WO 2012/ 163778PCT/ EP2012/ 059663 SUBSTRATE W TH A MODI FI ED LI QUI D CRYSTAL
POLYMER MARKI NG BACKGROUND OF THE | NVENTI ON 1Field of the Invention [0001]
The presewd 20v@Bt780N rel ates to a nmarking on an item oPCImEPIGIRAS®E3 Whi Ch
marking is based on a chiral nematic (also called cholesteric) liquid
crystal precursor conposition. Prior to curing the chiral liquid crystal
precursor conposition in the chiral liquid crystal state at | east one
optical property exhibited by the conposition is nodified by two nodifying
agents of qiigdERLTE WYPASA MOBIFIFIPEIQOTE (ALEST AL EHEYMIEIRWPARKYRE] I at e.
2. Di scussion of Background Information [0002] Counterfeit is no |onger a

national or a regional prpbtrEmROHING YVOTHEWSENATORI em whi ch has an i npact
not only on manufacturers but also on the consuner. Counterfeiting is a

significant problemw th goods |ike clothes and watches but becones even

nore serious;: I tects nedicines and drugs. Each year thousands of
peopleqarouﬁgm?ﬁghag?%%ﬁﬁﬁe because of counterfeit drugs. Counterfeiting

has al so an inpact on governnment revenues in that it affects the collection
of taxes for, e.g., cigarettes and al cohol because of the existence of a

bl ack where it is.i sible to.track and trace counterfeit. .
Comuoo BT g drvege inugrdion BRES om0 Aomtt SEeTEnBh=h ks iany
sol uti easdhavechieefcpittn@sedalldl dRksceoHnqad tektal P@ciriiasaipsbi€o® Pratk tb east
very difficult and/or costly, for exanple RFID solutions and the use of

i nvi si §Pang Wi shirgldigoil cripspl @Tecaeneqyposyionds the ehirak ligid srastabdtate gplegd@nand i s
used t i i i : i

Count e Pt Pt B R B U e OBy P Pl O By ¥ PUferent

pri nci pyres isatheaseehcancat deghditenf er ewbeteaté.n obser vabl e col or of a marki ng nade
with optically variable inks when a packagi ng, security docunent, etc.

carryi ng t heRtddd\&r BRkpbeeRriamydi fferent angles ("view ng-angle
dependent color").

[0002] Counterfeit is no longer a national or a regional problem but a worldwide problem which
has an impact not only on manufacturers but also on the consumer. Counterfeiting is a significant
problem with goods like clothes and watches but becomes even more serious when it affects
medicines and drugs. Each year thousands of people around the world die because of counterfeit
drugs. Counterfeiting has also an impact on government revenues in that it affects the collection
of taxes for, ¢.g., cigarcttes and alcohol because of the existence of a black market where it is
impossible to track and trace counterfeit (smuggled, diverted, etc.) products with no valid tax

stamps.

[0003] Many solutions have been proposed to make counterfeiting impossible or at least very

difficult and/or costly, for example RFID solutions and the use of invisible inks.

[0004] More recently, a security feature has emerged and is used to authenticate a genuine
product such as a drug and to avoid counterfeiting. This technology is based on optically variable
inks. Its principle is based on the difference in observable color of a marking made with optically
variable inks when a packaging, security document, ctc. carrying the marking is viewed from

different angles (“viewing-angle dependent color™).



WO 2012/ 163778PCT/ EP2012/ 059663 [ 0005] Optically variabl e i nks provide
first-line recognizability not only by a person, but also facilitate

machi ne- rwaedaty/i6s17¢. Many patents describe this kind of peemeeéps@wsoduct s,
their conposition and their application. One exanple of the many types of
optically variable inks is the class of conmpounds called cholesteric |iquid
crystals. Wien illumnated with white light, the cholesteric |iquid crystal
structure reflects light of a certain color which depends on the nateri al

i N queshiR) CHRLalBLRRl8lc! My BFVRR e J%@o%\ﬁ'iz%]ﬁﬂi%g n8N&H1E b3NApdri. but also
tenperature. The ‘cholesteric material itself is colorless and the observed
col or ifarilithie meehing-reeflabalityhMdnyabateest | deseribynthef ek ofitsceursy ahnodusts ghéic

hel i cal >t u ' ed h [ | i qui - - r.sor
composic? e AREE kRGP RS NI GEYTRY I Bp RS kB BAiET

Cr yst altls;, cld@lof cdmpg@mds 288d3I0Fle{tdO6bYyid chatabnWhea ithishhied with wiitodidhe,the S

i ncorporated.by reference herein. [0006] EP-A-1 381 .520 and EP-A-1 631 586,
t he enfflglsst%r@l%%%f@ &Wétgpﬁfucm Eieis e %&F@rf@&o%ﬁﬂaﬁ@% & e P%ﬁ_tfﬁl,a}

di scl 0% qaedbibh @hd igegeMy MRk Wigh anrdviswiBt helt afd ABREMpAHStuterhs amBlchiarié he
formof a liquid crystal |ayer having a non-uniformpattern of regions of

di f f er arttertahjtzatinie selorlqsyand Hisi gbeerved ephords greystudl of @phiysied reflectignyeffechpfythe

provid I« j f i Ubst i i i

vt si B epE PRy R0 ok By AL L R R pro GRS By
under polean¢mpotathiteglte, @rg. WiIL.Fetdusoh dl@eaflaraCnysthlar Valatl i pm 20843021(196000BT |

uU. S Patent.hﬁi 5,27%,%63 t he tire.disclosure of which is incorporated
by ref EPEHEECIREPEh Mifihd nGe@eraletinT FECY RéCident i fi cation of documents of
val ue which include a paper or polynmer region, said region having a

t r anspd9He] EBnG 113841380 aueRP-/ch&B hé8@rthetntee dibclbsuges o vadngtsaralinavgioeatedby i s

applied to the regi.on to .praduce an.optical effec ich differ en

oF Bved TSP S SR M BHER B RhE Y mAbeF Ftanni e Pt BB PR | <
in liquFd hiqidncalstal 08 heWwRe raahdh-ehifomel hskn be ik aFadffédntathtckits] Theg
means such as mcrocapsules in order to be suitable for use in a printing
pr oces $PRlifeHiwd gygphtoating ey g mapprayidsfon hRidfen ingge wniangiloqtpg ovstite

or der e@vﬂiéhqﬁ'ﬁa%e 9{ YAk WiRn SEATR ﬂﬁ@?ﬁ&?—pﬁ_ At BLEREBERQ vidipf iRl
dopant. Nematic liquid crystals wthout chiral dopant show a nol ecul ar

ar r ang@aienzed light of with Herhetnt efra podatizbyjori filéerbi r ef ri ngence. Nematic pol yners
are known from e.g., EP-A-0 216 712, EP-A-0 847 432, and U.S. Patent No.
6, 589, ‘itf(ﬁw)flﬁﬁ B 6. H.6% @3 UlRSenBite WREIERIr&LE WGk RRERS RS Yy Ief-rihenCe
herein. WD 2012/ 163778PCT/ EP2012/ 059663 [ 0009] As nentioned above, the

| i qui d hereys tdziclosess mdansefou tict iderftdigptigreopdeppingats dfj vabte- whigle incdidggnparsbior i t y
by the S rLa .retailer r r d j.cles.
et S SRR RiRaRa B RGAEL Bt PhRoCH RSRLSE LRl R B A BN e
i s al waysertahas tygptjeti ab ithe régden eopirvidecd en bpticl teffecte phatiudiéeishelsa siewud i v
features and therehy m sl ead consyners and retailers..In view of the

f or egol RETIAES 81 e el Bl T peBand 6ope! s iSt1B AR TBUPe 2t WEMSIERBFIAYC of

|'i qui d agdl Metk@de dRRloYEER ar@hﬁiﬂiﬁ%ﬁleﬁﬁ%ﬁg_l er}nicmu?ﬁn&,riﬂ stddt todcBaHESOfst usd 0010]
One possibility of enhancing the security level of a chiral liquid crystal

pol yredn § PHRHREOUPeFsapisb ap sraguiserodan eppy sl ml-ief PEHESi n the form of a
pattern, indicia, a bar code, etc. on the liquid crystal polyner film
However[ooasreml@ brderdl Wetsd @rystaBlknct fade @peRUNtSIn Bict filesdnd8RET S cMidl Nddphsy. code
and manual [y applies it onto the liquid crystal polynmer film [0011] A
second Nsow&F Hiavidtepysgis wirkaus shire gopsit shqyy o Blodaeitlas angigemertrthatihehagastpasizedhsi de
the |1 gyid beibelccPREUHR pdilthEh ROt &0 BA-031 612 Mb-AG 2074310,
the entfre discrosure of Whith is I ncorporated by reference herein,

descri bed lad. Bdtéredio.costdiHg, dfc entichdiselotwrd of Whophi ate amopspoahted bly yraferen¢CL CP)
wi th view ng angl e dependent reflection color that further conprises
absorp F%HLtype pi gnents exhibiting a specific absorption color. A marking,
such as a synbol or a text, is generated in the CLCP coating by |aser
irradiation. The |l aser radiation carbonizes the CLCP naterial in the
irradiated area. As a result, the color of t’he substrate on which the CLCP
is coated, or the color of absorption pignments incorporated into the CLCP,
beconmes visible in the irradi ated area. However, the nethod requires

hi gh- power |asers to carbonize the material and to nake the markings

vi si bl e.



[0012] Another possibility is described in US 2006/ 0257633 Al, the entire
di scl osure of which is incorporated by reference herein, which is applied
not only wo 2bixpssmscrystal polymers but to polyners in gemaradi2/oidees net hod
consists of applying a perneating substance to a predeterm ned regi on on
the surface of the polyner substrate and bringing a supercritical fluid
into contact with the surface of the polynmer substrate to which the
perneati ng substance has been applied to cause the perneating substance to
per meatggont Qs G BALY BEvS URStEREE® crydtd PRENOL dRK eRatule @9&@&1@@' first-fine
selectively (partially) nodify a portion of the surface of the pol yner.
Howev erecooizabihiibyt the spnspmet enbelso Whestalless mdgprodwacks eiggoodeent! titiclea Like ge

nunber ~of jte i i ' t ] n ensi. v

ool ek GRSk LRSS TR BPE il B SR oA PR il oy
t he metcbadsfdicised rajotteci these Becurag Keaairesadndl thergby misiedi doyisuniwes efd reddilets. qui d
crystal pol r layer.in a selective and contrqlled manner and to.create a
stTong o, N BT fhébt%gegﬁﬁl.gkfﬁﬁ@ tﬁ?feeaainmjs (H&RE & eedite AMRIVE the fecHBtY el bl e,
t o reprpdisefolgmdr Ah&Aals ae@ IR LA Bystdl hiecarspisoducti on |ine (processes for
maki ng itens such as passports, packaging, etc.). SUMVARY OF THE | NVENTI ON

[ 0014] esent. inveption proyvides . rking an.an itemaor on a

Subst 1 40001 g SRRy SE e Be i, Sl FRouS sR T Ge e g or a
pat t er RvoRfd @pehi fode sh}oéﬂdi)éi'ng?ﬁ)é_&ﬂeaﬂn tROFNIHESF £PARASIiAdiOR, 4 batcogX tdichshan
initial set of optical properties and is nmade by curing a chiral liquid

cr yst aliapideeyitd pplymsiblni Howey orrhete imalways 4 riguthat aeqpateafeiter tampers i thayer
or pat qg¥ﬁ' e I areas exhibiting a first
nndifigg&ggﬁ‘o %%f%%%fs%PS%@%%?@gdﬁhﬁyﬁépﬁﬁﬁﬁ%?ent fromthe initial set
of optical properties_and is obtainable b cqntacting the chiral ljiquid
cryst all0Qédurasepd eemibed taf sneicamingethisnoblemnis e insertdhe sedeagsidp the Bawd r st
modi f YIcRAQtaR Y6 er film. For(e2dmPREUYN. PIRKENS €6 00 &, @aScXDiREbIRG AwRRAQND Set
of nodified optical properties that is different fromthe initial set of

opt i calinqoriepsed ibgsrefmehcditcfan edasciittasnt biedt i cogtingrotiiaf ¢hetbstet lofuidptyistidl

P oper e Py Pl PR SR OR AT Sigh Mg Ml Alonbyd QoGS hion
precursor conpositl on |nI{ghe one" or nore SGCOI’]& areas w a Secon

modi f yityi@ jdgaaits extdbiting aGbedfidbbdogst@ntcoloy P rhirRing] firhfak lasdymolof  texg i@gent .
[ 0015] In one aspect of the rking, at. least one of the one or nore first
areas ®saYerHed il GHEY wrtingplasee Mpdiisr) Lplacoipdistion sadpnigriethe dddrlid ar ea

and/ or yfier| 838 thORRdRkedt {182, ORE a QEsUIDTIR SHRGOHHHRI RBrABYn RehiBATH! @LEY (O
conpl etely overl apped by at |east one first area. &0016] I n anot her aspect

of t he coatedionghe elon efaabsorphien pigmichts ingrepasrtedrotte tha ¢lEP dycsamesralyibioin the
over | a%l?ae(ﬁatgc%/ ar%g)ﬁosxgequp Céhea@gtgoc? pegli./lﬂ%s ﬁéltl-lpg\§§rt 1aSHE toocfar‘t;[ogl%e A EmPeril 0 5 econd
areas may not be overldapped by a g ar éa.

make the markings visible.

[0012] Another possibility is described in US 2006/0257633 Al, the entire disclosure of which is
incorporated by reference herein, which is applied not only to liquid crystal polymers but to
polymers in general. The method consists of applying a permeating substance to a predetermined
region on the surface of the polymer substrate and bringing a supercritical fluid into contact with
the surface of the polymer substrate to which the permeating substance has been applied to cause
the permeating substance to permeate into the polymer substrate. The method makes it possible
to selectively (partially) modify a portion of the surface of the polymer. However, for industrial
processes where a high marking speed for a large number of items is required the method is

complex and expensive to implement.



[0017] In yet another aspect of the marking of the present invention, the
initial and the first and second nodified sets of optical properties may
differ wwwboesesers to at | east one property of |ight tirat/EP301R@Fd66Et €ed by
the chiral liquid crystal polyner conposition. For exanple, the at |east
one WO 2012/ 163778PCT/ EP2012/ 059663 property nmay be sel ected from one or
nore of the spectrum the polarization, and knax of the reflected |ight.
[0018] In a still further aspect of the marking, the initial and the first

and seg m@%@fé'cfﬂtﬁg dpRibaciaf ofoﬂﬁE'rﬁ@hodgr&@@raBb\%slsrfﬁé'lzﬁzﬁrmrdbﬁﬁ a4 Iﬂ(%,ﬂ?tthé)ne
propert is indicative of an optically anisotropic sta e of the chiral

| i quid cgm}lsltqald quipt3l e by neso hgyesint 4 &@lﬁctlfmgqonmﬂ@irmmwr argldp etsate 4 fieong ng al
liquid, t i tic
conpourdek kil 3 S8 o IRARICkA AP n b CRRE oS Ferkdchc Ny o CRORRAME) °
gi Vi ng withseprbducaion hﬁd: @ﬁcbc&lﬁsle@ f(&ﬁﬁﬂ(ﬁlgafenﬁsl‘mdchﬂ paadpokts uackhgtngy stcgl precur sor
conposition, and (iii) at |least one salt that changes a maxi mnum wavel ength

of the selective reflectio sV, by the pol yner
SRR ey BTREN .

conposition conpared to a maxi num wavel en e selective reflection
band ( k0EA¥] Tax hprdsentenivintioa ppovigeses ncokipg $ntdnottert atondoewbstrate. Thantmarking he at
| east one salt. h 020] I n,one .aspec the one or .nore n %IC C unds A
as wel FORETE GHATBPUHBY SSeipy usbifefsw R SHLTRRGE BIARYI 2DIEIY east
one CoRpAPBGIidTAhr GAIERE laf @fitidlscl SRPhical oﬂé@théérﬁﬂﬂ |1sZ1ﬁ@&eeb}gélﬁih@ a chﬂﬁl Rduid east
one pol ynerizable group may conprise, for exanple, an unsaturated

car bon<BEFbBIFCHENFOBEF tiar ing ‘élr“"@hbqlb@‘ cwyéﬁahmta% dexcHopagten cEuBe | n

anot her aspect, the one or nore nenmatic conmpounds A and all of the one or
more chiral (dogandr SeRPHNaisaBe ritia® ApfidsS odificd8as bf opecap Ploperic Ziadelie
grotp- different from the initial set of optical properties and is obtainable by contacting the chiral liquid

crystal precursor composition in the one or more first areas with a first modifying agent;

(2) one or more second areas exhibiting a second set of modified optical properties that is
different from the initial set of optical properties and different from the first modified set of
optical properties and is obtainable by contacting the chiral liquid crystal precursor composition
in the one or more second areas with a second modifying agent that is of a different type than the

first modifying agent.

[0015] In one aspect of the marking, at least one of the one or more first areas may be partially or
completely overlapped by at least one second arca and/or at least one of the one or more second

areas may be partially or completely overlapped by at least one first area.

[0016] In another aspect of the marking, at least one of the one or more first areas may not be
overlapped by any second arca and/or at least one of the one or more second areas may not be

overlapped by any first area.

[0017] In yet another aspect of the marking of the present invention, the initial and the first and
second modified sets of optical properties may differ with respect to at least one property of light

that is reflected by the chiral liquid crystal polymer composition. For example, the at least one



[0022] In yet another aspect, the chiral liquid crystal precursor
conposition may conprise at | east one chiral dopant conpound B of formul a
(1): WOWwO0RB2163788PCT/ EP2012/ 059663 (1) wherei n: R1, PR2/EPRBI2/0R%63 RS, RG6,
R7 and R8 each i ndependently denote Cl1-C6 al kyl and Cl1-C6 al koxy; Al and A2
each i ndependently denote a group of formula (i) to (iii): (i)

-[(CH2)Y-O z-C(0)-CH=CH2; (ii) -C(0)-D1-0-[(CH2),-0],-C(0)-CH=CH2; (iii)
-C(0)-D2-0-[(CH2)y-0], -C(0) - CH=CH2;

property may be selected from one or more of the spectrum, the polarization, and Amay of the

reflected light.

[0018] In a still further aspect of the marking, the initial and the first and second modified sets of
optical properties may comprise at least one property that is indicative of an optically anisotropic

state of the chiral liquid crystal polymer composition.

[0019] In another aspect, the chiral liquid crystal precursor composition may comprise (i) one or
more nematic compounds A, (i) one or more chiral dopant compounds B that are capable of
giving rise to a cholesteric state of the chiral liquid crystal precursor composition, and (iii) at
least one salt that changes a maximum wavelength of the sclective reflection band (Amax)
exhibited by the polymer composition compared to a maximum wavelength of the selective
reflection band (Amax) exhibited by a polymer composition that does not contain the at least one

salt.

[0020] In one aspect, the one or more nematic compounds A as well as the one or more chiral
dopant compounds B may comprise at least one compound that comprises at least one
polymerizable group. The at least one polymerizable group may comprise, for example, an

unsaturated carbon-carbon bond such as a group of formula HC=CH-C(O)-.

[0021] In another aspect, the one or more nematic compounds A and all of the one or more chiral

dopant compounds B may comprise at least one polymerizable group.

[0022] In yet another aspect, the chiral liquid crystal precursor composition may comprise at

least one chiral dopant compound B of formula (I):



D1 denotes a group of forrmula D2 denotes a group of fornmula WO

2012/ 163778PCT/ EP2012/ 059663 (RA m n, o, p, q, r, s, and t each

i ndependewol2g1xiesrse O, 1, or 2; y denotes 0, 1, 2, 3, #cThEP2@rR/08466Z equal s
Oif yequals 0 and z equals 1 if y equals 1 to 6.

W)

wherein:

R1, Rz, R3, R4, Rs, Rg, Ry and Rg each independently denote C;-Cg alkyl and C,-Cg alkoxy;
Aj and A; each independently denote a group of formula (i) to (iii):

(i) —[(CHz)y-0O1,-C(O)-CH=CHy;

(i) =C(0)-D1-0-[(CH,)y-0],-C(O)-CH=CH;

(1i1) —=C(0O)-D,-O—[(CH;),-0],-C(O)-CH=CHo;

D; denotes a group of formula

D, denotes a group of formula



[0023] In another aspect, the at |east one salt may be selected from netal
salts and ammonium salts. For exanple, the at |east one salt nay conprise
at | east woeomiieBi78hi um perchlorate, lithiumnitrate, | iPCHEPR012/059663

tetrafl uoroborate, lithiumbromde, lithiumchloride, tetrabutylamonium
perchl orate, tetrabutyl amoni um chloride, tetrabutyl anmoni um

tetrafl uoroborate, tetrabutylamoni um brom de, sodi um carbonate, sodi um
chloride, and sodiumnitrate. In an other aspect, the at |east one salt my
conprise lithium perchlorate. [OquL I n anot her aspect of the marking of
the present invention, the chiral' Fquid crystal precursor conposition nmay
be inan initial optically anisotropl: ate and in the one or nore first
areas the initial optically anisotrtﬁic stiate may be changed to a first

nodi fied optically anisotropic state aquln t he one or nore second areas
the initial optically anisotropic state '=y be changed to a second nodified
optically anisotropic state or con«er# to an optically isotropic state.

