2% aqueous solution of sodium
30 hydrogensulfite (150 ml), 10% aqueous solution of sodium hydrogen-
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Figure 1, the tenperature-dependence of the birefringence of pol yether No.
8 and ZLI-5049 are given. The birefringence is normalized to the val ue at
30ferr]C. This figure shows that the tenperature-dependence of the

bi refringence ether No. 8 closely matches that of th jal 5
di spl ay m'xturvgiZLI 049. Exanple 6 To a m xture of diol aan@ﬁé/o of
boron trifluoride diethyl etherate (of 10 total anmount of epoxide) in

di chl oronet hane there was sl owy added dropwi se at roomtenperature a

m xture of 4-nmethoxyphenyl 4-(oxiranyl- nmethoxy)ben te in,
di chl or omet han&arbpaateydisPral.i ans then Wﬂ%uaﬁﬁeﬁ?fﬁ@e QgaRiGilapar wa e

pol yet her was RLEG i, Rt w . : 7o der
Vachum The i B0 WA SFHELR FROesuIaIEt aNd Bufidiled t9RAyfedss Yis:
pol yet her s usi n8.7di(96%)eof Yoxiranylronantt-that whichr wasi sised withguBifarthen . The

rati o of epoxide _tto diol was 10: 1. PEG stands for polyethylene glycol.
TABLE |11 20 NBurificatigp. Tg ([err] O T ([err] QO Mv 10
hexanedi ol g7/43 124 3152 11 PE400 30/ 36 100

2351 25 12 PEGLO0O0O 30/ 37 4 2744 .
To an ice-cooled soiution of 15.7 g (84 mmoles) of S-oxiranyinonan-1-ol

and 9.0 g (89 mmoles) of dry triethylamine in 90 m! of dry THF was added
a solution of 9.3 g (89 mmoles) of 2-methyl-2-propenoyl! chioride in 80 mi of
dry THF. The mixture was stimed at room temperature overnight. The
10 precipitated salts were filtered off, the filtrate was poured into 500 mi of
0.1M hydrochloric acid, and the resulting aqueous mixture was washed
with diethyl ether. The combined organic layers were washed with a 5%
aqueous solution of sodium hydrogencarbonate, water, and brine, dried
with anhydrous magnesium sulfate, and evaporated to dryness. The crude
15 product was purified by distillation (150°C, 10 Pa). Yield: 14.7 g (70%).

To a mixture of ethylene glycol and 1.5 mole% of boron trifluoride diethyi
etherate (of total amount of epoxide) in dichloromethane there was slowly
added dropwise at room temperature a mixture of 9-oxiranyinonyl 2-methyi-
20 2-propenoate (C9%) and 4-methoxyphenyl 4-(4-oxiranylbutoxy)benzoate
{(100-C9)%) dissolved in dichloromethane. The polymerization mixture was
stirred overnight. The reaction mixture was worked up by washing with
brine. The organic layer was dried with anhydrous magnesium sulfate and
evaporated to dryness. The product was dried under vacuum. The yield
25 was: guantitative.
The properties of the resulting polyethers are listed in TABLE IV, wherein
C9% stands for the mole% of 9-oxiranylnonyl 2-methyl-2-propenoate in the
monomer mixture and MA% stands for the mole% 2-methyl-2-propenoate
groups incorporated into the polymer (analyzed by *H-NMR). The ratio of
30 epoxides to diol was 10:1.
23
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7 To a solution of 6.00 g of polyether No. 3 (4.53 mmoles OH) in dry THF
(tetrahydrofuran) were added 0.38 ml (4.76 mml es) of dry pyridine. The 5
resulting solution was cooled with an ice bath, and there was added

dropwi se a s ion of 0.46 m (4.76 muol es) of 2-nmet hyl - 2- pr openoyl
chl oride (net éWP'Hy chloride) in 5 mM of dry THF. The i cBCBEPY/ONM4T

renoved and the m xture was allowed to warmto roomtenperature and heated
overnight at reflux tenperature. The cooled m xture was filtered in 10
order to renove the forned salt and evaporated to dryness. The residue was
di ssol ved i n dABUBMinet hane, precipitated in cold ether, filtered off,
rinsed with cold ether, and dried under vacuum The yield was 4.21 g. SEC
Mv. 3215 Anmount of 2-nethyl - 2- propenoate (nethacrylate) groups built in
([err]HNVMR): Nbb 8% % Tg: NMIASR3[errig ("Ty: 83[ent¢)C. Exmaple 8 20 To a
m xture of 16 mmol es of ethylene glycol and 1.5 nol e% of boron trifluoride
di ethyl etherate (of tot aI am)unt of epoxi de) i n di chl oronet hane there was

slow y addﬁd d opw? t enper abjar e, ?éutlon ofq mol es of
4- met hoxypheny 4- OXI rany but oxy) benzoate in 160 m of I 'chl or onet hane.

