
USW5368770A 

United States Patent a91 [I 11 Patent Number: 5,368,770 
Saupe et al. [45] Date of Patent: Nov. 29, 1994 

D5J Invmtors: AVrrd S u p ;  AnfA J U ,  both of 
Kens Ohio 

1731 Aarignee: Kmt Stmte Uoirerrity. Kens Ohio 

[Zl] Appl. No.: 891,7Xl 

(221 Filed: Jua 1, 1992 

(511 hi C1.1 ......................... C09K 19/52; G02F 1/13 
[521 US. CI. ............................ UYZ99.01: 252/399.5: . . 

359/51; 359152 
[58] Field of Surcb ........................ 252/299.01. 299.5; 

359/51, 52 

1561 ~rlaearrs ated 
U.S. PAT%INT DOCUMENTS 

3.88(,982 5/197J Fa- ............................ 106,252 
4,022,7M 5/1977 Davi( ............................ 15~99 ,OI  
*685,n1 a/1987 W a c 1  a ............................ 359/s1 
%890.902 1/1990 Dcme el d. ................... 352/299.01 
5.087.387 Y1992 M d h  ad. .................... ZM99.5 
5,116.528 5/1992 Mullen et d. ................... 2521299.5 

.................................. 5239,474 7/1993 S ~ p p  w 9 8  

FOREIGN PATENT WCUMENTS 
0313053 4/1989 EIU- Pat. Ofl. . 

O T W R  PUBLICATIONS 

himory Examiner--Shean Wu 
Afronuy. Agmt, or Finn-WaN HoKmann Fisher & 
HdnLe 

151 ABSTRACT 
A liouid crv$tallinc masic material is formed bv mlv- . ~ , ~ ~ - ~~~~ ~ ~~~ ~- ~. - ~ ~ ,  
w r z a n o n  of a solution wnmimng a mmgol ic  aolvml 
and mooomaic matcnal m bulk The pasre providcs .a 
improved metbod of prepring thin e l s t r i d y  address- 
able light modulatinz films by watinz the ~ m t e  onto a - - .  
suitable substrate. 
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A - 
two s u l a . ~  the material ofthe ~nvcntion is prepared 

MEMOD OF PREPARING THlB U Q W  as a liquid crystalhe paste that un be subsequently 
CRYSTAL mLMS -red onto a suiuble substrate to the desired hlm thick- 

ness. This provides s i p i f m i  commercial and indu- 
FIELD OF THE INVENTION 5 trial advantaga over prior methods. 

The pracnt invention relates to a method of prcpar- 'Ihc mahod of the invention is &cularly suitable 

ing tbinelecuically .ddresMhle liquid crystal fdms. The for the preparation of kp surface area &plays be- 
method is directed to the prep.ntion of e~s t roop t iu l  caw the liquid crystal material is tint prepared as a 
Bght moddaring liquid crystalline mat& h! have a p t e  which un be easily wated over large surfaces. 
prne like C&IIC~ which c d l e  them to be s p d  10 This el imj~~LeP the difficulties usocinted with maintaintrin 
into thin G h  on an mnrooMte subatrate. ing the critical t o lwnca  in the sppcing of two sub- - - .. . 

st&, fdhg the d l  with liquid crystal solution and 
BACKGROUND OF THE INVENTION scaling it, 9 of which h o m e  more diflicult as the size 

ElsIsically switchable liquid crystal-polyma films and surface area of the display increara. The material 
intended for use in vviolrr elccwptical  dcvica have un be mandactud  on an indusflipl scde since it is 
been prepared by a procedure that involves ph.sc sepa- prepared in bulk and there is no theoretical limit to the 
ration of nematic liquid crystal from a homogeneous volume that can be prepared in a given batch. Since the 
solution of liquid crystal and synthetic I& to form a pmpntia of the liquid crystalline psrte do not vary 
liquid crystal phav intuapned with a polymer p k .  o v a  h e ,  it can be shippea to different locations, such 
Some advUItngC3 of Uhpe hlrm are discuYed U.S. as mufacnuing ph t s ,  -bly p h t p  or to individ- 
Pat. Nos. 4671,618; 4,673,255; 4,68hnl; 4,688.W a d  mi l a l ~ t o r i e s  for nubrequcnt flm prepmtion. Any 
4,890,902, the disclosm of wbieh are incor~oratd - mtcrial may be stored for r u m  w. Moreover. 
herein by refumce no soecial surface a l imen t  is renuired so it is not ncc- 