[ 0025] In another aspect, the chiral ! BHU|d crystal precursor conposition
may be in an initial chiral liquid crystal state and in the one or nore
first ayeas, ﬁger lsrunaltébchqhaeg;@hdénu?uhl%t@(),vﬁbat state may be changed to a
first nodified chiral liquid crys state by the first nodifying agent,

and in the on cond areas the initial chiral liquid crystal state
may beY 'ﬁ%ﬁlté g%'géﬁ d nodified chiral liquid crystal state or nay be
changed to a non-chiral liquid crystal state by the second nodifying agent.
WO 2012/cg687 0 8BCHuERDC:hE Z@5886 B 1 Y0aR6]s litn 6yet anot her aspect of the marking
of the present invention, the first nodifying agent may be solid and/or
sem - e %, Aifhd-he,SEGATL 1@%@&@/5@9@9@9%@&& hsmflh&aﬁsa@tﬁ%@ammﬁuﬁﬁ rst
nmodi fyi ng agent may be virtual unabl e to penetrate the chiral

cryst akalpr Eeupsomple dwpxbsbaasn ) salmmav l@em@eemtdem(zlmequ litjuagenthloraly, laﬂhluneast

parti al lt)/atté) epﬁtu{rr?‘ t teetr%l uor 3)%%%,{ r1 r%o o(%nsllgél V\ﬂn m Sh (r)qcldes O{ ﬁdbutslaﬁ?‘lnio%llig £l ow

support own el € Ravi ng

under pPeRERUE fO%Hﬁ@ﬁﬂﬁ@ﬁﬁnthOZZhbhﬂeanO%hﬁﬁmﬂﬁmﬁﬁhmnthEt&RME&DBmdwfylng
agent may be or may conpr ) reS|n that |.s ma fromon nor e

pol ynetStARBYERNHEIHE OMEG, seapm cyfbanatss soipa fé*?ortdﬁe Iganémﬁvmn%%te In an

p0|ynE%H%@Qb@a”@@@ﬂEﬁ§oH@&ﬂﬁ@ﬁp&ﬁﬁ&w@hﬂhﬁﬁ%&ck%@ﬁynSatUfated car bon- car bon
bonds and/ or may conprlse at l'east one heteroatom selected fromO, N and S

Merely of exa st one of the one or e |zab
rmnorrerl@lzﬁmg CBRET & eat of ala% ge @?&hﬁb péqse?towr‘fm%an"é@f%( & awsta

H2 C=C( Gt hirs6X ®mpositidn FQtHREH aﬁ%ﬁﬁﬁtoptléﬂ% A8 trBpiBBMCHANA kRQONB or more first

radi ation-cured resin such as a UV-cured resin and/or the resin may

conpri $&ay the jiediahgneelly prasdtiepic] efatzgmay rbeasbianged taspeust, Hmﬁéieée@ﬁwaﬂy

nodi fyi t

rodi 1 ¥R RE bl e h oAtk RL A b O RN Sp LR oRbpit Seusoy oy
ket Onesbe lahangﬂ@] td & soid modidied loptuﬁlllganisoﬂnomst an®.,or abikwelted 81 @r eptaltly isotropic
dlalkylﬁhldes of carboxylic acids which conprise a total of from2 to about
6 carb8i'“at ons, dial kyl sul foxi des conprising a total of from2 to about 4
car bon atons, and optionally substituted nitrobenzene, (b) a nodifying
conposi[@d25h I hasthcompedts te: cémral bagtl coysénl ghéaquador chmpd)sdticm yey de iprapciortsbr

cni o cisnal D onsEt e GRC 1 B30 o Ayet SABERAR AUBLEL AR RERRRING. of

the presgie dhaveatd @mi,rsttnktﬁhﬁddr@ﬁrarrp@n& YiyR@l ageml ﬂﬁmmsbﬁloa@ylﬁg hesht fan@m a
solid or sem-so lidis cured and/or dried resin nade fromone or nore

pol ynethe @5l & mesoRey areasdh sitipl chial liquid crysigl styte dapyabresitanggdtor heeceré ond
nodi fyi V. ive
ot | e AR B Ly R, M RO Qs RS TS,
conposisedood modifying agéntr al | i qui d crystal state. [0030] In a still further
aspect, the first nodifying agent and the second nodifyi ng agent may act



from opposite sides of the |layer or pattern of the chiral liquid crystal
precursor conposition. For WD 2012/ 163778PCT/ EP2012/ 059663 exanpl e, the
first nodwOybrgieagent nmay be arranged between the subst patraprand/osdses | ayer
or pattern in the one or nore first areas and the second nodifyi ng agent
may act fromthe side opposite the substrate in the one or nore second
areas. [0031] In another aspect of the marking, the one or nore first areas
and/ or the one or nore second areas nay be in the formof at |east one of

an i WQ@)Z@I@&&%&%& @sﬂe@tg& thé %‘rlﬁhgof ﬁi%%r@seﬁtaﬁﬁz&{ti%nr eRrEsEenbi ngag&@e
sel ected fromone or nore of a 1-dinensional barcode, a stacke

d:negsm@WdW5@@d@@d@fS@nﬁﬁﬁﬂﬁﬁmgﬂbh&WobénG@démg@ggﬂdnweh@ﬂ@ﬁ&mdbgmgbﬁgg a
¢ ou %iaggr% a&mpﬁﬁﬁp%e‘ahuﬁép%ﬁa qo c%%&% % *fm?@ﬂﬁﬁ! §%mL§%%%§§gPa;t

of the r =or rn may T or east ‘one
pi ct ur @omaodidg@n and fiet sd¢cand anitdh@mgahgear ﬁnayeqitr keseniartidlyapaedete st geécacsof rom

one or nore . of 1-di barcode, a st si on barc de a
2. di neﬁ%‘inB?ﬁé‘FOsz‘rsc?HH'égF @ Eﬁtﬁéﬁgl?%wéa O‘IS%WE &andgh%fddtté w@e?e hayrgdpe | n

anot hegbAigpRAow tltRr hleSirOfor Hidhsts at e may be or may conprise at |east one
of a | abel, packaging, a cartrldge a container or a capsule that contains

f oodst nut raceuti c ceut i als or beverage knot

credit T{%‘I}f’b ISP et e RRU S ent e P s@E o Seb b PP o Bient o
passpofiom aci stemidré )bo*P}aﬁéhzaBledﬁle&ﬁe@ IFuRRaS &t 184kt a5iRESH tBAlole & more
transportation ticket, an event ticket, a voucher, an ink-transfer film a

r ef | ecPPiy@crizably MOROBICTININAYI SPBTITC, atalsart AWe oHabIEicsl caglsicarhapolaaids rRd/or
present, rb\éﬁﬁBHsé)Qt 1?-%& OnPRQYLAEH 21BN Bf NPLW M%wwf of*gxa @i tem

or subst ate as well as an itemor substrafe produce od. The
met hod leetrpnd sEdic are mppbw:p@yunnuﬂm:sumbmws mﬁyanmpnenmokaSub@tgameofmhlch

Co T Yot BRG-CREEOR PEKGPEEIcRaDE, I oMOhE: bede ofr 88 um® B0 i ¢ a

| i qui d r&ditihhadurslt @tia sUﬂOﬁJs healr ingd irksin BnGbiChc dcdM@yhal aptibea GoiBpP agihdoud&n
covers at least a part of the one or nore first areas, the first nodifying
agent B&lhg able to nodify the initial chiral liquid crystal state of the
conposi tion; b) heating the applied conposition to bring the same to a
first neodsiilednehér abedt] (hldlsdccﬁlldyrﬁb(afylﬁg ageat inmytireflodendrscitoree ffoni She ar eas

and to the |n|t|al i.ral qui.d cr¥stal State in all other areas, 1f any,
of the ™pIY fdg édﬁﬁ% ipg Sﬁmposmon that comprises at least one compound selected from

ketones having from 3 to about 6 carbon atoms, alkyl esters and dialkylamides of carboxylic
acids which comprise a total of from 2 to about 6 carbon atoms, dialkyl sulfoxides comprising a
total of from 2 to about 4 carbon atoms, and optionally substituted nitrobenzene, (b) a modifying
composition that comprises at least one chiral liquid crystal precursor composition, and (c) a

modifying composition that comprises at least one chiral dopant composition.

[0029] In yet another aspect of the marking of the present invention, the first modifying agent
may be sclected from a solid or semi-solidis cured and/or dried resin made from one or more
polymerizable monomers, and both the first modifying agent and the second modifying agent
may change an initial maximum wavelength of the selective reflection band (Amax) exhibited by

the chiral liquid crystal precursor composition in the chiral liquid crystal state.

[0030] In a still further aspect, the first modifying agent and the second modifying agent may act

from opposite sides of the layer or pattern of the chiral liquid crystal precursor composition. For

8



WO 2012/ 163778PCT/ EP2012/ 059663 c) applying to one or nore second areas of
the applied conposition at |east one second nodi fying agent which is of a
di fferentwoppe/tsbams the first nodifying agent and (1) i ecalpeokosdeoxal |y
nodify the initial and/or first nodified chiral liquid crystal states
provided by b), or (2) is able to locally nodify the initial and/or first
nodi fied chiral liquid crystal states provided by b) upon heating the
conposition; d) in the case of (2), heating the conposition at |least in the
one or -MRh&eSREMd: AoBAPing aa@@nte&laff e AP BORELT s JbBGaE Al the 1S or

nodi fied c |raI l'iquid crystal precursor conposition to produce a’l

cryst alpajtesh yrglhe g ki mgreofirst hesas padrihsr sesersk modifeing [a@@84hay et drmen dlype ¢ of

t he ”EtEﬁQNeﬁk LEaske 8 Qﬁ:&{ 9Q§x pe Qiapre first areas may be partially or
conplet y Sverl appe (1eas one second area and/or at |east one of
the one or nore second areas may be partially or conpletely overl apped by
at | ead@03dhdn fapether gppeet. of[thodsyking haonher r%@pe”mt weast g/ arghhoc ormoreast
one of sé&kﬁ A %aﬁer fn t}:h%&ﬂn Bf GO T De %?Em*? aﬁé‘tﬁpeeq 1BYo, 3ici5eGpNg area
and/ or easf e one or nore secon S "be over | apped
by any pﬁnterrs trefaeseating 9 08E] seleated dtonanmd htemomsqfact dmﬁensﬂoealrtardodexga sj:ﬁckhﬂlé-

present.invention, the jinitial nd secon fle e

ot carimpart Patoding itsiontt bredeps ol Ao o dnd Srgoes 19 of

li ght tB@fork 6f ik lAEh a@ka ByatlihgndpdH ot adastl d s oF 6 M?éra)lr pR@IrY R be ORRRSbink ON.
For exanple, the at |east one property nmay be selected fromone or nore of
t he sp@cf:f"fr]@ﬁ%t oppef pioimagey apicHHS, aah@OMﬁ@Wo?ﬂ%@ﬂ%@? repEsseding aytnde sgloged] |1 n
a St b dd W m AR RER Y- BhelfshaBhBOR, o LGN ilRhsigi bbb, 2 30 SRGART
modi fied sets of optical properties my conprise at |east one property that
i s i ndibe@bile;e 3edimansigpd boaddeya dath sptmopi ¢ state of the chiral |iquid
crystal polyner conposition and/or is indicative of a conversion of an

opt i calhgs2fm §@&1&&%§e o8 Rl ﬁemr@ﬂbs%{el 158 by of &9& c%bﬁseseh%a%t Bie $the{31abe1
conp05|t|on n anot her aspect, the chiral liquid crystal preclrsor
conpos lpta¢1@llng‘a>a c@rmdglesel ¢ontaipere opra mwlethqootawrrﬁmdstdﬁfs,Anumqel)ltmme or

nore chiral ounds, B,t hat ar abl e of
Thor eothpfiacSRRAR! orRURGHAS pRubDR o Biclic SHRRR LBl il hiSEnb st 0 |

(iii) aéculrﬁ}adidcuﬁllaﬁt 5@h§spd51ﬂalh i¢dnanoesd,a dfrﬁxt’grumnw\aﬁlaea’egst dsur@fa ttdnepsatiect i ve
refl ection band 1?
ticket, an event ticket,’a voucher, an ink-transfer film, a reflective film, an aluminum foil, and a

commercial good.

[0033] The present invention also provides a method of providing a marking on an item or

substrate as well as an item or substrate produced by this method. The method comprises:

a) applying onto a surface of an item or substrate, which carries a first modifying agent in
onc or more first arcas, a curable chiral liquid crystal precursor composition which
assumes an initial chiral liquid crystal state upon heating it in such a way that the
composition covers at least a part of the one or more first areas, the first modifying

agent being able to modify the initial chiral liquid crystal state of the composition;

b) heating the applied composition to bring the same to a first modified chiral liquid
crystal state in the one or more first arcas and to the initial chiral liquid crystal state in

all other areas, if any, of the applied composition;



WO 2012/ 163778PCT/ EP2012/ 059663 exhi bited by the pol ynmer conposition
conpared to a maxi num wavel ength of the selective reflection band (kmax)
exhi bi t edwbyor/gsi7gner conposition that does not contai RCrEP2@b/ob®wast one
salt. [0039] In one aspect, the one or nore nematic conpounds A as well as
the one or nore chiral dopant conpounds B may conprise at | east one
conpound that conprises at |east one polynerizable group. The at | east one
pol ynmeri zabl e group nay conprise, for exanple, an unsaturated carbon-carbon

bond such &s .8pgHRUB RE of Qﬁ(ﬁy ls8e ol gtre@b'ogl@ applit®04poditb PRt REbnASRERE . the
one or nore nematic conpounds A and al the one or nore chiral dopant

conpounds B mesdifymgprgestewhich vl dtffi:eermywrfbm thalfiret mediipng poosand (D iyet

anot her aspe h r i d. e

O e T Y R T R R

wherei n: Rl, pR&;iddd3hy BY4 or B, is Rble tRIo@HyI nigli Gah initid epefod dindt Inyo diabtteraCl - C6

al kyl and Cl C6. al koxy; Al aq% ach nde dentlé denote a group of
dlbzr)‘ts tion

formula (i) é@umrﬁ)tﬁ@f@f Prqvi uppryh f‘éPB ths compe

d) in the case of (2), heating the composition at lcast in the one or more second areas; and

¢) curing/polymerizing the entire thus modified chiral liquid crystal precursor composition

to produce a liquid crystal polymer marking on the item or substrate.

[0034] In one aspect of the method, at least one of the one or more first areas may be partially or
completely overlapped by at least one second areca and/or at least one of the one or more second

arcas may be partially or completely overlapped by at least one first area.

[0035] In another aspect of the method, at least one of the one or more first arcas may not be
overlapped by any second arca and/or at least onc of the one or more second areas may not be

overlapped by any first area.

[0036] In yet another aspect of the marking of the present invention, the initial and first and
second modified sets of optical properties may differ with respect to at least one property of light
that is reflected by the chiral liquid crystal polymer composition. For example, the at least one
property may be selected from one or more of the spectrum, the polarization, and Amay of the

reflected light.

[0037] In a still further aspect of the method, the initial and first and second modified sets of
optical properties may comprise at least one property that is indicative of an optically anisotropic
state of the chiral liquid crystal polymer composition and/or is indicative of a conversion of an

optically anisotropic state to an optically isotropic state of the composition.

[0038] In another aspect, the chiral liquid crystal precursor composition may comprise (i) one or
more nematic compounds A, (ii) one or more chiral dopant compounds B that arec capable of
giving rise to a cholesteric state of the chiral liquid crystal precursor composition, and (iii) at
least one salt that changes a maximum wavelength of the seclective reflection band (Amax)

10



(ii) -C(0)-D1-0-RCH2)y-OL-C(0) - CH=CH2; WD 2012/ 163778PCT/ EP2012/ 059663
(ii1) -C(0)-D2-0-RCH2)y-Q -C(0) - CH=CH2; D1 denotes a group of forrmula D2
denot es awvgnroipiesfisformula (RA m n, o, p, q, r, S, anect/Erawh/059663

i ndependently denote O, 1, or 2; y denotes O, 1, 2, 3, 4, 5, or 6;

exhibited by the polymer composition compared to a maximum wavelength of the selective
reflection band (Amax) exhibited by a polymer composition that does not contain the at least one

salt.

[0039] In one aspect, the one or more nematic compounds A as well as the one or more chiral
dopant compounds B may comprise at least one compound that comprises at least one
polymerizable group. The at least one polymerizable group may comprise, for example, an

unsaturated carbon-carbon bond such as a group of formula H,C=CH-C(O)-.

[0040] In another aspect, the one or more nematic compounds A and all of the one or more chiral

dopant compounds B may comprise at least one polymerizable group.

[0041] In yet another aspect, the chiral liquid crystal precursor composition may comprise at

least one chiral dopant compound B of formula (I):

W)

wherein:

R1, Rz, R3, R4, Rs, Rg, Ry and Rg each independently denote C;-Cg alkyl and C,-Cg alkoxy;
Aj and A; each independently denote a group of formula (i) to (iii):

(i) ~[(CHz)y-0O1,-C(O)-CH=CHy;

(ii) ~C(0)-D;-O—[(CH,),-01,-C(0)-CH=CH;

11



z equals O if y equals O and z equals 1 if y equals 1 to 6. [0042] In
anot her aspect, the at |east one salt may be selected fromnetal salts and
amoni umwelw /1668 exanpl e, the at | east one salt nmay eommrReR/08d663 east
one of lithiumperchlorate, lithiumnitrate, lithiumtetrafluoroborate,
l'ithiumbromde, lithiumchloride, tetrabutyl ammoni um perchl orate,

t et rabut yl anmmoni um chl ori de, tetrabutyl ammoni um tetrafl uoroborate,

t et rabut yl ammoni um brom de, sodi um carbonate, sodi um chloride, and sodi um
ni trat e — B - t |east one salt may conprise |ithium
perchlgr%tghghd SERF?%kﬁﬂﬁfg?%g%§§¥?6043] I n anot her aspect of the nethod
of the present inven%'on, the chiral liquid crystal precursor conposition
may be H1HCRYCY HEOPRP %B?P%ally ani sotropic state and in the one or nore
first areas the initial optically anisotropic state nay get changed to a
first nodified optically anisotropif, state,. and in the one or nore second
areas the initial optically anisotropi-c_state may WO

2012/ 163778PCT/ EP2012/ 059663 get char to a second nodified optically

t, as set forth below). [0044] In
yet anot her aspect of the nethod of. thé present invention, the first

nodi fyi ng agent may be solid or seni-gqgjdis and the second nodi fyi ng agent
may be fluid and/or the first nodifying agent nay be virtually unable to
penetrate the chiral liquid crystal precursor conposition and the second
nodi f yilhgengjent e peiRemuldartial Iy penetrates the chiral Iiquid crysta
precursor conposition. [0045] In another aspect, the first nodifying agent
may be or may conprise a resin that)is made, fromone or nore polynerizable
nononers. Further, at |east one of e_one~or nore polynerizabl e nononers
may conprise at |east two unsaturated.Carbon-carbon bonds and/or may
conprise at | east one heteroatom seligcted’ifrom O, N and S. Merely by way of
exanpl e, at |east one of the one or Yore~spgol ynerizabl e nonomers may
conprise at | east one group of for H2C=CH- C(0) - or H2C=C(CH3)-C(0)-. In
anot her aspect, the resin may conp iiﬁ radi ati on-cured resin such as a
UV-cured resin and/or the resin my oﬁgrise a dried aqueous resin. [0046]

I n anot her aspect, the second nodi fying agent may be fluid and sel ected
from ome noo, NI € saind (t @dchandapdhdeptipdemaapoisiot 2on t hat conpri ses at | east one
conpound sel ected from ket ones having from3 to about 6 carbon atons, alkyl
esters i @l kylan de f carboxylic acids which conprise a total of from
2 to aggﬁgmgégéf Gﬁqg?6%§? di al kyl sul foxi des conprising a total of from?2
to about 4 carbon atons, and optionally substituted nitrobenzene, (b) a
nodi f yizeguddpossaupls® ad gecaedmpifiseriakt! tPéast one chiral liquid crysta
precursor conposition, and (c) a nodifying conposition that conprises at

| east Qo02¢ I hidthalapgdRt, tBORPIeS: bhOBalt MAPHE kelbdtey Bbmanauheits agdP esinoafunt he

met hod of the present invention, the first nodifying agent nmay be sel ected
£ om asdbt Fer onmpbnihcst lgariins Salimse camries atdpishend it UReRsERarah GBI

mor & PQYRET [ihARh SRS Gate 2MehiRAt Brdnie f iiftiim MRElbiYd, n&n@ﬂﬁg&mﬂ{que
second nodi fying agent nmay change an initial maxi numwavel ength of the

sel ect ipvhlogdtt,ect ictabutdammokivax) ekloiibeé.t edtesgbutHemuioniual | itguilldorobyrsteal

precur %e(%{abﬁtglgprr?rrslcl)r'{i{lrg%rcl)rpﬁ({[ep seod%]rh rcg‘rlbohalltg,uslogiu(r:r'l’ Xﬁ%ghe,satngtsgdium nitrate. . In an

other aspect, the at least onc salt may comprise lithium perchlorate and/or lithium

bromide.[0043] In another aspect of the method of the present invention, the chiral liquid crystal
precursor composition may be in an initial optically anisotropic state and in the one or more first
areas the initial optically anisotropic state may get changed to a first modified optically

anisotropic state, and in the one or more second arcas the initial optically anisotropic state may
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WO 2012/ 163778PCT/ EP2012/ 059663 [0048] In a still further aspect of the

nmet hod, step b) and/or step d) may conprise a heating of the chiral |iquid
crystal pwecursws7ieonposition to a tenperature of from abomp2&5054663 about
150C. [0049] In another aspect, the chiral liquid crystal precursor
conposition may be applied by at |east one of spray coating, knife coating,
roll er coating, screen coating, curtain coating, gravure printing,

fl exography, screen-printing, pad printing, continuous ink-jet printing,

drop-o e%‘ﬁﬁﬁk@ tb Bked Bl nfydifdd dﬁgcal@rﬁi{lls\éﬁ%ﬁﬁ@ sﬂaf%torQBhWeH‘% ﬁf‘&ﬂtféﬁll} ﬂ@tr(ﬁh& ral

l'iquid crysta precursor conposition nma applied in the formof at |east
one of sttq(deprnidmgonshonateie oF hetspepnd yrdi a})geilg,enta% sehierfb belawpi cture, a | ogo,
indicia, and a pattern representing a code selected fromone or nDre of a
1-di rrerp@mmﬁ BRdoRe asRect bRGK afktlodb MR Sr&RAl inPaiteadthe fMstdmbldife

bar code, a dlnen5|onal bar code, a cloud of dots, a network of |nes and
a dat a gt bq ﬁohd[ 005Qi- ﬂOﬂid@nmdh@ﬁ Sﬁgcp@cmo@lfyltl&@g%tlﬁ@d beffluidangfpre deenfirst

i nventi if. e e n1or
subat r SRMY e pednl ShayBE LHLIR, BARNE HerdHE, BE DRI BELACERER TSP

kni f e coaposigon aml the sccondtriodfying apaent teaﬂtpartgtlly@amettmtds tlma)dnnahgqulglcwtat e
printin fl exography, offset printing, dry offset printing, |letterpress
prlntlﬁgmu§8?%) E? ting, pad printing, continuous ink-jet printing,
drop-on-demand ink-jet printing, and valve-jet printing and/or the first
nodi f yi[wsagemothmysmet mee‘itetrmO«mfimglegdnt sy be os uiastcompesd aresinehgne made nor e
first areas in the ?1 él east one ofhan |q?%§ ﬁfg%ure a Iog

i ndi ci &,""anda rpéﬂ"f%rl?? YRBPAREnEPRAY S ¢ b8 g %l ‘F“Po BF tofETof a
1- di mepsiyaaizatle ntddmersamsy @sllﬁpﬁselatdleam I‘tﬁ'bQﬂ@zlttuﬁ&rdC@(ﬂlﬁm @rbbn BinAensienal

bar code, a 3-di nensional barcode, a cloud of dots, a network of lines and a
dat a mitaYisRMPFigDatlFasf Ang terapiamisiectsd st O, Nrandse MisEshBHMRY Oh §Xeadh et my

be apphigdohdof iR &&eopfno%)b ﬁI%HQM'e %{o%@ﬁeRYm%F cbfpale Qtnﬁaé?fon%og}%ﬂ‘%?us
i nk-jet printing, drop-on- dengnd ink-jet printing, spray coating, and

val ve- ﬁanm¢¥HwEFGE(AﬁHforfbﬁeCﬁéﬁﬁﬁHChndnhymhgfa@eﬁtﬂmwvmbenappbmeuw|m t he

one or r.e sec%pd Ar eas LRP f(ﬁt %east one of QP g, a
at10|n cure I’CSI suc CUI'C Sll’l and/or the 1es1 comé)rl(s:‘e a I’l? afluea)u%
plcture 0, |C|a *4nd & ver A r epr eseén 5 ode ecte rom

one or r¢ght.e of a 1 dlnenS|onaI barcode, a stacked 1- di nensi onal barcode, a
2-di nensi onal barcode, a 3-di nensional barcode, a cloud of dots, a network

of 1 IS g, BudRLARET ii-ccoR GOIRIISITIORC RPRNNIASORER 005 L1

still further "aspec se at ast
one ofnaméamqb)apﬁ@&ﬁgn@gompoyﬁmimmmgenmaxmomtEwmemeamnqmoapsdbaedhhﬁn

cont ai s f oodst uf evera nutraceut als or cals, a.
banknot&!ong R4ViRg %roeaf & abpug éa%bonaa PR 4l eqstersquo Q‘E‘L\‘&E‘é‘? el ca%fxg%%ur ity
docunentids ¥hRASORPELe a lall FERhL b Yo S60uE6 carbof albals, SialklyEaNBRide@BoBFE@SSa Car d,
a transportation ticket, an event ticket, a voucher, an ink-transfer film

a ref | éxielafdrom P g abawt 4lcarhpmaiemsoind opsinerlly sebsiiveed nmobgtz@@le, (BRy m\pdifying
DESCRI P 0]
Ilé\%%ﬁt%:%%klﬁc@% eygﬁlclagt (gi?é] chTIQ? V\ﬁﬁlasgﬂtta[llﬂ?é/c%?stok WBm gésnfléﬂf taﬂg I’(c(:)) e

descri be e de I'ed description i ch I n reference
pl ur al intodifgfngdoenpbsigen thyt ceayproés atdersi anmichiralglopaerpingssiodn. exenpl ary
enbodi mrents of the present invention, and wherein:

[0047] In yet another aspect of the method of the present invention, the first modifying agent
may be selected from a solid or semi-solidis cured and/or dried resin made from one or more
polymerizable monomers, and both the first modifying agent and the second modifying agent
may change an initial maximum wavelength of the selective reflection band (Amax) exhibited by

the chiral liquid crystal precursor composition in the chiral liquid crystal state.
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Fig. 1 is schene illustrating the procedures described in Exanples 1 and 2;
and Fig. 2 and 3 shows different patterns that are obtai nable by arranging
first andweecrnd3mseas on the substrate in different wapsI/HEPEdiAlEIEES
DESCRI PTI ON OF THE PRESENT | NVENTI ON [ 0054] The particul ars shown herein
are by way of exanple and for purposes of illustrative discussion of the
enbodi nents of the present invention only and are presented in the cause of
providing what is believed to be the nost useful and readily understood
descri FPMAQTI@J stilhﬁlrtﬁéﬂ RFIRbESC %[&%o‘éloﬁ&?@)t z{ﬁ@}or @t%f) %YIn%y ebmpiie aﬁ{eﬁﬁﬁg‘&f the

i nvention. this regard, no attenpt is nade show structural details of
t he pr @bléﬂthqiuhixﬁé}*ﬁttal@rpcnﬁomnaw@énomt@ a toperatye né&e@s@pw $6F te plout LHU&nent al
understandi ng of the present invention, the description taken with the

dr awi NgeO4YRHh REtRRPAPERT tht @hirdl AR S KiysthEprebtsdrn® nibobitiBR W 8l at or ns
of thegpﬂggent |nven?|on may beﬁghb&gledgﬁn prac??ie [ 0055] %ﬁ% substrate
or it emaﬁb@ne@émaﬁ conengy kade peatingyiole] ¢uting sawen segtnigcelrta Goafingy gr@wrand
can be o I p T r

(essen lp @ffeg('{bﬁ‘ d;hX/ g&eeﬁ Sgltlglg gpsatd ?’ftnﬁn% CO‘;IITI Jetf ]ﬁ‘fntﬁ n%%n d%ﬁlgf?

f or m ofinkajec prittéignend ‘m.lm:m eaprualrrgeamd/@)r dapﬁluhlehcpmd ayahlqsedlrmmbmpohgjmﬂ may

hol di ng varj.o e ch,as nutraceutl al s ceutlcals
bover adenpict Bl f 4 A%t af Br » LU RS GReun RSt TREEs E¥eRra ( ne
f or m ofpicdure ORtIagd)EhdisC And 2 palfn? Bebedsd i’ 8 Redé ERZALZ/MPOBAS crsméebsiti| e

for holding various itens such as, e.g., nutraceuticals, pharmceuti cal S,

bever adedimgnsiensh dwraeries §, stackedbbrainaensiony. baicpds, e X-dimengpna abkegsicnd) 3-
paper, ﬂnfl] deayémélaccl cﬁfdo?sl RUGRrASH 1irfR hda BT o %E‘BJ yet hyl ene
t er epht or po ye ene e.g., In the form of a container or as a
part of a secu rity doc is pointed out, that these substrate
mat er i 49450 éﬂ%a@t%ﬁsw& Pﬁgﬁe\mﬁftw of the pegepinti ipyantignpie Hied eaodilyngrieget may
restri %J«J‘lgeeh??ov%&‘eg% tRi 1téxﬁ%r !;d?)\é{%ﬁE '1r9ﬁ'1e oh® oﬂﬁi@f’erﬁjstv aré’sl%y%‘t'i%%&trcﬁ'ﬂé%f%ra' tem
(which may not necessarily be flat and may be uneven) whose surface i's not
sol ubl epatog, d@h fp sodtight Iryllgobqﬁblmg,, stngers odowtng, sgrtamse@ailmg, t feverhi pamting, qui d
POl YTty Eh LAl Mrh By S APl U0 S QLS OTRORI KON oL 8y Sl d B0k SRSt rate
for the plﬁ‘ ppo PYRE gp sent' BVERt T ond T duBe e Tie afd Ha &
advant agenushy nﬂt%VEplﬁlntd%[ kirocpnorbcﬂeaﬁdﬁdsuk-_fj @Qﬁlnﬁﬁg,bﬁﬂk@ﬂ@bﬂﬂdpﬂlﬂﬂlr@t anld&ﬁshe t hose
areas in which the chir qui d @ﬁystal precursor conposition is to be
appl | eélrstwq [ ARF YA, etlaeqf@t bR deByOT sHYStafrdB e oneroriniore Bt et Wdhe hat
in the fGas6r of &t dREborah iRhack ﬂeﬁk@ ra%gy lhhh@lal bl phfi@ASEht{RandY bbe
cholesteric liquid crystal material is l'argely absorbed by the background,
wher ebyelagigd fresi ensadr arskefcnl denemipnpk bareadsea htackagh bdmecndves! brseoddi sLur b
the per the. gh ui rneflection
i th' ¢ RETRP R B B ERG Bulo L B B TAERLR pP R Wi E
surfaceummxbackground the reflection color of the cholesterlc liquid
crystal material is |ess visible when conpared with a black or dark
backgr ogg C; . ver,
oven 1 ROERL I YEAAT SRt IR0 R BRI B i T e Ao RAPH RO US o Y
cryst alscavatl eir¢aal bycanleine omeaxﬁg:onumnbuwmlhjet ipentm@ pirgf-oerdemaal irdkrjepptiaingz at i on
filter because |tﬂfeHect|vel r ef %s onlﬁ %ﬁ of the two 055|§
ci r cul APBEPAME aa FHFICt CHRYEH MY F sochal SPRiyats FaOhTPY 5° ARPIS RHBF i cay
st ruct Yaeor MUFd 365nd £¥:80n WetBrnd of htABst Hfc dffuntlﬁlag@calgﬁm@@nmdgs inHlicRos&l Hl e to
measure optical properties of the chiral uid crystal polyner such as,

e.g., RABSIFRIPCPIS? eede seloaied f f%é“%%@??ea&%@ ke tegiony hagcodper Yreksdt
I nvent iygn. JIRY . PLEOR! 2COAREdSRnadtLiRnals fﬁﬂﬁe WEibhN &&{daﬁFf‘L%lmﬁugég?@a a

organi ¢ and/ or Inorganic pignents, dyes, opt i 1y var
el enentstwonaghlates engi date mtagrjx. et c.
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[ 0057] The marking of the present invention conprises a (continuous or

di scontinuous) layer or a pattern of a cured chiral |iquid crystal

precur sorwoanpossi7son in a chiral liquid crystal state eermreolosdessiui d
crystal polyner conposition) that exhibits an initial set of optical
properties. The | ayer or pattern conprises, optionally (and preferably) in
addition to one or nore areas that exhibit the initial set of optical
properties (i.e., in which no nodifying agent has been applied), WO

2012/ 1660588 RCL/sEP 40t Q386 3nd dm QP QuiRkralBhE bd bShaRtE@pridCatdeast OREof § WO,
three, four, five, six, ten, fifteen, or tmentz first areas, in a case of a
dat amatlabick nakkagingul carbalge56 caneist whencanskicnghat wataarsafaodstuffe*begyragdsi ch
exhi bi e i fi of ca rap ie at . 1.S.diqf rom
the. i nibageuils BPPhREyfeh. 3 LaRhE™ RERRRKL SRbBr o aBl bt { e
chi ral stdlgaisdegity sthalmgit e pasportCampdeatityl aind,i o danetinticknse &i atoesd tard,he one
or nore first areas with a first nodifying agent nqj~ 2) 0 or re second
areas (@NForelinfe tickhoan (SPelickeb A VORSHh, ans IrnglyT F1t (o BCCldye nt
second afihgAsm fbil afd 6 35@mRfcia ggad.amat ri x this coul d be 256 areas when maki ng
a datamatrix 16*16) which exhibit a second nodified set of optical

properties that is diff t initj.al f . optical properties and
different fromthe fi rﬁﬁ%&?ﬁ@@lﬁi@&qo& ibfg‘ll%lg‘g{wd& erties and is

obtain by contacting the chiral liqui.d cryst.al precursor.conmposition in
an uncdi st AL P IRAChERRB o foris desciield b thr %@é@ﬁe\%%raﬂgw&w@ liteae ng
agent thelenés t8fthd Slufaliey It dilaWist BRNwAN T AdrSEmARG! E¥dnes2@€ Nxembplrf Ni s
regard, it is to be appreciated that" in order for the first and second

nodi f i elbsdimentsfof gistriresant igyenpieptdndsvheeriie different it is sufficient for
these sets to differ wwth respect to at |east and only one optical

property. | migQlheschvmt dRistrithfy the potedind @asRd inPdin{jlad satsaf optical
properties may conprise identical optical properties as long as (at |east)

one opti cal Fpt OP&dt Y skAVPUitRRA PRRIAT thai Src Ubldi@beNby afr B firkhend 8¢6hd OF
pattern nmay conprise nore than two different areas (i.e., 1n addition to

t he onerees omthesubstiatetin diféaent waie one or nore second areas and, optionally
the one or nore areas exhibiting the initial set of optical properties) in
which the initial set of optical properties has been nodified by nore than
two different nodifying agents as long as there are at |least two areas in
whi ch two dif f er ePETAIDED [ESCRIFTTYNAY EHEMRESEANEINERATEIN| y or t oget her
changed the initial set of optical properties. For exanple, the |ayer may
conpr i $&054hr e€he paticylaisishewr thereindark fogremt oae@amld mdmor phrpiobesed, illforatiye f i ve,

etc. different di fyi agents have changed the initial t. of optic

o oper CEn o BG Frbr RS G 1 Bren i oRTTLotY S Freop ity Siseels of
opt i calpr@idip@riaess bélievedeo bRl thowharg ukéral Use r@ldilprinderlsivod MRUHpYibAGagent s

and in particular, two nDdlfylng agents of a different type, wll

f r equefingiplse apd eenesibg appscts Hfdhe presen fnventigd). j lgjthiy regad, ing aftgmpyels made to

appr eci ver .t t L nyenti I 1) te.t use
oF ol s S Riail 08he, BitsRl SREdich MPRkLORcd B i ibietly) Br e U0
t he usdumfamenial uodwestapliig 9 fg prgent iwfen@or; ehe deseripyge takivie vathy thi ydraveynge f

exanpl e, .t hree nmodi fvi ng .agents of . different es be used,. or one
Pt Ml PRy PR mo-d SaneER s f1 bRt CERHbRER: P Pt eotig B

enpl oyeghbodWOiR3&ict63778PCT/ EP2012/ 059663 [0059] In the marking of the
present invention there may further be at |east one first area that is not
overl a any .second area and/ar there nay be at |east, one second area
pbe UotR Bt Bicek it s LRSS R AN e S R
one fi bstof adirdasttgs. Tis wWdsRItedeltem atayphdr tkahply, covest (@ppethlipy oBors@aphide ar ea
and/ or there may_be at¢jeast oFe,sgéqu area that is conpletely or

par t i al°’P§ ObVKs apper iy PRmete. it Hig Torm od 3 GrafaReE SUhas & 48k aHRE & #i r st
area '%kk&fQﬁﬁﬁa%ﬁ@mah§ﬁﬁ%n6mﬁhﬁaﬁ&ﬁ9sﬁ@@ﬂ%?%%Lyn@ﬂﬁ@ﬁﬁﬁﬁ§%§kﬁ9¥§ﬁ§mﬁbe
second area and the case where a second area is larger than a first area
and cofbpyasegss pr &vdomfiaks e dalirsov spafinghelasy (fetexample, {rothe fEingo D) containgrssugh so

i ncl udes the case where a first area and a $&cond area are of the sane size
and conpl etely coincide. The conplete or partial overlap of a first area
and a second area would results in a third area, i.e., the area of overl ap,
giving rise to a third nodified set of optical properties (due to the
conmbi ned action of the first nodifying agent and the second nodifying
agent). O course, if nore than two nodifying agents are used the possible
nunber of areas with different sets of optical properties increases
exponentially, thereby further increasing the difficulty of counterfeiting
the marking of the present invention. Merely by way of exanple, with three

- oy " o o




remai nder being one or nore third areas nodified by both the first

nodi fyi ng agent and the second nodifying agent). [0060] The first and
second noaohyixmgsamgents for use in the present inventi omcameab/osoeds fferent
type. Merely by way of exanple, nodifying agents are of a different type if
they differ in their consistency (e.g., solid and/or sem -solidis in one
case and fluid (e.g., liquid) in the other case) and/or if they differ in
their chem cal nature (e.g., nonomeric in one case and polyneric in the

ot her %@%%ottférfoﬁﬁﬁéfﬁg'v%h&)’s REGARICR ab e, @%tfé@&%cél@%lﬁ%ﬁé‘d’éﬁh@a‘lé %e&e‘i‘&%egéf“ cin
t he ot her case) /or 1 f they change/fodify an optical propeéert
conposifeadsifisy cardboafrﬂéfr entn e derandispackeriitdr p‘«lpfer tahéyﬁl p@barrrg@/m@maﬂyu@ st er ent
optlcal r t.h | east
partlall lggﬁ %@%eﬁ% eegﬁgﬁgg%? %P&gﬁﬁ?gqU| crys ]%%ggggéﬁ%%g%gi%%g tion
i N one pegasEaatdriey docanosd dnisi lidtyd cutahdt ehdso syistrat lhﬁitﬁ‘lalshﬁe given eedughly al

liquid_crystal . precursor conpositiaon.in the other case. [00 initial
set andot REETRIIERPE AHEPSEY of QhAEagtneo I 15pPe 197 rthe Hfl%ﬁﬁlrl% ‘?’eﬁ@efa mBe fi ed

sets ofyphicCalitcRl QRIEER bR Mot nEddealBr i NG Sl hAEHOLRSLRAY Wh&‘é%ﬂffﬂa&nls Y
differ in at |east one property of the light that is reflected by the

chi ral sohuahql dr enlysdightly solpbber inceaipasist pesd inrthe cbtiplr lzquid pglymgr chiyalt lguidt at e.
F th
For SRl ek Ak 08 RSP SR TRY, R B SERL I G figh " Lhe
visible, i nfrared and/or WV range) of the reflected Ilght kmax may, for

exanpl 400564 The sihsireld s %dgalﬁ%geahsay ;l;lwecaaqiark e Blaek pursg og baql@@ﬂm@r@a@d?@é t he
fl t f
reflectiance Qf iR widdiPhe ch{}al h@ gac{h%é‘lf el ﬁ Oﬁqin% %}b/ :&kgﬁw g&f’f’ﬁlﬁ‘? 0

the spectrum such as the evice m pectr al
Devi cesvishueg todfe HBond bieany t@ocbrwlactcspec[lﬂk@ﬁﬂ]haﬂ in tlaer@shefa da;becblad{ bztchgrormd ki ng,
the initi t an t eco n tlona urth,
erc. ) "HisaTehCiupled 9 o Fai e JERRN ceN ALy BB Falar et Phished o he
proper byckehdind] svheRdy Gayiread@il baaks@mdrﬁglﬂrom ahé $REKeARING @es Qidt idealrb Ythe
isotropic state of the liquid crystal | ymer conposition. An exanple of a
cor r es PEERLRG P Gpeholpstprc ilﬁ@drCéySFaéémt%rhaléfovm Fedlsption pehdhs perided gee In | n
this regard s6 LS RliaNalil s PRRVAIGE: bl bakgfund Yhe HiRAitbrColdH of. e Novel
Pi gment Approaches in Optica Vari abl e Secur| y I'nks Including Polarizing
Chol estcholegterid dgid Crygiat ahat(:lﬁa_c)s Ro$ ywmbls Wh@ptqomhreSemthl 2 yblagkd or dark
gloggf g Lq(étr% Dﬁv\?e] fs Icegstrl-(r)glc a%%?a%ferlag gomt ac%ﬁrogn?z]er e\}/eﬁ/terh eeV%nm th€ case of
2012/ 1 631%71851(337151538&&@/00&95 6k lésﬁ)&ﬁﬂlquﬁi Eﬂylstﬁﬁthaﬂehﬁlwad be iy Ailze P iveh whicsSiolp
conposi tion that may be used for k|n mar ki ng of the pre

i nvent |0?L)ﬁ°%£ﬂéafrpé‘}af15‘é“<a‘p%‘1tqf§8°3@ée eﬁ@ﬁ%ﬁﬁ%@p%%@ tthe Eepspossl }efa&lrtculaf at

| east QPRS fi gﬁ%o%oﬁéﬁ% w&%&aﬁ@e WARGs chﬂal%ensﬁfserﬁ&afé erRRdi dRAtwitoyer at
| east a part the first nodifying agent provided on the at |east one
surfacélg on\hlelteslnﬂgkgrpam@s lbp@ﬁléteatblryea@mnmptlgzé@r@emeﬁmﬁﬂl@ @ﬁrat hquldme's@i nor e
nemat i ¢ C s %ﬂt}l h 51 ean sq) ats ﬁlngt ﬁl ICS nt in engorfa t)
corrpouﬁ)a n§ f'ilnc d%hg‘“aé &9 In} Whi Fl Pecd 8%100 e°0 Spwﬁ PY

chol esteki fartBéradotnise bh@n@M@&ﬁMy elRmerd® esuph tag dr@hict 4R @b G Rab bRrments,

chol esteri¢c state depends on the relative ratio of the nematic and the

chol estd¥es Halssnsigalisvaishlertranangy, Megneticwigisiy clsower of the chol esteric
conmpound(s). Typically, the (total) concentration of the one or nore

nemat i qooﬁomwﬂﬁ&lﬁg dfith@pretiink ﬁivletlht'[dgLﬂodlé)@lEéj&Satf(abntﬁlﬁleﬁsxg&ﬁﬂcoﬁtﬁfﬁbf f 09ildye00r 4 (r)]r
use in the present invention w e about four about fifty times the
(total Pa%f‘dﬂ@é AtGURS GHrabfapiReT Gl PEFCURGF EOBRQY Y 8rd ehl@g HEBId st stags {en,
chiral chfr&lblicﬁu&Er&&%ﬁﬁol%%%ﬁﬁsﬁ&ﬁﬁﬁﬁﬁ biﬁlﬁ& M i B @hoprienGRitd-adsi Phe of
chol esteric conpounds is not desirable (although possible in many cases)
becauséayeher @ﬁ@erorcomprleesc laplieetle r(hrd p@rﬁqydﬂybdm adshntebry v @nreyglt allorq 21@35 thaer eby
maki ng ain _the deS|r st al g
apect 1 el RCT:E b6 o 3p el il Reatied bR YA B G AR o
for use in the chlral |l iquid crystal precursor conposition are known in the
art; when used alone (i.e., without chol esté&¢ic conpounds) they arrange
thenselves in a state characterized by its birefringence. Non-limting
exanpl es of nematic conmpounds A which are suitable for use in the present
invention are described in, e.g., WD 93/22397, WD 95/22586, EP-B-0 847 432,
U S. Patent No. 6,589,445, US 2007/0224341 Al and JP 2009- 300662 A. The
entire disclosures of these docunents are incorporated by reference herein.
[ 0065] A preferred class of nematic conpounds for use in the present

i nvention conprises one or nore (e.g., 1, 2 or 3) polynerizabl e groups,
identical or different fromeach other, per nDIecuIe. Exanples of

Y M o, - o



WO 2012/ 163778PCT/ EP2012/ 059663 [ 0066] The nemati c conpounds for use in the
present invention further may conprise one or nore (e.g., 1, 2, 3, 4, 5 or
6) opti ormbl2g129bE8i t ut ed aronati c groups, preferably plrempr2orosgmss
Exanpl es of the optional substituents of the aromatic groups include those
which are set forth herein as exanples of substituent groups on the phenyl
rings of the chiral dopant conpounds of forrmula (lI) such as, e.g.,

(C1-Co6) al kyl and/or (Cl-C6)al koxy groups. [0067] Exanples of groups which

may Opt(l)CH?ﬁloern&?@ﬁ%'f aedle. %100146' o, iee, ROy FR 's&a@neﬁgée‘ﬁu&sm%ﬂ%/ ﬁl@ﬁar@e[s}’l
(e.g., phenyl) groups in the nematic conpounds A i nclude those which are

exe rrpl if f exbclobp éﬂtﬁmra@rx thiyeogldibe 256 dispawhecmabog adstaBatfx K63l eouwlaicl pyhibit

( ' nCl UQ' fﬂ?t HORRS ?eft of 8%%!)&1%&51@%« ﬁ{é{jlsfcﬂfféwﬁtaﬁédl Bl §ifha [Q" rngll?ced g}’é%?rtle

he nena Fise one or nore
f or rrul aﬁd (si obtdiab(d byl oonvdahﬁg‘ntharchirﬂnidlhmmrﬁlal @b@usoasmmmongrs arf mfcuAeH senel A2
in fornula

and_formulae (LLA) and (I1B)), typically bonded to optionally
subst i f%ufhéd’g‘f‘)ﬁé Fe BFtEs. W@p%hf# W&H&QSI%% |ag%ﬂte?%§?)@sza 8k sgeondezp (T e
conmpounds Wil ticafdRr, Stiict @R! @n,fifecHSE tivBntl REcHAH KRN in laAENS A OMtdriG K gas
2- met hoxybenzeneZ1 ,4-di y1 bis[4-( f [4- acryloyloxy)butoxy]carbonyl}

oxy) beedddee56 agcastwlicp-ipaking 2 d(a@@m@;l/@*a@)\mﬁho@@}l}bltarswﬁgf Imodaficd) seRZ oy |
|
° rr; %’%} optic ”?FJ}B%{%E’ '&ﬁg}’s dlﬂ%l(ﬁntf fr{)e ﬁlgeglﬁlg}é 9 o?ﬁf{%}%&‘fi%éxﬂnef%c?a”?%{%t RIWhé
- (acr ylfmgtlrmo@ﬁdzﬂ,mem)oﬂopneai lpmpﬁft}es aod xypbtzmabietblyydonmcmgmeaﬂl&]ﬂ Liquad crystal

-nmethyl b - | ),but b
e 5 PRERRST Samatiaion i ingied e n 1k a0 LAY SR R ey}
oxy) be mzgaytyIng@¥¥nt that 25 oﬂﬁﬁilﬂb’ﬂeﬂh?ﬁé/ﬂhaﬁt}{e Hrst[rﬂoc{l@"ﬁ@/dg@ﬁt' ﬁma)stw%@wi isgapdonyl }

oxy)-3 -netho xybenzo ate ; 2-nethyl benzene- 4-diyl bis[4-
[ 4-(ac rapprswf@sw;@umo&rylfrcﬁ?rb@m/ﬁryt még/yqyeﬂci@mdefjled setynef [plp ixeptias togbej yl
bi s[ 4- C o ]
P Lot LA e R GRETY I e ) s TR o B PR,
-2-net Ipydpphg nliyll otlzﬂer(wcfrds[ 4he {imt m;d ¢ bk ypBifitcd sy of aptch phdpertex yayIontprise
- di et hox 0 ate 2rreth
[

o (ot B SRy BLEBRYF carBthgt s Cokyy? 3 it nBRey omprised therin s

different.