The pol yneri z46i on2@&i xture vwHs stirredddver ni gh?0 There 2XB4vas added a
solution of 5 ng of Ionol and 64 Mol es of triethyl amne in

Exampie 14

10 A 50% wiw solution of polyether No. 15 of Example 13 in a methoxy-
benzene solution containing 2% w/w lrgacure 369®, ex Ciba Geigy, and
0.24% wiw of chiral dopant ZLI 4571®, ex Merck, was spin-coated onto a
3X3 inch 100 um glass substrate with a rubbed polyimide orientation layer.
The sampie was dried for 30 minutes at 40°C and 2 hours at 20°C in a

15 vacuum oven. After orientation for 20 hours at 40°C, the sample was
irradiated for 60 seconds at 40°C with a UV lamp (power density 3.5
mW/cm?) under a flow of nitrogen. The cured materiat had a Tg of 17/26°C
and a Tc of 98°C. At room temperature the retardation film obtained had a
value of retardation of 940 nm at a wavelength of 550 nm, and a twist angle

20 of -161°.

Example 15

A solution of 40% wiw of polyether No.16 of Example 13 in methoxy-
25 benzene was applied onto a rubbed amorphous polyolefin (Zeonex 250®)
substrate. The sample was dried for 15 minutes at 20°C and 40 minutes at
40°C. The sample was oriented for 80 minutes at 45°C. The sample was
irradiated for 60 seconds at 45°C with a UV lamp under a flow of nitrogen.
An oriented retardation layer was obtained.
30
24



120. M of dichloronethane. After stirring for 1 hour the m xture was cool ed
with an ice-bath and a solution of 64 muvl es of 2-nethyl -2-propenoyl

chloride in 40 m of dichloronethane was added dropwi se. After the addition
the m xture was stirred for 1 hour at roomtenperature and was 30 refluxed

overni ght. Thewi@Bsgeen m xture was subsequently washed with %610
97/ 23805 PCT/ EP96/ 057%‘ 5767

hydrochl ori c acid, water, 5% aqueous sodi um hydrogencarbonate, water, and
brine. Finally the organic |layer was dried wth anhydrous nagnesium sulfate

and evapor at ed 0 ﬁi’r eSS The resulting polynmer was dried under vacuum
The yield was SM : SEC. Mwv. 3232 Amount of 2-nethyl - 2-propenoat e

groups built in ([err]HHNWR): 15.6 % Tg (DSC): 3/ 11lf[err]C, Tc (DSC):
77[err]C. Exanple 9 10 A 35% w w sol ution, of fthe, cross-1|inkable_polyether
Obtai ned i BxaBIAMAMNS o b GIHI GBIV TR AeroPeRals Ahar 3 AT o

Nor k., | was spi oo A e T gl B ol SPEAE s
substrate ansl ddichlbrometh@te 1washslowly zdded[ drogwise nata roomutemperatureThe
sample was orieptad Iole2 ol Syfonyl 2-methyl-2-propencate (C9%) and 4-
methoxyphenyl 4-(4-oxiranylbutoxyjbenzoate ((100-C9)%) dissolved in
dichloromethane. The polymerization mixture was stirred overnight. The
reaction mixture was worked up by washing with brine, and the resuiting
10 organic layer was dried with anhydrous magnesium sulfate and evaporated
to dryness. The product was dried under vacuum to give it in a quantitative
yield.
The properties of the resulting polyethers are listed in TABLE V, wherein
C9% stands for the mole% of 9-oxiranyinonyl 2-methyl-2-propenoate in the
15 monomer mixture and MA% stands for the mole% 2-methyi-2-propenoate
groups incorporated into the polymer (analyzed by 'H-NMR). The ratio of

epoxides to diol was 10:1.

TABLE V:
20
No. C9% MA% TgCC)  Te(C)  Mw
17 5 13 5112 94 2898
18 75 14 2111 90 2914
25 19 8 17 6/5 78 2963
20 10 18 206 82 2863
) 21 15 21 . 70 1962
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70C, cured by radiation using a U/-lanp for 60 seconds at 70[err] C under a
flow of nitrogen, and cooled to 20[err]C. The dynam c viscosity after
cross- linking was found to stay below 10[err] Pa.s in the tenperature
range of 50- 70[err]C. The Tg after cross-linking was 33/44[err]C and the
Tc after cro g 20 was 114[err]C. Exanple 10 The tw st angle of the
cross-1li nked?@l’ﬁﬁl on | ayer of Exanple 9 was 25 neasur e&CEE tdict i on
of the annealing tenperature. The annealing tinme was kept constant at 24
hours. The twi st angle of the sanple was neasured after fast cooling to
roomtenperature. In Figure 2 the neasured twist angle is plotted as a
function of thExampd 1¥e anneal ing tenperature (T[err]-Tg, the Tg being the
m dpoint of the on/off 30 set of the Tg nmeasured by DSC). As can be seen
fromthis graph, the twi st 21 WD 97/ 23805

PCT/ EP96/ 05747,,135%6\\”;@5 b;ggé olyBiher Ny msofas;‘(amprd Wik h at ure
In ta

for the cross rdation aer Exanple 1 The craoss-1inked
retardation | apenzerie Salutiph optairing A% Wy beaire W P Giba Reigyianthe

clean room at g JLmGL Al aP P11 45718, BR MérckWas! hin-6b8 3 onto a
3X3 inch rubbed polyimide coated glass substrate of 100 pm. The sample
was dried for 30 minutes at 40°C. After orientation for 30 minutes at 60°C
the sample was irradiated for 60 seconds at 60°C with a UV lamp (power
density 3.5 lecmz) under a flow of nitrogen. A well-oriented retardation

10 layer was obtained.

