
G i r n i l n c  .tmapectton of aaeotronlc oomnonc.qte cPn be c,'nfluatad 

t o  dcte@% flnwa Rn& fnl.l!jrea fn fnhrtbr.tf.mr Further, 

the  ntlre>attve color m5ttbrnp pi' vaw nrtrctst? dsllnorntfm 

prove u ~ e f t r l  in several  areas f o r  th@t . r  dcncar'tin~, tn$rigue 

find c ~ ~ o r & l n @ a s ~  fluah nreraa incl.u& ~ ~ u Q P , ~ ~ % v F  mnc\l.@ f n r  

ofd"i.aem nnA r\4rcroft in te r torn  en&  top^ ~hl.& haw nevcha- 

10~t.cn.Z ~ ? t t r n a t l v ~ n a r ~ r  Lo chlldren hecnnsa 6F their vnrtsfy 

of color  dtr?nInv ahen tnracheil bv R hilmnn hmd, 

T h e y  
To 46,Aricnte r, toy o r  0 dacorr?tfv@ color wnncrl, isr heve 

appl4,~A nnnrnxir-%ely 0.8 nrnm of m v  of t k l ~  ehnve ~ornqo~t -  

t lons ,  wtth f ? l l c r  s?,dctT.ttons, t o  ahrat  off clp..r %oe t~ . t e ,  

Mylnr or P l e r i ~ l n r ~  tvnfcnlly by cnre~ i r l in~  thf? o h o t ~ e t e r v l  

medium by mmunl mennna. A aeaonil sheet nf olo?ar Y I l m  

mnter i t .1  i s  p2'-oed over the olsr?r abeet canted v:?th the 

rnLxture. The snnilwich ! n  then ~ l . , o e d  between two metal 

blocka nf annroximrlt@?ly the emme aj-epl as the enn&nlch. 

There blookra nre hented t o  npnmxfrnntety 4 b r @ ~ .  nnd 

e x e r t  n force of nn orner of 5 lbm. m t h ~  am4wtah. 

The metal blocbe on tho annUwZch a r e  then nlnaed tn  a 

varouura of ahnut 10 mm. Hqr Aftor nbocat m e  ainutn a t  

th1.r eraspure, n ' r  t e  actmltted t n  t h r  ehnrnb~r r~.?fi l l .y.  ?he 

nhovs pmccROurn hne h e m  eueoosrsful in nro8ucl.nn r! thln,  

1mlPorrn f i l m  of Itquid acvatnls snndwwiched batoean the  

protcnotive in.rere mentlnned nh~ve.  To prevent plZnnn~e 

nf the  woteot lve lavers,  we hnva tnveatt~.?tei l  tho .follow- 

Lng methane nf aenlinfl, nny.oi  which woutA he Zar?+thln ~ 9 t h  



the  &ow-m~.ntlaneO rnn*ertnls a (a) tnnr, (It) ttdhsalve, 

(0) u l f r ~ e o n r c  earnltnrr rnd (4) thernnl senl.fny. Another 

msthoff of a-nltnr. the toy mlokes use oF nonWich of vinyl 

matesinla swled  on three rdaen, An sxceen nf lf.qutd 

crvatnl  rnn*erit-l Ta !nlectcd fn tn  t h e  cnvc'Zsn~ nt the 

n n r r m  mil vrh4eh r~mnins open. The s~n!nnwtch i w  then 

*mas& b e W s ~ n  vvrrtrble .eresrtrrr r o l l s  hcehtsA to 40-t5Oo~~ 

Th1.a Soroes the r i p  n u t  o f  the mvelnne and ~-7reoOs the 

l iqufd  c m r a t ~ l s  unTfosmly. The nnan end of thr,onveXone 

is then ernleU thermollv t o  clnwe the cnntniner. Thfa 

has r.arJca8 q ~ l i t e  well with ern011 tent  a m l c g  md c m  he 

Large n~ndwtchew nf ramosfttone of thf- t l q u l d  c r ~ r r t * ~ l a  

scat for th  above cnn be mrde ~anfnp vsrv thin (8.001 irnch) 

f i l m  t a  nermlt i n ~ n r c t l o n  of ~urfncers wlthnnl neer6iet.t~ of 

pIbintinn the surfroes wf th  ltqrr*d c r v ~ t n t  con-ornfttms. To 

D I O O U C ~  these th'fn b eYue4edn vnct~um frr-tm t o  ilrm Ftnrrpl 

wrnp or  "Pcfem fl.ln verv t4#ht nnO the nnlnt the aomnasrlttan 

of 1fquSd erystnl unnn the Snrm wrnp OF Tef18n f t l m .  Tho 

f i r s t  Fnrm wrap or Teflon f t l n  t~ then cut t o  %he lnncrr 

dlqenslone of the vrauurn frame "174 R second f d l m  4s -lnaod 

on +ha frmme. When the frame is re-evnauntsd, t h r  seamd 

f i lm 3.6 Drsnaed matnet  the l tquhl crvstflll%n@ cannoeitfon 

and Pame mn "is-free anadwich. The smOwtch cRn then 

be placed an n surfnce t o  re'nnnect i t  Eund reuse sepr~ ted ly .  



EesentZntly the enme arorenn hrm bvan uerad in breanr 

tn.n~ lnxfler ne-nele of P3exi&lns wtth the nhaw onmnaottiona, 

of liquid orvetnls depostted between the coves oherts 

thereof. Bv i?alsott.vetly or rnnnomlv hemttnt. narttons 

of  the nnnaln, s o w  very ~ r t i s t f a  ef fects  onn bn patnet! 

from the color .>atterne cxhtbtted hy the %2%n2~). 



\ 
It has heen discovered, -4 tha weeeat  imnt ion  .(a k 

i n  l n r ~ e  pnr l  beaed on t h f s  discovery, thnt ckrttwin l.Cqv% , ! I 

erywtnl eholecvtordo compoel2ione rnny be f a m ~ l n t e a  r o  
I ,  

< 
provitne 0 e+m4Slcnnt color chnnre t t m ~  Ing "r.f$er thc \ 
ahthn~e f r a m  the liqutd nhnro t o  the cha2asrter4o nhnse. 

Buch hyateratlo ooarpositions m y  be rmloyepedt f n , ~  ~xample, 

t o  detemtne not only whether n rtven tamc~r.*?.ur~ hre been 

exeendsd But nlna t o  nrovide n rroor4, f a r  * ~ l , nn~ f ' i c ' nC  

time neriod5 of whether the tomernture hnsl bcm sxaseded. 

'Phr iw in color ohonre w l l l  nlsa ocotar f f  the eannnnttZone 

have been mpoaetl t o  h l ~ h  f n t e n d t y  cleaCrio f l e lda  in  the 

order of $20 mite per m~oron or  t o  "no m ~ o t r l ,  rueh n s  

vwpore a i  ahloroiamn in c o n ~ e n t r ~ t l o n s  tn tth or4er of 

100 g e p ~ a e  in air. 

X t  l e  anparent, of courre, t h n t  not a l l  @ h ~ % a f f t e r ~ f p n i ~  

m a t e ~ i c l l ~  are  hyeter&tCo 3n t he i r  color tr&efnr~t?tionar.  