A fnrGlu devdo~mmt Of liquid c ~ t a l t a l ~ l y m e r  es& to treat the &ace of th;substratc in order to 
flus dirlowd in U.S. Pat. No. 4,MZM, involves the 25 a sdehable dihplay, 
w of a bucfringent polymer, e.g., a liquid wr t a l  p l y -  A pmferrd mnhod of prod,,dng thin 
met. The fh prepared with birefringeot polymer have .dd-bIe light modulatiag liquid film 
the c h a c t e l t i c  of bphying h m - f e  ~ W - Y  -hg to the inwotion mmp- stcps of 
for all d' ir iDu8 of incident lighL 'Ihia is awmplished by the and indim of paring a solution urmprisiDg a p o l y m e ~ l e  mono- 

meric matcrinl in a m m g d c  solvent having positive refraction ofthe polymu to the ordinary lad extnordi- dielecIsic misotropy, The solution is am polymerivd nary indim of r e f rdon  of the liquid cyaal. Film 
made with birchgent polymer - opemte in a nod in bull until the monomeric n u t e a  polymaizs and 

,,-,- so that they are ch in Lhe maN stw and P& se~arat- the -Bcnic mlvent to form a 

ti& a t & g  in a fieId.OFF or, a]-tivcly, 35 ~pMdabl= liquid c ~ e e  P t c  Th-0 the liq- 
un opratc in a mvmc or 'yailsafr3 wherr the mid ~ t a l  prrk b mated onto a subamte to form an 
m a M  is clsar in the absmcc or a fidd .nd ia light de&cpll~ . d h b I e  thin film Prdaably, the p ly-  

' g in thc ficld-ON an*. m~ridng step is carried out when the mmgcnicmlvmt 
T e a c h  - liquid cr)ntal-plymer films is in thc isotropic phase. The monomeric mtnia l  
M prepared by introducing the mlubon of liquid 40 %dd mmprise no more than about 8% of th mmpo. 
tal ad p d m b l e  bstwcm two abon brPed on the weight of monomeric material md 
'Ih suhrmm, which are typicplly glm or plartic mm@c solvent Preferably, the monomeric materinl 
*, are spa& &put and d e d  mImd the edges. wmprisa from about 0.5 to 5% by w*ght of mangenic 
once the liquid crystal m a  is bpasd MW- the solvent md monomer. Other additivs such as pleo- 
subsb.m the composition is polymeriEcd to form a 45 chmic dya,  photo-iniriatorcl and thermal initintori may 
thin h. The inner rurfacn of the s b a t e s  are typi. be added. Accordiogly, the polymerLation may be 
cally W e d  with for a a m p l ,  rubbed polylmide lay- either photoimtiatul or thcrmplly initiatal A preferred 
w or other chemicals to indm &ace alignment of photo-initiator is bmzoin methyl ether (BME). 
the liquid crystal molecule pMuel to the walls. A n o h  embodiment of the method of the invention 
Tramparat elecuodes M typically coated onto th 50 m p r k  the stepp of polym- the monomeric 
s u b o ~ e a  to switch the material in the thin film bc material to form a light transmissive polymer, then 
tween clcctrooptical conditions. dkSolving the light transmissive polymer in a m e  

SUMMARY OF THE INVENTION 
g d c  solvent having paitive dielccwic i c t m p y  at 
high t e m p n m .  Upm moling thesolution in bulk the 