Example 18

The temperature-dependence of the retardation value of the retardation

15 layer of Example 17 was determined and compared with that of a
commercially available low-molecular mass liquid crystal mixture (ZLI-
6080®, ex Merck). The retardation value was determined by measuring the
transmission of the retardation film placed between two polarizers using a
spectrophotometer. For the determination of the temperature-dependence

20 of the birefringence of ZLI-6080 the procedure as described in Example 5
for ZLI-5049 was used.
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| i nked sanpl e despite the presence of dust particles, showed no signs of

pi nhol es. 10 Exanple 12 The cross-linked retardation |ayer of Exanple 9 was
| ami nated with a polarizer with an adhesive (ex Sanritz, LLC2-81-185[err]).
Thi's conpensation 15 |ayer was placed onto a hot plate at a tenperature of

60C. After 24 ywoussghsre cross-1inked sanmple was still conple L ntact .
The test was continued for a total tinme of 340 hours, after &ﬁf%ﬁ%‘%

conpensation layer was still intact. The tenperature was subsequently
raised to 80[err]C for 48 hours, which did not affect the cross-Iinked

I . Finally, t t t t 20 at. .90 : tabilit

was Tested af | dp FEgHerb G tebarakyS98pprdATSs 1 e retardataB o choBBRang i gn of

destruction af ttﬁﬁ ttaiater| fazef‘%f E%}ﬁgie' R¢ Breadivemt TRE EQeriH?H@ée ak
u Ex le 13 2 0 a 5 g (88 mm

90[err] C at 50% humdity. nB Tc solution of 1 | es)
of 10- undecen- Inagmalized 3o the valuedtcdl°6r FThimfigurgnshaws thalidbe demperptreo %

Foom { emper at uregef B e BRREBERE of BhVBERNG AL ISR IRE 2o,
aqueous sol gt i Gonwherl idigpIAOmbiEe 2106080 NER dlogdip0 M), 10% aqueous
sol ution of sodium hydrogen- 22

Example 19

A 50% whiw solution of the polyether No.19 of Example 16 in methoxy-

10 benzene containing 2% w/w Irgacure 369®, ex Ciba Geigy, and 0.35% wiw
of chirat dopant ZLI 4571®, ex Merck, was spin-coated onto a 3X3 inch
rubbed TAC substrate (Triphan 80R®, ex Lonza). The sample was dried for
20 minutes at 40°C. After orientation for 30 minutes at 85°C the sample
was irradiated for 60 seconds at 656°C with a U\) lamp (power density 3.5

15 mW/cm?® under a flow of nitrogen. An oriented retardation layer was
obtained.

Comparative Example 20*

20 The dynamic mechanical response of a commercially available low-
molecular weight liquid crystalline material for (S)TN displays (ZLI5049®,
ex Merck) was measured. The dynamic viscosity was found to be between
0.01 and 0.1 Pa.s in the temperature range of 0-40°C, reflecting the high
mobility of such materials, These materials have viscosities lower than 50

25 Pa.s in the working temperature and, therefore, this type of liquid crystailine
material has to be placed within a rigid cell and is not suitable for use as a

free-standing retardation layer.
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car bonat immuﬂl m(ljﬂgﬂuﬂnen with water until neutral. The organic |ayer
was dried*w fh &an r magnesi um sul fate and evaporated to dryness.
Yield: 15.7 (96% of 9-oxiranyl nonan-1-ol, which was used w t hout further
purificati On'WB%BS@E' I ce-cool ed solution of 15.7 g (84 mol es) of

9- oxi ranyl nonan-"1-0ol"and 9.0 g (89 mmol es) of dry triethyl alfOTER60297 nl  of
dry THF was added a solution of 9.3 g (89 muol es) of 2-nmethyl -2-propenoyl
chloride in 90 mM of dry THF. The mi xture was stirred at roomtenperature
overnight. The 10 precipitated salts were filtered off, the filtrate was
poured into 50€lamsof 0. 1M hydrochl oric acid, and the resulting agueous
m xture was washed with diethyl ether. The conbi ned organic |ayers were
washed with a 5% aqueous-sol uti on of sodi um hydrogencar bonate, water, and

% i ne, gri ig wh.t Adﬁqmqobmlling]gqmaygwog}uri{smlgfa tﬁsplay\ggl?c@ita%mgi gq%m)ness.

e Ccrude ro ClL. Was uglrtTl e I SL 1. all on 2 err . a) .
Yield: 14.7 g ?W/ﬁ%.ah"i’ﬁ Qq%?’ﬂlu?%‘go?y@tﬂﬂﬁahﬂ'é éy%oéa‘&ndetff tian dayest  bor on
trifluoride di etdbvgl\pﬁiﬁglr@tmt{-ﬁblécma@gwé%t‘%aféi’ia?ﬁ%rdﬁhd '3 substrate,

di chl oronet hane there was sl'ow y added dropw se at room tenperatu

m xture of 9- oxiwhergimtheyhigh-malecujar weight materis dasa setmatiejphasd above

4- met hoxyphenyl 4-£4-0xi_r .be . 0-C9)9% dissol ved _in
di chl or onet hane.” aﬁélay%ﬁ‘gﬁgﬁg@i%}t%ﬁ?&v%\f\éé&g‘fm”é@%\%?i?ﬁﬁqOQhe
reaction nixturaigsandthedifferends ofahd Madofhé high-iitfeculdianeigBffiftedaYer Was
dried with anhydrous nagnesi um sul fate and .

and the T¢ of the low-molecular weight material of the display cell is in

the range of -30°C to +30°C, preferably in the range of -20°C to +20°C,

and more preferably in the range of -10°C to +10°C; and the Tg of the

high-molecular weight liquid crystailine material is lower than 50°C.