Xndead, moet: af the heretofore known mtsrisls rnntdlv ahzrn~e 

oolar  ln  romrnonmre to ravtronlrrctntn2. c h m ~ e e e  The nqxturea 

or aombin, t2m of oompounnr o f  t h f n  invent tm return t o  

thets  colored a tn t r ,  f roa  R co'Lorlees Ltqu+d nhree, mly 

a f t e r  n time delay tn the order of' 3 t o  30 mkntlterse Moreover 

t h e  mtxtruree w t l l  h ~ ~ p  h r i ~ h t  ~ ~ * s t b l a  carom qn the  nl imad 

oholesterlo nhnee nnd w l l l  nnt c r v e t ~ l l . ~ ~ ~  in the rmne  of 



n o m l  tempsmkwna, 1.e. 0' 8 .  So 3 0 0 ~ ~ .  TPIe ~wt!foulnr  

8uhetrate emloyepen, whether qZaenp nolveater or snm bther 

clcanr p l r ? e t i ~ a  f i l m ,  dl1 h m  e n m  srffcat on the natuA1 
, 

t o lo r  change dslny time for  r nnrticulftr coamnoflit2on bu?$ the 

time d o l t   heno omen on *.ill bs oberrved on n l l  suhlstrntee* 
\ 

\ 
\ 

The hyeteret1.c Ziqutfl orvetallfne chol~mLartdE mlxturee ' 
of t h i s  invention cnntntn ( A )  from 15 t o  40 norac?ntp by 

weightt of at leas t  ems halldo serloctcsd from the RFDUP 

conuicshinp, n f  cholestsryl chf artdo, cholc*ntcryl 'bromtdt, 

chol~s+csryl lodine, chalewtmrl chloridep choleetnnyl 

hramtde m d  cho&eatnnyl todlne and ( 8 )  at  laaat 30 poroent 

by weightt aP n t  Iertst one cornnoun6 ~l lr l~ateA from the 

araup conai~i t t n ~  of ahnlnsteryl emcyl  a ~ r b m n % ,  aho ' @art any1 

erucvl cwbonnte, ohalastrryl olevl cnebonntrP, cholrstnnvl 

o lcyl  carbonate, cholr'nteryl, eructate, eho~+a tmvl  erucntet 

oholoetcsryl alente rnrJ chnle~ctnn*rt otente, 

Roferrtnn nooj t o  B i ~ . l ,  thrrca f r  illusltrntecl ne one 

ex'mg'le of the inlrenttcm R simnllffed tcrmperntuxa reoortltnr; 

o r  t n fo rn t ion  etorinr? AevZan I 0  thnt inrludeh n ole- 

nheet nf pnlytsthytene tsrephthkslnte il h*?yln- n thfcknnns nf 

approxirnn-e1y 6 miorons. A 7rirlraentsn f t Z m  1% contetnlnq 

anrhon b l ~ e k  dimpsreed in n laver ni ~o lvv iny l  nloohol nnii 

h~bving a thicknees of :-nnroxtmntely 12 rniceone !a 

dt?posllsd on m e  aslda o f  the tacenhthctlntc iltlm 11. The 

f 2 l m  12 2 s  np?12e1? nrs im erqucous solutCm @r onuaaon~fon 
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and drCed on the f l l m  110 A f i l m  of the hyeteretie l C q u a &  

crvetnl l lne ahalsaterta ntxture 13 havlnq a thtoknese if 

approxtmntaly 10 microns fs Reansited on the other etds 9S 

the  temphthnl&te hnae 11. The ftlm 13 ts r&c?aellted by 

npplying a 10 percent s a t u t t m  of the h9-etetmtio mtxture 

i n  petroleum ether  onto the f l l m  11 and evstnossrting the 

r olventi. 

Ae 8n t2lumtmtTon o f  t h s  nrnatice 09 tlle 4n rentinn, 

the re  i a  s h m  tn ?lgO&, the recnr t l ln~  device 10 olncefi no 

thttt f C % m  1B la Cn tnttmntc ccvntect with an iaa?uminum nlrtra 

o r  blnok ROr The Flock PO Is ndqnted t n  ha henteti, na 

f o r  oxrlmp%e, by n rosletnnce heater P l ,  a n A  t e  nflaQtsA t o  

be oooled ri thsr by lower enbient: temnernturee nf ter  +he 

henttnq llne rraarR o r  by c o o l t n ~  means such ne the e n i l  PE 

ocmtntnlng ciraul rtjnfx aald writer. A thsrmacounla P 3  i r ~  

embedded tn the place PO so that nn nacurnfa maasurement 

of t h e  frmnerarturee of the block o m  be mde* A anuroe qf 

whits l i ~ h t  P4 I m  provided en t h n t  the color d the lnvrar 

of h;peteretio f i l m  in the device w C l 1  he vtsdble t o  the 

nnksd eve* The v t l r i b l ~  color i s ,  of c a u r s ~ ,  s f m m  nhenbc 

menon nnsaeaCs\tetl wtth the 'Ilght aar t fer tna  h ~ s n s r t i e s  o f  the 

ahales ter ta  phnae. 

L aeriem of mlnvplls rec-rdlnn 4evioee w-a prebared, t n  

the mrmer Re~cribsd heroinabove in  a l l j vno t im  wlth  Flflr1, 



uring for f i l m  13 R var ie ty  of e i r ap i~  RPmixtwee of 

anmbinntions of" compounds tn necor4nnre wf th  the oans- 

t i t u e m t  nlxturee md cornnosition rnnnss s e t  f o r t h  ehovn f n r  

the  n r e p ~ m t i c m  of nuttable hyr te re t ic  aomaett-70nsr lPhcsa 

eimplo A ~ v t c ~ e  were then pl-ced tn .nrntaat v*tbh the nlumMuma 

gtnte e0 of B ~ R ~ X ?  nn& hrPrte8 unti.1. there weln .? ' r p r f o r m t ' t l ~  

from the c h a l e e t e r ~ c  nhese t o  the l t q i x ? d  nh'ribae. The 

phase trrsneformrtton wns annnrent n s  t h s  l*vrrr w r + s  

observcicl t o  ch~'n*-e from 1.1 vivld color t a  n 'eo lor less  1.nver. 

When the I c w r  wns  cooled, t t  ~ e o s r t e d  do <he 

cholce ter ic  nhrm but the color returnen nnlv a f t e r  n 

o i ~ n i f i a n a t  d e l w  i n  tl.ma, The sornnoaftton~ nrcrentrd 

i n  Fable I herelnbalim were found +o br h y ~ t s r e t i c  nnt3 

there,  t h e i r  rnom tempernfnrea ra lnrs ,  I r a *  the oolor of 

the  ohn2ee*erie nhnsa, ?nrl t h e j r  clenrinfl notntr~, t.e. the  

meld n o h t  n r  tfqulA t r n w l t t r m  noinf, were lnACented. 

In elwh cnec, 8% lenet  a three minute ttme l c ~  wns 

nbasrved in  the color chnn-el r f t e r  the  In-fer had bean 

ooolet3 t o  n tcmnsmturc where t h ~  ap*srlnl RFS 9.n the  

aho l s s t e r t a  nhcse,. AX1 of the nercrnCnpes En the t4~I.e 
/ 

hetow m i d  thoen t h ~ t  nnnenr theronftcr  ?re t~&*flht 

peraent?Rea unlestl r*tharw(lne apabc+flc?&. 



Oelor nf C1etar-i.n~ 
ChalerterZc 

p)l-'fle ~ o i Q t ,  % 

30 aerocnt cholemteryl Chlorlfie Red 37.B 
70 percent Cholesteryl Eruante 

10 rleraent Cholcsteryt Chlartde 
86 percent Ohnleetervl R r u a ~ t e  BtuJ 40 

e4 percent Chnlrnteryl Chtarlde 
'16 percent Chol f f~ te ry l  Olayl 

Cnrbonate Orem 46 

PO -3sroenf CholceteryX C h l n r i r l s  
80 nercenf C h o l e ~ t ~ r v l  Olevl 

