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Similar insveetion Of edectronte commonents crm be c-nducted
{0 detect Linwe and failures fn fobhriertions Purther,

the attrrotive COlOr nrtierne of verv nreciee delinention
prove ureful iN severalareas fOr their decorrtive, intrigque
and colorfulness, Such areng include decorniive nenels frp
offieer ond airer~ft interiores mnd tove vhich have navehow
lopgienl »itrnetivenesrs LO children hecruse &f their wvariety
of color dienlay when teuched by n human hend,.

They
To fabricote » tov Or » decorntive color »onel, =m heve

anplied rooroxi~rtely 0.8 gram Of mmv Of the ohove commoni~
tionm, with £1ller ndditions, to o sheet of clerr ncetnte,
Mylar or Plexirlase tvnienlly by cpreadine the oholestervyl
medium by monunl meone. A second gheet of glear film
materinl 1z vplreed over the clenr sheet canted with the
mixture, The sandwich 1n then nl-eced between two metal
blocs nf annmroximntely the srme area aS the pandwich,.
There blocka are hented {0 approximately 40=70°C. and
exert a foree of nn  order Of 5 lbe. on the ermawich.

The metel Blocrs ON tho sandwieh are then »lsaced in a
vacuum of ahout 10 mme Hoe  After about one minute at
thir nrepeure, air s admitted to the chrmbepr ra~fdly. The
above procedare hns bheen puceessnful In nroduging n thin,
uniform £1lm of 1liquid ervetnle snndwiched bhatweon the
protective lavere mentioned ahave, To prevent slinnare
nf the wroeteotive lavers, we hove investirnte’ tho followe

ing methods ~f sealinm, Any.of wvhich would bhe fersible with
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the aboveementioned materiels s (a) tave, (b) ndhepive,
{¢) ultregonic sealinr rmd (4) thermal sealings  Another
method Of pealine the toy mekes use of » sandwiech of vinyl
materiale eenled on three edress  An excess of liquid
crvatnl materisrl 1o Intected intn the envelone at the
narrow snd vhich remaine open. The smdwich 1e# then
nasped between verisble nrespure rolls heated ¥n 40-80°C,
This foreces the 2tr out »f the envelone 2nd enrende the
liquid ervetsle uniformly. The omen end of the,envelnane
IS then genled therm~1lvy tO elnee the emntetners Thie
rag vorked quite well with smell test samnles amd omn he

rendily adanted to lerme pénle nrodunctions,

Lerpge sendwiches nf comostitions Of the 1iguid crvetnls
A forth above eon be mrde usineg Vvsrv thin (0.001 inch)
£1ilm to vermit ineccotion Of esurfaces without neceasity Of
paintineg the surfreee with liquid ervetnl conrogitions. To
nroduce thege thin films,Tgwﬁeeda veeouum freme tO Arow Sapon
Wwrnp or Teflon £ilm verv tight »nad the »aint the commosition
of 1iguid eryetnl unon the Saprsn wrap OF Teflon f1lm. The
first Snran wrap Or Teflon £1ilm 1e then cut to the inner
dimensions of the vneuum frame =nd a second £‘1lm 4s nlrged
on the frame, W the frame is reeeveounted, thr secona
film is presrsed againet the liguid ervetnlling comvosition
and forme an rirefree eendwich, The ermdwich onn then

be placed on « surface tO retnavect it and rovee repentedly.
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Egsentially the same nrocese hoe been used in vrennrw
ing lerrer noncle of Plexiglae with the snbove commomitions
of liquid ervetnls depoeited hetween the cover sheete
thereofse Bv rolectively or rendomly heatins nortions
of the nanels, some very nrtimtie effects ern de pnined

from the color ~atterme ¢xhibited by the -nnels,.
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Apnlieation 13

It ham been discovered, and tha nresent inention 1ak

iNn larre part based on this discovery, thnt ¢evtatn ltquﬂ%

eryetrl ocholesterio compositions may be formulnted ro

-
provide o aimifieant COlOr chrnre time loyg after the } ’
chenre from the liquid nhaee t0 the cholesterie vhrees %
Such hyeteretic compoeitions may De employed, for example,

t0 determine NOt only whether 2 piven temmerature hne heen
excecded but almo to orovide n record, far » simifiont

time neriedy of whether the temmerature hasm bheen exceeded,

The 'ag in color chrnee will nlsa oecur ff the commnsitions

have been exposed tO high inteneity cleotric fields in the

order of 20 volts rer mioron Or tO ~am vapork, such s

vapors of chloroform in concentrntions in the order of

100 pepeme in air,

It 1e anperent, of course, thnt Not all cholesteromenic
materials are hyeteretie in their color treneformntions,
Indeed, mogt of the heretofore ¥nown materials ronidly chonpe
color in resnonse to environmentsl chrnress  The mixtures
or combin tion Of compounds of this fnventimm return to
their eolored etote, from o colorlese liqu!ld vhirpe, only
after a time delay tn the nrder of 3 t0 30 ninutess Moreover
the mixtures will have hright vigible colors 'n the nlirned