2. The liquid crystaliine display of claim 1 wherein the high-molecular
weight material of the retardation layer is slightly cross-linked.

3. The liquid crystalline display of claim 1 or 2 wherein the Tg of the high-
molecular weight liquid crystalline material is -50 to +35°C.

4. The liquid crystalline display of any one of claims 1 to 3 wherein the
high-molecular weight material layer has a chiral nematic calamitic or
discotic structure.

5. The liquid crystalline display of any ane of claims 1-4 wherein the high-
molecular weight material is a polyether obtainable by polymerizing a
monomer mixture comprising:

a) an OH-containing compound; and
b) a mesogenic group-containing mono-epoxide.
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evaporat ed to e product was dried under vacuum The yield 25

dr yness.
was quavmm mml‘ lﬁigperties of the resulting polyethers are listed in
TABLE | nds for the nol e% of 9-oxiranyl nonyl
2- met hyl - -propenoate in the nononmer m xture and MA% stands for the nole%

2- met hyl - 2- pr oppoefdsgegr oups i ncorporated into the pol yner (agw %
[err]HHNMR). The ratio of 30 epoxides to diol was 10:1. 23 %205

PCT/ EP96/ 05747 TABLE |V: No. C9% NAY Tg ([err]C) Tc

([err]C) WS 15 175 AT _2/5 3096 16
18 3064 Exa Ie 14 10 A 50% w w

soI uti on of pol PetTher "CNGd thdﬁnﬂlﬁﬁﬁkoﬁglaﬂﬁ %W%nge 'BePERE MINIUIR | on

contai ning 2% w w r’h@ﬁ* ex Ciba Ceigy, and 0.24% w w of chiral
dopant ZLI 4571[e9§‘]["%?i ﬁig ,nq\é/\t/g%n%pl n-coated onto a 3X3 inch 100 [err]m

gl ass substrate with a rubbed polyimde orientation | ayer. The sanple was
dried for 30 m nu es at 40[err nd 2 0C.in a 15 vacuum oven.
After orientatid fh@rh%tbd I?Btﬁ%!']'rﬁ ﬁBPé(r‘:;ﬁoélam?% waerei) B‘Q/\H&espgﬁaﬁi o8- f or
60 seconds at 40[35&]85:",\% H&nﬁ-é%xld%%s(é’gﬂ‘ﬁ'der.dens' ty 3.5

8. The liquid crystalline display of any one of claims 5-7 wherein the epoxy
groups/hydroxy groups ratio in the monomer mixture is in the range of
5:1to 1:1.

9. The liquid crystalline display according to any one of claims 5-8 wherein
the OH-containing compound is a mono-OH-containing compound
according to the formula below: A
HO-(Y)-Z
wherein:

Z stands for H (when m = 0), -O-C(O)-CH=CH,, -O-C(O)-C{CH;)=CH,, a

cyclic, aromatic, or heterocyclic compound having 4-10 carbon atoms,

which compound may comprise a mesogenic gfoup.

-CH(CH,-0-C{0)-CH=CH,),, -C{(CH,-OC(0O)-CH=CH,),,

-C(CH,-O-C(0O)-CH=CH3),-CH,, ~-CH(CH,-O-C(O)-C(CH3)=CH;),,

-C{CH,-OC(0)-C(CH3)=CHy,),, or -C(CH,-0-C(0)-C(CH3)=CH,),-CH3;

Y stands for -CH,-, -C(CH,),-, -CH(CHj3)-, ~CH,.0-¢'<(CHpm-, OF

-HC[-(CHy)m-0-0'«(Q)y-9*-R}-, wherein the various Y groups may be the

same or different;

m stands independently for an integer from 0-12, with the proviso that

compounds having an oxygen atom in the « or B position vis-a-vis the

OH group are excluded;

Q stands for -C(0)-O-, -C=C-, -C=N-, -N=C-, O-C(0O)-, -C=C-, -N=N-, or

-N(—=O)=N-;

R' stands for -O-R?, -NO,, -CN, -HC=C(CN),, -C(CN)=C(CN),, or -R%
29



mWV cni err | nitrogen. The cured material had a Tg of 17/26C
and a Tc o I!E nperature the retardation film obtained had a
val ue of r i s nm at a wavel ength of 550 nm and a tw st angle