Onrbannte Blue 45.4 

50 poroenf Cholretesvt Chalrtne 
10 poraent Cholrstsryl Olrvl 

Onrbrmmte Rod 

86 geraent Cholenteml Rromtde 
'14 nerbent Chalestervl Olevl 

percent Chaleetew1 WromCde 
74 peramit Cholestewl Olsnte Oretiln 

&(3 percent Cholesteryl Chloride 
74 peraant Cholssteryl Ernby1 

C ~ r b o n ~ t s  O raon 



X t  should bc underrtoad t h n t  the Sarefrotn~ nrcl ex~laaplcar wff 

thnt  ather I t t m  thicknse. and mixfurre m&y he am?.opd. @la@# 

ox atndtr o l s w  plnetfes f i l m  mny bfl ernnlny~d in vI.@oe of the 

~Olyefhfrl@I'Ie ter@phthalnte f i l m *  Other ptgwntn SrR.  n ~ l d  

btnch, may be eubrtitutetl f o r  the anrbon b?aak. me ntcr?mc.nt my 

bc d+spararad tn mthgl. 0 ~ 1 1 u t n b e ~  ~)ol~In;o ' l .  ~ y r r o l * # m e  o r  nftlle~ 

plrertias materinZr tn nlroe of the aalwllnvt nlaahal, The color 

n f  the ptgmene ahould be oomnle?mentarv t a  the oolor n f  *he Ifrht 

bcnm tlfsected onta the h f r f i t ~ r ~ t i c  ~hnl*d te r io  19v(ar* Whn the 

incident l tght  + e  %vhi?e, the p l ~ m m t  nhoultl h@ block,, end when 

t h o  liflhc 4s red, the ntirwnt rhoultl be preen. Thp e h ~ t ~ e t e r t c  

laver  m y  ha dcpoelted tram other vo l t i l e  ~ r R m i c  R C ) ~ V B R ~  R I I C ~  

ner ohlorofarm, hnlop[enatcr4 hydrocarbons nnA valnt i le  h~~drnc.nrbrrll 

rsnlv@nts* The aholeeter2c lnackr nred tmly ha r 2m m4crn*ls itt 

tbfokncar~s but M y  be fa the orfler of 60 mmtcrnne, Fa4 mor(ar X t  

6houlA nlen he ~lndesatnod Chnt ohol.estmpt oana3ounAa npnn he 

eubetdtudad f o r  the fose~oinrr chalesteryl corlr?nwBs t a  nrnvtr?e 

elmilnr results* 

A s  2 s  anparent from the data In T ~ b l s  X, mZg ar %moll  vsrrrim 

t i o n  fn the cloarlnl?: m i n t  ocewrr with vnrylnR mounte of aonncnmde 

in a rfiven oa?ib'Iant?en n i  eonrpcuunda. It h*ar oleo been AIscwdssnd 

however, thnt n t m l f t c m t  ehnnvcsa in c l e w t n ~  notnC8 mpv he 

mn%e by the s d d i t t m  nS c.ert~'in clssrtncl nof.nt madul~tbna nnents. 

Up $0 3n pc ro~n t ,  by weight, of ( 0 )  n. c'lerrtng pohixlb s l evn t im  

agent rsnlootad Prom %he prwn a i  ester* conui~Ctnr? of ehalesltsr??l 

nnnanoste, eho&e~feryl nmmomte, chalaeter.rt d@eFtndnte ant3 



ohol~s temyl  duennaat6 ~ g '  be inotutl~d tn the ndmixS.u~eparn of 

aomprrunda (A) a d  (B) t o  rairae the clewinp: potnt t R I I I p Q r & f U M  

of the depositeA cholsatsrl  c lnvor. The hyeterelcla sf f ea t  

i e  preeant in the lnver even thauvh tth a s t e r  hra bean rAda5 

t o  rnlme the c l e n r i n ~  point. Hnwcver, the Catal ambunt of 

m r t e ~ i n l s  o r  oomnounds ~ n l e a t u d  from (A)  nnd ( 0 )  ~ h o u l d  not 

@.aced $0 peroent nf fhc atrlght of the t o t a l  rntxturff. 

.*6 l i t t l e  na 1.0 peroent ctf t h ~ .  ea ters  in the qrotfp (0) w t l t  

bnve n nntloenbls and uasful effeot i n  ellevrttnrr the  clsnrfnn 

noint tamnerntllre, of n bnelc mixture ( I )  nn& (B). M ~entarnl, 

thc  8 d P C t t m  of nbnut 3 peroent; n f  nny of the oetera ( 0 )  w i l l  

sn.t~ler tho e2a3winff: notnt ~thouC m e  deRroe oenttqrrfica* 

Refer r iw nKaia t o  the device8 @hewn in I F ~ R . ~ ,  ndmixturee 

aonfntntnu the comnk)un&s (A), ( 8 )  and the Ua~oribrd se tera  ( 0 )  

were ewloyed tn form the recordin'- devioe 10 by 4epar l l in~ :  thc 

sidml~ture adl t% 10 mioron thlck layer 1.5 from n ten neraent 

erolutian in petroleum ethev onto m e  elde of 6~ Bj mtaran Chfak 

polysrthvlene tarephthfllntca f i l m  11. The other sfde of the 

f i l m  11 had the ni~mentetl ifivur 17 t?%soribr(l heretnb fore, 

' R e o o r B i ~  Uevtcee, w i t h  the comndaitione desarihad Fnble T f  

prrrvtdin~ the hy8tewt je  l lqutd crvetnll tne ohotccrteric lnvere, 

ware ts8ted in the apardtue of' Pig.2 tn the m n e r  heretofore 

described In o o n ~ u e t i m  wtth the rxnmp'le of Table I* Awln, 

nt lunet  eh three minute time t n ~  wne nbaerved the eaatar ahmm 



n f t e r  the 1e.ver was oaaled bclaw its cl~mrinr ,  point. 

That the ea ters  ( C )  hnve n prmounred nnd predtatpble 

effet?t in elewt lnr :  t h o  olaflrlnr nolnt o f  F hneZtt rn'l~ture 

of a hgsterct tc  ehalenterfc cnwnnaftlon of (A)  Prnn (9) 

is nonnrent from the dntn of Table IT. 

f t  rshould be unfleretoad *h*t cholestn~l;cr1. nonsmonte 

nnd Asennonf;e ha ~ u h e t i t u t s d  for  the c h n l e ~ t e r y l  

nanmontn mfl deonnante in the ox,.mpleta ehmm in Tnhln Y7 

with r j i m i l n r  ~ U l t i s r  Sane vsriaf ton in *he ~ c t u a l  

clenrinll: nolnt m y  aoour fo r  fdutntfc~11 nmmmta n f  peter 

(0) tn my h ~ t e r e t l a  oam~oeititm nnn thc  c taming notnts 

mny be readi ly cnllbrntsa f o r  the aa r t tou l^ r  e s t e r  h o l n ~  

employed. f t  ehould nlro be underetnnd that beth tho 

c$holeetaryl n n d  chn%est8nyl: erfera  of the FFOUW ( 6 )  my 

he employad with rq thr r  the chal.~e2anvl and /ar choles- 

t e r y l  compnm&@ of the  aro1ma (A)  md (8). 

10 28 percent C h o l ~ s t e ~ l  ahtorlda 
R$ pcpsasnt Choleaterpl Bunmonte Red S l  
46 percent Chaterstervl Olt.qrl Cexbonnte 

11 28 noreent Cholarstrryl Ch'Loride 
10 varoent Oholeaterylllmnslonte Red 44 
62 aerceni: Chalnsteryl Oleo1 Cnrbonrte 

1 X! PB .~arormt Ohalnlstervl Chloride 
26 percent Ohaleetrryl deeflnonte Red fSi 
46 percent Chalasteryl Oleyl. Cmbmrte 

13. 28 nercont Cholestervl Chlsrlde 
10 neseent Ohalesteryl Beennoate Red 
82 nesocmt Oholeartery1 Olavl Ce~rbannte 



Yh arder t o  depreara the clnarinp: notnt nf a nZvan 

mfxtwe of (A)  mU (B), up t o  ahnut 10 aeraent of mobher 

olnse of mnnulntinrr Rpenta (n), in  thlm i n s t ~ n o e  ?mom 

cta d$mresstn~ n ~ e n t ~ ,  mny be ineluded Ln the mfxture* 

Fntfy, adrn~ollhda which 4nislsoloe the pctm.rxttx*w (A) and ( 8 )  

wifhaut o r g u s t ~ l t l a i n ~  w i l l  iunatton 88 o l ~ l n r t n ~  natnt 