The method of &g elcctrwptical ma tcds  of 55 p l y m u  matcrial phaae separates from the mrsogcnic 
the invention advantagmusly improve the - with solvent to form a sprurdable liquid crystalline paste 
which displays may be d. Aa with prior methcds, which, thaclfter, an bs coated onto e subsvatc to 
vaMua tcchniqw of matfhing ad mismatching the form a thin film rbcrma 
indicu of mia&on of the iiqukl crystal and polymer In still a further cmbodimcnt, the mnbod according 
m y  be cmployed in uxardawx with thc h f m t  inven- 60 to the invention m p r i w r  the svpo of dissolving a 
tioq a d  materials may be vlected to obtain h f m  monorncric matnial in a non-mesogenic rolvent and 
a r n g r m c y  for all viewing angla. However, b w  polymeridng the monomeric m a i d .  A mmgmic 
thc p l y m u  content is low, indu matchkg is not of solvmt having positive diclcctric smLohopy is then 
wgnifiunt impomncr The method of the invention added to the buk solution of monomeric material and 
d 8 e n  from prior methods in that the light modulating 65 non-mcsog& solvent and th non-mcaogcnic mlvcnt 
liquid crystalline m a M  is polymerized in bulk prior gradually ranoved until the polymerized monomeric 
to formation of a thin film. Rathu than forming the material phaae separates from the solution to form a 
light modulating film in situ by polymerLstion betwem spreadable liqnid qst.Uinc paste 'Ihc thin hlm is 



3 
therrafter prepared by costing the liquid crystalline 
pa& onto a substrate. 

The method of the invention raa be used to prepare a 
wide vatietv of e l d c a l l v  addtesahle liliht modulat- 
ing devica:ln each cau iiprovides a liqcd crystdbne 
light modulating material that is haze free for all view- 
ing awl= and bar excellent mawst. Upon polymuiza 
tion a lwse polymer matrix is formed within the liquid 
nvstal material. The material amears m o u e  in the 

4 
n e w  on the order of 10 pm and the mass are in the 
ranae of 30-100 me. As suitable ohoto and thermal ---- ~ 

initiators there uwd any initiator known to those 
skilled in the art. A preferred vhoto-initiator is kruain 

5 mcthvl ether (BME~. 
~ c k r d i n ~  io a &t  embodiment of the method of the 

inveniion a solution of about 0.5 to 5% of the mono- 
meric material based on the total weight of solvent and 
monomeric material is oreonred. ~ol&rizdon of the , - -  

absence of a field bsrw the @u;d cqmd=&ectorr are lo bulk solunon rr mdu& dy U V. I;ght or thermally. 
randomly &ned and hence, ocanw hghr In lhe pm- When polymcruatton ha progmed for a d t u e n t  
a c e  of a a&dently strong electric field the liquid period the polymer phaseseparates kom the mesngcnic 
crystal directors are-aligned so that incident light is & l w t  m form a liqvid c r y ~ ~ e  pate. The paste may 
transmitted t h u e h  the material. When the field is then be mxad inla a thin i7lm on an aovro~riate sub 
turned 05 again, ;he liquid clysrals re lu  m a random IS mate i&iately, or stored for use a iatu tune. 
alignmmr agarp in pan due to the elastic &ecu of the Typically. the substrates, ouch s glass plats with in- 
polymm matrix. d i m  fin oxide  ans spa rent e l a o d e s  coatcd thereon 

The advantages of employing a spreadable liquid are cleaned with acetone and rimed with distilled wa- 
c d  Date material imnrovs the ease with which l e ~ .  Next soacers. such as wlvmrrenc balls. and a 
most e ~ k m Z y  addxssab  Muid crystal dmccr cnn 20 prop- amokt of paste e spkadonito one plate umng a 
k made rparuQ Pioally, the otha plau a prcased onto the fim 

DETAILED DESCRIPTION OF THE 
plate to achieve the d d  film thickness. Excess paste 

INVENTION 
may be removed from thc edgo and retuned to the 
bulk for use at a latu time. Transparent electrodes may 