20 "of -161. Exanple 15 A solution of 40% w w of pol yether No. 16 of Exanple
13 in met hoxyw(f?,mﬁgnzene was applied onto a rubbed anorphous pol yolefin
(Zeonex 250[err Substrate. The sanple was dried for 15 m nPCEEPSI0sT47
20[err]C and 40 mnutes at 40[err]C. The sanple was oriented for 60 m nutes
at 45C. The sanple was irradiated for 60 seconds at 45[err]Cwith a UV | anp
under a flow of n;trogen. An oriented retardation | ayer was obtai ned. 30 24
WD 97/ 23805 R* stands for an alkyl group having 1-15 carbon at®G$/ EP96/ 05747 Exanpl e

of boron' 11 f1 uctFHE R R SR e S BT oot EBReR: in's
di chl or omet hane xwstandh fov ah intstrdl fidrPovi2se at room tenperature a m xture of

9- oxi ranyl nonyl 2-nethyl - 2- propenoate (C9% and 4- net hoxyphenyl
4- (4- oxi r any| butoStAnde fiorAn ivteget fromr8y12) with heypravisd thatik ihetr®oet hane. The

pol ymeri zation mxlygpe-_vggR=atirred overnight. The

o' stands for an cyclic, aromatic, or heterocyclic compound having 4-10
carbon atoms, which compound may be substituted with a mesogenic
group,

©? stands for a cyclic, aromatic, or heterocyclic compound having 4-10
carbon atoms, which compound may be substituted with a mesogenic
group; and

n stands for 0 or 1.

10. The liquid crystalline display of any one of claims 5-9 wherein the OH-
containing compound is a compound according to any one of the
formutae below:

HO-(CHy),, -cIH-(Y),.,-z (HO-(CHy))-C-R®

OH R’
HO-(Y)=0-¢'-(0?)4-O~(Y)n-OH
HO~(Y)yy-O-p'-C(CHa)p-¢*-O~(Y)p-OH

wherein R® stands for an alkyl group having 1-12 carbon atoms, and Z,
Y, ¢', >, m, and n have the same meaning as in the formula of claim 9.

11. The liquid crystalline display of any one of claims 5-10 wherein the
mesogenic group-containing mono-epoxide group satisfies one of the
formulae below:
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reaction nj rked up by washing with brine, and the resulting 10
organi c I%’mm\@ﬂmﬁ h anhydrous nagnesi um sul fate and evaporated to
dryness. - " i ed under vacuumto give it in a quantitative

yield. The properties of the resulting polyethers are listed in TABLE V,
wher ei n C9% st g@deziges t he nol e% of 9-oxiranyl nonyl 2-nethyl FETRPSRIgAT €
in the 15 nononmer m xture and MA% stands for the nol e%

2- met hyl - 2- propenoat e groups incorporated into the polyner (analyzed by
[err]HNMR). The ratio of epoxides to diol was 10:1. TABLE V: 20 No. C9%

MA% Tg ([err] O Tg ([err] O Mv 17 5 13 5/ 12
94 2898 18 7.5 14 2/ 11 90 2914 25 19
8 17 -6/5 78 296 10 hS
-2/ 6 82 _.286 o a2l iy N,
1962 25 WO otk (G 3 (0ERRACH O {65 @ §
PCT/ EP96/ 05747 Exargl e 17 A 50% w w sol uti on of pol yet he o/ 20 of
Exanple 16 in a net hoxy- .
R, (R®)n
HyC——CH— (CHR"),-(O(CHR®),CHa)y— O (Q4)n R
\/ \ [ /
o
(R (R®)a
HoC——CH— (CHR)n-(O{CHR®),CHz)—0 (Q1)n R
\/ I ‘
Xof
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benzene so i | i 2% wW w I rgacure 369[err], ex Ciba CGeigy, and 5
0. 35% w w Hu m m Mﬂﬁzu 4571 err], ex Merck, was spin-coated onto a
3X3 inch r geicoat ed gl ass substrate of 100 pm The sanpl e was

dri‘ed for 30 mnutes at 40[err]C. After orientation for 30 m nutes at 60C
t he sanpl e VWG H 3gﬁggated for 60 seconds at 60[err]Cwith a W |anp (power
density 3.5 mﬁcr{{e r]) under a flow of nitrogen. A well -or PEVERSE/05747
retardation 10 |ayer was obtai ned. Exanple 18 The tenperature-dependence
of the retardation value of the retardation 15 |ayer of Exanple 17 was
determ ned and conpared with that of a commercially avai] able | ow nol ecul ar
mass liquid crystal mxture (ZLI- 6080[err], ex Merck). "Khe retardation

val ue was determ ned by nmeasuring the transm ssion of the i!Hrdati on film

pl aced between two pol arizers using a spectrophotoneter.
determ nation of the tenperature-dependence 20 of the b
ZLI-6080 the procedure as described in Exanple 5 for ZLI-%84&/was used. 26
WD 97/ 23805 PCT/ BP96/ 95747 | n

Figure 3, the tenperature-dependence of the retardathg e\
retardation layer of Exanple 17 are given. The=h [ngen is normalized
to the val ue at H::,(Q\ j&LQCHEm-?O(éhﬂrcrﬁz)fﬂgm @ errp/er at ure-

A

0

Hzc\—;CH—(CHRT m~(O{CHR%),CH,);—O O.Q A
o)
A A

wherein

Q, stands for -C(0)-O-, -C=C-, -O-C(0})-, -N=C-, -C=N-, -C=C-, -N=N-, or
~N(—O0)=N-;

Wstands forC, O, or S;