Ueprenstnr n ~ e n t e .  Buttnble fn t t v  carnpaun&a, for  t h t a  , 
purpwe tnaluffe the  f r t t v  nalff~,  i ' ~ t t ~  @stera nnd f r e t s  \ 

nlabhole, both nnturr+ted nn8 unsnturnted hydmcnrban 

notda wZth -r@fer&bbly ows 8 onrhm ~ t o a a ,  Pnr Qx~mntn, 

o le to ,  e tenrlcs  palmttto, lnurto, aruoZes nyr ts t ia  end 

behenfa notdeb LfuEtnbl~ S ~ t t y  ocaters nre dcrtvod by 

renettng nnnohyUrlo nnct nalyhphy0rta hydrnanrbon nlaahals, 

m t h  the PettCy rotda, f o r  ax~mnle, iethy2 n%e~at€i, ethyl  

oleate,  o a t ~ ~ l  alante, dtalotn, t r ia te tn , ,  trtlbt?tsfn, 

trfpnlmtt%n, t r l s t en r in  and mlxtt tre~ theraaf, x)~lrtlelrZvllv 

m'lxturer n f  tri@yoeryl es tere  of f n t t y  aeZda euch nn the 

nj.tucnl2y o e c u r r i n ~  alive,  epem, seybem, anm cnA En11 

el . lsb Rlnitabsbla P R t t r  nlrohelaf ere, fo r  e+xV*mgla, als~l, 

EiteRryZ, ~ e t g l  md lnurvl ct100hb1e. The l i gu+d  f n t t g  

oompountle Fre preferred but Che ~ a l t d  camaunde m v  be 

emnlaved, Zf t h e  ~ l ' l t i m ~ t e  ~Ami~ t l l r e  with the combinr t~m 

of (A)  a d  (8) Ooee nMt  argartmll.lae. C m t n t l t ~ n t l a n  

w i t J ,  ~f aouree, 4satrc7y the liquld c r v s t ~ l  oktnlenterta 

phdae I 



A~~nin referr ing t a  Pta.1, ndmixtures c m t n t n i n ~  the 

compnunfle ( A ) ,  (B) nnd the fsrttv aomnnunA~~ (D) were 

emnloyed t o  %arm the ~ I n n l e  rocnrd!lnn device 20 by donneit- 

Ing vnrlnua RdmZxtureer nej o 10 micron thtck layer 1% firom 

8 ten  percent ~ o l u t Z m  in potroleurn ether rrntn mr ef Ae 

of et 6 mioron thick polyethylene tarrnhthnl-%c f i l m  11. 

The other cat& n f  the f i l m  11 hat4 the pi~mn2;rd 1,nver 

I? deearlbod hc?reinnhovc. Racnrdinp: devfeen, wfth the 

oompow.Ltiane deecrthwl In Tnbte TTT hereinbelow haaiq 

AapnrsCtad Re the hyerteretia i ~ q n + d  arv~thtlLf.nn. chnlestar ie  

loyere,  were teeSeA in the npnnrntue of IPiqdt in the  

mnnner heretofore donasih@d. hnn3n. a t  l.cc7n.b n three 

minute t Z m r  tng Prna observed in  %he aolar ~hn~nfrnff[~ " f t e r  

the various t t . ye~s  were coolen t o  t~mnlernttrres hrlow tl.lr?.fr 

c l e n ~ i n a  notnta. Thrt the f~ttjt comnounfls ( 7 ) )  have a 

predlaltnble effaot in deprsscrtnst thp c l r ~ r i n ' ~  m t n t  

01 n brw.l.c mixture n f  n hyeterntio eomnon~t;tnn ,d 

(A )  rand (B)  9 a anparrent fram Table IT?. 

Exnmple 
Number Oomponttton 

Color of O l ~ n r i n ~  

14 96 percent Choleartervf. ChlnrZRe 
73 peraent Choleateryl Oleyl. Carbon"%@ 
1 peraent Olelo Acld Green 

16 96 neroent Choteeteryl Chloride 
nercent Chaleeteryl OZavi Carhmz, *a 

a percent Olefa Aotn Oreen 



f;xnmple 
Number 

$0 

Oolar of 
Compaa Z t  ion Cholrstertc 

Phnse 

20 percent Chcleateryl Chlorlde 
71 nercctnt Cholesteryl Olnyl. Cnrhonfltf? OF an 
8 peroent Oleie Ac id  

26 peracnt Chalcsteryl Chlorine 
73 peroeht Cholesteryl Otevl CFrbonnCo (%ram 
1 percent Methy Olemte 

26 percent Cholrateryl Chlortffe 
Ti nerrcent Cholseteryl Olevl Cnrbonntct @reen 
I? neromt !#ethyl Olente 

20 peraant Chalasteryl Chlarins 
73 percent Chaleetesyl Olegl Cnrbonnte 
1 percent TrLolein 

ZB pel.cant Choleateryl. Chl or'l Be 
'72 ;!ascent C h o l f ~ t e r ~ l  Oleyl Cnrbon~te 

x! perornt TrP.olsin 

26 aercent Choleateryl OhZorTde 
7% peroent Uhalsstsryl OO'Loyl. CCnrhan~ta 
I nercent Triolain 

26 pa!"csnt Choleatsryl. Chloripe 
V 3  vercant Chole6trryl. Olevl Oerbnnnto 

1 percent Qleyl. Alcohol 

@6 percent Cholestsrftl Chlorine 
72 garnunt Chol.~ateryl. Qletvl Onrbonnte 
2 nerccmtr QZeyX AAlonhol 

26 poroent Cholestaryl C h l ~ r l d e  
71 nercant Cholesteryl Oleyl Onrbon~te 
3 percent Oleyl JlZcohnl 

26 peroont ChloriBe 
73 percmt Choleartervl OZryl Cnrbnnflte 
1 perac'nt Olive O i l  

R6 percent ChaXaratervX Chloride 
72 nerracnt Chpllestervl Oleyl OarhnntrCe 
a percent a z r ~ ~  otr 

2% p a ~ a e n t  Cho'la~teryl Chloride 
71 persent Ohstreterylvl OXeFl Cnrbonntcz 
3 neroc?nt Olive 011 

O l e h r i ~  
Paint C 

36*4 

33.4 

38 

35 

36.6 

35. 8 

3818 

36 



Color QF ( 3 l ~ n r i . n ~ ~ :  
Chalast%rtc B o b t  % 

Phtz-e 

29 86 percent Cholesterjl Chlaride 
12 percernt OhoZsateryl O l e ~ l  Cnrbonr4in arean 36 
1 ptaroent Sperm O i l  

30 f?$ p~drcsnB Cholesteryl Chlortne 
78 perannl Cholaafsryl. 01eyl C~rhmnfe  b ~ w n  38 
2 bperm O i l  

31 P8 p e r ~ s n t  Cholesteryl Ohlortde 
71 paraent ChoZaetsryl Oleyl C ~ r b m n t e  @re$% 33 
3 neroeat lPIpsrm O i l  

aa 26 paroemt Cholesteryt chlorine 
73 percent Chotea%eryl Oleyl Carbonnto @reon. 35.8 
1 percent Tributrin 

33 k?B derocant Choleateryl Ohlarfde 
'?E parcssnt QhoToataryZ Ole@ Cnrhonnte @ F @ P ~  34rtf 