cholesterioc vhase nnd will not ervetallme in the renre Of
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normal temperatures, 1.0 0° . SO 300°Ps  The vartdeuler
substrate emmloyed, Whether slase, volvester or some other
clear plnetice £1lm, will have some effeot ON the aetJKJ
color change delay time fOr » particular comnosition but the
time delkv rhenomenon will be obgerved 0N all suhatratea.\\E
\
The hyeteretic liguiad ervetalline cholesmterid mixtures N
of this invention emntain (A) from 18 {0 40 perceent, by
weipht, of at least one halide selected from the group
coneisting of cholemteryl Chfortde, cholenteryl bromide,
cholesteryl ilodlde, cholemtanyl chloride, cholestanyl
bromide and cholestanyl {odide and (B) at lenst 30 percent
by weight, of ot least one comnound meleoted from the
group consieting Of ehnlesteryl erucyl carbonnte, ahO'estanyl
erucvl corbonate, cholesteryl Olevl enrbonste, cholestanyl
olcyl earbennte, cholesteryl erucate, cholestemvl erucate,

cholesteryl oleste end choleptanvl olente,

Referring now tO FPig.l, thrre 1 {1llustroted as one
ex:-mple of the invention & simn'ified tempeprature recording
Or informetion storing device 10 thnt ineludes & olenr
sheet of nolvethylene tererhthalate 11 hoyin~ »n thickneass »f
aprroximmely é miocrons, A pigrented film 12 contrining
onrbon bloek diepermed IiN a laver af nolvvinyl aleohol ~nd
having a thickmess Of ~nvroximetely 12 microns s
deposited on me gide of the terevhthalate {ilm 11, The

£ilm 12 2s apnlied 2z an aqueous solution or sueneneion
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and dried on the £4im 11. A film of the hyeteretie liqu‘d
ervetnlline cholesteric mixture 13 having a thicknese 1f
spproxinately 10 microns s devosited ON the other side of
the terephthalate brase 11, The £11m 13 is dencaited Dy
applyving o 10 percont sclution of the hreteretic mtxture
INn petroleum ether onto the £41m 11 and evenorating the

so0lvente

Ae an 1llustration nf ths nractice of the inrentiom,
there ie ehown in Pig.2, the ree~rdins device 10 nlneed so
thet £41m 12 |a in intimate contnet with san 2luminum nlnte
or blook 204 The Flock 20 IS nannted tn ha heated, =g
for exrmple, Dy a resietonce heater P1, and is adapted (O
be eooled either Dy lOower ambient temneraturcs ~fter *the
heating hne coased O hy cooling means such ~p the coll 28
oontnining ciroulrting oold wotere A thermocounle P3 {e
embedded in the place PO soO that =n nocurate messurement
of the temneratures of the dblock ean be mndes A snurce of
whits 11ght 24 1s provided en thnt the eeler «f the laver
of hysterette film in the device will be vimidble tO the
neaked eves The visible color is, of eourec, o ¥n~wn vheno=
menon nesociated with the light sesttering sroevertiem of the

cholesteric phare,.
EXANPTE I

A mperies of simple reecording devices w-a prevared, in

the mrmner Adescribed hercinshove N e~mjumetion with Pisg,1,
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using for film 12 a variety Of eimple admixtures of
combinntione of compounds in recordance with the eomse
tituent mixtures and commoeition ranmea Setl farth ahove for
the »reporation of ruitable hyeteretic comrositions. These
simple deviees were then plreed in e-ntact with the aluminum
plate 20 of Flpe? mnd heated until there wan o *resformetion
from the cholesterie vhree to the liguid »hases The

phase treneformrtion was nvorrent as ths lover wee

oheerved 1O chrn-e from = vivid ecolnr ta n e¢nlorlese lavep,

¥hen the laver wns enoled, 1t reverted tn the
cholepteric nhrge but the color returned only after =
pirnifiennt delrv in time, The eomnositions nresented
in Table | hereinbelow were found to be hyeteretic ond
there, their rmom temperatores colore, 1.0. the ocolor of
the cholesterie nhape, ~nd their elearine noints, 1.e. the
melt voint or liquid transition noint, were na indtected,
INn eneh crge, at leapt a three minute #ime log was
obeerved in the color chamre, rfter the laver haa bean
cooled (O » temmerature wWhere the mnterial wes in the
e@olasterin vheees All of the nercentapes In the +nhle

helow and those thot svvear thereafter are wéight

rercentoges unless ntherwise smpecified,



Examole
Number

TABLE 1. PROPERTTES OF HVYETEREDTTIC MIVTHRES

GColor of
Commoeition Chelestorio
vhrpe
30 »ercent cholesteryl Chlaride Red
70 percent ¢helesteryl Eruante
20 rercent Cholestervl Chloride '
80 rnercent Cholesteryl Eruente Groen
16 nercent Cholestery! Chloride
88 percent Choleeteryl Eruoate Blud
24 percent Cholegteryl Chloride
7é percent Choleesteryl Oleyl
Carbonnte Greon
20 nereent Cholesteryl Chloride
80 mercent Cholesteryl Olevl
Carbonnte Blue
320 percent Cholestervl Chelride
70 pereent Cholesteryl Olevl
Carbonnte Rod
28 vpercent Cholesteryl Nromide
14 werdent Cholesteryl Oley
Onrhonnte Green
£68 percent Cholesteryl Bromide
74 percent Choleepteryl Olente Aramm
g6 percent Cholesteryl Chlorigde
74 percent Cholesteryl Erueyl
Carbonate & reen