[0058] The layer or pattern may comprise more than two different arcas (i.c., in addition to the
onc or more first arcas, the one or more second arcas and, optionally the one or more arcas
exhibiting the initial set of optical properties) in which the initial set of optical properties has
been modified by more than two different modifying agents as long as there are at least two areas
in which two different types of modifying agents have separately or together changed the initial
set of optical properties. For example, the layer may comprise three, four, five etc. different arcas
in which three, four, five, etc. different modifying agents have changed the initial set of optical
properties to result in three, four, five, etc. different modified sets of optical properties. In the
following the use of only two modifying agents and in particular, two modifying agents of a
different type, will frequently be discussed for the sake of simplicity. It is to be appreciated,
however, that the present invention is not limited to the use of only two modifying agents of
different types and also is not limited to the use of only one modifying agent of a certain type.
Merely by way of example, three modifying agents of different types may be used, or one first
modifying agent and two different second modifying agents may be employed.
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benzoate]; and WD 2012/163778PCT/ EP2012/ 059663 2- net hoxybenzene-1
,4-diylbis[4-( { [4-(acryl oyl oxy)but oxy] carbonyl} oxy)-3 ,5 -di-nethoxy-
benzoat e]lwoasivmbizsas 4- { [4-( { [4-(acryl oyl oxy) but oxp{TERREIQNFIcE3

oxy) - 3- met hoxybenzoyl ] oxyl- 2- met hoxyphenyl 4- ( { [4-(acryl oyl oxy) but oxy]
carbonyl} oxy)-3 ,5-di met hoxybenzoate. 4-( {4-

[ 4- (acryl oyl oxy) but oxy] benzoyl | oxy)-3 -nethylphenyl4-

[ 4- (acryl oyl oxy) but oxy] -2- nethyl benzoate; 4-( {4-

[ 4- (achqydsoy krpffﬂé)n@éfkﬁé)ék %g\%@éhﬂ inQ&¥Hon IncrBIah WhRRE B laf teast one first arca that is

[ 4- (acryloyloxy) ut oxy
not overlapped by any second arca and/or there may be at least one second arca that is not
overlapped by any first arca. Further, there may be at least one first area that is completely or
partially overlapped by a second area and/or there may be at lcast one second arca that is
completely or partially overlapped by a first area. This includes the case where a first area is
larger than a second area and completely encompasses/covers the second area and the case where
a second area is larger than a first arca and completely encompasses/covers the first area (cf. Fig
2) . This also includes the case where a first arca and a second areca are of the same size and
completely coincide. The complete or partial overlap of a first arca and a second arca would
results in a third area, i.c., the area of overlap, giving rise to a third modified set of optical
properties (due to the combined action of the first modifying agent and the second modifying
agent). Of course, if more than two modifying agents are used the possible number of arcas with
different sets of optical properties increases exponentially, thereby further increasing the
difficulty of counterfeiting the marking of the present invention. Merely by way of example, with
three different modifying agents there may be one or more areas in which only the first
modifying has been employed, one or more areas in which only the second modifying agent has
been employed, one or more areas in which only the third modifying agent has been employed,
one or more areas in which both the first modifying agent and the second modifying agent have
been employed, one or more areas in which both the first modifying agent and the third
modifying agent have been employed, one or more arecas in which both the second modifying
agent and the third modifying agent have been employed, and one or more arcas in which all
three modifying agents have been employed. It further is to be appreciated that while the
marking of the present invention will usually comprise at least one arca which shows the initial
set of optical properties (i.e., without modification by any modifying agent), the presence of a
corresponding area is not required. For example, the present invention also contemplates a
marking in which the entire arca occupied by the chiral liquid crystal precursor composition in
the chiral liquid crystal state is occupied (and modified) by the first modifying agent and in
which one or more (second) areas of the chiral liquid crystal precursor composition (but not the
entire arca thereof) are additionally modified by the second modifying agent (thereby giving rise

to a marking having one or more first arcas modified by only the first modifying agent, the
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met hyl benzoate; 2-nethyl benzene-1 ,4-diyl bis {4- [4-(acryl oyl oxy) but oxy]
-2 -nmethyl benzo ate} ; 4-( {4- [4-(acryl oyl oxy)butoxy] -2 -nethyl benzoyl |
oxy) - 3 - meohyipiesrrgl 444- (acryl oyl oxy)- butoxy] -2 ,5 -dipcetEryéihenmweant e;
2-nmet hyl benzene-1 ,4-diyl bis {4- [4-(acryl oyl oxy)but oxy] -2

, 5-di net hyl benzoat el 2-net hyl benzene-1 ,4-diyl bis

{444- (acryl oyl oxy) but oxy] benzoatel ; 4-( {4- [4-(acryl oyl oxy)butoxy] -3,5
- di net hyl benzoyl | oxy) - 3- et hyl phenyl 4-[ 4- (acryl oyl oxy) but oxy] -2,5

- di et rﬂéﬂl@ﬁ&%Q)eﬁ{ge@nezoﬁrﬁt)ﬂy{h%na%@d@emédlﬁéd gy%t}p’[h% fidr modlfylng agent and the

[ 4- (acryl oyl oxy) but oxy] - di met hyl benzoat el ; 2-net hoxybenzene-1 ,4-diyl

bi s {4SﬂPAd@E@r m@wg@n )butoxy] -3,5 dlnethylbenzo ate} ; 4-( {4-
[ 4- (acryl oyl oxy) but oxy] -3 -nmethyl benzoyl |

oXY) - 21000 IxY BRe A ¢48nd adavhy B! Q¥ forltdt Sk pr&entinvalitidB by L oZRANE;
type. Merely by way of example, modifying agents are of a different type if they differ in their

consistency (e.g., solid and/or semi-solidis in one case and fluid (e.g., liquid) in the other case)
and/or if they differ in their chemical nature (e.g., monomeric in one case and polymeric in the
other case, or essentially organic in one case and essentially inorganic in the other case) and/or if
they change/modify an optical property of the composition by a different mechanism and/or if
they change/modify different optical properties of the composition and/or if they are able to at
least partially penetrate the uncured chiral liquid crystal precursor composition in one case and
arc substantially unable to penetrate the uncured chiral liquid crystal precursor composition in

the other case.

[0061] The initial set and the first and second (and optionally third, fourth, etc.) modified sets of
optical properties of the marking of the present invention may differ in at least one property of
the light that is reflected by the chiral liquid crystal polymer composition in a chiral liquid crystal
state. For example, the at least one property may be the spectrum (e.g., in the visible, infrared
and/or UV range), the polarization, or Ama (€.g., in the visible, infrared and/or UV range) of the
reflected light. Amax may, for example, be measured using an analytical spectral device that
measures the reflectance of a sample in the infrared-near-infrared-visible-UV range of the
spectrum, such as the LabSpec Pro device made by Analytical Spectral Devices Inc. of Boulder,

Colorado.

[0062] In another aspect of the marking, the initial set and the first and second (and optionally
third, fourth, ctc.) modified sets of optical propertics may comprise at least one property that is
indicative of an optically anisotropic or optically isotropic state of the liquid crystal polymer
composition. An example of a corresponding property is the reflection of circular polarized light.
In this regard see the explanations provided in, e.g., Y. Jiang et al., “Novel Pigment Approaches
in Optically Variable Security Inks Including Polarizing Cholesteric Liquid Crystal (CLC)
Polymers”, Optical Security and Counterfeit Deterrence Techniques IV, SPIE 4677, 2002, the
entire disclosure of which is incorporated by reference herein.
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2- met hoxybenzene-1 ,4-diyl bis {4- [4-(acryl oyl oxy)butoxy] -3 -nethyl benzo
ate} ; 4-( {4- [4-(acryl oyl oxy)butoxy] benzoyl|l oxy)-3 -nethoxyphenyl 4-

[ 4- (acr ylwepl2oryip3trat oxy] -3 - nethyl benzoate; 4-( {4- PCT/EP2012/059663

[ 4- (acryl oyl oxy) but oxy] benzoyl | oxy)-3 -nmet hoxyphenyl 4-

[ 4- (acryl oyl oxy) - butoxy] -2,5 - dinethyl benzoate; WO

2012/ 163778PCT/ EP2012/ 059663 2- net hoxybenzene-1 ,4-diyl bis {4-

[ 4- (acryl oyl oxy) but oxy] -2 -nmet hoxybenzo atel; 2-nethoxybenzene-1 ,4-diyl

bi's {410d631 hadikl B q{il@&éﬂst}ﬁpﬁ@&}flor%om?omﬁ%rﬂﬁﬁﬂﬁ%}y Q@ﬁ%@%ﬁhakln%the marklng of

2- met hoxybenzene- 1 (acryl oyl oxy) but oxy]
- met hoxdbpiesapatimientign émdwmyfmrﬁpeh@si (e-g. Adehioyitedjontof at-leéﬁsna(mctrgfﬂ @ylpast once
E(Z) ?gzgff %03?6(})2(91)% ﬁfostra?t? G@QP lt__)aﬁ;ﬂ %&'?edlemﬁ'ecﬁ%n%r}t, %'Vgr {1,[4 least a part of the first

2 ( pr opmah@mgl agmtt) penidehen thedadicyst dake Suffddcdof] the sybsmyited pydfaublexaphipeinasoat el ;
ony§$utoxy ] benzoyll ox pr opan-

[4 (ac WF‘%{F] afcéi o 15 tCﬁWpB 0%1382{ (i-i)zc-)rge or more c%olesterlc )EP/ g P 1ra¥| 4-

dopant) compounds B (including cholesterol) which are capable of giving rise to a cholesteric
state of the composition. The pitch of the obtainable cholesteric state depends on the relative
ratio of the nematic and the cholesteric compounds and the helical twisting power of the
cholesteric compound(s). Typically, the (total) concentration of the one or more nematic
compounds A in a chiral liquid crystal precursor composition for use in the present invention
will be about four to about fifty times the (total) concentration of the one or more cholesteric
compounds B. Often, a chiral liquid crystal precursor composition with a high concentration of
cholesteric compounds is not desirable (although possible in many cases) because the one or
more cholesteric compounds tend to crystallize, thereby making it impossible to obtain the

desired liquid crystal state having specific optical properties.

[0064] Nematic compounds A which are suitable for use in the chiral liquid crystal precursor
composition are known in the art; when used alone (i.c., without cholesteric compounds) they
arrange themselves in a state characterized by its birefringence. Non-limiting examples of
nematic compounds A which are suitable for use in the present invention are described in, e.g.,
WO 93/22397, WO 95/22586, EP-B-0 847 432, U.S. Patent No. 6,589,445, US 2007/0224341
Al and JP 2009-300662 A. The entire disclosures of these documents are incorporated by

reference herein.

[0065] A preferred class of nematic compounds for use in the present invention comprises one or
more (¢.g., 1, 2 or 3) polymerizable groups, identical or different from each other, per molecule.
Examples of polymerizable groups include groups which are capable of taking part in a free
radical polymerization and in particular, groups comprising a carbon-carbon double or triple
bond such as, e.g., an acrylate moiety, a vinyl moiety or an acetylenic moiety. Particularly

preferred as polymerizable groups are acrylate moieties.
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propan- 2-yl oxy) benzene-1, 4-diyl bis

4- (acryl oyl oxy) but oxy] - 2- nret hyl benzoat el ;

pr oparwd-2¢i206y)Benzene- 1, 4-diyl bis PCT/EP2012/059663

4- (acryl oyl oxy) but oxy] - 2, 5- di net hyl - benzoat el ;

propan- 2-yl oxy) benzene-1, 4-diyl bis

4- (acryl oyl oxy) but oxy] - 3, 5-di net hyl - benzoatel ; and

2- (propan-2-yl oxy) benzene-1, 4-diyl bis

{4 4- (36066} ¥t %Bﬁl@é’%&ﬁﬁdun@s Fo:0iT8hH hﬁ’é‘}ﬁe@@ﬁ‘%ﬁ’&%ﬁ&n il R Fay THEPRE 0RE oFOT €
cholesterlc (i.e., chiral dopant) conpounds B for use in g pr esent

i nvent inove f-ef &r A, . 6 omd) opkoratly Isebséltut%@rog@tly gmmzabtferagkyomlpnyl[ 0069} As

Compoundan Bl KE g AR B GHATE, el e W p RIS HE R B RS s a6

(1) whéeeimas eRthpRB of Ribstifdént gRbupsRm, thphanytl rikgs efatbd chird elppaid eoimpyurdeodt e
Cl-C6 al kyl and | koxy; . Al nd ch i nde endently denote a group
of for 19(63 gafl NEE f(plf(é()y)alkﬁ /f?)@%ﬁ(; ’@jgrﬁ P=al2;

[0067] Examples of groups which may optionally be present to link the polymerizable groups

2- (
{4]
2- (
{4]
2- (
{4]

and the aryl (e.g., phenyl) groups in the nematic compounds A include those which are
exemplified herein for the chiral dopant compounds B of formula (I) (including those of formula
(IA) and formula (IB) set forth below). For example, the nematic compounds A may comprise
one or more groups of formulae (i) to (iii) which are indicated above as meanings for A; and A,
in formula (I) (and formulac (IA) and (IB)), typically bonded to optionally substituted phenyl
groups. Specific non-limiting examples of nematic compounds which are suitable for use in the

present invention include:
2-methoxybenzene-1,4-diyl bis[4-({[4-(acryloyloxy)butoxy]carbonyl}oxy)benzoate];

4-{[4-({[4-(acryloyloxy)butoxy]carbonyl} oxy)benzoyl]oxy} -2-methoxyphenyl 4-({[4-(acryloyl-
oxy)butoxy]carbonyl}oxy)-2-methylbenzoate;

2-methoxybenzene-1,4-diyl bis[4-({[4-(acryloyloxy)butoxy]carbonyl} oxy)-2-methyl-benzoate];
2-methylbenzene-1,4-diyl bis[4-({[4-(acryloyloxy)butoxy]carbonyl} oxy)-2-methyl-benzoate];

4-{[4-({[4-(acryloyloxy)butoxy]carbonyl} oxy)benzoyl]oxy}-2-methylphenyl  4-({[4-(acryloyl-
oxy)butoxy]carbonyl}oxy)-3-methoxybenzoate;

2-methylbenzene-1,4-diyl bis[4-({[4-(acryloyloxy)butoxy]carbonyl} oxy)benzoate];
2-methylbenzene-1,4-diyl bis[4-({[4-(acryloyloxy)butoxy]carbonyl} oxy)-3-methoxy-benzoate];

4-{[4-({[4-(acryloyloxy)butoxy]carbonyl} oxy)-3-methoxybenzoyl]oxy} -2-methylphenyl 4-({[4-
(acryloyloxy)butoxy]carbonyl}oxy)-3,5-dimethoxybenzoate;

2-methylbenzene-1 .4-diyl bis[4-({[4-(acryloyloxy)butoxy]carbonyl}oxy)-3,5-dimethoxy-

benzoate]; and
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(ii) -C(0)-D1-0-RCH2)y-OL-C(0)-CH=CH2; (iii)
-C(0)-D2-0-RCH2)y-Q -C(0) - CH=CH2; D1 denotes a group of fornmula D2 denotes
a group oloferrmsbms (RAm n, o, p, g, r, s, and t eachprcmdrpeandsyts y
denote 0, 1, or 2; y denotes 0, 1, 2, 3, 4, 5, or 6; z equals O if y equals
0 and z equals 1 if y equals 1 to 6.

2-methoxybenzene-1,4-diyl bis[4-({[4-(acryloyloxy)butoxy]carbonyl}oxy)-3,5-di-methoxy-
benzoate]; as well as

4-{[4-({[4-(acryloyloxy)butoxy]carbonyl}oxy)-3-methoxybenzoyl]oxy} -2-methoxyphenyl 4-
({[4-(acryloyloxy)butoxy]carbonyl}oxy)-3,5-dimethoxybenzoate.

4-({4-[4-(acryloyloxy)butoxy]benzoyl} oxy)-3-methylphenyl 4-[4-(acryloyloxy)butoxy]-2-
methylbenzoate;
4-({4-[4-(acryloyloxy)butoxy]benzoyl} oxy)-3-methylphenyl 4-[4-(acryloyloxy)butoxy]-3-
methylbenzoate;

2-methylbenzene-1 .4-diyl bis {4-[4-(acryloyloxy)butoxy]-2-methylbenzoate};

4-({4-[4-(acryloyloxy)butoxy]-2-methylbenzoyl} oxy)-3-methylphenyl 4-[4-(acryloyloxy)-
butoxy]-2,5-dimethylbenzoate;

2-methylbenzene-1 .4-diyl bis {4-[4-(acryloyloxy)butoxy]-2,5-dimethylbenzoate}
2-methylbenzene-1,4-diyl bis {4-[4-(acryloyloxy)butoxy]benzoate};

4-({4-[4-(acryloyloxy)butoxy]-3,5-dimethylbenzoyl} oxy)-3-methylphenyl 4-[4-
(acryloyloxy)butoxy]-2,5-dimethylbenzoate;

2-methylbenzene-1 .4-diyl bis {4-[4-(acryloyloxy)butoxy]-3,5-dimethylbenzoate};
2-methoxybenzene-1,4-diyl bis {4-[4-(acryloyloxy)butoxy]-3,5-dimethylbenzoate};

4-({4-[4-(acryloyloxy)butoxy]-3-methylbenzoyl} oxy)-2-methoxyphenyl 4-[4-(acryloyloxy)-
butoxy]-3,5-dimethylbenzoate;

2-methoxybenzene-1,4-diyl bis {4-[4-(acryloyloxy)butoxy]-3-methylbenzoate};

4-({4-[4-(acryloyloxy)butoxy]benzoyl} oxy)-3-methoxyphenyl 4-[4-(acryloyloxy)-butoxy]-3-

methylbenzoate;

4-({4-[4-(acryloyloxy)butoxy]benzoyl}oxy)-3-methoxyphenyl 4-[4-(acryloyloxy)-butoxy]-2,5-

dimethylbenzoate;
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[0070] In one aspect, the one or nore chiral dopant conpounds B may
conprise one or nore WD 2012/ 163778PCT/ EP2012/ 059663 i somanni de

derivati wee 20ffegrsul a (1A): (1A wherein: Rl, R2, R3, pBR4/EPRN2/0RG63 R7 and
R8 each i ndependently denote Cl-C6 al kyl and Cl-C6 al koxy; Al and A2 each
I ndependent|y denote a group of formula (i) to (iii): (i)

-[(CF12)y-Q z-C(0)-CH=CH2; (ii) -C(0)-D1-0-[(CH2)y-Q z-C(0) - CH=CH2;

2-methoxybenzene-1,4-diyl bis {4-[4-(acryloyloxy)butoxy]-2-methoxybenzoate};
2-methoxybenzene-1,4-diyl bis {4-[4-(acryloyloxy)butoxy]-3,5-dimethoxybenzoate} ;
2-methoxybenzene-1,4-diyl bis {4-[4-(acryloyloxy)butoxy]-3-methoxybenzoate};
2-ethoxybenzene-1,4-diyl bis {4-[4-(acryloyloxy)butoxy]benzoate};
2-ethoxybenzene-1.,4-diyl bis {4-[4-(acryloyloxy)butoxy]-2-methylbenzoate};
2-(propan-2-yloxy)benzene-1,4-diyl bis {4-[4-(acryloyloxy)butoxy]benzoate};

4-({4-[4-(acryloyloxy)butoxy]benzoyl} oxy)-2-(propan-2-yloxy)phenyl 4-[4-(acryloyl-
oxy)butoxy]-2-methylbenzoate;

2-(propan-2-yloxy)benzene-1,4-diyl bis {4-[4-(acryloyloxy)butoxy]-2-methylbenzoate};
2-(propan-2-yloxy)benzene-1,4-diyl bis {4-[4-(acryloyloxy)butoxy]-2,5-dimethyl-benzoate} ;
2-(propan-2-yloxy)benzene-1,4-diyl bis {4-[4-(acryloyloxy)butoxy]-3,5-dimethyl-benzoate } ; and
2-(propan-2-yloxy)benzene-1,4-diyl bis {4-[4-(acryloyloxy)butoxy]-3,5-dimethoxy-benzoate } .

[0068] The one or more cholesteric (i.c., chiral dopant) compounds B for use in the present

invention preferably comprise at least one polymerizable group.

[0069] As sct forth above, suitable examples of the one or more chiral dopant compounds B

include those of formula (I):
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(i) -C(0)-D2-0-[(CH2)y-Q z-C(0)-CH=CH2; D1 denotes a group of fornmula
(RA D2 denotes a group of forrmula WO 2012/163778PCT/ EP2012/ 059663 (Rdt m
n, o, p, wo2wi12s377and t each i ndependently denote 0, 1, POT/ER2012/059663

@)
wherein:
R1, Rz, R3, R4, Rs, Rg, Ry and Rg each independently denote C;-Cg alkyl and C,-Cg alkoxy;
Aj and A; each independently denote a group of formula (i) to (iii):
(i) ~[(CHz)y-0O1,-C(O)-CH=CHy;
(i) =C(0)-D1-0-[(CH,)y-0],-C(O)-CH=CH;
(1i1) —=C(0O)-D,-O—[(CH;),-0],-C(O)-CH=CHo;

D; denotes a group of formula

D, denotes a group of formula

(Fgk
m, n, 0, P, 4, T, S, and t each independently denote 0, 1, or 2;
y denotes 0, 1,2, 3,4, 5, or 6,
z equals 0 if y equals 0 and z equals 1 if y equals 1 to 6.