The mdhod of the invention is an improvanmt m the 25 be incorporated onto the subswfs in the normal man- 
pnparation of liquid crystal-polymer films comprising ner known to thox of ordinary skill in the an 
the esvntial s m s  of inducinn dme seoaration of a The films meoared bv the method of the invention 
suitable monom; and h i d  &sialline m&th l  in bulk are n o d ;  in' s liehi ranerim onaoue state. Ihc 
and subsequently costing it into a substrate. Mono- material witen Iighrin h e  absenk of a-field &a$ 
metic matninlr ndubk for the invention include any M the llquid crystal dirsmrs are randomly oriented in the 
crosslinkable monomers capable of durolvlng in the pnste. The material can k switched to a hue free oans- 
mesogsnic wlvmt and t h a t d l  form a light tranwis p m t  state by electrical fields m the range of 1-10 
sive wlvmu that will vhase wmte fmm the mcso V / m  of f i  thickness or bv maeactic &I&. A ~uth- ~ ~~ . ~ - - ~  

genif dlvent upon poiymaiza&n Such mono- ci&tly strong decvic field operates to align the liquid 
have at least two polymausble double bonds so as lo 35 crystal directors so Lhsl light is u d t t e d  through the 
k uodinkable and include bisacrylatea and th like. mat&. Since the amount of polymer is low, it& index 
Preferably the moaomaic mataial is 4,4'-bm~lyloyl- of refraction will have a negligible effect on the trans 
biohmyl CBAB). The mat& should contain I- than varcncv of the mated so that lipht t rmmkion h haze ~ 

aboot8%~wl&er. Beat redB m obtained when the ?tee. Hihen the f i d  is removed."the mahrid returns to -~ ~ -~ ~~- ~~ ~ - -  ~- 

polymerh~pr*mtinanmounthom&ut0.5 to 15%. 40 the light ncatming st* w&& the liqvid crystal di- 
Of munu, the amount of polymer may be varied to alter xmn-6 are randomly oriented due m the &tic farces 
the paste consistency rs desired and suitable n o n m e  of the polymer. 'Ihc invention is further illuotratcd m 
genic solvents may be added m adjust the &tency. the following non-limiting examples. 

Suitable mesogemc solvcn~ are mesogmic matcrials 
having positive dielccfric misotropy. More spedically, 45 EXAMPLEI 
by mesogenic wlvmt there is contemplated ncmatio, A 1 gram liquid crystalline pane sample was pn- 
smectic, ferroclectric and cholaeric liquid crystalline pared fmm a solution of 5CB. 1 m % BME and 0.5 wt 
material or mixtnra thereof. F'refuably. the mcscgenic % BME The aample volume was about 0.6 to 1 cm3. 
solvent is a n d c  Liquid cqmd which may optionally The sample was U. V. irradiated with an NuArc high 
contain chiral or &I& mataials Exampla of X, p m u r e  mercury lamp with an intensity of 3mW/cm~. 
suitable mesogenic solvents arc E7 which is a mixture of The sample was contained in a 1 cm diamem tube and 
cyanobiphmylq 4,4'cyanooctylbiphenyl (8CB), and the radia[ion was applied vertically. The sample was 
44 ' -cysn~Ibiphmyl(5CB) ,  an of whLb are mm- cured at 55' C. with rtining for 40 minutes and the 
mercially available from EM Indmtriea, an E Merck solutioa was in the isotropic phase. Upon phase separa- 
wmpany. 55 tion the mixture became a  pa^. 

Polymuizatim in bulk means that the monomeric 20 pm films were prepared Fmm this pa te  sfter t h e  
material is not polymuiud in a thin iilm between sub. we& and after six w&. At ll' C. the U, switching 
s m f s  and instcad, is only made into a thin film after voltage was 40V and the switching times were mca- 
polymuization To be coo8ided %bull" the smallest su rd  at 15 ms. The conwst ratios were measured using 
dimemian of the mlume oimataial beinn wlvm&d 60 a law and nhotodiode. A contrast ratio of 50 was men- -. . 
should be on the orda  of at least about 0.5 cmmerm surd for & film. 
or more. A typical rample volwe is between 0.5 m l 
ems, although thm s w theorrocal uppr limit to thc W P L E  2 