${140)1

Qesring
point, %0

3745

38.2

48

4544

48

43.8

41,1

38.8



¥4 should bhe understoed thnt the foreroing are examples and
that other £1lm thicknees and mixturee mtty he emmloyeds Glaawm
0X other olear plastics £1lme mny be emvloyed N nlece Of the
nolyethylene terephthalate films Other pigmente .2 70ld
binck, may be subrtituted for the earbon bloek, The piament may
he Atapereed in methyl ecellulose, polyvinvl vyrrolidone or other
plestice moterials in plrte of the nolvwinyl aleohol, The colop
of the pignent should he comnlementary *o the aoler ~f *he lirht
beam directed onto the hysteretie cholegterie lovere Wen the
incident 1ight e white, the pigment should be hlaek,  end when
tho 1ight is red, the nigment rhould he sreens The chnlegterie
laver may ha d«pneited from other weltile orprmic solvent auch
ag¢ ehloroform, hnlogenated hydrocarbons rmd volatile hrdroerrbon
solventes The cholerteric laver need only bhe = Tow miermms in
thicknees bDut may be in the order of 80 microns ond more. Tt
ghould alee he underetood Chnt choleetanyl compounde ~ev he
substituted for the forepoing cholesteryl comounds to nprvide

gimilar repulte.

As 1@ anparent from the data in Table I, only o em?ll vArifQe
tion in the olearing noint occcure with varving ~mounts of compounds
IN & given combination of eomvounds. |t hag #leo been Aiseovered
however, thnt sirmificent chences iN elearin~ nointa mey he
made by the zddition nf cert~in clearins noint modulating arents,
Up to 30 percent, by welght, of (0) n clerring noint elevrting
agent selceted FOM the group of eestere eoneisting of cholestervyl

nonononte, sholesteryl nonanonte, cholesterrl deosnonte ond



cholegtanyl deecnnonte may De included tn the admixtures Of
compounde (A) and (B) tO raise the olerring point temmerature
of the deposited cholesteric lnver, The hyateretie Sffeat
ie vresent N the laver even thourh the ester hre bhoen rdded
to raise the eleering voint. However, the total amount Of
meteriale Of somvounds pelected from (A) mnd (C) should not
exceed 80 peroent aof tht weight of the total mixture.

tg little ag 140 peroent of the eaters in the aroup (0) will
have n notigeable and useful effeet N elevrting the elearing
point temmerntupre of n brgic mixture (A) end (Bl  IH rmenernl,
the ndfition of about 5 percent of my of the esters (0) will

rniee tho elearing noint shout -me depree centizrrie,
EXAMPLE 11

Referring amein to the device8 shown N Firel,y sdmixtures
containing the commounds (A), (B) and the Aesceridcd emtere (C)
were employed to form the reecordin~ deviece 10 by depositing the
admixture as n 10 micron thick laver 13 from ~ ten nercent
gsolution iN petroleum ether ONtO one side Of a § mispren Chfak
polyethvlene terephthalate £1lm 11,  The other elde of the
film 11 had the nigmented laver 17 feporibed hepreindh fore,
Recording devices, with the ecompositions deseribed in Table 1Y
providing the hysteretic liquid crvetnlline cholesterie lavers,
were tested iN the aparatue Of Pig.2 tn the manner heretofore
described tn eomjuotion with the exnmple Of Table I, Aamnin,
nt lenst & three minute time lng We obeerved in the color chrmre
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after the layer was eooled below itS elearine noint,

Thet the esters (C) hnve n proncunced rnd nredictrbdle
effeet in eleveting the eleeoping point of 2 bhaple mixture
of a hyeteretie cholesteric comnrgition Of (A) emnd (9)
IS apnarent from the dnte Of Table IT,

It should be understood thnt choleptrnyl nonannate
and deconoate way ha rubstituted for the chnlespteryl
nonanonte and deeanonte in the ex-mples shovm IN Table I7T
with similar pesulte.s Sane variation N the netusl
elearing NOINt may oceur for identicel amountes of ceter
{C) in any hysteretic comoeition and the clearins »ointe
mny be readily ealibroted for the martieulsr ester veing
It should also be underetond thut beth tho

cholesteryl and cholestanyl emters Of the srour (¢) may

employed.

he emploved with either the cholestanvl and /or eholesge

teryl compounde Of the grouns (A) and (3),

TARLE YT ZBLEVATION OP CLEARTING POINT

Exomple ‘
Number Composition Color of Gleartng
Choleeterio Point™
phree :

1Q 28 percent Cholesteryl GChloride
28 percent Cholestervl Nonanonte Red 81
46 pereent Cholestervl Oleyl Carbonnte

11 28 vereent Cholepteryl Chloride
10 vercent Cholesteryl Nomanonte Rad 44
82 nercent Choleateryl Olevl Carbhonnte

1p ¢8 neroent Cholestervl Chloride
26 percent Cholesteryl Deernonte Red 81
48 nerevent Cholesteryl Oleyl Carbheonrte