!2 percenl: Trqbutrin 

34 Etl parocnt dholcsteryl Chloride 
I1 pcaruent Chola@teryl Olevl Carbannts Urmn SR.8 

TI peroan t Fributrln 

19 should be understood t h ~ t  the deprereartn~ netananfar mny be 

a m p l n p d  with the aholsstmvl comnountls OR w s t l  Rn ehs rhnlcetsml 

eOnrpounRs. Other f n t t j  enmnounde rnry be kauhprtftuterl f o r  *hn$ie 

e m l o y ~ 6  .Ln the exnmpler of Table XTX with rcjuivnlant rsmults 

AgnZn, cnlibfnClm f o r  tho  nnrti aulnr mnaulrttnp: nc?~wL bntng 

enrrlagen 1~ ~ @ O b ~ ~ n d e d *  The cleminr  noint, tn esnernl, w i l t  

be t?epseesed from &bouO 1 t o  E degree8 otsntiflrnde f a r  rnah 

0.1 peroont of tho fnt%y aompnund w i l l  brovicle n +cerc@vtible 

chrmgs, in the c l a a r l n ~  nelnt o i  0 wwrticul~r  ndmrsture, 



As noted heretofore, the  d ~ v i o s  of B Q . 1  80 long 

as i t  hnar n layer  of hp~ l t e re t lo  chalcnteric? llPqrltA ervrt;al.lfne 

mnterinl,, w i l l .  functton o r  n temperature r r c n r d i n ~  device 

f o r  the environnent cmntnoCing the device* The device m y  

be onlibrnted by the soleation of r3 proaer hytCarettc Pi . lm 

compowttirm, t o  determine and record whether r! ~nrtfeu1n.r  

A l l  of the h e r ~ t o i a r s  de~or lbed  hye temt ta  onmnos+tions 

mvy he nmnloyed nra t h in  films In deviaee, whlieh w i l l  recorQ 

o r  @&ore inform~tion on env'ronnlental. condltiq one nther t b ~ n  

tentpsrntureo A~fatn rrefrrrfnp t n  P f ~ . i . ,  n 10 mqerm 

Inyer of n compoeition unnZnZnin~ pR peroont; cholcsteryl  

chloride and 7B percent oholeeteryl oleyl  eclmbnnnte Ca 

Uepoalted np the Znimr o r  f C 1 m  13, the, ~uh@tre?Fa nhclslt I1 FIlld 

the  nlflcntcad fi lm or tnver XP heinv hcreCofore d@scrfbed 

2n Exampla I* Buuh n Aev.lccs 10 w i ' L 1  hrve nn enlarily v t s ib te  

pronctunoed oolor a t  room temaeraturr when r x  nsed t o  v.hfte 

l i q h t .  X f  n 20'00 vol t  'Ter am. f t a l d  I s  npnltfl naroacr %ha 

10 miarans hymCereCZc cholemter1.c l~* re r  13, the rn lnr  w i l l  

rlfllnpnenr mi4 t h e  ln*ter w i 1 X  becow col+rl~ear. The fwrer 

13 w i l l  remain e l ea r  f n r  rbnut 3 weette if 2 t  I n  not hrnted 

Thc enme deolce, may, instmtl,  be emnlnyad ba rese~rd 

the  nxeamce i f  ~ o n t a m i n n t f n ~  wpnrs, foe rxnrapkeo When 

expneaA t o  n f r  ~ r n t n i n l n ~  from 70 t o  190 Dm84 of e i t h e r  

ohloraPom a@ $riehlororethy~me, the color ntZt  iIC@rn.1f1~r. 

The hgetexe . t l~  laver w i l l  samnin colorless Pnr rhotzt I 0  

minutoe n i t e r  it IR rs.ooved from the artnSrn~l?ntlnp: atmn~phere 



Applicntion 14 

This invention relntee t o  temnsraturerllena~tive 

vilrunl A t ~ p l ~ y  Pevtoee and, more a ~ s a f f i a n l l y ,  r e l a t e r  

t o  such Anvtaea in the Iaw nS PI d r i e d  e%*nllasian coating 

h'vtnfl inaornor~ted  dropletas of chol.er%erto w a n m n r h ~ o  

( I tquid csrgstnl) mntertal, whqch mptertnt ch.nl-ee in  

i r idescent  chr?mctsristics whore nnA whm E~Imf3rQCUre 

ahrmfteer occur an Che oopting. 

Tn the erpectftomtian -f Unftefl Kin~nbm P' t e n t  Nor 

1,188,590 a ffteplay davtos l e  AZrPcloeeR mfl eZaimad vrhlch 

includes rm nxrag of mtntnte n b l m r i e  cnn~ulrar clmt~tntr?g 

oho leaa te r~ .~  ~ @ e a m r ~ h t o  mmterinl nnd ndhsred to r pub- 

s t r n t e  whome bempernturs nnt.tern l e  t o  be i?+nnlnva?db 

While earnewhat ~ e l p t e ( I  t o  the lase o f  the abcwe-.lenttoned 

anpaultr axrrya, nn emuleion o f  unencnwsulf?tad a h a l s ~ f e r i c  

nsseomorphqa materirtlr ahtch ' 8  Part: of f h p  ~1Abl*at nlntter 

of t h l e  ~n~rentrlon, l a  vaet ly  f i tf ierent  f r a a  thner nther 

diacllo~cirnn tn  arverdll imor tnn t  resneafa. Zlhe drop%etb 

of the an tes la l  of thtas fnmntton are  not a n a r n r u l ~ t r d  

but nrd, inelunione in  t h e  cnnttnuoua nh~sar nf t h r  dmul~sionb 

Fhs smuleion, o r  oontinp: l.lqu*d, of thqe tn-rentfrm cnn be 

prabmred by n simple an4 ln@xnenlrivet, nne-nrc;rp& ,ltnsaceee, 

thereby obvinttnff the  necessity f o r  oomlex arrp~ute- 

mnnufnafurin~ equipment PnA 'cohnlqure with nt%conflmt 

h i ~ h  mmufrc tu r ln~  costas. The emla ton  of  $ f i f r ~  ~ n v a n t f m ,  



when dried n t  a amttng on n bndy whom temorflture c r~ t t e rn  

f a  t o  bs 8Jao1.e-yedr nrnvtdee t h r t  tncident 19oh+ he t rmemlt tcb 

Chraufih only n s l n ~ l e  ktnd of mn+ertnl in order to be 

refZcctc4 trtdeocently from the unenc@ne~rlr?%.c.v? droplets 

of cholestorlo mssomoxphlc mntertnl. Pse t o  the e x t r r w l y  

ermo.ll tlroplet e 4 ~ e  whq ch c m  he mnlntntned tn nn amulrrtan 

of u n e n c r ~ r u l ~ t s d  droplet8 n f  the ahblastorto meran-nornhte 

rns.lertnla, oohltlnfqe prepared from In emuletem bermit of &a 

hfgh da~rec 04 nnt iaal  r e ~ a 1 u t I m  P I ~ A  nlr6 h.m n very 

~mooth CUrfPas* 

Pl.purs I.@ ?.s n diwramnntio e d ~ e  v4ww of G nubstr:!te 

eheet 10 hnvtltg, an ons narfrae, n c o ~ t i n q ,  of mfnllfe , 

R s a p l ~ t o  1% o f  i.iqnt4 a~vantnlline mntesi.nl ACeperer4 in  n 

rnntri.trl.il?e polymartc htnilsr ~ n t e r i : l l  If, the l l q u l d  arystnl  

mrtesdnl hetn~ shmn in ~9:Ghcr the i n o t r o ~ t 6  1iqul.d stsrts 

o r  t h c  c rvr tn l l tnc  nolid ~ t n t e ;  t h p t  is, no% i n  the  

meeomnrh?.a? ~ ? t ~ t e .  45 nsrusnt by ~ a i f # t t *  ahnletateryl 

nanlmolPrte End h ~ d  8 aolor nmi?uoinc tlemncsrc.t;mm, i n  tho 

upwar4 sxcur~Con, of r~bout 33 decree Csntl,?r*il%. The 

tempcsreCu~*ce. r@,n?.nsrle af aalor  raaponee f a r  thCe rniwtllrca wns 

from nhatjt 33 c?ala;rcpt!e Contt~rntle t o  Pbnrlt 3S.5 neqreos 

Centtp,rndrr Throe pnrts, by we,L~ht, o f  the  nhnve mf.xture 

of ZiquCA erywvrr0al mrterinl asra, smuleCIZsd :rr, er Wnrtna; nt@nddr 

with Pivn - ~ s C R ,  br n e i ~ h t ,  n f  n 1Q boraent by aelght , 
aqueous aolutton nf  naly (vinyl ~ l c o h o l )  dasaribed h~lava, 

u n t i l  n l.!qutd crystel. droplet ifare-rnnlte of from &nut Plve 



FIG la FIG 1 b 



mtcrms %o abmb twenty mfrrond woe nbtpinec?, The nolv 

(v inyl  hlcohol) uoed Cn th l e  axnmnla h ~ o  rm nvemne molsatl Z n r  

weight of riB,000 n n R  WRQ c?h~r*~oterfaed by thc f ~ c t a  t;hnt 

(a) a 4 percent, by weCqht, nqUeOw r?oltxtfm nf' the 7mb@r181 

cxhtbf.te4 n vlscoeity of Z? 3 t o  P8 oen%.lpotaes fit 95 

degrees Oentifirade, and (b) tho mptertnl ems 9T,7 percent 

t o  98.4 nr~crirnt hydrolysed; S h l t  is, tha t  cr.ooatf'l@d 

nercmtnee o f  poetate ohealcol Rrnuns ocq-fnnklv nresent fn 

v~oleculee of the subject witatrial h ~ d  been cnnierfed t n  

hybroml ~muns. 