size or volume of material being polymerized in bulk. A 1 gxm sample was prepared according to the pro- 
Polymuiurtion on an i n d h a l  vale is therdon posri- 65 cedure in example 1 except that the solution omtamed 
ble. The minimum mans of a sample k i n g  polymerized 1.5% BAB, 0.75% BME and was cured for 25 minutes 
in bulk is on the orda  of grams. By contrash non-bulk with stirring. A 20 pm film was prepared &r two 
polymerizations of thin films arc conducted at thick- uneks. The U, switching voltage waa 70V and the 



witching time was 7ms. The contrast ntio far this f h  Another embodiment of thc method of the invention 
was 3m. involvo rust d i l v i n g  the monomcrs in a suitable 

EXAMPLE 3 
non-mesogenic solvcnt,such as CH3CI. Polymviration 
of this solution is thm induced either thermallv or bv 

A 1 grnm rampic of paste was prep~~ed as in examples 5 light. Upon polymerization of the monomer the rault- 
I nnd 2 from a soluuon of 5CB. 3.0% BAB and 0.8% ing polymer stays in solution. The mmpenic msvriai is 
BME. A liquid c r y 4  psfc was obtained after curing then dded  to the solution of non-m&genic solvent 
for 25 minutes with stirring. A 10 pm film was prcpared and polymer and the non-mervlgcnic solvent gradually 
from this paate &u one b y .  The Urn, switching volt- m o v e d  by, for ~ m p 1 5  cvapmtion. When the cvap 
age was 80V and the switchiq time was 3 mf The 10 oration bas proaer.ed suf!iamtly, thc polymer phasc 
c o n m t  ntio for this film was 203. pcpmtes from the solution to form the liquid aptaUiae 

paste. This embodiment is illustrated in the following 
EXAMPLE 4 non-limiling example. 

A 2 gram sample was prepared from a solution ofE7. 
1.5 wt % BAB and 0.75 wt % BME. The sample was l5 

EXAMPLE 9 

m t c d  in a 1 cm at an i nwi ty  of 3 A mlution was prepared by dissolving 1.5 wt % BAB 
m ~ / m l .  c-g time was 40 -utes at 65' C. nnd 0.8 wt 96 BME in I gram of chloroform (CHEI). 
with stirring. A tin f h  was prepared after oneby. n e  The solution war cund at 55' C. under the 3 mW/cmz 

UMtswitching voltage was 60V and the switching time W for 40 d r , u b  1 gram of SCB then 
was 0.5 ms, ne w n m t  ',tio for this film was 80, 20 dinsolved in the solution and the chloroform evaporated 

at room temperature to obtain a liquid crystallhe p.m. 
EXAMPLE 5 This W e  also contained fluid and mbber liLe wrtions. 

A 2 gram sample was prepare as in wample 4 except A 2 0 p f h ~ p r r p a r e d f m m t h i s p s t i a f t e r 3  
that the solution contain& 2 2 %  BAB, 1.0% B E  and months. The UW volt.ge was ad the 
was cured for 35 minutes with &ring. A 20 p film 25 svitching time was 10 ms. The contract ratio for this 
was prepared me day.  he  witching voltage film As with fhc P r ~ O ~  e-pl- the thresh- 
was I ~ V  and & s*hiq he 0.3 m, m. Old  witchi ins volrage for this p a  was between 3 4 V  

t m t  ratio for this film was m. and the dectrc-optical proprt ia  of the display umf- 
fected by the storane time of the ~asfc. 

EXAMPLE 6 M ~ccording to an,thcr e m k e n t  of thc invention 
the monomer can be fin1 polymerired and then dir- 

pas* was t' a solved in thc maogenic solvmt at elevated t e m p -  p & & two wselrr' The U~ switching 
.gem, The phpv -tim e m  upon -hg t~ form was 50V and thc svitchiug time was 0.3 mp The con- li4uid crystalline pasrc as - in following trm ratio for this IXm was 40. 35 limitinn examule. 