13, 28 veroent Choleptervyl Chloride
10 vercent Cholesteryl Neemorte Red 44
88 vercent Cholesteryl Qlevl Corbonnte
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In order 1O deprese the clearins noint »f & piven
mixture Of (A) and (B), up to sbout 10 vercent of mnother
clres Of modulating arents (1), IN this inetsmce mown
as denressing agente, moy be ineluded in the mixture,
Fatiy, comnouhde vhich dissolve the rdmixture (A) ang (B)
without crystnllising will funetion as e¢lenpring noing
depressing spents. Suiteble fettv commounds fOr thta |
purp~ae include the frtty reide, 7ttty ceters mnd ottty |
alebhols, DOth enturrted omd wnenturnted hydroearbon
foide with »referably over 8 ocorhon rtome, for excmnie,
olele, ptenrie, valmitic, lourie, erucie, myristic and
bhehenie nclde, Suitahle fotty estere nre derived by
renoting monohydrie and nolvhvdrie hydrnearbon nleohole,
with the fatty roide, fOr exrmnle, methyl nlente, ethyl
olente, cetvl olente, diolein, triolein, tributrin,
tripalmitin, tristearin and mivtures thereof, varticulerly
mixtupres of trigyceryl eeters Of fatty aelds such ae the
nrtuprally oeccurrins olive, sperm, sovhean, corn nd tall
oiles Suitable fatty alcohols rre, fOr exrmple, olevl,
stearyl, cetyl =~nd laurvl aleohole. The liguid fatty
compounds rre vreferred Dut the roltd comnounds mav be
emnloved, if the nltimrte admixture with the combinrtion
of (A) and (8) Aocee n~t ervetnllige., Cryvstallisntion
will, nf course, destrovy the liguid ervetsl cholesteric

vhase,
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EXAMPLE XIIY

Apain referring ta Fig.i, sdmixtures emtaining the
ecompounds (A), (B) and the fotty ocomnounds (D) were
emnloyed to form the eimpnle recordins device 20 by devopite
ing various ndmixturee ns n 10 micron thiek layer 13 from
e ten pepcent colution IN petroleum ether nnto ~ne side
of » 8 mieron thiek polyethylene terephthnl-te £iim 11.
The other side of the £1lm 11 had the pigmented laver
12 depcoribed hereinnheve., Recording devicen, with the
comporitions deserihbed in Table ITT hereinbelow heing
deposited ag the hysteretio ligu'd ervetnlline cholesterie
layers, were tepted in the npnaratue of Firs® 4in the
MNNNEr heretofore deseribed. Amnin, at leost o three
minute time lng woe nbeerved iN the color chonpge cftepr
the verlous layere were cooled tO temneratures below thelir
clenrine noints, Thet the frtty commounds (D) have a
predictable effect iN depreesing the clesrin- noint
of & brpte mixture nf » hysteretic comnomition ~f

(A) and (B) 12 anpprent from Table T2

TABLE TITI TDEPHESBTON OP CLPARING POINT

Example Color of Clearing
Number Conpoeition Cholesterie Point ©°C.
Phrre
14 28 percent Cholestervl Chloride
73 nereent Cholepteryl Oleyl Carbon-te
1 percent Oleio Acid Green 38.4
18 28 percent Choleeteryl Chloride

72 nercent Cholesteryl Olevyl Carton- te
2 vercent Oleie AciA Green 353



Exnmple
Xumber
18

v

18

20

21

oL

23

24

25

28

27

28

£8 percent
71 nercent
$ vercent

o8 nercent
73 perceht
1 percent

28 percent

Ti nepcent

? neroent

28 pereent
71 nerecent
3 percent

8 percent
73 pereent
1 percent

23 pereent
72 nereent
£ perornt

28 nercent
71 peroent
3 neroent

28 vercent
7% vercant

1 percent

28 percent
72 percent
2 vercent

P8 veoroent
71 neroent
3 percent

28 neroent
73 percent
1 nereent

26 percent
72 nereocnt
d vergent

©8 vpercent
71 percent
3 nereent
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Color of