A stands for

Q, stands for -O-C(O)-, -O-, or -O-C{0)-C=C-~;
R* stands for -O-R®, -COO-R®, -OCO-R?, -NO,, -CN, -HC=C(CN),,
-C(CN)=C(CN),, or -R%;
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dependence olm" J"ﬁu U’uﬂm e of polyether No. 20 matches that of the 5
conmmer ci al 6080 very closely. Exanple 19 A 50% w w
sol ution of the poI yet *No. 19 of Exanpl e 16 in nmethoxy- 10 benzene
containing 2% w w Irgacure 369, ex G ba CGeigy, and 0.35% w w of chiral

dopant ZLI 457MWeer338eex Merck, was spin-coated onto a 3X3 in?&;ﬁw TAC
substrate (Triphan 80R[err], ex Lonza). The sanple was dried “ut es

at 40[err]C. After orientation for 30 mnutes at 65/ err]C the sanpl e was
irradiated for 60 seconds at 65C with a UV | anp (power density 3.5 15

mNcnierr]) under gsgi Ws%réHélkﬂ%@up ﬁﬁwﬂ% 16515%05%%593“ on | ayer was

obt ai ned. Conpar atl%e Exanpl e ynam ¢ mechani cal response of a
commer ci al | y avai | Rbstandsfer aroalkylwrowp hevightt-5 capbod atomst al | i ne nat eri al

for 1S) TN di spl aysIa %%]I ag%{[ﬁ Jghiaex Mer ck) was neasured. The dynamc

viscosity was fou 0.01 and 0.1 Pa.s in the tenperature
range of 0-40[err]ghs ggtl ecting the high mobility of such materials. These
materials have viscosities lower than 50 25 Pa.s in the working
tenperature and, tMds 8¢ with the provigpdhaticamppuinds hayingan oxygenstem ialthdas t o

??egl 25 :ﬁ d:Ninzg hir 2 L g ?Ip%sﬁﬂ'rlwsag q?fﬁe %%gér%f tﬁgle%o&)? arétip are excluded:
nisOor1;
q is 0-3, with the proviso that q # 0 when m =0;
risOort;
R® stands for an alky! group having 1-15 carbon atoms;
R® stands for H or an alkyl group having 1-15 carbon atoms; and

R' stands for an alkyl or alkoxy group having 1-20 carbon atoms.

12. A slightly cross-linkable or cross-linked liquid crystalline polysther
obtainable by polymerizing a monomer mixture comprising:
a) an OH-containing compound;
b) a mesogenic group-containing mono-epoxide; and
c) an acrylic group-containing epoxide or OH-containing compound.
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WO 97/ 23805 ' PCT/ EP96/ 05747
Clainms 1. Aliquid crystalline display conprising a display cell containing
liquid crystalline material and a retardation |ayer, said retardation |ayer
conprising a high-nol ecular weight material |ayer and a substrate, wherein
t he hi gh- nol eguleahsggei ght material has a nematic phase aboygrigbssnbgyizand a
dynam c viscosity at the working tenperature of at |east 100 Pa.s, and the
difference of the Tc of the high-nol ecular weight material and the Tc of
the | ow nol ecul ar weight material of the display cell is in the range of
-30[err]Cto +30[err]C, preferably i thé/range of -20[err]Cto +20[err]C,
and nore preferably in the range of -%ﬁﬂ P]C to +10[err]C, and the Tg of

t he hi gh-nol ecul ar weight liquid crystalline material is |ower than

50[err]C. 2. -hPLiCl'LIid r‘rﬁ\zsfallinp dLSj = of ¢l al-lnher-aiui hg
hi gh- nol ecul af wei ght material of the regardation layer is slightly
cross-linked. |3. The liquid crystalline/display of claim1 or 2{wherein the
Tg of the higH- nol ecul ar weight liguy/d crystalline material is}]-50 to
+35[err]C. 4.}The liquid crystalline/¢hsplay of any one of claifs 1 to 3
wherein the hfgh-nol ecul ar wei ght n@dyerial |ayer has a chiral nematic
calamtic or {liscotic structure. 5 he liquid crystalline display of any
one of clains{l-4 wherein the hig nol ecul ar weight material i$ a
pol yet her obt?inable by pol yrmeri Zi/ng a nononer mixture conprisifhg: a) an
OH cont ai ni ng{conpound; and b) #/mesogeni c group-contai ni ng nonp- epoxi de.
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28 . WD 97/ 23805 PCT/ EP96/ 05747
6. The liquid crystalline display of claim5 wherein the nononer m xture
conprises oxiranylmethane. 7. The liquid crystalline display of claim5
wherei n the mesogeni c group- contai ni ng nono- epoxi de has a spacer. 8. The
| i qui d cryst afyblofgssgs spl ay of any one of clains 5-7 wherei per/posheidty
groups/ hydroxy groups ratio in the nononer mxture is in the range of 5:1
to 1:1. 9. The liquid crystalline display according to any one of clains
5-8 wherein the OHcontai ning conpound is a nono- OH cont ai ni ng conpound
according to the formula bel ow. HJY err]-7Z wherein: Z stands for H (when
ml[err] 0), -OCC(O-CH=CHerr], -O %’- ’éH[err]):CH[err], a cyclic,
aromatic, or heterocyclic conpound having 4-10 carbon atons, which conpound
may conprise a msogm%aw@%gr],