EXAMPLE 7 

A Z gram m p l e  was p-d u ineuvnple 4 except 
that the solution fvnhu wntained 1 w % dye (Q- 
Switch-I, Exciton Inc.. Dayton, Ohio). A 10 pa film 
was prepad afta one month. The UL,, switching volt- 
age war 50V and the switching time was 0.5 ms The 
conhast ntio for this film was 50. 

EXAMPLE 8 
45 

A 0.6 gram sample war prrpsred hom a solution of 
8CB. 1.5 wt % BAB and 0.8 wt % BME lbir samde 
was h d t c d  at 55' C. for 35 mhtsr  at the in~&ty 
uud in the prevlolre e-pkr The liquid crystnl m this 
remple was in the smeic A pbrse during polymerlo- 50 
tion. A 10 p film was prepared a h  w o  drip. m e  
Urn, switchinn vohane was 60V and the switching time 
wS, lm mp. k coiaast ntio f ~ r  16is frlm w io. 
AU of the slmpla prepred in t k  prenoas examples 

had a W e  like wnsiaency, unmplo 3 md 5 being thc 55 
harder The C h  a p p e d  turbid and are strongly 
light suttering. The threshold switching voltage for 
each of the a b v e  e ~ m ~ I n  was h e e n  3-6'. Mom- 
ovu, the e l e n r w p k p r @ a  of the displays w m  
imdepndent of the pnod or rime the pare rmtaial was 60 
r t o d  prior p-tion of the thin hlort Thmhold 
voltaga com&nd to the voltage where the irausmit- 
mOC d e s  10% of thc &m. The smumtion 
volt.ga (&J ccmpond to the voltage where the 
~ ~ c e  is 9056 of the marimurn. Tbe p r e s  can 6! 
be salved in, forcrmplc, cblotof- and upon evapo- 
ration of the solvmt the mucrial rmum to its puic 
cooristency and r& its original propertia. 

- 
EXAMPLE 10 

A soluum was prepared by dissolving 1.5 w % BAB 
and 0.8 vn 40 BME m 1 gram of chlomform. The eolu- 
tion was cured ar in apmpk 9 for 40 minuts The 
chlorofarm was then evaponted at rcam tempenhlre 
for a b u t  tbrec days to form a yellow powder. This 
powder was then d h l v e d  in 1 gram of 5CB with stir- 
~g 10 f0IUl the !&& crysidlhe pMtC m a t e d  
a h  contained fluid and rubber like portions. 

A 2 0 p  film wasprcpared from this pste after3 
months W e  UW switching voltage was 50V and the 
switching time was 30 ms. The contrast ntio for this 
fdm was 7. The thmhold switching voltage for this f h  
was d m  bctwem 3-6v nnd thc quality of the display 
indepmdmt of the storage time. 

Many modificatioas and variations of the invention 
will be appnrent to thare of ordinary skill in the art in 
light of thc foregoing dirlosure. Therefore, it is to be 
understood IhaL within the scope of the appended 
daimS the invention can be practiced 0th- t h  
bas teen spc~iEdly  shown and d a c n i .  

What is claimed is: 
1. A metbod of producing a thin e l ecu idy  add1~18- 

1 able light modulating liquid crystalline fb comptisiag 
t k  st- ol: 

a) preparing a solution wmprising a polymerLable 
monomeric r m t d  in a muogmic solvent having 
positive dielectric snisotropy; 

; b) plymuiring mid solution in bulk until mid mono- 
meric materkl polymerize and pbrse separntes 
from the metogenic wlvmt to form a spreadable 
%uid crystdim paste; and ththerrafter, 



- 
c) coating said liquid crystal parte onto a substrate to d) ranoving said non-msogenic solvent until the 

form a thin electrically addressable film. polymerized monomeric ma& phase separates 
2. The m e w  according to c h  1, wherdn the from said sohrtion to form a optendable liquid crys- 

polymerking step is canied out when the mesogenic talline p r e ;  and t h d ,  
solvent is in the isotropic phase. 5 e) coating said liquid crystdine pute onto a substrate 

3. The method according to ckim 1, wherein said to form a thin elsuically ndhsable hlm thereon. 

,,,onom- ma- added in an amount fmm about l3. The method ~0u)rdhg to claim 12, wherein said 

0.5 to 5% by weight based on the weight of solvent md monOmerie material is added in an amount from about 

monomu. 0.5 to 5% by weight based on the weight of the solvent 

4. The method according to claim 1, wherein the lo m ~ ~ ~ ~ ~ h o d  according to claim 12, which in- 
solution is phocopolymerized. 