Compoettion

Choleataric

Phase

Cholesteryl Chloride
chﬂleutarvl Oleyl Cnrbonste
Oleie Acid

Cholesteryl Chlorine
Ghnlentawl Otevl Carhonnte
Vethy Olente

Cholegteryl Chloride
Cholesteryl Olevl Carbonnte
Hethyl Olente

Choleeteryl Chloride
Cholesteryl Olevl Carbonnte
Methyl Olen*e

Cholesteryl Chloride
Cholesteryl Oleyl Carbhonnte
Triolein

Cholestervl Chloride
Cholesteryl Oleyl Carbonote
Triolein

Choleeteryl Chlnpride
Cholestervl Oleyl Carhonnste
Triolein

Cholesteryl Chloride
Cholerteryl Olevl Carbonsnte

0levl Alcohol

Cholestery! Chlorine
Cholepteryl Oleyl Carbonnte
Olevl Aleochol

Cholesteryl Chloride
Cholesteryl Oleyl Cnrbonnte
Oleyl Aleshol

Chloride
Choleateryl Olevl Carbonnte
Olive 011

Cholesteryl Chloride
Chaleateryl Oleyl Carbonrte
0live 011

Cholesteryl Chloride
ﬂhclﬂstervl Oletl Carhonnte
Olive 041

8r an

Graen

Groen

Green

Green

Green

Greem

Groen

Groen

Groen

Gyeen

Green

Greon

Cleard
Pai*nt Bﬂ

3644

334

38

33

3848

3748

33,8

36

35

33

368

355

335
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Exnmple Color «f Olenring
Kunber Compoeition Cholesterie Point ©0
. Pha~p
29 28 percent Cholesteryl Chloride
72 percent Cholegteryl Oleyl Carbonrte Green %8
1 pereent Sperm 011l
0 28 veroent Cholesteryl Chloride
72 psreent Cholestervyl Oleyl Carbonante Creem 33
2 8Sperm O |
3L 28 percent Choleateryl Chloride
71 pereent Cholesteryl Oleyl Carbonate Green 33
3 rercent Bperm 041
3e 26 percent Choleeteryl chlorine
73 nercent Choleptervyl Olevl Carbonrte Green 358
1 veroent Tridutrin
33 28 nercent Cholesteryl Chloride
72 percent Cholesteryl Olevl (Unrhonnte Oreen 3445
2 percent Tributrin
34 25 pergent Choleeteryl Chloride
71 percent Choleateryl Olevl Carbonnte Groen B2 B

3 percent Tributrin

I+ should be understood thet the depreaming nzents mny dbe
employed With the choleatanyl compounds e well an the chnlesteryl
sompoundss Other fntty eommounds mry be subetituted fOr *hnee
employved in the exrmples of Table XTX with equlvalent results
although some variations in the wat?al clenrins noint may occur,
Agnin, enlibration fOr tho nartieular moaduleting asent being
employed iz recommended., The clearing voint, tn ~enepal, wilt
be depressed from about 1 t0 2 degree8 centigrnde far enoh
weight percent of fatty compound in the ndmixture. Ap little ne
041 perecent of tho fatty comprund will nrovide 2 nercevtible

chinge 1 the elearinrz roint of o varticulsr ndmiviore.
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Ae noted heretofore, the device Of Figel @o long
apr it has » layer of hyateretic cholesterie tiquid eprvetalline
materinl, will. function ae ~ temperature rcenyding device
for the envirenment emteeting the device, The device may
be enlibrated by the seleation of » proaer hysteretie film
compoeition, to determine end reeord whether o napticulsy

temnernture hng heen exceeded,

All of the heretofore deeeribed hysteretic comnneitione
mey he emnloved ns thin f1ilmes in devices which will reenrd
Oor sbore Informrtion ON environmental conditions other thrn
temperntures Agnin referring tn Pir.ls., a2 10 micron
laver Of o compoeition containing 25 peroent cholesteryl
chloride and 72 percent choleeteryl alevl carbanate 1w
denosited np the laver or £11lm 13, the, subetrate sheet 11 ~nad
the nigmented film or laver 1P heinr A® heretofore depcribed
in Example I, &uch o deviee 10 will heve nn escsily visible
pronounced color at room temmerature when cx cged {0 vhite
light. If o 200 volt »er an fleld is apnlid noroses the
10 mierons hysteretiec cholesteric laver 13, the rnler will
disfprenr and the laver will become colorlesrs  The laver
13 Will remain elear fnr rbout 3 weeks IT 1t 18 NOt heated

throush ite olearing noint.

The esme device may, instend, be emvloved %o reiurd
the presence »f contaminating vapore, fop exrmple, W
expoged tO air eomtaining from 70 to 170 pome of either
chloroform of trichloroethylene, the color will Alsnnnenr,
The hyeteretic laver will| remain colorless for shout 10

minutes after It 1p removed from the emipminnting ntmosphere
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Applicntion 14
A _VISUAYL TTEPLAY NEVICE

This invention relates tO temvernturee-sensitive
visual Aisplay Revices and, more sneeifiecnlly, relates
to such devices in the form of n dried emalsien coating
hoving incorvorated droplete Of cholesteric mesomnrnhie
(11quid ervstal) materinl, which mmterinl chm~es IN
iridescent cherseterietices Whore and when temmernture

chanpreg OCCUN on the oorting.

In the epecifiontion ~f United Kingdom P-tent No.
1,138,550 a dleplay device e Adisolosed nand claimed which
includes sm array of minute nolvperic ennoulcs comteining
cholesteric mesomorvhic meterinl and aghered ¢ r sube

strate vhose ‘empernture nattern 1o to be Atenlaved.

¥hile somewhat reloted 1O the nse of the ahove-mentioned
capsule arreys, M emulsion of unencaveulrted cholesterioc
meponorphie materinl, whick 's nort of the subleot mntter
of thie invention, |a vastly different from those nther
dieclosures In eeveral immortent resvects. The droplets
of the metertal Of this inwention are not eneensul-ted
but are inelusione iN the emtinuous vhare of the emaleion.
The emulsion, or coating liquid, of thie inventien een be
prevared by a simple and inexvensive, nne«stepy nrocess,
thereby obvinting the necemsity fOr comnlex capeulew
manufaeturing cquipment ~md fechninues with nittendant

high manufseturing costes The emulation of this invention,
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when dried nt a ecating ON a body whose tempersture nnttern

18 tO be dleployed, nrovides thrt incident 147ht he tromemitted
through only a efngle wind Of mrterial in order t 0 be
reflected iridescently from the unenespeulatesd droplets

of cholesteriec mesomorphie mnterinl, Tue to the extremely
emall droplet elze which con he maintrined in on emulsion

of unencaveulrted droplets ~f the cholesterie mepomornhic
nnterinly, continge prepared from «n emulsion vermit of o

high derree of ontieal resolution r°nd aled hove n VeEry

pmnoth surfree.