-C(CH err]-0C(O-CH=CH err])[err],
-C(CHerr]-OC(O-CHCH err])[err]
-CH(CH err]-OC(O-CfCH err])=CH e
-C(CH err]-0C(O-C(CH err])=CH err e
-C(CHerr]-0C(O-C(fH err])=CHl er Y stands forf -CH err] -,
-C(CHerr])[err]-, -gH(CH err]) -, OJerr](CHerr])[err]}-, or
+ 2
o 2
2
‘®
g
&
-
%
s 8 8 = 8§ & 8§ §
() 1smL
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-HC.-(CH err])[err]-OJerr]-(Qferr]-[err]-Rerr]]-, wherein the various Y
groups nmay be the sane or different; m stands independently for an integer
fromO-12, with the proviso that conpounds having an oxygen atomin the
[err] or [err] position vis-a-vis the OH group are excluded; Q stands for
-0(Q -0, -C=CWosmsMs, -N=C-, O-C(O-, -Jerr]C, -N=N-, orpcrhirogssO =N ;
Rl err] stands for -O-Rerr], -NJerr], -CN, -HCC(CN)[err],
-C(CN=C(CN)[err], or -Rerr]; 29 AEM 2504 R Rl err] stands for an al kyl
group having 1-15 carbon atons, 5 -(CHerr])[err]-0C(O-CH=CH err],
-(CH[err])[err]-OC(O)-C(CI—l[err]):CI-l[Eeirr],3 or -(CHerr])[err]-0OH x
stands for an integer fromO0-12; k stdmus flgr an integer from0-12, with
the proviso that k is not 0 or 1 when Rerr]=-0ORerr]; 10 [err]

stands for an ¢y -6+ 8 e e OBy IPR-EHE~Rav-Re flgo car bon
atons, which cpnpound nmay be substituted with a genic group;{[err]
stands for a cyclic, aromatic, or heterocyclic g¢ghfipound having 4t 10 carbon
atonms, which cpnpound may be substituted with /
- 8
- 8
+1g O
3 <
24
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conmpound is a conpound according to any one of the 20
[err] wherein Rerr]

and 25

formul a of clai

: : . Bonsi-e
mesogeni ¢ group; and n stands for O or 1. 10. The liquid s
crystalline display of. any one of clains 5-8 wherein the OH containing

stands for an al kyl

Z, Y err], [err],

f or rul ae bel ow:

group having 1-12 calses
m and n have the sane neani B

11. The PPROPIELRCIUALEROSERTE ORANIBARAN of any

DR O L6 BB SR b

5-10 whergj ' - | Nl
5 10 e SlelghbinORRE ABRLEARER A
PCT/ EP$ 61 (8autonplRatelt Cugsibeafion6ar | 31 /(D)) Snferid 8430 Publication Number: WO 9723805
PCT/ EP96/ (02K AN GO02B 5/30, Al
CO8G 65)2%? ’65126 » CO9K 19/38, {43) International Publication Date: 3 July 1997 (03.07.97)
i 21) Enternational A s PCT/EPIE/D: (74) Agent: SCHALKWIIK, Pieter, Comelis; Akzo Nobel N.V.,
(21) knternational Application Number: 5741 Patent Dept. (Dept. APTA), P.O. Box 9300, NL-6300 SB
(22) International Filing Date: 16 December 1996 (16.12.96) Amhem (NL).
(30) Priority Data: (81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,
95203567.3 22 December 1995 (22.1295) EP BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, Fl, GB, GE,
(34) Countries for which the regional or HU, IL, IS, IP, KE, KG, KP, KR, KZ, 1L.C, LK, LR, LS,
international applicasion was filed: NL et al, LT, LU, LV, MD, MG, MK, MN, MW, MX, NO, NZ, PL,
96201247.2 - 7 May 1996 (07.05.96) EP PT, RO, RU, SD, SE, SG, SI, SK, TJ, TM, TR, TT, UA,
(34) Counzries for which the regional or UG, US, UZ, VN, ARIPO patent (KE, LS, MW, SD, SZ,
imernational application was filed: NL et al. UG), Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ,
96202646.4 23 Sepiember 1996 (2309.96) EP European patent (AT, BE, CH, DE, DK, ES, FI, FR,
(34) Countries for which the regional or GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF,
international application was filed: NL et al. BI, CF, CG, C1, €M, GA, GN, ML, MR, NE, SN, TD, TG).
(71) Applicant (for all designated States except US): AKZONOBEL | Published
N.V. INL/NL); Velperweg 76, NL-6824 BM Amhem (NL). With international search report.
£72) Inventors; and
(75) Inventors/Applicants (for US only): DE WIT, Pavlus, Picter
[NL/NL]; Kiapstraat 46, NL-6931 CK Westervoort (NL).
PICKEN, Stephen, James [GB/NL}); Wichard van Pontlaan
22, NL-6824 GM Amhem (NL). STEENBERGEN, André
{NI/NL]; Apeldoomseweg 108, NL-6814 BN Arnhem
(NL). BOSMA, Martin {NL/NL); Koningsweg 32A, NL-
6816 TG Amhem (NL).