[0070] In one aspect, the one or more chiral dopant compounds B may comprise one or more
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y denotes 0, 1, 2, 3, 4, 5, or 6; z equals O if y equals 0 and z equals 1
if y equals 1 to 6. [0071] In one enbodi nent of the conmpounds of formula
(1A (andwoforomwproends of formula (1)), Rl, R2, R3, R4, PRI/EPRG2/0R66aNd RS
each independently denote G -C6 alkyl. In an alternative enbodi nent, R1,
R2, R3, R4, R5, R6, R7 and R8 in formula (1A (and in formula (1)) each

i ndependently denote Cl-C6 al koxy. [0072] In another enbodi nent of the
conpounds of formula (1) and of forrmula (1 A), Al and A2 each independently
denOtel@ﬁﬁtﬁ&‘d@d@tﬁvaftl%%{{f@rmdlﬁ )y-QA-(0)-CH=CH2; Rl, R2, R3 and R4 each
i ndependently denote G - and m n, o, and p each i ndependent |y
denote 0, 1, or 2. In yet ano her enbodi ment, Al and A2 in formula (1) and
formula (1 A) each independentRy denote a group of formula

-[(CH2) y- g - C(0) - CH=CHR;)nR1, R &3 and R4 each independently denote Cl-C6
al koxy; and m n, o, and\p—s i depﬁndently denote 0, 1, or 2. [0073] In
anot her enbodi nent of the poun rmula (1A (and of formula (1)),

p of R&br mul a

-C¢(0)-D1-0-[(CH)y-J -

- ¢( 0) - D2- 0- Rw)y-éleeom( , @nd
each independently denote'CI-C6 al kylH
A2 in formula (IA) (and in fornula (1)) €a | ndependent |y denote a group
of formula -C(0)-D1-0-[(CH2)y-Q -C(0)- CH=AH2 and/ ofR& group of fornula

-C(0)-D2-0-RCH2) y- O - (0) -CH=CH2; and R1, R2, R3, R4, R5, R6, R7 and R8
each independently denote G -C6 aI koxy. [0074] I n anot her "aspect, the one
or nore chiral dopant conpounds B nm Ijsg)orrprl se one or nore isosorbide
derivatives represented by fornmula (I1B): (IB) wherein: Rl, R2, R3, R4, R5,
R6, R7@Rgif8 each independently denote Cl1-C6 al kyl and Cl1-C6 al koxy; Al
and A2 each i ndependently denote a group of fornmula (i) to (iii):

R1, Rz, R3, R4, Rs, Rg, Ry and Rg each independently denote C;-Cg alkyl and C,-Cg alkoxy;

78 Re’*z R6, R7 and R8
atl ve enbodi nent, Al and

Aj and A; each independently denote a group of formula (i) to (iii):
(1) —[(CH»)y-0]z-C(O)-CH=CHy;

(11) =C(0)-D-O—[(CH,)y-0]z-C(O)-CH=CHy;

(1i1) —=C(0O)-D,-O—[(CH>)y-0]z-C(O)-CH=CHy;

D; denotes a group of formula

(R5)q

(RG)r

D, denotes a group of formula
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(i) -[(CF12)y-Qqz-C(0)-CH=CH2; (ii) -(0)-DI1-0-[(CH2)y-J z-(0) - CH=CHZ;
(ii1) -C(0)-D2-0-RCH2)y-01z-C(0)-CH=CH2; D1 denotes a group of formula (RA

[
i
D2 denot ewoaogrwsmsof fornula (Rdt PCT/EP2012/059663

(R7)s

(R8)t

m, n, 0, P, q, I, S, and t cach independently denote 0, 1, or 2;
ydenotes 0, 1, 2, 3,4, 5, or 6;
z equals 0 if y equals 0 and z equals 1 if y equals 1 to 6.

[0071] In one embodiment of the compounds of formula (IA) (and of compounds of formula (1)),
Ri, Ry, Rs, R4, Rs, R, R7 and Rg cach independently denote C;-Ce alkyl. In an alternative
embodiment, R;, Ry, R3, R4, Rs, Rs, R; and Rg in formula (IA) (and in formula (I)) each
independently denote C;-Cs alkoxy.

[0072] In another embodiment of the compounds of formula (I) and of formula (IA), A; and A;
each independently denote a group of formula —[(CH»),-O],-C(O)-CH=CHy; Ry, R;, R3 and R4
cach independently denote C-Cg alkyl; and m, n, o, and p each independently denote 0, 1, or 2.
In yet another embodiment, A; and A; in formula (I) and formula (IA) each independently
denote a group of formula —[(CH,),-O],-C(O)-CH=CH,; R, R;, R3 and R4 each independently
denote C;-C¢ alkoxy; and m, n, o, and p cach independently denote 0, 1, or 2.

[0073] In another embodiment of the compounds of formula (IA) (and of formula (I)), A; and A;
each independently denote a group of formula —C(0O)-D-O-[(CH;),-O],-C(O)-CH=CH, and/or
of formula —-C(0O)-D,-O—[(CH,),-0O],-C(O)-CH=CHy; and R, R», R3, R4, Rs, Rg, R7 and Rg each
independently denote C;-Cg alkyl. In an alternative embodiment, A; and A; in formula (IA) (and
in formula (I)) each independently denote a group of formula —C(O)-D-O—[(CH>),-O],-C(O)-
CH=CH, and/or a group of formula —C(O)-D,-O—[(CH,),-O],-C(0)-CH=CH,; and R, R;, R,
R4, Rs, Rs, R7 and Rg each independently denote Cy-Cg alkoxy.

[0074] In another aspect, the one or more chiral dopant compounds B may comprise one or more

isosorbide derivatives represented by formula (IB):
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WO 2012/ 163778PCT/ EP2012/ 059663 m n, o, p, g, r, s, and t each

i ndependently denote O, 1, or 2; y denotes 0, 1, 2, 3, 4, 5, or 6; z equals
Oif y eqgwaleiearid z equals 1 if y equals 1 to 6. [007%CTiEP20n@5®EDOdI MENt
of the compounds of fornula (I1B), Rl, R2, R3, R4, R5, R6, R7 and R8 each

i ndependently denote C1-C6 alkyl. In an alternative enbodi nent, Rl, R2, R3,
R4, R5, R6, R7 and R8 in formula (IB) each independently denote G -C6

al koxy. [0076] In another enbodi nent of the conmpounds of formula (1B), Al
and A2 each independently dengte a group of fornula
-[(CJ-lZ)y-O]-C(O)-CJ—l:C:jé;) Rl, RR, R3 and R4 each independently denote G -C6
al kyl; and m n, o, and? ragdependent |y denote O, 1, or 2. In yet

anot her enbodi nent, Al apd A% | orrmul a (1 B) each independently denote a
group of fornula -[(CH2) R1, ) R3 and R4 each
i ndependent |y denote Cl-(6, 8 ; myn, o,7and p.each independently

denote 0, 1, or 2. l.007 n anot 3 0 Q\S,erpounds of formula
(1B), Al and A2 each iRdemepdent!ly dg;mt"e a grlo f forrful a
-C(0)-D1-0-[(CH2)y-Q -C(0) - CH=CH2 and/ or Oaf f ha - C(0) -

D2-0-[(CH2)y-O -C(0)-CH=CH2; and R1, R2, (R , R7 and R8 each

i ndependently denote Cl1-C6 al kyl. In an al ts odi nent, Al and A2
in formula (IB) each independently denote a“group of formila
-C(0)-D1-0-[(CH2)y-Q -C(0)-CH=CH2 and/or a group of fornula -

C(0) - D2-0-RCH2) y- O - C(0) - CH=CH2; and (M), R2, R3, R4, R5, R6, R7 and R8 each
i ndependently denote Ci -C6 al koxy. [0078] In a preferred enbodi nent, the

al kyl avigreat:koxy groups of Rl, R2, R3, R4, R5, R6, R7 and R8 in fornul ae
(1), (1A _and (IB) nay conprise 3, 4, 6 or 7 carbon atons and in

parti cliialty, R4 Ror R6 Reakband Rt caels iIndppadoitlyBeanisi e Cooftkydbig C1-§% alipsy:conpr i si ng
3 or 4 carbon atons include isopropyl and butyl. Exanples of alkyl groups
conpr i ghigd @2 epchyindenepdmtlsidenade p gedup@é favelal (1) to (st hy| pentyl , 3-

nmet hyl pente/l , 2,2-dinmethyl pentyl, and 2, 3-di net hyl pentyl. [0080] Exanpl es
of al kédyl @%Up@]%@@r@fé?ﬁglz;S or 4 carbon atoms include isopropoxy, but-1-

(ii) ~C(0)-D-O—[(CH,)y-0]z-C(0)-CH=CH;
(iii) —C(0)-D-O—[(CH,)y-0]z-C(0)-CH=CH;

D denotes a group of formula

(R5)q

(Rs)r

D, denotes a group of formula

(R7)s

(R8)t
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oxy, but-2-oxy, and tert-butoxy. Exanples of al koxy groups conprising 6 or
7 carbon atonms WO 2012/ 163778PCT/ EP2012/ 059663 i ncl ude hex-1 -oxy, hex-2

- oxy, hexw® 20mexn3778- net hyl p ent- 1 -oxy, 2 -nethyl pent - PCT®PY012059663

met hyl pent -3 -oxy, 2-nethyl pent-4-oxy, 4-methylpent- 1 -oxy, 3
-nmet hyl pent-1 -oxy, 3 -nethyl pent2-oxy, 3 -nethylpent-3 -oxy, 2

, 2-di met hyl pent- 1 -oxy, 2,2-dinethyl pent-3-oxy, 2,2-dinmethyl pent4-oxy,

4, 4-di net hyl pent -1 -oxy, 2,3 -dinmethyl pent-1 -oxy, 2,3 -dinethyl pent-2 -oxy,

2 3 - ohmeh Qfand t cRRYindeperdenfly MBAAY b PERE 24- OXy, and 3 , 4-di met hyl pent -
1 -oxy. [009¥h9§0$ﬁ |ﬁ|t”ﬁ§%§pé?|¥|c exaﬁg | es of chiral dopant conpounds B

of forqugo&ga if or3 use 4. the present invention include:
(3R 3aR, 6R, 6aR) - hexahydrof uro [3, 2-b] furan-3, 6-diyl

bi s(4- (z%gﬁﬁgoyﬂpaduapsxo)anazeqﬁimww@qﬁmwt@%y) 3 -met hoxybenzo ate);
(3R, 3aR, 6R, 6aR)- 6- (4- (4- (acryl oyl'oxy) - 3- net hoxybenzoyl oxy) - 3- met hoxybenzoyl

OX r I
) TG s e A b i onc o

[3, 2- b]eﬁmlaﬁepzn@erxﬂlwtmtg@ Qetpiladr yla@wﬂmyl‘fﬁembgﬂlmw}t) R, FenBodtels. Re, R7
3R 3
gis(4aﬁ%§ﬁécry oy xy)gﬁ?%gégn%%ﬂ Sg%%gta?§%m§3g 6R, 6aR) - hexahydr of ur o

[3,2-b]furan-3,6-diyl bis(4- (acryloyloxyg 2 -net hyl - benzoat e) ;
[0076] In another embodlment of the compaounds of formula (IB); A; and A, each independently

denote a group of formula —[(CH,),-O],-C(O)-CH=CH,; R;, R;, R3 and R4 each independently
denote Ci-Cs alkyl; and m, n, o, and p each independently denote 0, 1, or 2. In yet another
embodiment, A; and A; in formula (IB) each independently denote a group of formula —[(CH>),-
0].-C(0)-CH=CHy; Ry, Ry, R3 and R4 cach independently denote C;-C¢ alkoxy; and m, n, o, and
p ceach independently denote 0, 1, or 2.

[0077] In another embodiment of the compounds of formula (IB), A; and A, cach independently
denote a group of formula —C(O)-D;-O—[(CH,),-0],-C(O)-CH=CH, and/or of formula —C(O)-
D,-O-[(CH»),-0],-C(O)-CH=CHy; and R;, R, R3, R4, Rs, Rg, R7 and Rg each independently
denote C;-Cg alkyl. In an alternative embodiment, A; and A; in formula (IB) cach independently
denote a group of formula —C(O)-D;-O—[(CH_),-O],-C(O)-CH=CH; and/or a group of formula —
C(0)-D,-O—-[(CH»),-0],-C(O)-CH=CH,; and Ri;, R; Rs, R4, Rs, Rs, R; and Rg each
independently denote C;-Cs alkoxy.

[0078] In a preferred embodiment, the alkyl and alkoxy groups of Ry, Ry, Rs, R4, Rs, Rg, R7 and
Rs in formulae (I), (IA) and (IB) may comprise 3, 4, 6 or 7 carbon atoms and in particular, 4 or 6

carbon atoms.

[0079] Examples of alkyl groups comprising 3 or 4 carbon atoms include isopropyl and butyl.
Examples of alkyl groups comprising 6 or 7 carbon atoms include hexyl, 2-methylpentyl, 3-
methylpentyl, 2,2-dimethylpentyl, and 2,3-dimethylpentyl.

[0080] Examples of alkoxy groups comprising 3 or 4 carbon atoms include isopropoxy, but-1-

oxy, but-2-oxy, and fert-butoxy. Examples of alkoxy groups comprising 6 or 7 carbon atoms
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(3R, 3aR, 6S, 6aR) - hexahydr of ur o

[ 3, 2-b] furan-3, 6-di ylbi s(4-(4-(acryl oyl oxy) benzoyl oxy) - 3- net hoxybenzoate);
(3R 3aR, 6RoGaR)ebEgahydr of uro [ 3, 2- b] furan- 3, 6-di ylbi s( #ctArt@enydeoy| oxy) - 3
- met hoxy- benzoyl oxy) benzo ate); (3R 3aR 6R, 6aR)-hexahydrof uro
[3,2-b]furan-3, 6-diyl bis(4-(4(acryl oyl oxy)benzoyl oxy) -

nmet hoxybenzoate); 2-0-(4- {

[ 4- (acryl oyl oxy) benzoyl ] oxyl- 2- net hoxybenzoyl)-5-0-(4- { [4-(acryl oyl oxy)-

b H | - h < h X
breilane ' e Srbsiamr ol sof

, 4: 3, 6nafittatibendd oxp- franeHivipsint-4-2x9-4- zp.eth{ylpent l-oxy, 3-methylpent-1-oxy, 3- methylpent-

b S SO ol 2 amcpn

4-oxy, 4,4-dimethylpent-1-oxy, 2,3-dimethylpent-1-oxy, 2,3-dimethylpent-2-oxy, 2,3-
dimethylpent-3-oxy, 2,3-dimethylpent-4-oxy, and 3,4-dimethylpent-1-oxy.

[0081] Non-limiting specific examples of chiral dopant compounds B of formula (I) for use in

the present invention include:

(3R,3aR,6R 6aR)-hexahydrofuro[3,2-b]furan-3,6-diyl bis(4-(4-(acryloyloxy)-3-methoxybenzoyl-

oxy)-3-methoxybenzoate);

(3R,3aR,6R ,6aR)-6-(4-(4-(acryloyloxy)-3-methoxybenzoyloxy)-3-methoxybenzoyloxy)-
hexahydrofuro[3,2-b]-furan-3-yl 4-(4-(acryloyloxy)benzoyloxy)-3-methoxy-benzoate;

(3R,3aR,6R ,6aR)-hexahydrofuro[3,2-b]furan-3,6-diyl bis(4-(4(acryloyloxy)benzoyloxy)-

benzoate);
(3R,3aR,6R ,6aR)-hexahydrofuro[3,2-b]furan-3,6-diyl bis(4-(4-(acryloyloxy)butoxy)-benzoate);
(3R,3aR,6R 6aR)-hexahydrofuro[3,2-b]furan-3,6-diyl bis(4-(acryloyloxy)-2-methyl-benzoate);

(3R,3aR,68S,6aR)-hexahydrofuro[3,2-b]furan-3,6-diyl bis(4-(4-(acryloyloxy)benzoyloxy)-3-

methoxybenzoate);

(3R,3aR,6R 6aR)-hexahydrofuro[3,2-b]furan-3,6-diyl bis(4-(4-(acryloyloxy)-3-methoxy-

benzoyloxy)benzoate);

(3R,3aR,6R ,6aR)-hexahydrofuro[3,2-b]furan-3,6-diyl  bis(4-(4(acryloyloxy)benzoyloxy)-  3-

methoxybenzoate);

2-0O-(4-{[4-(acryloyloxy)benzoyl]oxy} -2-methoxybenzoyl)-5-O-(4- {[4-(acryloyloxy)-
benzoyl]oxy}-3-methoxybenzoyl)-1,4:3,6-dianhydro-D-mannitol;

2,5-bis-O-(4- {[4-(acryloyloxy)benzoyl]oxy}-2-methoxybenzoyl)-1,4:3,6-dianhydro-D-mannitol;

2-0O-(4-{[4-(acryloyloxy)benzoyl]oxy}-2-methoxybenzoyl)-5-O-(4- {[4-(acryloyloxy)-2-
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met hyl benzoyl ] oxy} -2-nethoxybenzoyl)- 1,4:3 ,6-di anhydro-D mannitol;
2-0-(4- { [4-(acryl oyl oxy)benzoyl] oxy} -2-nethoxybenzoyl)-5-0-(4- {

[ 4- (acrylwpl2oryis3BFs- net hyl benzoyl ] oxy} -2-net hoxybenzeyl)ep2di2459%63

, 6-di anhydro-D-mannitol; 2-0-(4- { [4-(acryl oyl oxy)benzoyl] oxy}

- 2- met hoxybenzoyl)-5-0-(4- { [4-(acryl oyl oxy)-3 - nethyl benzoyl] oxy}
- 2- met hoxybenzoyl)- 1,4:3 ,6-di anhydro-D-mannitol; 2-0-(4- {

[ 4- (acryl oyl oxy) benzoyl] oxy} -2-nethoxybenzoyl)-5-0-(4- {

4- (acr, l oxybenzoy1l 1
G onathoning St sar s

e PN St e TR TSR 20 SR o0 ) -2
2-0- (4m&h>{u§en(z@5¢noy<&pylrﬁéwa %eﬁﬂ%p?qwsé -didml L ibensabil Oxy} -2
- met hoxybenzoyl)-5 -0- §7 acryl oyl oxy) -3 -net hyl benzoyl] oxy}

4 (ac 3@%@%Eﬁi-&fséqym%wimi-??ﬁ%ﬁw%%@ ORGuERUEp T 80300 ( (4

(acryl ey 78y 110%8 | yth EBOEB¥hJoyDXYS: 3 6 Atidl hoxyhemanyll) - 1, 4: 3
, 6-di anhydro-D-mannitol; 2-0-(4- { [4-(acry|oy|oxy) 2- met hoxybenzoyl ] oxy}

- 2-net 1) - 5- 0-( 4- 4; | oyl I

2" ot Ho BRRE By ST odch L ar o B i B Gepy e o

[ 4-( acrdyhayﬁbéﬁtbyl?oxyetzhm&mbeﬁkﬁz/dyl)oxy:Bmecnzmymo-ﬁ Rarddtol;{ [ 4- (acryl oyl oxy) -3
- met hoxybenzoyl ] oxy } benzoyl)- 1 ,4:3,6-dianhydro-D mannitol; 2,5

S S A AR SRR o203 richo RSN REOF M-

, 4: 3, 6-
(acryloyloxy)-3-methylbenzoyl]oxy}-2-methoxybenzoyl)-1,4:3,6-dianhydro-D-mannitol
2-0O-(4-{[4-(acryloyloxy)-2-methoxy-5-methylbenzoyl]oxy -2-methoxybenzoyl)-5-O-(4-{[4-
(acryloyloxy)-3-methylbenzoyl]oxy} -2-methoxybenzoyl)-1,4:3,6-dianhydro-D-mannitol;

2-0O-(4-{[4-(acryloyloxy)-2-methoxybenzoyl]oxy}-2-methoxybenzoyl)-5-O-(4- {[4-
(acryloyloxy)-3-methylbenzoyl]oxy}-2-methoxybenzoyl)-1,4:3,6-dianhydro-D-mannitol;

2-0O-(4-{[4-(acryloyloxy)-2-methoxybenzoyl]oxy}-2-methoxybenzoyl)-5-O-(4- {[4-
(acryloyloxy)-3-methoxybenzoyl]oxy}-2-methoxybenzoyl)-1,4:3,6-dianhydro-D-mannitol;

2-0O-(4-{[4-(acryloyloxy)-2-methoxybenzoyl]oxy } benzoyl)-5-O-(4- {[4-(acryloyloxy)-3-
methoxybenzoyl]oxy } benzoyl)-1,4:3,6-dianhydro-D-mannitol;

2,5-bis-O-(4- {[4-(acryloyloxy)benzoyl]oxy}-3-methoxybenzoyl)-1,4:3,6-dianhydro-D-mannitol;

2-0O-(4-{[4-(acryloyloxy)-2-methoxybenzoyl]oxy}-2,5-dimethylbenzoyl)-5-O-(4-{[4-
(acryloyloxy)-3-methoxybenzoyl]oxy}-3-methylbenzoyl)-1,4:3,6-dianhydro-D-mannitol;

2-0O-(4-{[4-(acryloyloxy)-2-methoxybenzoyl]oxy}-2-methylbenzoyl)-5-O-(4- {[4-(acryloyloxy)-
3-methoxybenzoyl]oxy}-3-methylbenzoyl)-1,4:3,6-dianhydro-D-mannitol;

2-0O-(4-{[4-(acryloyloxy)-2-methoxy-5-methylbenzoyl]oxy} -2-methylbenzoyl)-5-O-(4-{[4-
(acryloyloxy)-5-methoxy-2-methylbenzoyl]oxy} -3-methylbenzoyl)-1,4:3,6-dianhydro-D-

mannitol;
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2-0-(4- { [4-(acryl oyl oxy)-2-net hoxybenzoyl] oxy} -2,5 -dinethyl benzoyl)-5
-0-(4- { [4- (acryloyloxy)-3 -nethoxybenzoyl] oxy} -3 -nethyl benzoyl)-

1, 4:3 , 6-wdantydssD- manni tol ; 2-0-(4- { [4-(acryl oyl oxypr1aromthsscgbenzoyl |
oxy} -2-nethyl benzoyl)-5-0-(4- { [4-(acryl oyl oxy)- 3 -nethoxybenzoyl] oxy}
-3 -nethyl benzoyl)- 1 ,4:3,6-di anhydro-D-mannitol; 2-0-(4- {

[ 4- (acryl oyl oxy)-2-nmetho xy-5 -nethyl benzoyl] oxy} -2 -nethyl benzoyl)-5
-0-(4- { [4- (acryloyloxy)-5 -nmethoxy-2-nethyl benzoyl] oxy}

- 3-net ny 3! - oyloxy)-3-
201gf12§??£ﬁﬁﬁ¥$§§3*’ ’%b6 éﬂk?ﬂb%ﬁ&ﬁfﬁﬁ%Q?ggﬁgf%yvﬂz ?%g%zoy?] oxy}

- 2- eth@ﬂvaﬁwmaydkmsﬂﬁm@nd){4p4i@@@n@nopﬂo%yymh et hoxybenzoyl ] oxy}
benzoyl) 1 ,4:3,6-dianhydro-D-mannitol; 2-0-(4- { [4-(acryl oyl oxy)benzoyl ]