Pipure le 2Sn dingrammatic edre view of £ ecubetrote
eheet 10 having, on one purfree, n cootine Of minute
Aroplete 11 of l4quid ervetalline mnterial diegpersed N o
meatrix=lite polymeric hinder ~eterinl 1%, the ligqu'd orvetnl
mrterinl beins shewm N either the leotronie liguid state
or ths ervetnlline molid gtatey thrt IS, not in the
meeomnrnhie gtote. 45 nereent by weight, cholesteryl
nonanonte and hed a color nrodueins temnernture, N tho
upward execureion, of n~bout 23 decree Centisr~ies The
tempernture ronte of color resvonee far this mixture wns
from ahout 33 degrece Centinrnde t0 rbeut 35, degrees
Centigrede., Three norte, by weight, of the s2bove mixture
of 1iguid ervetsl mrterinl vere emulsified ‘n & Waring Rlender
with give »erte, by weight, of n 10 vercent by veight,
aqueous nolution of noly (Vinyl aleohol) described helow,

until a liquid ecrystal droplet size-range of from nbout five
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microns to about twenty microne was nhtrineds, The noly
(vinyl aleohol) used in thie examnle hes an nvernse moleon lop
weight of 58,000 and wnes chorneterimed by the frots that

(n) a 4 percent, by weight, agqueoug solutien of the =aterinl
exhihited o viecosity Oof 2 3 to 28 ecentipoipes nt o5

degreee Centigrade, and (D) the mrtertnl wos 97.7 vercent

t0 98.4 verecent hydrolyzed; that IS, that wneelfied
rereemtnne o0f reetate chemiosl proune ori~inally nresent in
nmoleoules of the subject mnterial hrd heen converted to

hydroxyl prouns.

The emmlmion, ONCE vrennred, was conted by means nf »
drav—down a plieator to n wet=-film thicknesrs of ~heut ten
mils onto o blackened subetrnte rheet of nolvethylene
terephthalate, The £ilm woe allowed t 0 Ary in =ip at
about 28 Aeprecs Centirreade. If the temmerrture of the
conting was reised nt o noint, concentpeic rinre renresente
ing o temperature pgradient N the prnge of from 33 degrece
Centirrade tO 3848 Degres~s Centigrnde avnenpod outwrr-dly
from a eentrnl ring of blue, *henece avectrally in orfep
throush red, es the temmern ure grrdient decrersed, Ag
the temperature of the noint wee inereaged o Aecrensed,
tho effrot wog cvidenced by axpaneion or em'rrotion of
the rinpge. Syoteme of adjacent exnending "nd omirogi-
ing ringe from tWO nr mare »ointes interesscted, end 'the
resultant COlas ~f »n area wee & fumetion ~f the temnernture

of that ares, The dried emaleion f11lm of this exemnle
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eon be stripped from 1ite nolyethvlene terevhth lrte subne
trate and utiliged ¢ sn unbneked f£1ilm Ear tsnloving
temmerature prodient nrtternse The strinsed £1lm ~on he
blaeckened or opreified ON ome eurfree, or f orn be ueed

withont such blrekener or onneifier, ns desircd.
BXAMPLE IY

In thie exrmmle, a mixture of liquid orvetal mrterind
wag used vhich coneleted of 30 percent, by veight, olevl
cholegeryl enrbomate and 60 nercrnt by weisht, choleesteryl
nonanoate. Three NNILS of the liguid crvetrl mixture were
emalegified with five NNrts of a 1 pereent, by weicht,
ngueone solution of relntine hoving suiteble film etrensths.
Emaleified dronlete of liguid ervetnl mrterinl ranged in

gize from nbout ten mierong to about twenty microns.

The emolumion, once prevpared, wag co~tad, with 6he
use of & drow-down applioator, ornte r substrnte gheet of
nolvethylene therevhthalate tOo a wet—film thicknees of
about ten milss The so=eelled film wae dAried In ~ir at
about 26 deprees Centigrade. 'She resulting f11m exhibited
temperature resnnmmes chearncterietice simil r to those of
the £4lm in Exrmple I,, and the colar nroductn~ tempers
ture wag obmerved to be ahout PA deﬁreén Centirr~de, with
#8 to 30 Aegrecs Centigrcode am the temmerature ronge

for comnlete mpeotral COlOr chence,
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The Aried f£ilm Of this exmmple cnn be sirivred from
ite pudbstrate and veed iN the anme manner as the film

in Exemnle T,

Pirure | D shows the eonted substrnte sheet 10 of
Pipgeln with the ligquid ervetal meteriel 11 in tho mesomorvhie
etate. PigJlae ie intended ¢n renresent thr £41m conting
Nt » temperature above O below that which s requiresd
for coloration of the mesomorvh « gemnteining £41im materinl,
whila Pigedd 12 {0 renrepent the pame £4lm erntins within
the temperature ran-e of coloration. The hatehing Of
the dronlets 4in Pig.1d i used {0 depiet A color chrnre from
that of Fig.la and NOot {0 suxpest particulsr colore, heoruso
irridescence comnot Well be suprested by hatehing, The
coated film emm be of a thicknese {0 inelunde emly » sinrle
laver Or a few lavers of liquid orvetnl dronlets, ~r the f1lm
Chn include acversl lavers of Aroplets vwithin 1te thicimess.
Droplets of Lliguid ervmtnl materinal orn ran~e in size
from about five microne *o nbeut twenty-five mierone nné
e srefernhly teén to twenty microns in Ainmeter. Denendine
unon eonditions and requirements for use of the intended
coating, mevernl lavere which include lilquid ervetal mnterisl
of fiffersnt termerature responee ranses am he ghverime
noesd IN Aireet Of overlanping relation ON o purf ery OF
diecrete rens of surfrce enn be conted With lavers which
inelude different typea Of liguid crvetal materinl o
obinin temverature responmpe corresponding to the eonted