5, The method to wherein the cludeo adding nematic liquid nystal material at a corn- 
ponmt of said rnmge.uk solvent. 

rolution is themally polymerized. 15. The method according to claim 14, hutha includ- 
6. The method according to claim 1, which includu, 

ing cbolataic liquid crystal as a -- 
adding nematic liquid nysM ar a mm~onent of the panat of said mmgmic solVmL 
maogmic solvent. 16. An elecbically addrasablc light modllktiog liq- 
I. The method accnrding to claim 6, funher including uid cErystalline pte formed by proccrs compr~mg 

adding a cbolwteric liquid crystal matuial ar a compo- the steps of: 
nent of the mesngenic solvent 20 a) preparing a solution comprising a polymerkable 
8. A methad of producing a thin electrically address- monomeric material in a mwogmic solvmt having 

able Light modulating liquid crystdine fdm comprising positive dielenric anisotropy; 
the steps of: b) polymcddng said solution in bulk until said mono- 

a) polymeriring a monomeric material to form a light meric materid polymaires and phase separate 
tranrmisive polymer; 25 fmm the mcwgenic solvent to form a spreadable 

b) dkolving said light t r a n s ~ v e  polymer in a liquid m y d l n c  paste. 
mmgenic solvent having positive dielectric an- 17. The liquid crystalline paste according to claim 16, 
isotmp~; wherein said polymerization is carried out when the 

c) Eooling the solution in bulk until said pol- msogenic solvent is in the isnfmpic phase. 
mafaial pharc separates from the mesogenic sol- 33 18. An elecVically addrwssble light modulating Liq- 
vent to form a spreadable liquid uystalline paste; uid c r y w e  W e  formed by Proceor. comprising 
md threaftsr, the steps of: 

d) coating said liquid nystdhe pane onto a substrate a) pol* a monomeric maf5ial to form a Light 
to form a thin electrically nddrnsable film thereoa h m m s v e  polymer. 

9, ~h~ method acFor~ing to 8, whc- said 35 b) di~alving said light tranJmissve polymer in a 
monomeric material is added in an amount from about mesogenic wlvent having positive diektric an- 

0.5 to 5% by weight havd on the wdght of the solvent isotropy; 

md monomer. c) cooling the solution in bulk until said polymer 
m a k i d  phase separates from the mewgmic sol- 10. The method according to claim 8, which includa 40 vent to a sp-ble liquid cryseC 

adding m t i c  liquid crystal as a -ponent of the 19, An addr-ble light 
meso& solvenL uid cryatalline p t e  formed by the pmces comprising 
11. The method according to claim 10, further includ- the step of: 

ing adding cholwteric liquid crystal matuial at a mm- a) dissolving a monomeric material in a 
ponent of the mesogenic solvent. 45 genic solvent; 
U. A method of pmducing a ~ bintrically ad- b) polym-ing said monomeric 

dr-ble light modulating liquid c r ~ ~ t a h u  hlm a m -  C) adding a maogmic ro]vcnt having positive didec- 
p r i s i  the steps of: tric anisorropy to the bulk solntion of monomeric 

a) dissolving a monomeric m a k i d  in a non--- material and non-mesogenic solvenS 
gmic solvent; M d) removing said nonlnmgmic solvent vntil the 

b) polymerizing said monomeric material, polymniyd monomeric mated  phaee sepeparata 
c) adding a mcsogmic solvent having positive dielec- from ssid solution to form a spteadable liquid 
uic nniromopy to the bulk solution of monomeric tallme patte. 
m a t e d  and non-mesogenic solvent; . . . . .  
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