OXy} - I(hgrébl(aéry'lf%ﬂ&by')&% }6343/} 2: e@hc(xg-s l{letﬁlﬁfbé%ry%_pml(qwﬁ) (a%ryloylox;Z -3-

ethoxybenzo benzoyT) - di anhydro-D-mannito
[ 4- (acﬁﬁoesybe@%%lbéw@wqylbkw 6@3@1}14&9 Baroly | benzoy1) - 5- 0- ( 4- {
[ 4- (acryl oyl oxy)-5- et hoxy-2-nethyl benzoyl] oxy } benzoyl)- 1,4:3

, 6-di aQL'(yQJF—C{H}aB@MI(S)@')benZOﬁ]'O&?}' 2{cthoxy-5-methylbenzo 1) 5 O (4 {[4-(acryloyloxy)-5-

[4 (acr oylox QXS ethoxybenzoyk% genz 1) - 5- E4 (acryl oyl oxy) - 2-
net hy| SBREBYHPEtBRhenzoyll etyn bsay é‘ﬁ -diaphydra-D-gagpi hydro D- manni t ol ;
2-0-(4- { [4 (acryloyloxy) 2,5 -di net hyl benzoyl] oxy} -2 -ethoxybenzoyl)-5

- 0 (4- 2fo]4-{« @@fyydmy@xye)th&ybmbmd@@mwu 5@DY4- {[Helyhgrohpnzoyl) - 1
4: 3, 6- dlanhydro D- manni t ol ;
methylbenzoyl]oxy} 2-ethoxybenzoyl) 1,4:3,6-dianhydro-D-mannitol;

2-0O-(4-{[4-(acryloyloxy)-2,5-dimethylbenzoyl]oxy} -2-cthoxybenzoyl)-5-O-(4- {[4-
(acryloyloxy)-2-methylbenzoyl]oxy}-2-ethoxybenzoyl)-1,4:3,6-dianhydro-D-mannitol;

2,5-bis-O-(4- {[4-(acryloyloxy)-2,5-dimethylbenzoyl|oxy}-2-ethoxybenzoyl)-1,4:3,6-dianhydro-

D-mannitol;

2,5-bis-O-(4- {[4-(acryloyloxy)-2-ethoxybenzoyl]oxy} -2-ethoxybenzoyl)-1,4:3,6-dianhydro-D-

mannitol;

2,5-bis-O-(4- {[4-(acryloyloxy)-2-methoxybenzoyl]oxy} -2-ethoxybenzoyl)-1,4:3,6-dianhydro-D-

mannitol;

2,5-bis-O-(4- {[4-(acryloyloxy)-2-ethoxybenzoyl]oxy}-2-methoxybenzoyl)-1,4:3,6-dianhydro-D-

mannitol;

2,5-bis-O-(4- {[4-(acryloyloxy)-2-ethoxybenzoyl]oxy} -3-methylbenzoyl)-1,4:3,6-dianhydro-D-

mannitol;

2,5-bis-O-(4- {[4-(acryloyloxy)-2-ethoxybenzoyl]oxy}-3-methoxybenzoyl)-1,4:3,6-dianhydro-D-

mannitol;

2,5-bis-O-(4-{[4-(acryloyloxy)-3-methoxybenzoyl]oxy} -3-methoxybenzoyl)-1,4:3,6-dianhydro-

D-mannitol;

2,5-bis-O-(4- {[4-(acryloyloxy)-3-methoxybenzoyl]oxy} -3-methoxybenzoyl)-1,4:3,6-dianhydro-
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2,5 -bis-0-(4- { [4-(acryloyloxy)-2,5 -dinethyl benzoyl] oxy} -2

- et hoxybenzoyl)- 1 ,4:3, 6-di anhydroD-mannitol; 2,5 -bis-0-(4- {

[ 4- (acr ylwpl2oryissZset hoxybenzoyl ] oxy} - 2-ethoxybenzoylpeTkr4013/059663

, 6-di anhydro-Dmannitol; 2,5 -bis-0-(4- { [4-(acryl oyl oxy)-2-nmethoxybenzoyl ]
oxy} -2-ethoxybenzoyl)- 1,4:3 ,6-di anhydro-Dmannitol; 2,5 -bis-0-(4- {

[ 4- (acryl oyl oxy) - 2- et hoxybenzoyl] oxy} -2-nethoxybenzoyl)- 1,4:3
,6-dianhydro Dmannitol; 2,5 -bis-0-(4- { [4-(acryl oyl oxy)-2-et hoxybenzoyl ]
oxy} H@ﬁ@,lbenzoyl) 1,4:3 ,6-di anhydro-Dmannitol; 2,5 -bis-0-(4- {

[ 4- (acry%oyloxy) 2- ethoxybenzoyl] oxy} -3 - nethoxybenzoyl) 1,4:3

?re'? ho yfﬁ-g%gb‘am E%WW@HZ%@P%@%3@%&%9%1{2015% 6@‘%@%&@@3&)% manni t ol ;

D- gl ucibk®oy1]18xyd=1-Arethox]Ben hoyd-@ i
-Zgnethox; gﬁ?gfg) ﬂb & Q@?y¥4 {ac%%%gg?gg%?&ugéﬁioyl] oxy} -3

- et ho>§y§3 bel %)0¥4 2 4](aéryloy§0xy)%enzoyﬂhg}gl’-?-met}%x%enzoyl)-1,4:3,6-d1anhydro-D-glucitol;

2-0O-(4-{[4-(acryloyloxy)benzoyl]oxy}-2-methoxybenzoyl)-5-O-(4- {[4-(acryloyloxy)-2-
methylbenzoyl]oxy}-2-methoxybenzoyl)-1,4:3,6-dianhydro-D-glucitol;

2-0O-(4-{[4-(acryloyloxy)benzoyl]oxy}-2-methoxybenzoyl)-5-O-(4- {[4-(acryloyloxy)-3-
methylbenzoyl]oxy}-2-methoxybenzoyl)-1,4:3,6-dianhydro-D-glucitol;

2-0O-(4-{[4-(acryloyloxy)benzoyl]oxy}-2-methoxybenzoyl)-5-O-(4- {[4-(acryloyloxy)-3-
methylbenzoyl]oxy}-2-methoxybenzoyl)-1,4:3,6-dianhydro-D-glucitol;

2-0O-(4-{[4-(acryloyloxy)benzoyl]oxy} -2-methoxybenzoyl)-5-O-(4- {[4-(acryloyloxy)-2,5-
dimethylbenzoyl]oxy}-2-methoxybenzoyl)-1,4:3,6-dianhydro-D-glucitol;

2-0O-(4-{[4-(acryloyloxy)-2,5-dimethylbenzoyl]oxy} -2-methoxybenzoyl)-5-O-(4-{[4-
(acryloyloxy)-3-methylbenzoyl]oxy}-2-methoxybenzoyl)-1,4:3,6-dianhydro-D-glucitol;

2-0O-(4-{[4-(acryloyloxy)-2-methoxy-5-methylbenzoyl]oxy} -2-methoxybenzoyl)-5-O-(4-{[4-
(acryloyloxy)-3-methylbenzoyl]oxy}-2-methoxybenzoyl)-1,4:3,6-dianhydro-D-glucitol;

2-0O-(4-{[4-(acryloyloxy)-2-methoxybenzoyl]oxy}-2-methoxybenzoyl)-5-O-(4- {[4-
(acryloyloxy)-3-methylbenzoyl]oxy}-2-methoxybenzoyl)-1,4:3,6-dianhydro-D-glucitol;

2,5-bis-O-(4- {[4-(acryloyloxy)benzoyl]oxy} -3-methoxybenzoyl)-1,4:3,6-dianhydro-D-glucitol;

2-0O-(4-{[4-(acryloyloxy)-2-methoxybenzoyl]oxy}-2-methoxybenzoyl)-5-O-(4- {[4-
(acryloyloxy)-3-methoxybenzoyl]oxy}-2-methoxybenzoyl)-1,4:3,6-dianhydro-D-glucitol;

2-0O-(4-{[4-(acryloyloxy)-2-methoxybenzoyl]oxy } benzoyl)-5-O-(4- {[4-(acryloyloxy)-3-
methoxybenzoyl]oxy} benzoyl)-1,4:3,6-dianhydro-D-glucitol;

2-0O-(4-{[4-(acryloyloxy)-2-methoxybenzoyl]oxy}-2,5-dimethylbenzoyl)-5-O-(4-{[4-
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2,5 -bis-0-(4- { [4-(acryl oyl oxy)benzoyl] oxy} -2-nethoxybenzoyl)- 1
,4:3,6-di anhydro-D-glucitol; 2-0-(4- { [4-(acryl oyl oxy)benzoyl] oxy}
- 2- met hoxwybenmogi)s5- 0- (4- { [4-(acryl oyl oxy)-2- et hyl bemmpydip/osoy3
- 2- met hoxybenzoyl)- 1 ,4:3, 6-di anhydro-D-glucitol; 2-0-(4- {

[ 4- (acryl oyl oxy) benzoyl ] oxy} -2-nethoxybenzoyl)-5-0-(4- {

[ 4- (acryl oyl oxy)-3 - nethyl benzoyl] oxy} -2-nmethoxybenzoyl)- 1,4:3

, 6-di anhydro-D-glucitol; 2-0-(4- { [4-(acryl oyl oxy)benzoyl] oxy}

- 2- et Qﬁ%ﬂgﬂﬂiﬂﬂheﬁlo%ﬂeﬁzoyﬁ ok §¥-8 AR&NY1H 03N 43, 6- dfﬁ%ﬁﬁﬂrblﬁ@ﬁﬁ%ﬂ oxy}
- 2- met hoxybenzoyl) - 1, -dlanh dro Dg u0|to

4- - 2-

{4 E:ﬁ?ﬁ%ﬁ@@ @ﬁy -lza}l?fé%w F‘Pfg’gf y}yf fhf( QZ%)t %@%ﬁﬁim@low

, 4: 3, 63dhanbwberobt] giy}cs hfé'thyl‘t%n@cy(l)éll' 4{3 6[ &aﬁ}g@wbogih@%y)
met hyl benzoyl ] oxy} -2 nethoxybenzoyl) { [4- (acryloyloxy) 3

[

-meth I 0 enzo citol;

20 (a2 A B2 e O RO R st oy 6@&9@9? O

- et hoXyde@BvIexyh)5- ﬁeth@xf(é méth{zlﬂenZ()ﬁl‘}é%’l} @yﬂn@%ﬁbeﬁzoyﬁelt 4h¥|6tlﬂ Yitol DOXY }

- 2-met hoxybenzoyl)- 1,4:3 , 6-di anhydro-D-glucitol; ﬂﬁ?

[ 4- (ac@9W89ﬁoxy) 2- nethoxybenzoyl] oxy} -2- nethoxybenzoyl) 5-0-(4- { [4-
(acryl oyl oxy) -3 -nmet hyl benzoyl] oxy} -2-nethoxybenzoyl)- 1,4:3

, 6-di aat@idwf@fa@fyﬂ@l&@bbenioﬁ ox?}a-e@roe&ben{zo&%(@w Yﬂ%b@m&@mzoyl ] oxy} -3

" et hox benzoy di_anhydr o- uc

[ 4- (acf Oéylrea%%llozy}@wﬂ%béﬁéo@lrﬂ}hyg%y}) gh‘ZCIWiet hoxybenzoyl) 5-0-(4- { [4-
(acryl oyl oxy) -3 - et hoxybenzoyl] oxy} -2-nmethoxybenzoyl)- 1,4:3

, 6- di anhyd4-qfdxaghyl®ilé:ghbenzoyl]oxy} -2-ethoxy-5-methylbenzoyl)-5-O-(4- {[4-(acryloyloxy)-3-

ethoxybenzoyl]oxy}benzoyl)-1,4:3,6-dianhydro-D-glucitol;

2-0O-(4-{[4-(acryloyloxy)benzoyl]oxy} -2-cthoxy-5-methylbenzoyl)-5-O-(4- {[4-(acryloyloxy)-5-
cthoxy-2-methylbenzoyl]oxy} benzoyl)-1,4:3,6-dianhydro-D-glucitol

2-0O-(4-{[4-(acryloyloxy)-3-cthoxybenzoyl]oxy} benzoyl)-5-O-(4- {[4-(acryloyloxy)-2-
methylbenzoyl]oxy}-2-cthoxybenzoyl)-1,4:3,6-dianhydro-D-glucitol;

2-0O-(4-{[4-(acryloyloxy)-2,5-dimethylbenzoyl]oxy } -2-cthoxybenzoyl)-5-O-(4- {[4-
(acryloyloxy)-2-methylbenzoyl]oxy}-2-ethoxybenzoyl)-1,4:3,6-dianhydro-D-glucitol

2,5-bis-O-(4- {[4-(acryloyloxy)-2,5-dimethylbenzoyl|oxy}-2-ethoxybenzoyl)-1,4:3,6-dianhydro-
D-glucitol;

2,5-bis-O-(4- {[4-(acryloyloxy)-2-ethoxybenzoyl]oxy} -2-ethoxybenzoyl)-1,4:3,6-dianhydro-D-
glucitol;

2,5-bis-O-(4- {[4-(acryloyloxy)-2-methoxybenzoyl]oxy} -2-ethoxybenzoyl)-1,4:3,6-dianhydro-D-
glucitol;

2,5-bis-O-(4- {[4-(acryloyloxy)-2-ethoxybenzoyl]oxy}-2-methoxybenzoyl)-1,4:3,6-dianhydro-D-
glucitol;

2,5-bis-O-(4- {[4-(acryloyloxy)-2-ethoxybenzoyl]oxy} -3-methylbenzoyl)-1,4:3,6-dianhydro-D-
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2-0-(4- { [4-(acryl oyl oxy)-2-net hoxybenzoyl ] oxyl benzoyl1)-5-0-(4- {

[4- (acryl oyl oxy)-3 - nethoxybenzoyl] oxy } benzoyl)- 1

, 4: 3, 6- diwohyyw3sDsgl ucitol ; 2-0-(4- { [4-(acryl oyl oxy) PeTmreéanyiwenzoyl |
oxy} -2,5 -dimethyl benzoyl)-5 -0-(4- { [4- WD 2012/ 163778PCT/ EP2012/ 059663
(acryl oyl oxy) - 3- net hoxybenzoyl ] oxy} -3 -nethyl benzoyl)- 1,4:3

, 6-di anhydro-D-glucitol; 2-0-(4- { [4-(acryl oyl oxy)-2-nmethoxybenzoyl] oxy}
-2-nmet hyl benzoy1)-5-0-(4- { [4-(acryl oyl oxy)- 3 -nethoxybenzoyl]oxyl -3

- met hylohengoydd - 1 , 4: 3, 6-di anhydro-D-glucitol; 2-0-(4-

[4 (acryloyloxy) 2- nethoxy 5- nethylbenzoyl]oxy} -2 -net hyl benzoyl)-5 -0-(4-

a3 o bRy b esiony b St YR 4o (o PR B BT BT -

-2-eth%hmh@mzoyl) 5-0-(4- { [4-(acryloyloxy)-3 - ethoxybenzoyl]oxyl
benzoyI)- 1 ,4:3,6-dianhydro-D-glucitol; 2-0-(4-

4- b t hox 1)-5-0-(4-.
% 4- E:g %Sgi ﬂl?y%m?eg%%o‘é?‘% %%&r@@%ﬁg I])OUBgE ;I%ﬁge{l%l%ﬁy )be preséné% 1n{a total
, 4: 3, 6ceh@AMMNTBrogh bisdut 011% ‘2)'2@)0(11430% b&4veﬁg’iﬁ reyg O&b@wm@my& hewty p5%,

L. ethoxy 5- nethélpenzo y1l)-5-0-(4 é %
et hoxy 22 Tieat #puh rkzéogw qb06x%M> brzséwzgiyalbase Omth@ to 1 Wﬁ@ h9ﬁfrhé-clf_’ﬁl@1>%%<?ft &lor
2- 0- (Aoxdmbid i 36 HsO¥E M6 p é%@ W WAXSADSZ DN d B Edhiceitrati
[ 4- (acryln€?oxy§ %S %ﬁz Benz g%ﬁ?%g ékﬁﬁ%x enzoyl ?ﬁw €o§e ratons
, 6- di arhydmo3’D-tgll 0%i tyoweight, e.g., from 5% to 8% by Welght based on the total weight of the
composition. The one or more nematic compounds A will often be present in a concentration of

from about 30% to about 50% by weight, based on the total weight of the composition.

[0083] Especially in cases where the first modifying agent is capable of changing the position of
a selective reflection band exhibited by a salt-containing cured chiral liquid crystal precursor
composition a further component of the chiral liquid crystal precursor composition for use in the
present invention is a salt and in particular, a salt that is capable of changing the position of the
selective reflection band exhibited by the cured chiral liquid crystal precursor composition (in
the chiral liquid crystal state) compared to the position of the selective reflection band exhibited
by the cured composition without the salt. In this regard, the explanations in U.S. Provisional
Patent Application Nos. 61/420, 580 and 61/420,582, both filed December 7, 2010, the entire
disclosures of which are expressly incorporated by reference herein, may be referred to.
Regarding the selective reflection band exhibited by a chiral liquid crystal polymer composition
the explanations in U.S. Patent No. 7,742,136 or US 2010/0025641, the entire disclosures of

which are expressly incorporated by reference herein, may, for example, be referred to.

[0084] The extent to which the position of the selective reflection band exhibited by a given
cured chiral liquid crystal precursor composition can be shifted by the presence of a salt depends
on various factors such as, inter alia, the cation of the salt, the anion of the salt, and the
concentration of the salt per gram of dry extract. Usually it is preferred for a salt to be present in
a given chiral liquid crystal precursor composition at a concentration which shifts the position of

the selective reflection band exhibited by a cured chiral liquid crystal precursor composition by
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2-0-(4- { [4-(acryloyloxy)-2,5 -dinethyl benzoyl] oxy} -2 -ethoxybenzoyl)-5
-0-(4- { [4- (acryloyloxy)-2 -nethyl benzoyl]oxyl -2-ethoxybenzoyl)- 1

4: 3, 6- diwohytywsDsgl ucitol 2,5 -bis-0-(4- { PCT/EP2012/059663

4- (acryl oyl oxy) - 2, 5-di net hyl benzoyl ] oxy} -2 -ethoxybenzoyl)- 1

4: 3, 6-di anhydroD-glucitol; 2,5 -bis-0-(4- {

4- (acryl oyl oxy) - 2- et hoxybenzoyl ] oxy} -2-ethoxybenzoyl)- 1,4:3

6- di anhydro-Dglucitol; 2,5 -bis-0-(4- {

4-(ac raVleQé/tla‘B&Y‘QS gm”@%h@gﬁpfe'agt%bl]lmﬁm By BLIBRXY¥BSRA20Y%H, bylat 46adt about 30

, 6-di anhydr o-Dgl ucito bis-0-(4

[ 4- (‘acmyl, by lapjepyt-about %nlybetnlzsogftl Ipasx gbout 20 mat. roxgle hoty)1galt congengations are

, 0.9} 20 EA%BPI?:LQ Cir@lot froQpRAAFO L O30 00T FARGLIRIEES rdh b A Pb 1 AR

[ 4- (acapbayh d%yl)y szeﬁeglhobydeénaroyﬂle] oxlyds- Sorait hffxmbeaﬁmy Tiquild, 4ry31;a6 pikdcardoydr o- D
gl uci tol g The one or hiral dopant co Cgf%ﬁ wi || usual ly be
pr esentofR oAl COERHEPAEhoR Bt UK Bo 5 TR BRI oS ByedRi ght
e.g., fKomhakrislutit: % ihe salpfithe 2% lighidfchaml pReuboGoffotidosbout 20% by

wei ght, based on the total wei ght of the conposition. For exanple, in the

case of I n he .be. ult W | f.t.en be. obtai ed W
concent BB NRR-BHRG bibsletos STt g et Salls i ForgiisS ot SO e gne
based @rouphBethRl BhnsWRINGREtaRS 1ahh1@m@@ma§a&ﬂnarés) TOE coMeH1Or thEBcal HR4Ebd 6n
conpounds A will often be present in concentration of from about 30%to

about 30a4iey alfelingraarth edd quddiast #g. thNaﬁ Ligaltg e rertiquipslygwessted. thugher non-

limiting examples of suitable salts include quaternary ammonium salts such as

|
|
|

tetraalkylammonium salts. Examples of suitable anions include “regular” ions such as, e.g.,
halide (e.g., fluoride, chloride, bromide, iodide), perchlorate, nitrate, nitrite, sulfate, sulfonate,
sulfite, carbonate, bicarbonate, cyanide, cyanate, and thiocyanate, as well as complex ions such
as, e.g., tetrafluoroborate. Specific but non-limiting examples of suitable salts include lithium
perchlorate, lithium nitrate, lithium tetrafluoroborate, lithium bromide, lithium chloride,
tetrabutylammonium  perchlorate, tetrabutylammonium  chloride, tetrabutylammonium
tetrafluoroborate, tetrabutylammonium bromide, sodium carbonate, sodium chloride, and sodium
nitrate. Of course, mixtures of two or more salts (e.g., two, three, four or more salts) may be used
as well. If two or more salts are present, they may or may not comprise the same cation and/or
the same anion. . In an other aspect, the at least one salt may comprise lithium perchlorate and/or

lithium bromide.

[0086] A non-limiting example of a first modifying agent for use in the present invention
includes a substance and in particular, a resin that is capable of changing the position of the
selective reflection band exhibited by a cured chiral liquid crystal precursor composition which
contains a salt that is capable of changing the position of the selective reflection band exhibited
by the cured chiral liquid crystal precursor composition (in the chiral liquid crystal state)
compared to the position of the selective reflection band exhibited by the cured composition

without the salt. Such a resin will hereafter be referred to as “modifying resin.” In this regard,

35



[0083] Especially in cases where the first nodifying agent is capabl e of
changi ng the position of a selective reflection band exhibited by a

sal t - contwonomgiesrsed chiral liquid crystal precursor ceoperRéioneds further
conponent of the chiral liquid crystal precursor conposition for use in the
present invention is a salt and in particular, a salt that is capable of
changing the position of the selective reflection band exhibited by the
cured chiral liquid crystal precursor conposition (in the chiral |iquid
crystalpes td.%{aﬁld CAPPRALEShst O 1D, PASEILAM %tehh%ﬁﬂw%ﬂ Wost &4 11/£%1930N ap@nd
exhi bited by the cured conmposition wthout the salt. In this regard, the
expl an&ti48hsS82.may, aBainfegoiesedival Pat ent Application Nos. 61/420, 580 and
61/ 420, 582, both filed Decenber 7, 2010, the entire disclosures of which
are expoesys mhe i AEAFRY AlRd R st &k & ﬁft@@nmz@gna gefiBh BR predeat 'irﬁz‘éntti&} will
Regarding the selective reflection band exhibited by a chiral |iqui

cr yst alusysdlyyaeesranges belivepib ther fibsteatp laak dhd el liquid, @ysttﬂattré%trsqﬂdorrrpmmzn 136
or 0. d e f

ncor porat At sthyact BN ERL b A SHoSBHEERE e o FrelHERRRRdh s nopogy
The extpelrttculhdyvlmwdd ztshbngalsnt isocapabletdfechanging tat Vanstr exdd epriqabprdpantyi tlmt hs bi t ed

by a gi chlra ui d cr stal precursor co tion can be shifted
oy £ ho Xt he f il S e S ymPT SR Bop SR aRe St 1o Rty |
the catkent. ®f thidhResal f is frbRrdd F@MhOMollifEns Adstn toaitdedshBe epABRIFEMARIRNNOT t he

salt per gramof dry extract. Usually it is preferred for a salt to be
pr es entposinomofiihg eeledtivie meflectipryband aérrﬁymfﬁnteé béém@ed iz pprpedpr, itcnbp eppalle of

concent r.at i shlft the positi sel ective r t|o nd
e b £ 0 sy e B, PR 0E s . 4B et PR Eoobl B B BF MR b6 BB b b
2012/ 164t 486G 3 (ERAO B A0RAR GBoa 140l @ Sdr b3l wast5ablaﬁt 5E@n: Thlbwa@uaﬂttfaeltenabout
10 nm by at |east about 20 nm by at [east about 30 nm east about

40 nm o8rvappuyfacters suchy By Lites @i mihesAnprepes (Otfdb%uctnrelalpqul(é@%ehtpr@tlrsehs are
of ten 0 b g.
from a\gg%l b%tlidq%r egﬁg S(tjt]tile %ﬁ 6139%%} g}fﬁ? P gﬁtgg cgﬁsﬁig@%{ﬂl %d\c{gén e%tetnc%f the
chlral(@u@&nmdbﬁyhmamnﬁﬁw@umgmﬂwcmWW®E@Utandehm<m0hc@m®pamhmn§ above the
i ndi cated ranges are often difficult to achieve due to the limted

sol ubi ligjgg] @&aﬁl Rs %@tntodffytng h&iNIEigh ald Qithsle FEVRE AL MRGGRMUGSAe LRAPASHE 1 ON.