erttern and the mrterinl eonnted.
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Figure 2 im a dlegrammatic edge view of a self-
supporting film containing minute Aroplets 11 of a single
type of liquid erystal material disperased IN & matrix of
polymeric binder mflterial 12, Although the ftim ie
depicted an having a thickness of only & few droplets dia-
meters, IN practice the £iim may be of eny thickness
extending from elightly more +th:zm one dronlet Alameter at
its thinnest extreme up t0 zross dimeneions of meveral
millimetera. The Optional. colored lawer 13 shown in
this figure ag well as IN Fige. 1a "nd 1b and in Fig.3,
to follow, mfly be provided or not, == desired, its
purpose being to color and/or opecify one surfnce of
the film and thereby net & & background for ohearving

the hue or o enhance the color brilliance of the dieplay.

Pigure 3 1eg & dlngrommntic edpe view of o self-
supnarting {ilm containing winnte dronléta 11 of more
than one tyre of ligquid crvetel materiol disversed iN a
natrix of galym&rie binder meteriel 12, The fipure depicts
tWo Aifferent types Of liguid cryetal wateriel contained
within the film coating, & [lret tvpe, for which the ambient
f1lm fenmperature is elither above or below the temperature
of 1tS mesomarphic staté, and & mooomd tvpe, which existe
in the mesomorphle etate at the rilm tewmerature of this
fimure. It Ls understood that more then tust two different

types Of liquid cvystal material mayv be <neluded in n film.
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Following are exnmples of eneoific embodimente nf

the invention ...
EXAMPLE X

|n this example, a mixture of the eveeified liquid

ervetal materinle woe need Which compteted of 55 percent,

by weirht, oleyl cholesteryl carbonnte and
EXAMPLE TXX

INn this example, oOne part, by weirht, of the some
liguid ervetal mixture ag wnp used in Examnle I7 was
emuleified N five parte, by weipght, of a 2% vereent, by
weight, ageous eolution of noly (acrylate) polymerie
moterinl,s The poly {(acrylate) materiml wna smmenium
voly (nerylate) and wis chersoterimed hy having N pR
of 8,8 {0 948 in 2~ 22 vercent, Dy weight, nqurous solution
and by heving a visecoeity of 150 to 178 280 centivoiees
in & & pereent, by weight, nqueouns Solution. Ermulsifions
tion was conducted in o iroketed ¥Yarinz Blendor cup equinmed
with o resistance~wire henter, rnd the temperature nf the
enuleified liguid war maintnined at B0 degrees Centiar-de,
Liquid erystal droplet-a in the emilaton were ten to

twenty microng in dismeter.

The emuleion, once prenared, was conted snd Aried ne
demoribed IN Fxrmnle 17, and the hehavior of the dried
£11m wne noted to he espentinlly {denties) te thnt ~f
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Examnle YT with resveet tO color chrmme neroprding to
chenge IN temmerature, since the liguia ervetal mixture
was the s~2me 1n hnth ex-~mple, the Aried binder seemingly
having littl e effect sg tO lighteresponse. A onnting
wae tleo prepared usines pglese np the eubatrate, nng

results were eomnarable tO thope Adeseribed nbove,
EXAVMPLE IV

Thie exrmple wre provided to demonetrate an
embodimeni of the subgeet iNvent?on wherein the nolymerie
binder meterinl, which serves to eecure dronlets Of liguid
eryetal moterinl in dieversion in the motrix, ie eolored
to reduece its transparency (0 incident 1ipht. The
colored nntpixelike moteriecl of this eX-'mnle, thorehy,
effeotively contrasts with the iridescence ol entranned
liquid crvatal Arovplete without relisnce ON ~maque suba=

trotes O other armlied contracting mnterinl,

Three narts, Dy weight, nf s mixture of 88 nerecent,
by weight, of cholesteryl nonenonte nnd 15 nepeent, by
weight, oleyl cholesteryl carbonn‘e were emnigifted with
five narte, by weight, of n colored hinder rcalution,
dercribed helow, IN & lacketed Woring Blendopr cup which
w-a eentrolled to maintain the liquid temmersture ot
rriout B0 deprees Centirrrde. To vorevpere the hinder

relution, 10 greme of the rolv(vinyl alcohol) eveciftied
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in Exomple I was dimsolved 1n 90 millilitres of Water,
end to the solution wog added 10 millitrere Of fouhtain-
pen black ink,