Thc emulston, once orennreff, was cnntsd by nrann of n 

draw-down n blltcfltoz. eo az wet-f2lm thfcknaarrts o f  -bout ten 

mtle onto r? blnckened mubstrnte crhaet nP pol~s tholene  

tsrclphthnlnte, Thtr P f l m  ace nllmad to A r y  9n "Ir a t  

about R3 flaproes GentiPmde. If t h e  temnai.r*ure nf tbc 

oant.lng was raiaed a \ t  n naint, concontrio rl.nrs rt...rree@n0- 

in$ n tawcsmture ~ r n d t e n t  i n  the rmRe o f  from 33 UdeCCrocas 

Canttrrmds t o  38.6 Penreas Cent t~rnda RnQcnretl s u t w ~ l d l y  

from a ctwlldr~l, r%nw of blue,  'hanae rinaotrrtly In s r a e r  

t h r o u ~ h  red, na the Com?srn urva ~ ; r ~ d i r n f  i?W!~f.r~s@d* Aa 

the  tanmernture o f  the pnlnt  w n s  inorensed nr Aacreaaad, 

tho r t f f rub  w ~ s  ~vidanoed by expnnrton o r  cofzkrratCnn nf 

the  rin(Z8. ielwtclae of anjeroent F ~ T v n A i f t R  "ad cr711trwZ- 

?np; rtnfl@ from two n r  rnwe natn%s i n t e ~ a e r c l e ? ~  an& 'the 

r a ~ u l t ~ n n f  colas  n f  pn nreh sc.\~ R f r m ~ t f m  .%I" thp + e m n ~ ~ ~ r t f w e  

o f  t h ~ t  nren. The drf.ed smluicrm f i l m  n i  tilt* exPrnnlr1 



can ba atripped from the nalyethv2sne t e r@~hth" ' l e%e aubw 

t r o t @  a d  uttlZnsA np nn unhncked i t l m  Ear Plsr~ln~rlna 

Zem?esattw@ is;r"dtent n*ttsmm. Tho strla-FA X I l m  crvl he 

blnokemt"d fir ope\olfir^d on me rurfnae, n r  ' C  onzn be unsd 

without ~ u o h  b lkckner  n r  nnnatfier, ns destqro8. 

Xn this? cxfl'mlle, a mixture of llguid a rn~ t ;n l  mpterinl, 

was use& vih*ah coneiaesd nf RO pereent, by !,@f~hC, alevl  

chalrn*eryl onrbmnte ring d0 nercrnt bv w e t f r I ~ t ~ *  oholce te~y l  

nonnnmte~  Three nnrts ai' tho  t i q u q d  crvetrl mtxture were 

emulsified wl th  Plva nnrts o f  n d paroc-nt, hy a e t ~ h t ,  

nqusatra aolvtion nf rrcllsrtine hnvina rruitnble f i l m  a t r e n ~ t h .  

EmulatfieA d r o ~ l r t e  of lfqu44 c r p ~ t n l  m r J e ~ f r l  reanrseff tn 

a i n a  Slnam nbout ten mforms Co nbmt twenty raqcsms. 

This ernol*aeian, anctt prenkzed, wne camta.lll with 6he 

use bf n drtmdm appllaatos, nnta R U ) J R ~ P ~ ~ D ; &  ahset of 

aaE;vet;hylene therephChnlete t o  n wet-film thtckncasn o f  

about ten m i l s .  The so-onlted f i l m  wns d ~ t r . 8  tn r?tr at 

nbout 816 depxeee Cent i ~ r a d e .  'She result tnpr f l l l l m  e s b l b ~  ted 

tmpera tura  reenontau e h ~ r n e t e r i @ t f e ~  slmtlek. to thorn@ of 

t he  fils in Brpmple T., nnd the colar  nrn&uc+ta+" telapsrei* 
L 

ture wne obwe~vcrtd t o  be nhout PA flspreea OanCZ,*r-da~ vttth 

98 t t a  30 Ab(~re@e Cent f~rnde  nn the t ~ m n c 4 m . t ~ ~  mmge 

f o r  oom*lete sp ra t ra l  color chsmns. 



The flrSed f i l m  of t h t e  sznmpla cnn be etr innsd from 

i t 8  rubs t rn t r  and lraed i n  the snmr, manner an the f i l m  

i n  Exnmple I. 

Pisure l b  ahowe the contefl ~ubeitrf i tr  @heat 10 qf 

Birr.ln w i t h  the  l i q u i d  c rvs tn l  m ~ t e r t a l  11 Zn tho meaomor~hte 

s t a t e .  fFi~.la ir  intended t n  rsnrssent t h r  S41m continfl 

n t  n tempparrature above o r  below tho% vhloh ( 8  sequlrefl 

f o r  ca lomt ion  of' the rnesemornh - contnZn.nCnr?r Ptlm ~ ~ t @ ~ t n l ,  

whila P t ~ m i b  l@ t o  regrc.ennt t h r  anme f i l m  c n n t $ n ~  wfthln 

the  temparlbntur~ r n  - e af 001orfttimr 191~ h n t a h i n ~  of 

the dsopl~ta In PPi(arlb ZP treed t o  4epZat a nolor chnnne from 

t h a t  o f  F l n , . l ~  an4 not t o  ~ l u ~ ~ c t s t  p ~ r t t e u 2 f l r  calorn, beenueo 

i rr idescenao cnnnot well be artgeestad hv hntcrhtnp. The 

coated f i l m  cr?n be of R thrcknems t o  inc't~ltlr m t y  r, a i n ~ Z a  

lczvcr o r  n f e ~ r  Lnver~ n f  l t q u i d  osvstnl  Uronleta, fir the  f i l m  

cnn fnelude ecvclrnl tnvrre of nranletar r7 i th la  Zta th*elmeae. 

nrnple te  o f  liqutil hr*-ls tnl  mn*arinl cnn rrnrAc. fn atne 

from nbout iivo rnlcrons t n  nhollt twenty-ftm mierone nnd 

r e  prefcarnhlg ten t o  twentv mfcron~ tn  AtPmfer. dencsnfliw 

unon cont!l.t.tone and ~equPiramcsnts f o r  uae o f  the  fntendsd 

conttnp, aaveral tnyera whfch include LfquCil a fy la t~ l  ~ f l t ~ ~ i 0 . 1  

o f  f lf ifsrent  tamerntura  rcseponae ransnrtes a m  bar tatlnertm- 

poaefl i n  & t r a c t  or overlnwptng re t a t ton  on n ausf C P )  o r  

df@orete renn of ~rrr ineo c m  b r  cnnted with Znvera whtoh 

inelride different type@ of l iqutcl  crvatn't m f i t ~ r t c l  tb 

obta in  terrperrafurr response o a ~ r a ~ ~ n n i 7 l l . n ~  t o  the c?o&ted 

p c t t e m  and t he  m ~ t e r f n l  cnnted. 