[ 0085] Non- | ing exanples of suitable salts include salfts mhlch conpri se
a met alpraseitti mﬁer(tm| mcipdo uthosretailds | fram agrsi oF aworereedl, sond, dnohadhicdesr dow)

actinide ¢ may. _be an alkall Qr al kal ne earth nmet al
tch adSTegtly SRR Whilfy PR oTEor ol Bt il Pl i

non- Ii@ﬂkuagﬁenamnjee ctcﬁulUﬁbhele@ﬁdsnnmaiHdep@eaMednaﬁyha@ﬁQﬁmuﬂMﬂalts

such as tetraal kyl a ni um alts of suitapl e anions include
"r egul &tonomaﬁsarsmrpe@ltedewg ,Senghcgéart é)ogfmeﬂfzr‘t}sr% cc gt PAY MY Hde,

i odi deRatRer GROMRLEmeR! AR IudRl Forl &@mphUl héidtners thl&nﬁlreepolwclfliat)}% by
carbonat e, bicarbonate, cyanide, cyanate, and thiocyanate, as wel
conpl exatiamies angljetharaenic @olymerigationanid{ps bl ggoaderspiian. fAccorldmglmm@ntltrrmltlg ng

exanpl %§%1§§1r X4t 1300 Gkl 4 l{lIELt%L ugle tlL %mfrﬁ) &E@ BPthe Hné)srel%t T/eonlrtlioggﬁctlltmendrg{uﬁ% €

l'ithium uor oborat e, 1um umc

t et r abugsyisasarh msumlpmgdhﬂes;r pdlemethedry atewt pbl&nmp]mhﬂm (phly@rriymheters, polyesters,
tetrabut&] nmoni Ftrafluoroborat etrab ¥ gﬁnn u]g b.onide, sodi um
car bondP€F"§6diP8 a‘&lFF 5t PAfgUrctizBess PAPGAPARAIES tpé’ YSEFOREHUPIE X i R UY €8°0  two
Or DI @eshl hifd fBecd- forrh B thbY @€ins. INIIXEd MorEmiGorg@hit $Isin¥BYiclP8s Hisiesheage wel | .

If two or nore salts are present, they nmay or nmay not conprise the sane

cat i on paharesrosilasansairc anitere as weh. QRC pribevlansipe of | resalhéiatat:au bagsedonehe g t
may co djor,

on- |1 rerRangridh 11 BEGER A Ole gy DOl O fror LRHHRL O Ve

i nvent |1@5\893Hﬁ| nd@ASeNcs Bb&@léthe9,a®ASiNto 6338:026652! arCAS N@QP.IB&OF%tS i GABapabl e
of chagﬂp$g %?e position of the selective reflection band exhibited by a
cured ? iquid crystal precursor conposition which contains a salt
that is capable of changing the position of the selective reflection band
exhi bited by the cured chiral liquid crystaB6precursor conposition (in the
chiral liquid crystal state) conpared to the position of the selective
reflection band exhi bited by the cured conmposition without the salt. Such a
resin will hereafter be referred to as "nodifying resin.” In this regard,
WO 2012/ 163778PCT/ EP2012/ 059663 t he detailed explanations in U S.
Provi si onal Patent Application Nos. 61/420,580 and 61/420,582, nay again be
referred to. [0087] The nodifying resin for use as a first nodifyi ng agent
in the present invention will usually be arranged between the substrate and
the chlral quuid crystal ~precursor. conp05|t|on (and |n dlrect contact W th
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WO 2012/ 163778PCT/ EP2012/ 059663 [ 0089] Non-limting exanples of nodifying
resins for use as first nodifying agent in the present invention further

i ncl ude twoeimtsk are nmade from one or nore nononers ®ermre@d/ 05y663n

pol yet her acryl ates, nodified polyether acrylates (such as, e.g.,

am ne-nodi fi ed pol yether acrylates), polyester acrylates, nodified

pol yester acrylates (such as, e.g., am ne-nodified polyester acryl ates),
hexaf uncti onal pol yester acrylates, tetrafunctional polyester acryl ates,
ar omat ijgosdi N‘dHQﬁﬂlﬁﬂgéxalrﬁlﬂésk@%d@{?ﬁﬁélr@stn%sf’or ald Rhatd rﬁocﬁﬂflﬂg]afgtehplﬂahe peghbane
acrylates al i phatic trifunctional "urethane acryl ates, hatic

hexaf uneendenfurthes s %aewwhtcasare un@@hfime Mg N al Pig| mpe@neralsclpmdlﬁrpm

di acryl I, , [ b e

acryl at’e g %§%E§&§agcf3+(fg§9?é§ﬁﬁ% 8%%%& ﬁggﬁ%lgg% E%E%Gﬁ&%gélzggé¥w¥atty
aci d nactiyfateyl p@yesyeramﬂylhtat eﬁlbdlfadrpdlyasteolacgdm gsuchyat aoar bﬁnliheaﬁbdllﬁade
oligo et hox nQ | at es, eth ene di acryl ates,
propoxﬁi’Pg’F%‘Ef e E’GF‘WB?H YopieR Ay atEI aE?F% {npé’ o |aciylates,

deri vabiom@sic @Jmﬁfcamah aRehSiey ﬁ@Jylawsagnm{aﬁt; e funBEXAD el%tﬁxineda@ﬂaﬁék abi§shatic
tripropyl ene glycol diacrylates, onether tetraacryl at es, di t ri met hyl ol
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be (an b t u | i I

or ecur SR Yol i BrflG FRRT, plehRicy PR ek By SRSk
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Bt ¢ heteipgigR i B B S GOPR hREnsEh B Ay sy cor
UV- 1 adidadciyddtds (opQ&&1 lloa@fn&haﬁdiﬁwama@bﬁgsﬁ Béndnites PhREGRS diffaxantrb@nhever
the existing prior art (as illustrated in, e.g., WO 2001/024106, WO
2008/ 12h950notomE™8nt i re di scl osures of whi ch are i ncorporated by reference
herein) is the ability to create perfect register w thout using nask
]E echni qeoss] ItE?/toa%rafpg&blafeagha)s heodi&ingaadih fcltrhsT POBS plbdnit ilj}(/eht(ébnh&)\éenétlfhavelr y

ew steps and/ or pro S).steps,a single |layer o qui d crysta ymer
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2012/ 163¢48BCIS EFARbA L98863; fihk fablcnd vpiflﬁpaﬁattheeéoraqtstq{e% Al fih %ﬁfa{ﬂap(}ﬁé tions
of the selective reflection band are present, and these zones can
per f ectsblycrtdhatgean banjandhosmallgivtilde) pregpap iothe Awncove) chipal higtidecsystal i’pefmursvhu S
advant . fro e C I c t
compost e TP by ok BR SERhY Bsit W ey BN uBif o8 B TRHESRY ¢ e
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in order for themto cover adjacent regions w thout gaps or overlaps. The
i nst ant009d{ bad ofithe @dmansteeao{tht pesam ird eoti@adveotheakistiogipriomat (a$ Nystraedinng,
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three, four or nore nodify g9re5|ns both in the form of cured physical
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additionally, two or nore different chiral liquid crystal precursor
conpositions which differ, for exanple, in 8he concentration of salt(s)
contained therein and/or differ by containing different salts therein may
al so be used. This alone gives rise to a | arge nunber of possible

conmbi nations of chiral liquid crystal precursor conpositions and nodifying
resins which may be present on the surface of a single substrate. This

| ar ge nunber of possible conbinations allows, anong others, the possibility
of creating a specific code and/or marking which is difficult to
counterfeit because anyone who wants to reproduce it would have to know t he
exact conposition of the chiral I|qU|d crystal precursor. conp05|t|ons the
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enconpasses the use of chiral liquid crystal precursor conpositions and
nodi fyi ng resins which conprise such additional specific security elenents.
[ 0093] |twal2sm/i637780 be appreci ated that the present i neemtEPRIN2i0S966DT
limted to the visible range of the el ectromagneti c spectrum For exanple,
a nodifying resin for use in the present invention may shift all or a part
of the selective reflection band exhibited by a cured chiral |iquid crystal
precursor conposition fromthe IR range to the visible range, or fromthe
vi si bl %hlm{ggﬁrob&“tkbﬁnw ISt p9§1t1$ﬁso5@ {hlaeseieal‘i;eaf@l@cﬁ&l bdr@ Y r&BYE an@nd
vice versa e.g fromUW to visible. [0094] The chiral liquid crystal
pr ecur $lmse @omqsosmtheomﬁrﬁmﬁb' ehecad rvpth@uit pigher faogapn@kamgvetrhe bmehyhﬁg Thasin or
ot her f]
subst r a {;aﬁﬁ rgjg%g; é}g éﬁ%?agt }ht%f’jlglle c%1r cgféc? gr C rse%ﬂ o1 Comp %g?llo é}%ﬁled in
coatlngnekmpfaubnabnmgmws@hiRmampabdﬁ@dlgcmeemxﬁ@&@umgn dhr&amnzca&hhﬂg,
gravure intin f.l exography, offset printing, dry offset H
letter 5?S§E§MHWﬁﬁedasmlg dncthpl OPF oK ﬁjghavﬁéﬂ abnﬂ? r?PS ﬁére P fﬂ@r tralgl?q%@l i ng
(for exannl ereRbl SMptRitionk il Qlcctisivatstdpd wilh &&e@ﬁregﬁlﬁﬁgﬂ%récmfod RitorBéd @ 1 ng,
valve-jet printing). In one of the enbodi nents of the present invention the
appl i cadnbn q eceyer @disemitt iremynsof withauhmeers t Ponotawsiepsakiheg inffant ayethodr
patter r 0 n r t [ ri.gd out
A e e AL g e S s
drop om@m@namwpwahﬁayntmﬁmmmmnapﬂyncpmdapmbmmhmgnerMn@mamﬂﬁbsmﬁbmwdhg
screen-prin w efc. cour se, rinting techni gues kno y.those
of okt 1 prfopigensd B iR g T odf el R el M S (OF. e our
pr ef er peehorRediFIBN EeSind), bbthen tHIVeRE bOduré dlﬂ?@ﬁalaﬁ&mrwdm% 38 moSe ﬁamkﬁﬂ d
both for applying the nodifying resin an or applylng the chiral I|qU|d
cryst alresipedris drc oomedsve obmorq diffsrrst ﬁ@ﬁhfpméfr@sﬂrﬁe‘@ ighrtsdisenstclpr presrat
| nvent i, 14 SlioRrdrttd ARLEGHAL Aitegyer e used both for applying the
nodi fying resin and for applying t |raI liquid crystal precursor
conposition. It also is conte Iated that two different techni ques can be

used rdQ092¢takkanapively abrgitiorallymdwpt 9 AT difficnnehitehdiqeit eamstal ingesugsor
cryst alco b@s‘%ﬁk{n%%hlap %ﬁ'fo %mpT@fin ROAGRL Ede@tioh Bi‘sdlﬁég o%ﬁfaﬂ%&rﬂ%relﬁgmpl y
used fo mbering, i'ng and narking applications on conditioning I'ines
and pr |drﬁfqrr11;' gm@smeg dl@frrentpﬁam thendimmhay adsoi babsed. Thiseflena gdes nfe joet lpgé nt ers

|nclude S | nuou nters (also
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polyner C QSItIOI’l atter urin c,rlgtoteaove es 1 be

appl i c&??’gwa?%rﬁﬁoafae@m% p eliﬁstljlamowﬂagtya9p freafine HpsGiiicicodmand/oy maﬂa{lg | east
WO 2012/p183:¢ (¥Redit B %%@r@ﬁ%@@a%s@@r%ﬁe bl - Bk @rre?’odlllc%eﬁgvoﬁlg%gle B Kigwor at

| east about 4 [.(m and will usuall’y be not nore than about 20 lam e.g.,
not noithe ¢eincoatsition B [he(qimrahbquldmwetat brzpuratycrempREitipng; the type, motounpred t han

b :
ccor at ATt RS aBCTERRuR BOGERR) IEChelBE b e o B oo O PS80 o
| east adrgaihunibdr.of possiblgecomldiatioaasdn t&tf(ltjherZanﬂﬁlgmflaintlyﬁasﬁeaﬁb(bytusﬁig ﬁno(rm or

at | east about 5 un1 ut will usually be not nore than about 10 um_. [ 0095]
I n par tRNNSSeqond o SZERt AR copPingiion With 9%@;}?@5&&6%@%@3@ mbipat @L a

conposiok bﬁ%lflﬁﬁld@ﬂtﬂ%r&:u%k bathpdshtchal S and ¥§§t%od?ﬂ'yﬁfgbb[g%§t(s) OTh@inQPB@dbh | on
for naklng ying resin) is to be applied b prlntlnﬁgvechnlques
set foofh chbwé smweﬁ%mmueﬂqn@ﬁmwuph ag sl m%ar-mpr?d yﬁraaedsmdm tSecusidly ust
its vi y Y u e. for licatjon
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t he corfpasia’i arc aslkethnbsratehggipes @ntowinnaxehsivoly tariee prodidee of thrgearkingj inben
about é%isﬁ ?s t.0 abo t 120 seconds, B Igfrabl 0 to Q0 seconds, nore
pref er A5 y0IY 1§80 R0 RECUEVE n* RIS P PV U b 8% c5HBs Mthg
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skill in the art. Non-limting exanples thereof include |owviscosity,
slightly polar and aprotic organic solventsj38such as, e.g., nethyl ethyl
ket one (MEK), acetone, cycl ohexanone, ethyl acetate, ethyl 3-

et hoxypr opi onate, and m xtures of two or nore thereof. [0096] Further, in
particular if a conposition for use in the present invention (i.e., a
conposition for making a chiral liquid crystal precursor or a conposition
for making a nodifying resin) is to be applied by (continuous) ink-jet
printing, the conposition will usually also conprise at |east one
conductivity agent known by those of skill in the art. [0097] If a chiral
l'iquid crystal ~precursor conp05|t|on and/or a conp05|t|on for naking a
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met hyl benzoyl formate and a m xture of oxy-phenyl-acetic acid

242- oxo- 2- phenyl - acet oxy- et hoxyFet hyl ester and oxy-phenyl -acetic

2[ 2- hydr oxp-2etdwexyBet hyl ester; benzyl di methyl WO PCT/EP2012/059663

2012/ 163778PCT/ EP2012/ 059663 ket al s such as al pha,

al pha- di net hoxy- al pha- phenyl acet ophenone; a-am noket ones such as 2-
benzyl-2- (di met hyl am no)-1 4444 -no rpho |inyl)phenyl]-1 -butanone and
2-methyl -1 44- (nethyl thio)phenyl]-2-(4-norpholinyl)-1-propanone; with the
above ghigihaRrRQtR ﬁk'eto'f%l?e{l $1thalecr§§ﬂgﬂ§du¥§09 BoABdkitfos bH@ moRRPRE ik&&ns which
co-initiators such as hi ne oxi de and phosphi ne oxi de derivatives such
as di plemplisqspchadglitigra hikbe%&@w@?mgﬁ@sphlne oxi de; phenyl bis(2, 4, 6-
trimethyl benzoyl) supplied by C ba; and al so thioxant hone derivatives such
as Speedgos)at d1deKis((5DS agifdidid At dk.prEp@asedttien RELXIHEAS (BthéIBikté rdke of
Speedcur e TX (CAS 5495-84-1-2 or CAS 83846- 86-0) supplied by Lanbson.

[ 0098] thet elact@mﬁgeetiet speefirgror Faysexampley pangslifyéngniesip foe e ivrihg present igyention
conposi tio c S r ion
For ma il 8 g SADrICIGR hititich BRUSRLIRI STHARY Qi PuGRTRASH 10
from i preadisat ccmmpcwt]toh ﬁldhﬁ the glhtrarga ¢dnthasz,151lde pnge by fropaths vodibleraglge enthe gV

particles (e. ctron anna r.a he use of a
Phot o Atestdin i, Foshenarbelthan bthe I ThIoPI0YE FPiimy 2l so be
possi bl e or even deS|rabIe to cure especially the conposition for nmaking a
modi fy i[wm] é’shie nchiriake tieild] qrystmlnpttmrmrcm&)osilﬁen cordpbs icompnsitior forusaking ythe
contain east. one 0 zat|on t|a S

per ox S §F EhhrGaac B he Pl el o bR e o s v Bisfhs oF

i ni ti atemsbyasg WetablckR@Me §uRhtROfRe c@implk] dprayl foatihg Iaiife.cobQ@dI1oA coktingal

|l iquid crystal, precursor conposition and a conposition for providing a
nodi f yPHEET ERfIRL fYFRigsaating. EREUISIEHEAE, ﬂem&rﬁl@hy@ Affpea prigting dpoefict Bantie.
vari et yetebr%%fnnﬁgtgc%ﬁl rﬁgﬁg%egﬁmﬁg &1 Ak et%ﬂfnhﬁg)l(ﬁr pgdhae cgﬁt*?dlfoﬁpl e
for achieving a particular desire roperty of the conposition and in
gener alink- n:ayrmimgpdnogemadayna@d n@@ﬁénﬂsﬂ%b@t\"&m @siniig)ch abe of dhe th@urseity

af f ect U|r t f t he, conposi.ti to _an i ficant tent
e R T A e

corrpou@dsaattcad htﬁ&ﬁoﬁa dorpowitien $or Mekisg thez@bgiffiog résheisphaotal dsutt\amowm@nﬁg
present etc. For exanple, espe0|ally a chjral I|qU|d crystal precur
conposi téchpique Spch g% G gy ’tnﬁéetpﬁ’re‘g’é‘ﬁt COHMALS sHienvalrdeBsh ickse) SlseogrPhvp Pe

si | ane ﬁﬁﬂpg)u%gmvmrbrlnhﬁgtgcwn%%ﬂpg &sc. B @owsfea&}her Siirt g%&ﬁm@@y RASwn

i ncl ude optionally pol ymerizabl e silanes such as those of fornula
R1R2R3-bgithqrg ofiblaHeén theRrt ofgRinting mmelmd@@ewdédn loye pEihe asefpiredadrilendymernizl

2 e sy SR At A ek Thiphe 1 Ty dRRD RN B GRBOR G rB o

gl yci dypglxing@he il hglhldS:uysl‘al @&puleogco,mpbslmlyshtIInlaﬂbtfheb(p’tSfehadilemanent of the
2012/163778PCT/EP2012/0596 3.vin Itr| tho§¥5|lane Kin ltris tpo
xyet ho){%eg 1?n,|1glﬁé¢t g)rlnﬂgg |t'ec Ellqyeso cg@ ot applying’ the modifying r sm and for

applying the chiral liquid crystal precursor composmon. It also is contemplated that two different
techniques can be used respectively to apply the modifying resin and the chiral liquid crystal
precursor composition. The industrial ink-jet printers, commonly used for numbering, coding and
marking applications on conditioning lines and printing presses, are particularly suitable.
Preferred ink-jet printers include single nozzle continuous ink-jet printers (also called raster or
multi level deflected printers) and drop-on-demand ink-jet printers, in particular valve-jet
printers. The thickness of the applied liquid crystal polymer composition, after curing, according

to the above described application techniques, will usually be at least about 1 um, e.g., at least
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trimethoxysilane, octyltriethoxysilane, and 3-glycidyl oxypropyl
triethoxysilane fromthe Dynasylan O famly supplied by Evoni k. [0101] The
concent r avoan12of63t78e one or nore silane conmpounds, if pres@pRoi2iomsethe
chiral liquid crystal precursor conposition will usually be from about 0.5%
to about 5% by wei ght, based on the total weight of the conposition. [0102]
In order to strengthen the security of the marking according to the present
invention a conposition for making a nodifying resin and/ or a conposition
for malﬁ)&g 2y hblr A le£§t %Jbtq §;f11¥15(;razlt 18558402 91 nflozfnd%ﬁ ﬂlsgaltl)hﬁe BBteﬁl@fét than

i nvention @ further conprise one or nore 6lgnents an dyes whi ch

absor b aboutt20eunj e;gb Inet aora then sbdait @ Srpeqi mn nadre thea dboectd gmagnadt mosped r um
and/ or one or nore gnent s and/ or dyes. which are |um nescent and/or one or

nor e naBRRELS kmphhe tlt&qlegssatdtl% APRbisd nmdlfafﬁtgereﬁpg%ﬁtcgﬂtgq aaterrtheg dpthesibpye
ranges | | t | es
of " ou (et S ops MRl e s P OANPRESL BB BORY Fhio b7 pEMEARE (SXBT, &
r egi on apfeadtABo@ 13€6#4, 1@ aalgmhbmsm%umtl iuhigee pditniat ﬂﬁnamme OQhe. | vat ives.
Non-limting exanples of suitable Iuninescent pignents and/ or dyes include
| ant ha er| atlve neti.c ment s
ol uadd G5 B rBbiY 03 sRBPesaLlor 18 & Wp ERaP BRI shRdRE e B i
OXidesnu&h%zpﬂﬁ&ﬁﬁ@ﬁd@ﬁmﬁmgﬁﬁﬂﬁéﬁdrﬁmﬂmﬁﬁuﬂﬁaﬁ&hdﬂhghn&ﬂh@ﬁ@&eﬁﬂﬂwﬁ@b@fOrce
the security of the marking against counterfeiting. [0103] Follow ng the
appl i caPPlisd By thenprighig EFhftlﬂ‘éﬁﬁl ¥t & %ﬂveptheccef@etm% B sTst#bn c?fﬁprtl%‘?eaf orm
of a | QY§EntQk aéjuﬁq{st\@gcaa obhenRUWliar R sﬁtaﬂl@%r%’@éﬁﬁl@&&i éf)‘bhbz&%ﬁ‘(ﬁﬁ{tfn}éb ng
the one or nore first no |fy ng agents 1N he one or nore first areas the
conpositechoiqueralyhesl bissagn valeesafoe Hlexagraphie unrldtlng i ttlad C@nmsetlcexlhﬂedunlthg t he
initial i cal h al
pr oper lplreesgrgtllﬁve ﬁgﬁ are 1n t}pe r%R (Ef' f?(?,rrsl,gagouq lb ?conﬁls eﬁbn?lp gddse? rgferal%h)){ Ii(gUI d
crystahom@@gmbﬁﬁtn@ﬁﬂp@&rﬂﬂpm0n66®eabed;mmhemﬁbpmﬁhadyabwemoseﬁmﬂauﬂm@ in

t he conpositi vaporated and the [ f desired
chiral %i% alspa%éwgtl&tef i aﬁt&%blw%eﬁs RSP WA f & Slﬂgé‘aqte &Qﬁor ate
the solugite adthplQ tpér@dmﬁ@u(tétewmt JOBEY, QRgify G ahil Aptoflc 6FchRfcAblvehtisBch
depends on %he conponents of the chiral %qu|d crystal precursor

corrpOS|aﬁ| org--amethpil | ethyl ketong GMERS eediene. f eYshahabamgne.550yt crcatetsut cthg08:

e.g., nef.&lpably from about 60C to about

100C. ﬁ82$?9§85¥é2%? q Qgﬁgg%?%éﬁggﬁg%ggalnclude conventional WO
2012/163778PCT/EP2012/059663 heatlng means such as a hot plate, an oven, a
st r eamlQf96h Burthgry inparicular fzr qamnepisien forae it the RroseRidewEstien il ACOMPOgtion an | R
| anp. L g..,
A R e S A T
of heatbe ragpln:keivbycecoatmdlotlh)emkmtqmmtmg(, tbé compoditeat wilgusuelhe rlyy comppsit atdfast he

heat i t f f bout 0.1 bout
0o e L s i e B 3 B P SR s e soch mar o or pot mor e Chan

about 20 seconds, not nore than about 10 seconds, or not nore than about 5
second40647] 1t taecle'taﬂ fliquide pitysta] me@ru]soﬂ:od)mmﬁithgl altn:éorf ) rqmtpiositiomffom kol 7 al

I|qU|d te the second .nodi f ent 1o t he
one or S EusEh I b IEuB TR MR RO AL ety b, o
cryst alcompadior( aznﬁale@tcmp@del it ledss @n@ﬂt@olﬁmeto@rwmnmmtg é)dﬁﬁlp&@&)f@lﬁe ahe
first areas or parts thereof). The second nodify agent is capabl e of

changi Agt tf‘eplilqttlmtlator%; Hictude o tﬁmwketp%st weh gp érled(%tqyeteatwpbﬁtyh Kpieat i ng,
dependi,pg of ;e (te)gpea&fut the &%Mof@%&cﬁ&ie?ﬁ ﬁﬂ tRetMadaddNénd b slordvegi fi ed

chiral liquid crystal state (if applied to a |rs area or a part thereof).