The emulsion, having heen »repsred with droplets of
liquid crgstnl material of about B-25 mierons in sire,
woe coated toa wet-film thickmess Of ten mils onto a
transparent, uncolored,. sheet of nolvethylene terenhthalate,
using & draw=down applicator as in Examvle I, and the
coating wag nllowed to dry In air nt ahout 25 degrees
Centigrades The dried emulsion film could be used
either as a 4hin selfesupporting film stripped from ite
subatrate or together with the substrate to nrovide
durability. Change in temmerature of the {1im Iin the
pregsence of incident light veeulted IiN the charsoteristice
color echange, which firet beerme evident For thisg mixture
of 1iguld ervetal naterial as the temmerature rose tO
nbout 8% degrecs Centigrade, iridescence being caused by

a variation in temmerature over the £31m ares,
EXAMPLE V

The materials used in this examwle were identieal with
those iN Example IV. In this example, however, the emulsion
wns sprayed onto the substrate by means of &« swray gun,
and the resulting Aried fi1lm demonctreted color-reflecting

characteristice similar to those, of Yxemple IV.



$ 158
EXAMPLE VI

In thie example, fhs polymeriec binder material wang
gain, o prolamine filmformer derived from the aloohol
extroetion of wmen maye, & rpain commonly cnlled Tndtan
corne The golvent rvstem utilimed iN this examle was «
solution of nine narts, by volume, »f methanol and one
pary by volume of waters h eolutiem of hinder materinl
wos prepared by Alssolving 80 grama Of =mein 4n 400

millilitres of the solvent evetem.

An emaleion was prepared in A jacketed Varing Blendor
eup comtrolled o maintain o temparature of ahout 80
depraes Contirrnde. The emulption conpleted of 30 milli-
litrems of tha binder wnterial molution and 10 millilitres
of # onewfo=one-mixture of oleyl cholesteryl carbonate

oand cholestervyl nononorte,.

The emulsion was corted ss i Example TI, and resuite
were similar to those of Example IT with repapd to

iridescent effeot,
EXAVPLE VY

This exsmple demonstrrtes the upe nf 2n emulgion which
ham two different tvnes 0f ligu'd crvatal materinle aenne
rotely 1neluded thereih. The emulaione-gonting liquid
evetem w-g nrevared by stirring tomether two emuleliohs

whioh hes different liquid ervetal materinle emulaified in
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penarnte solutions of the same %ind of binder mutepial.

The two emulgions were nrennred as followes

a) 25 millilitres Of 10 nerecent, by weisght, agueous v»oly
( vinyl alcohol) wns emulsified with 15 grame Of &
mixture of 88 percent, by weipght, cholesteryl nonone
oate and 15 vrereent by weight, olevl choleastervl

earbomates

b) 28 millilitrer of the 10 pereent, by weighi, ngueous
poly(vinyl aleohol) wazm emuleified with 15 grame o7
a8 mimture of 835 pereent, by welght, chnléntervl
nonanoate and 15 neraent, by weight, olevl cholesteryl

carbonsate,

The two emuleione were then stored torether carefully
end by hand, it being discovered *hat undue apgitation in
conmbining thege varticulsr emulelons cnuses nixing

together of the dropletes of liquid eryetal nterinl,

The emulsion corting system with two A'#ferent liguid
crvetnl materials was conted énto = substrnic and dried

In the air Nt ahout 8 degrees Centigrade,

The visunl cffect of n corted Arisd emilgion Of thim
example woa maeh the srme ng that of the npevioum
examnlen, oxcent thnt colar ehenme annenred IN the corting
IN twe sequences hepinning at two Aifferent tempersturees.
An & eomparison to the wlsunl effect desorihed In Fxample T,

for n corting havingdly one liguid ervetnl —aterinl, the
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following deseribes & coating with two liquid ervatal |

\
materialsses \

\

§

M warming n Yest polnt en the film a first sequence of
concantric ringe of color aoneared, cireling the noing
of hent aplicution. Whea the point on the £1lm wne
further warmed nbhove the first color nroducing temmersw
ture Yt halow the COl Or producing temnorntara of the
pecondt emlelffcd materinl, the tagt roint nanln sa-nenred
mnaolered, with wmly »n ring of eolor remninliug, ot that
time, n Lived Atateonce from the eentre oF the hert eouree,
due to the gietisa Somoeratare sredicont, non Qurther
warning of the %ert noint on the £1lm, ~ secod cet of enlop
pinge hmersn o asneap and ange ontwardly, bY$ never reached
the outwardly moving fired viurs, giving rize to a visual
indlaontiana of Two formepsiure rrnree ot 4A100erent Yoeations
ON the eorted cubpteretn. So muoh fop wolnt o niiention
of hept, Whon the eonted gubstrete, N nvhole, wan hented,
the £47m reflected cdinging oddor not in rfnes, but all
OVEr, colens fret ocoverpipn,s fue 4n ~ne Yiega'd orvetel
wrhterdirl snd then, en Jupthepr heating, the {41m arpecping
uneolared, due o the aceomd Tlauid ervetnl sererial, for
o obime n$ temniraturep intarmedinte o the &iiferent ecolor
arofucinge Lemaparuress  The colop chanvee arneared N

revepse opdgp sn aooling of the | lms
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Where, iN A given emall mres, there are present two
kinde of the liquid drons which exhibit Aiffcrent color
reflectonce at a given temmerature, the effcet on the eve

is ndditive, ag would be exvected.

Q4=
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