Bfgura 8 l a  a dlragrmmtlt~c edge vlew of a  elf- 

~luppor t ing f i l m  contain in^ minute drople t8  11 of n s i n ~ l s  

type  of l i qu id  a rya tn l  mater ia l  Blsperaed in n matr ix of 

polymeric binder  mflterial 112, A l t h a u ~ h  t h e  f t l m  f a  

depic ted  am having a th2cIcr1ears of only n few drop le t s  A i Q -  

roeterm, in  p rac t i ce  the  f i l m  may be of my thlclmese 

extcndtnp: from sl j .ght ly more bhi~n one dronl.ot Ainme.ter at 

i ts  t h h m e e t  extreme up t o  proas diml?neion~, of ~ e v e r s l  

mi'llimeters . The optional. oolorcsil inver '13 t,u?iown i n  

th1.m f i g u r e  8s & e l l  fls i n  Pifler l a  ?tnA l b  an8 FFirz~3, 

t o  follow, mfly hn provideA o r  no t ,  :?s desired, i t s  

purpose betnlj: t o  co lor  &md/or opncify one surllnco of 

t h e  f i l m  %nd thereby ttot as n bt~ckgrcund $01. nboerving 

t h e  hue o r  .to sn'n~~.nce t h e  color  br . i l l inncc of "it! dieplay, 

than  one tyrw of 1iquf.d c r v s t e l  ma.tc.rtn.1 ?!.@per~c?t! i n  a 
I 

matr ix  o:i: .pol.)meric btnder  m~.ter.ir..l 19, The fl.gura f7epict# 

two d i f f e r e n t  type8 of l i .cruld crystal. .r;nterih!.l contained 

w1th.i.n the  f i l m  con tin^, a l1.l-0.L. Lvpe, f o r  v;b.f.ch t h e  ambient 

of i ts mosnmorphlc o t n l . o ,  ~ ~ n c !  r> ercoond t v e ,  which e x i n t s  

i n  %he mseomarphihto s t a t e  flC the f i . l m  t-ermczrtttrre of t h l 8  

f i qu re .  It La understood t h a t  more thnn Junt  two d i f f e r e n t  

types  of liquid ci,ys,!;~rl mraterinl may be -i.ncf.tzAed in  n f i l m .  



following are  exnmples of  sneai i ia  ernhodirn~nt~ n f  

the  Woentntian r e .  

EXAMPLE X 

I n  example, n mixture of the  e n ~ c t f i e d  Zlqutd 

a r v e t ~ r l  nraterfnln warn caned which cnn~ZplGed n f  55 perocants 

by wetp;ht, oleyl. cholesteryl enrbonnte md 

f*E: TXX 

In th f s  exnraple, one part,  by hreflht, o f  the r n w  

l iguld  eryatal  mixture aa wnrr used tn Stxnrn?ls TI wfiu 

e m u l ~ i f i s d  in f fv s  psrte,  by wcri~ht, of n 2P! neroont* by 

weight, nqaroua solufi.on af noZy (EIcrylflta) palymeric 

r n ~ t a r f , ~ l .  The poly (eacry~plnts) mater.f~r1 w - s  wnmbnium 

poty ( n o r y l n t ~ )  and wcs chrr&oterfa@d by hav3.n~ n pH 

of 8.8 t o  9.5 in n 2%$ nercent, by weight, nq~xcouar ~ o l u t l a n  

and by hnrlng a vteaolatty RP 180 t o  tRB EM cmt taa i sae  

tn  n R Dergnnt, by wetp;ht, nqurolan solution. Emulutiic~*- 

t i o n  m a  cnndueted Zn R. l~oh@tf$d Wnrtrng Rlannar cup equln~red 

wtth n reertatnnre-wire hsmtrr, nnd the +ernp@rnfure n f  the 

eaule+fL'isA ltquld wnm mnintntnod a t  80 dsgrs*s Cent?qr"Be~ 

Liquid aryatal  droplet-a in the emu?.rrVn ware ten to  

twenty antcrane in  diameter. 

The emulnton, ance prennred, wne onate& fin$ nrtefl ne 

d e ~ a ~ i b e &  in tnxrmnle It, nnA the hehnviar o f  ma &i?ibt& 

f i l m  wne nntaA t o  he r n ~ a n t i n l l f  idcsnftcal l o  thnt  -f 



Examnle Tf with rrapnct t o  eolor chfiynne noaarrt9n~ t o  

o h r a ~ e  in temnernture, d n c e  the lfqu4rl crva*srl mtxture 

was the e m s  In hnth exnmple, +he tlrletl htnffrr eaemtn~lg 

hnvtnn: l i t t l e  e f fec t  nfa t o  1f~ht-rarsvoner. A onnttnR 

wnp r.leo psepnrSe8 ~rs tn*  p l ~ ~ i a  PO t h ~  ~ u h f l t r n t ~ ,  nn8 

reaultls were compnrfibbla t o  th-se desesibefl "have. 

cdmbodlrnen t of Lhe etubeaet invent? on wherein th* 00lVU*r70 

binAsr mnterinl, whleh mervss t n  eecure r l r a n l e t ~  of l?.gllCtl 

a r y a t n l  rnnJ:ertr:l in cll~.n~.ruion in  th*  a? \ t r t r ,  i p  oolorrd 

t o  rcAuca t t u  trrancspnrranop t o  fnoidont 1.Z~ht. The 

co lo red  r!!ntrl.plike m"'.srl.rrl  of t h t ~  ex 'rnnlel, tlnoreby, 

s f f eo t tve ly  contrnate, slth the iridetlcencc; n.l' entrnn-st9 

l l q u i d  cr?rstal Arapldte without ralfmnee on NtRqu8 uubw- 

t r n t e e  or o t h ~ ~ r  app12cd c ~ ~ t r n e t t n ~  rnrVx?rl~l. 

Three nnrtrsa, by wefpht, nf 81 mixture nf: 8fS oeiraent, 

by w e i p b t ,  nf choZesterp1 nananonte anrl I S  aerernt ,  by 

w e l ~ h t ,  oley1 C h ~ l @ @ f  e ry l  carbon&* e were r~nrrtstf l ed  w l  t h  

f i v e  nnrtc, by weteht, of n colored btnder s o l u t i m ,  

darrrtbed helms, in  n Prcketrn WnrtnK Rlcnnrrr cup whfch 

w-a oontrallstl  t o  ntafntnfn the l igutd tennesrf-talre r.t 

nnout RO n e p r e o ~  Cent t~rnde.  To arenrre thc b4nner 

~ a l . ~ L i ~ n ~  10 Rrrrne of the clolv(vinyl alcohol) sneetffefl 



r r57 r 

in  Exampla I was diseklved .In 90 m i l l l l i t r e s  of Water, 

Rnd t o  t h e  so lu t ion  wqe nddsd 10 millitr+-6 of i0ufiterf.n- 

pen black ink, 

The emuleion,. having heen nrspn.re8 with AropletS of 

l i qu i t l  c rg s tn l  mn.teria1 of about 8-PS microns i n  s i z e ,  

w8.0 contod ton wet-Pi1.m thjc!hew@ of ten m i l s  onto n 

t r anspe ren t ,  uncolored,. sheet  nf yolyethylenc terenhthnlnte ,  

using fl drnrv-down nnplicntor  8s In Exnmalei T, nnd t h e  

coat ing was nllovied t o  dry tn 8f.r n t  nhout 25 dsgreee 

Centigrade* The dried ennil.aion f f l m  could be used 

e i t h e r  nu 8 thin e e l f r s ~ ~ ~ p o s ~ l n  f i l m  atrl.pped from f t n  

s u b a t r a t e  o r  t o ~ c t l l n r  w.I.t).t t h e  ~u l?e tcn ta  t o  nrc?vl.ae 

dxrab i l i ty .  Chnrlge in temr;er?..ture of t . h ~  f l . l m  i n  t h e  

prosenco o f  f.nc1rlen.t l.ight rre.!rl.ted i n  the c h n r r c t s r i s t f u  

c o l o r  chnnprr, wh!ch f i r a t  Fecpme c.nide~?* for Ghjs mixture 

of licju! d c.rye.tn.1 r,~laferihl. ne L h~ temnfrrn't;ixre rose  t o  

nbout 55 deareps Centi.{rrndo, f.rf.deecence being cnueed by 

a vnritlCion in "cm-~erature over the  film tlrc?, 

Ihe rnaterinls used in tthfa examn1.e were i den t iua l  w i t h  

those  in Exainple TV. In t h i e  exnmole, h~ufevrrr~ t h e  emulsion 

wns arpraged onto the  subs t rn te  by means of n wvrny gun, 

and the roeu l t ing  dried f J . l m  demon~trr ted  color- reflect ing 

chnsnctertlsticas stmllnr t n  those, o f  Bxemple IV* 



In  $hts  exampla, f h s  polymeric htnder m t e * ? l r l  cane 

aein, n ~rolnm%ne filmformer derived ?ram Chs Rlaohol 

ex tmct lan  of nee mays, n vra.in commonly cnllsd tndtnn 

corn. The eolvent; rv~tern utlliood in th ta  ex~rn-2s wns n 

~ o l u t i m  of nine nares, by vo?.ume, of methono1 nnd one 

pnry by volume of nmter. h molrrtim oil hinder mntsrlnl 

wae prspnrcsd by l i ~ r o l v l n g  80 prnma of ~ e i n  9.n 400 

mitXil i t ras  of the solvent svsfeu. 