(34) Title: TEMPERATURE MATCHED RETARDATION LAYER
(57) Abstract

The invention is directed to a liquid crystalline display comprising a display cell containing liquid crystalline material and a retardation
layer, said retardation layer comprising a, preferably slightly cross-linked, high-molecular weight material layer and a substrate, wherein

the high-molecular weight material has a nematic phase above its Tg

Pas, and the difference of the Tc of the high-molecular weight material and the Tc of the low-molecular weight material of the display cefl
(Tcg.n)ns in the range of -30 °C to +30 °C, preferably in the sange of -20 °C to +20 °C, and more preferably in the range of -10 °C to
+10°C; and the Tg of the high-molecular weight Hquid crystalline material is lower than 50 °C, It was found that if high-molecular weight
material is used with a Tc comparable with that of the, preferably low-molecular weight, liquid crystalline material of the active cell, the
temperature depmdepcyofthemrdatim value of the retardation layer is comparable with that of the active cell. Thus, the retardation
value of the retardation layer is comparable with that of the active cell within the temperature range in which displays are used. It was
further found that by cross-linking of the high-molecular weight liquid crystalline material, the retardation layers according to the invention
become less susceptible to pinhole forming and unwanted variation of the twist, and have improved mechanical stability.

and a dynamic viscosity at the working temperature of at least 100




‘[err] [err

A stands f
;sta
- HC—

]

or

Al

[err] whel@@ n Qerr] stands;for -C(O-0O ,@CC, -OCO-
-N=G, -&N,—-(Clerr] G, -N=N-, or -N([err]O=N; Wstlands for C O
[err] Qerr] stands.for -OC(O-, -O, or -OCO- C—C—

stands for "an"al kyl* group havi ng 1 5 caégon atons; R err] stands for

‘al kyl group having 1-5 carbon atons; R

stands for H or CHerr];

E)r S;
Rl err]

coo - 0CO ) “ON
mﬂmmu) C(CN)R%g;H or -R[REare;]r] 32qug5]5 AEM2$Q49Rr]

an
pis

1-7; mis 0-12 with the proviso t hat corrpounds havi ng an oxygen atomin 10

the [err]
excl uded;

10

15

20

25

or

[err]

12.

R® stands for an alkyl group having 1-5 carbon atoms;

R® stands for an alkyl group having 1-5 carbon atoms;

R stands for H or CHa;

pis 1-7;

m is 0-12 with the proviso that compounds having an oxygen atom in
the o or B position vis-a-vis the oxygen of the epoxy group are
excluded;

nisOor1,;

q is 0-3, with the proviso that q # 0 when m =0;

risGor1;

R® stands for an alkyl group having 1-15 carbon atoms;

R?® stands for H or an alky! group having 1-15 carbon atoms; and

R stands for an alky! or alkoxy group having 1-20 carbon atoms.

A slightly cross-linkable or cross-linked liquid crystalline polyether
obtainable by polymerizing a monomer mixture comprising:

a) an OH-containing compound;

b) a mesogenic group-containing mono-epoxide; and

¢) an acrylic group-containing epoxide or an acrylic group-containing
OH-containing compound.
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position vis-a-vis the oxygen of the epoxy group are



BnisOor 1, gis O- ith the proyvisosthat q [err] when m=0; r is 0 or

1; 15 Rlerr] stands for an al kyl group having 115 .carbon atons;
Rerr] stands for H or an al kyl group having 1-15 carbon atonms; and R err]
_’stands f al koxy group having 1-20 carbon atons. 12. A

sli g MB“@; e or cross-linked liquid crystalline AEMZ2S0deR 20
obt al rre*rl zing a nononer m xture conprising: a) an

'OH cont ai ni ng corrpound b) a nesogenic oup- cont ai ni ng nono- epoxi de; and
c) an acrylic group-containing epoxide or an acrylic group-containing
OH-cont ai ni ng conpound. 25

R? stands for an alkyl group having 1-15 carbon atoms,

5 ~(CH2)0-C{0)-CH=CH,, -(CH2)~O-C(0)-C{CH3)=CHo, or
~(CH2)-OH;
x stands for an integer from 0-12;
k stands for an integer from 0-12, with the proviso that k is not O or 1
when R'= -O-R%

10 ¢' stands for an cyclic, aromatic, or heterocyclic compound having
4-10 carbon atoms, which compound may be substituted with a
mesogenic group;
¢’ stands for a cyclic, aromatic, or heterocyclic compound having 4-
10 carbon atoms, which compound may be substituted with a

156 mesogenic group; and
n stands for 0 or 1.

10. The liquid crystalline display of any one of claims 5-8 wherein the
OH-containing compound is a compound according to any one of the

20 formulae below:
3
HO-(CHy) -CIH-(Y)m-Z (HO-(CHy)p),-C-K
OH R?

HO-(Y)m-O-(p1-((pz),,-O-(Y)m-OH
HO-(Y)m-0-¢'-C(CHz)2-¢*-O-(Y)m-OH
wherein R® stands for an alkyl group having 1-12 carbon atoms, and
25 Z Y, (p1, (pz, m, and n have the same meaning as in the formula of
claim S.

11. The liquid crystalline display of any one of claims 5-10 wherein the

mesogenic group-containing monoc-epoxide group satisfies one of the
30 formulae below:
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