An smulsdon was n-@pared fa a jncketed Wnrinp: Rlsndor 

aup centrolled +,P mintpin n t ~ m e r n t u r e  of  s l ~ n r t t  30 

eapraeer ~ m t t ~ r n d e .  The enuZelan acmafratrd aL M sa l l l i -  

1iZrcn or ';he 52ndor nr!tarinl raolutten and $0 m i l l t l i f r e s  

of n one-tm-nne-mf.xtur of olayl  chn ln~ te rg t  earbonRte 

an4 eho2*stnryJ. nonanrtnnblte 

The bmula%on w ~ s  con?ed am Z 'axample 1%'" me raaulta 

were alrnilnr t o  tharse of 'Example 31 with regal& fo 

irideeaant elfeat.  

Thia nxnmple dsmbnatrcten t h ~  ume of Rn amrtXaion whtah 

hnn two dlffaratnt Cy~nea, o f  l jg i l4d  crvstal  r t r ~ r t ~ r l ~ l u  ec?p&%- 

rnta 'y  Cnc~'t1Ue4 theraih. 'Pha etmInian-aa*l.~%np: t i ~ l ~ l d  

ev@.&em w.-s m~anaretl by u t i r r ina  toncther two amttls~&s 

whioh hna dlfferr~nt  liqufR a r v ~ t a l  nretlsrin1@ emul.r~3fled in 



a s p n r n t ~  rro%utionr of the  ra re  kind of bindr'r mntartal* 

The two rmullpiana were nsennrffd na follnwsr 

w )  !?PI m i l l i l i t r e a  of 10 neraf*nt, by weiqht, e\quenrts naly 

(vinvl  ~ l a o h o l )  wna ennrlsifted with 15 Krnms of r\ 

mixture of 86 peraent, by welflht) c h o Z ~ s * ~ r y l  nnnnn- 

ante rind 19 percent by weight, olevl  oho2es+ervl. 

aarbcmatem 

b) PR m i l l i l i t r e a  of tho 10 percent, h.p wedfZ)ltl nqu@ayta 

~ a l y ( v 2 n g l  nlcobal) wsta, tmt11siff.ec) wfth 1s &am6 nL' 

n mlrturcr af 85 p n r a ~ n t ,  h+ w ~ l q h t ,  chnLeaterv1 

nonnnnntc 61nd $ 8  nareent, hy we'lqht, ola~r.rl cholrl~Crsry1 

cnrbnnntrr 

The two emuleione Were then r tared ta re thcr  cnreful lp  

by hnnd, i t  being ni~loovered " h n t  undue nrtjtntfon i n  

oambining thee@ nirrtieulrrr catmnl~iona cntacrt.s rnfxtna 

t o ~ e t h r r  RP the droplet@ of l tqutd cryspa1 l r~ tnr in l .  

Thr emle ion  canting aystcm with two d+%'frrant i t q i l i  & 

orae tn l  - n t e r l ~ l a  warn coated h t o  m auhstrpfc nnrf dried 

i n  the  nPr n t  nhaut PR ReRreas Oenti~r:sn8@. 

The viaunl clftact of c coatiad Ortad oinnlslon of  thta 

arxomnlc wrm much the  snme, ns t h ~ t  of  the 7~ro7riour 

~xnmnlea, oxcept t ha t  oalnr ahnn~n nn?enrcA in the a0-tin.q 

In ttso sequences %ep,innl.ng a t  ttvo 4iPfarent tam\-rarcsturac.. 

A n  n aompm!.son t t a  the almual ef fec t  4sscribcA -I.n Flxnmnlc! T* ,  

f o r  n canting hnol .n~&ly  one i+quI.d arvetnl. ,mtrrlnl, the 
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iallowingl deaori'ber re. oanting with two Ztquld Q F V @ ~ & & ~  \ 
\ 

matartale*., \ 
\: 

XI¶ wrwnhg n 5cet p o l n t  m the fCla n fJ.rst rseqlzcnek rg 

oc?nc@~~,t~?.c  sfnffs o f  oolor tmnenred, olm'LQx~g the potnb 

af hen.1; rs,.rplq orittoa. Whon the point m the f? . l ,m wns 

fuclhrs warmod nbtnra fhe  f i ra t  aolor nnrodvia?.ng tamnartt- 

%mr% btat hnlow Vtr? color producing tc?mnornt,ww r b f  the 
\; 

socoxli! &mrr'leiPf.c4 mr~tcrl n l . ,  tl:~ 'Last ;an?.nt :?;z:.i?.n rr-w~sed 

r ?nao%e~cd ,  u : l t k  only n r?n& n i  color s t~ ,~:n! . .r . f~r; : . ,  t?t thet 

.tl.me, n CfrseA O%otonce Prom the cr?r,tro *>f t;at htiupj; eaarco, 

BUH to %$c ) ~ + ? ? t t e  .c;emncrrntrtre p,.r~rlf.r.nt. !h?:m 2!npChur 

wn.rratng @if t k , ~  * .ar t  nnLnt: en t h e  b7Pn, n ~ P C * ~ S I ~  net 09 d01hr 

r fn ,g  har-rcsn to nt.n@?::?6' ~ p . 4  $?VQ m ~ t , w ? ~ O l y ,  bbl% ;:av@x ronohafi 

.tFre outwrlrdJly rn-vl.%/; Ptre?: rf.tir, &dvf.na r!?v ,to R vZlaun1 

Inrt f a n  f. .tnnpr o"i'7;v:o ~tfi>~??~tir:.,t:11-t, x * r ~ ~ . ~ i ) s  11.t d lV:;ctc@nt lottat icme 

on the cnr:.5n0 : : i ~ b o t ~ - ~  tn. Sn m:lc?~ Epr :>o lnL n ,n'l iffat i.an 

of ??.cantr KI:'.I~; .L*?(i ~,?r~.?:orl ~ l l ? ~ f l . k ~ ( i t , n ,  ne :7*,01kls Hyh8 h ~ n t e d ,  

e 11.1 1 7 %  !"t?:Q.~cCf::rl c?!i.fif;tnip; c n l a r  nct: in r?n!~rr, P7v$ all 

over, cnX~*l.e~ :rf r r t  n,vrrr.rfn,' i Q t ~  *,n -ma 1.9 wr ' A  eryrnanl 

rn~-~t;~~..r?,r.?. rlf",?~-l..r?, rb.: i ~ s t h ~ r  Ftclrvfrtn~, tFn f9l.y ntneprtnn 

uncnlo~rr!, l?ita t n  thc encar? l l ~ ! . ~ P d  ~rl?atnP. ~r,.Per?lnL, for 

n .ttrrre ?I,*, teina mr;ur,r intarncdteute do t,t>it: d!ffe"aren.t eaZor S; 
TSOAS-IOII~~: ~:~z~ l l ) ra* :ur~s~ .  me C ~ X O P  DhflnflbB n**lpnped in 

P~-PP.~*C+! . '  ~*c:%J? .?n at~ol.  f.nr cd Z?;e I !lm. 



Where, in A given n m l l  area, there nre prearant hro 

ktnds o f  the, l Iquln draw wh9h sxh ibt t  d4ffcrent eolor 

rerleatnnoa nt n nivon t smerature ,  %ha e f t r o d  on the rva 

i e  ndit l t ive,  nu wouI.4 be axpeoted. 
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