The sebeomdphadné.yi ng-kygeeny-Irgthyé 1 appphylddprapanioac.t he aohi r al-hyidepayd -[dr@st al
precursor_ co i 0 in a heated stat i medj ately
follom%ﬁmDFﬁgP N%anﬂoﬁn%#ﬂﬂhgnﬁmm?tng opéﬁh?wgﬁ§x%%e%a beﬂggplled After
t he Chlrﬂer‘ﬂliylﬂ)dnqwlﬂ)rﬁ:lﬁt)éSﬁlﬁi apm@aueSef oﬁpmimgl -hieBiD fudd 2cjacd @ -dinsgl-hatady- | east

sonme extent t su ntlal m tenperature). |f de t he
cool i ng hai&ylrfttﬁvl fiterannd | Oaﬁ.pg%y Vst ;t? & §8F%56¥pr‘d%>ﬂt PR DSRE %met ¥l
accel erated by means known to those of skil#0in the art such as, e.g., by
bl owi ng anbient air onto the previously heated conposition. Applying t he
second nodi fying agent to the chiral liquid crystal precursor conposition
in a cool ed-down state may inprove the resolution of the marking. On the
ot her hand, applying the second nodifying agent inmedi ately after
conpletion of the heating operation nmay be desirable if the entire process
of making the marking is to be conducted in an as sinple and speedy as
possi bl e manner [0105] The second nodifying agent for use in the present
|nvent|on mnll not extract _any. of the conpounds mhlch forntthe |n|t|aI or

o, o o oy . . o o o L, o



WO 2012/ 163778PCT/ EP2012/ 059663 [0106] In the marking according to the
present invention the second nodi fying agent usually will, depending on its
nat ure, mwoi2by/tcbEsi nitial (unnodified) chiral iquid crgsterkoiztosdees (and,

if applied in one of the one or nore first areas or parts thereof, also the
first nodified chiral liquid crystal state) froma (predom nantly or
substantial ly) anisotropic state which is characterized by specific optical
properties to: (i) a (predomnantly or substantially) isotropic liquid

cryst ale@isalighWieighat AHnEl &éth&!%ilﬁﬁﬁ&eﬁ{rl%@éﬁﬂeﬁéneofa 4n*ﬁﬁol€e'%rfe§'suéﬂ gybd
crystal state are substantl al 'y "absent and/or no |onger detectable wth the

unai dedceryé2(disngtiyduiiden ! hy-(4-mogpholiaylgphenyléd-butarouk f yi aefl agehmottst-1[dr t h
bel . g mgi f i h t
° socnaelystblohaRiE P TERRGINATREN | FEGON Sl o' o] YR bR RERApO! (1 10

pr oper tcympbdtion maglifhiflest eoinptiso Bo-tidass aapo adphngpbipt ioxale @ﬂqﬂesﬁ}ynanéxmhe

initial, chiral liquid crystal tate a sp Cle

speci eSeTYAVEL dUEY | dig dRpEmY! R H‘F‘F\ﬁilyﬁ’éﬁ%ﬁ)és' ‘fipm% o SeBA b y| ng

agent Wethmenzeygrmbﬁledb@y @1ba59&Phl§§ tHioxaXBhE VEREtREERich A ﬁ)@@d“clu%slﬁx

nodi fy mgs 1aent W ll usually nprise one or nore aprotic organi c conpounds
I

whi ch &F §UT 4%t ), rseeﬁrﬁcw@rﬁﬁal?%t(%é BAYP-pt-8). épamcyrerﬁé?/@ié% 154P3-¢é1ly2 hi gh
di pol e h dielectric constant. Non-limting
exanpl ep%??r%%?@??& lﬁ%’@%&%ﬁrg‘gé aving from3 to about 6 carbon atons,

al kyl esters and dial kyl am des of carboxylic _acids which conprise a total
of fromP8] & apyuposgiondpbis iathmpreseat H!VRVlons(ﬂFﬁéﬁpﬂlégs%WlniﬁkW@ gehigl al  of
from?2 o} d I t

Al eyt - SHBAERT T o SRS LR RGP AR ol b RE1ch B Jured b

et hyl hketlodeyhieh Esydlffamcett e 1rraﬂ1¢temh)yllth Ub’r lnwm‘sutéy asde. gebhyﬂeasajbif logh-desrgy

ni trobenzene, nitrotol yene d m xtures of Preferred
ConpouiteRge e flrBa a0, AEn S SmhETPy plig heglsoh £ ehIGETHE, e el

et hyl celbyIbckigpomed angl. et hyl acetate. [0108] A species | nodifying agent
for use in the present |nvent|on may further corrprlse one or nore resins to
adj ust i SCO our se th th t he
appl i Cé@ !_'Yt rrelayga eo ]i)oslsl g re%/%r%: ensllrgt&lg?(% Flur% gpemtaﬁy the co n&@%og?orl{%a\ﬂélrllg M ting
exanpl esodﬁﬁymrgesslmshedﬁalgh Liretyis Be st doatposition epke mshaﬂlg c@ﬁltainhe 1ar ctneahd:rafal

ci rcumstg(nces i ncl ude p ?1' yesters resins such as a_ DYNAP fl_ 1203 , L
205, LP? Bﬂe“EatE@‘Sm“ top figph a8, 4g-4a P‘E"’S‘éﬁor %8, COPPSW ]@FI?XZ‘IE 5§90 theyms: 0, LH
338, Lioik&rizhttdnifiiatokdhrd 6311 khbivd {oothodedr8L@1in bid £20, LH 822, LH 912, LH WO
2012/ 163778PCT/ EP2012/ 059663 952, LH 530, LH 538, LH 727, LH 744, LH 773,

LH 775, LH 8 LH.820, LH LH 823, LH 826, LH 828, LH 830, LH 831, LH
832, L#P@é A ﬁhl@?élqu%@gm?mﬁ?@e@r qoaipggition ggilsa qepmghition oy Proddims7a
S1247, nplitdfhe rodid 36n uselir fiko I%Qéh@lnveﬁtl&p&ay k428 m ﬁ&é@%n&%%thc%ﬁ%al
S1611, S24 8320 S341, 83%1 S394, and EP140§) from Evoni k. O her

sui t ablcempersinisvikdetoas stisablenskoralesigtbiq for ﬂ@hl%@ apartipglyr desiredsp@party ofehe | | n

a pref . i r

PN A 1 s i T a2 L o
LH 530 affbdt a58@ircd pirafR vty off Hhe?o@ﬁlpbsmnm Eovanyi skgnificahy @iteal Naehménty exbhinples binge
for the gne or nore res ins is fr@m about 3%t g about 15% b \Agieghgé., gased
on t he StGt AR cé’HtPOB?niﬁré 'EYee Ped I ORPartyi i eé‘@%rl?fom‘[tﬁrio%]“ S {Pets es |
nodi f yipRetoa@edts TRY prlebtinbn&tc. CPOP k S8pIONBsREialPr £ HaIdtighidV biy¥taRgRétusos UCH
as, e.g., salts which are to inmpart sufficient conductivity to the _species
| modi £9mAes igeyeler uscoinghe Prsseaf YW ANsMYsEOMIISE GRDPIEPTCOHaN EIMRPUBHS Ao8r such
as, e. ity
agent o AT GARP BRI e BRIt 1ncREETTATRLD b M R RABTER Y i Uy
agent s thice afsferrwlathi® BREFBA Whiecpin &R cRy sl Rpmetcpq:rsientbc oeposht alhnxpfandl he

t . tet b It
P o oR R b S o @Pa By o AR Bt h el e Kot o L SIVERES Vi
hexaf | u(gﬁmh@ﬁ@h)at;@lom(@%wmyn atnhl 2ORYBNMYEC, ddlkylisueh Ree ghhpratiehandilgicher

conductivity agents known in the art.
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[0110] When the species | nodifying agent conprises a solvent or a solvent

m xture, after the evaporation of the solvent the initial chiral liquid
crystal sweteiqwsmsal so the first nodified chiral |iqui @ecempsdialossbate, if
applicable) will locally (in the one or nore second areas) change froma

(predom nantly or substantially) optically anisotropic state to a

(predom nantly or substantially) opticaIIy isotropic state. [0111] The
second nodi fying agent nay further be a "species IIl" nodifying agent, i.e.,
a (secopfluriglinodysilahgui d CrM%lﬁls(ﬁﬁt%ﬁHﬁ?é?ﬁox@%@l@ﬁ’es' tion.3 fB@a&hiok@bropraui d
crystal precursor conposition for application in one or nore Second areas
of t hetlemﬁthaX}’Sllﬁlmu detpltecthoxysitane.o mpds i3t$lpeidyteyyrvepyl heicthmxpsibse ofron fther ent
fromt rsor conposition to be nodified. Further,
everythln gﬁhé§qusﬁ%é#bﬁ&i Eé%%ge Wi th respect to the base chiral liquid
precursor conposition (e.g., conponents, application nethods, etc. ? Eplles
equal | JOHHY The chessntrasiaseqft the ana s srorositane compewlds) if rgsentprethgrebisel fiqui

conposi 0 [ 0

20157 16509 pest st BB RS BB ot BRED sy sbgu s oy it tosed on,

i n t he tlcastl otighhe thasenmghitioal |1 quid crystal precursor conp05|t|on the one
or nore chiral dopant conmpounds B will usually be present in the species |
nodi fyi r 0% by
nei gnt P2 HB ek S LS b Suglink PO R o DTN 20%
by wei ghmpodmatmefdr maktnge natiyingvesighod/of a tdmpcsitiemf@snaldmgmdufathngd agent .

Al so, the one.or nor%énenat%c cqﬁpoundﬁvﬁﬁvwll often resent in %h

speci eS" PRI iy TGRS g A ShRan e PE SRBFSS ?%en? {ft PIRERT 6‘“ Sout
50% by dyed ghich abasieth 08 vidige bpidisiveirgiidn 6ff thé BRcSRASIRE: bpectiBgl dniodgnagent .
[0112] If the species |l nodifying agent is different fromthe base chlral

| i qui d OF Myase ERIEC ardieyr dyes sl tateohlrrtlee%@t RHEIOF 088 Of WOt HRRghEtiGypRlcles

di f fer gREES oiBYor' RbRL BighRntsCid diffPaf Mo M6 U ol NEGRIP AR AndNH AR
and/or a salt as described in [0109] that gre présent in these conpositions
and/ or pigmantre. Nonberingatxiaons of smtﬁelmplgrmnte apd/ot Hessevluomploaridin. thFcyrmble
g)ri:‘ngr e%r}Véa%le re%PP)ofyt%le c ectrotﬁgg?l% 1(? gt pan{n glgfr%rl%% &)ﬁ O?Jlrflrlleogerévgg% s nt Pﬂ‘t
speci esinlitingrexhinfplésngs @gant: lurﬂmescemqﬁgﬁt:ﬂtebmuw s Gl&ﬂllﬁdoalhntﬁﬁlﬁdé bBatvatisésar e
different fromthe corr ,ﬂlng concentratlon conceg%: ons. jn the base
conposiNAgHNItiRg FREPLES o%amt & NGt PIEE BN Psluge tEest e strplo®ct ons
may be ok iRl sdch@s ROE 2] cHIOh Rinf SLil& THOPRMNNCE Qf‘iblghh@&%) Bnd/Br &%) A8 €nhance
conposition are of formula (1) above and/or related fornul'ae and at | east
one of apheeinfpeedic sgpwrety ohtheanarkiop againg eppdurfedis1eB i n t he species ||

nodi fying agent is different fromforrmula (1) and/or related fornul ae. For
exanpl 9108y FbEAshg etppficdiBe oPHR cBlralTRfuf! GiMt51PreAORABEmFRNRAUA S Brrh Bf t he
species |l nodifying agent nmay be an isosorbide or isomanni de derivative as
descri lbeldyérnor @ pgtternlzm Breosugipye 482he @Sﬁtatz %Germserrymwho oBe Eamerst fing .

6, 589, r ¢ ce
ner oi n T TEPErTe e She g ASMIRS os 0 EhRlifoh BB RE AR o Mort B A7
nodlfqugma@MMeﬁmbmhgﬂenemalkﬁoﬁanelba$enmh(mﬁnh&ﬂmnmbmﬁqbkmbfppm@Mrsor

conposition.it. al so be a |ed e ar t he surface of
Che” SubLEHis oy B B O PR Bt restar byt Heoc B burl cbhl Bt nds
opt i ongbmpok@dd ¥s ahbdtést whehy Yhd19ola@8NEontaindd thitise ‘d@iﬁp@sﬁdﬁr tin§yresent, IS
variability in the marking of the present invention may be created, e.,

one or cHyosated ead the tMomosyeof e |desinghiichiysl an%eqwsttlnstatect@k%uﬁ - qﬁhe
crysta ( i

W ih o SEREERR B AR, e PR BRI Pl AR E0E RSB e
after Mepnidng) thescomgwintntedf e dhivel fiquid trysetpieyumer ca)gmositiom@ld w111 in many

oD e SR il ot it PSR B s PG e st P R R (U SRR 1™

base chiohahbdut @Pd t6 rapsital 00PC EEkSSlEs 60KINBIct he@fing Bourb® i@blud@kohveatibrdl
crystal state the systemis brought to a second nodified chiral liquid
crystal state to obtain the second nodified4set of optical properties in
the one or nore second areas. To that end at |east the one or nore second

areas i s heated, whereby the solvent contained in the species Il nodifying
agent, if present, is evaporated and the pronotion of the desired second
nodified chiral liquid crystal state in the one or nore second areas takes
pl ace. The tenperature used to evaporate the solvent and to pronote the
formati on of the second nodified chiral liquid crystal state depends on the
conponents of the species Il nodifying agent and will in many cases range

frontabout 55C to about 150C, e.g., frontabout 55C to about 100C
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"species II1" nodifying agent, i.e., a chiral dopant composition. The
chiral dopant conposition WO 2012/ 163778PCT/ EP2012/ 059663 preferably
conpri seswoneimr3Tmere (e.g., one, two, three or four) clrcrair2eiopsssss
conpounds C of formula (1) set forth above and/or related fornulae. In a
nore preferred enbodi ment the chiral dopant conposition conprises at |east
one chiral dopant conpound C and at |east one other chiral dopant conpound
D which is different froma conmpound of forrmula (1) and rel ated fornmnul ae.
The at pbaasimQREs&hiak @lhofRRRN: &@HPQQ&QmQﬂmValp%(ﬁﬁlp‘ﬁﬁkﬁgr rh@hti AXRIRLE
fromthe dérivatives of i1sosorbides and isomannid whi ch are disclosed in,
e.g., BrhRsgeg4un iR ameEhaze@ded hegingdimg depsndsray S@M@ral\f&ctoei B8 a1 4%, thhe
entire U her. 1471 As
chiral gﬁé&k%§é%ﬁ%%§%ﬁgﬁ@ﬁaﬁ ﬁlggéﬂgge e&sg19%6@%§§£39%%npggghﬁif§1 %opant
conposiiiteity (of plechasing (dnergydodtjyitrod tl&gleml)lg idbecOhin mhny opant heaimpoincdsf B set
forth above ma for exanpl e, be used or ever th|n that is set
forth ABVEa P r%@b‘éeg % 8¢ thoHbbveaad i afmﬁr ?@%ﬁ%@fﬁ% S\ -Vt gL than
except iaBout H0SRcdls CRINABABarCaboit $0 seddndd, ortdt BRraRRhadb@t £dedohdd wal bor the
only) chiral dopant conpound C that is present in the chiral dopant
conposﬁﬂﬁ@ﬁnﬁay be identical to a (or the only) chiral dopant conmpound B
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the |n???§%@%ﬁ9?g f%&?gﬂ§¥§€¥ﬁ ?%gte exhibiting the initial set of
optical properties (and optionally also to one or nore first areas or parts
thereof), the one or nore second areas are B3ought to the second nodified
chiral liquid crystal state having the second nodified set of optical
properties. To that end at | east the one or nore second areas onto which
the chiral dopant conposition has been applied is heated, whereby the
solvent contained in the conposition, if present, is evaporated and the

pronotion of the desired second nodified chiral liquid crystal state takes
pl ace. The tenperature used to evaporate the solvent and to pronote the
formati on of the second nodified chiral liquid crystal state depends on,

e.g., the conponents of chiral dopant conp05|t|on and will in many cases
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[0121] In the marking according to the present invention the deposition of
the one or nore second nodi fying agents (species | nodifying agent and/or

speci es |Iworotkfeyi7ag agent and/or WO 2012/ 163778PCT/ EP20141PO&1368B 6% peci es
1l nodi fying agent) may be performed onto one or nore second areas of the
chiral liquid crystal precursor conposition in the initial chiral liquid

crystal state (which second areas may include or exclusively be the one or
nore first areas or parts thereof in which the conposition is in the first

modi {1 01015 Rle b adbXHiRlo B 3r&bn RYSHRHAB Yecthd RBIENIERGuLEENN que

and in particular, a technique selected fromcontinuous ihk-jet printing,
dr op- onvitedapaeding ka jite ajywrd, meadafy, the anivad -(pemodifipdit dhirgl hadd spisty stesaendhgf The
advant ol ] r ot IO t ' I rS:Of;:
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t echni GRRELIG PUCAPPRELGSIP'on and the stability of the marking created inside
the chiral liquid crystal state. Another advantage of using this printing
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applications on conditioning I'ines and printing presses, are particularly

suitable. Preferred.jnk-j.et printer re sjhgle nozzle c i nuous ink-jet
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[0123] The area of the applied chiral 1iquid crystal precursor conposition
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pr ecur soes speapobmbdifing dgvat mckde wedtdncomttayl dkyldictone asd cthjplowttatt¥% e.g., at
| east about 5% or at |east about 10% and not higher than about 99% e.qg.,
not hi : 950 i : 9 ea of
the apalBhAahrear PR SRk 0L FRE pLaa i Eagn FHY SR b R ke BF e
case ofmdrhessins teadjmods fiscosify aQBerturset the s¢sirg$) et bs eompabss witlethe applsetiomr e

t han one second, nodi f yi agent (e.qg., two, three or nore different second
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areas of the applied chiral liquid crystal precursor composition). Mrely
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di fferenfsspeqi 6ss Il 7o0diff Yyund AISBE £ 05, L heyi TRy $UTRH §2 3 (FPELiigs |
modi fyi ng agent, a species Il nodifying agent and a spécies I'll nodifying
agent, or they may conprise two different species Il nodifying agents and a
species | nodifying agent, etc. It also is fbssible, for exanple, to apply
a first second nodi fying agent and to thereafter apply a different second
nodi fying agent in at |east a part of the area(s) in which the initially
applied first second nodi fyi ng agent has been applied (and, optionally,
also in one or nore areas where the first second nodi fyi ng agent has not
been applied). Inthis regard, it further is to be appreciated that
especially in cases where both a species | nodifying agent and a species |
nodi fyi ng agent and/or a species Ill nodifying agent are enployed, it may
be desirable for reasons of convenience to carry out the heating that is
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WO 2012/ 163778PCT/ EP2012/ 059663 [ 0125] Especially when two or nore
different second nodifying agents are to be enployed the printing process
can be cawoizetk/wsi7swith a nmulti-head system (with, e.g.pcomro2osse; four,
five or nore heads) wherein each head contains a different nodifying agent.
An advantage of such a configuration is that during the printing process
one can obtain a sequentially different nodification of the initial chiral
liquid crystal state and therefore a great number of unique markings. Wth

the nruI9t52 EI@%@OSIYFIIS@R“ Pﬂe/zﬁaDH%ﬁOLHbﬁ@' PHoi7Af ereni, zanes, watdrodi ff @ient
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modi fyi; f I i i

port or taa Bt e s FOR P Ao MR, RRARD. Wil SRR ¢ ne
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conposi tlloc(:)yrglnzgtg‘qqh BI Ie?c t% and 0 her détI&%ﬁyn%erﬁgg&I\én 1%11)th 2Ir9128] Accordingly,
an entlre process a nar £ resent 1hvention may
conprise the foll ow ng steps (uslng one first nDdlfylng agent and one
second [0 fwhaagh@ggics 1 ndollifAo24htal dHeptk8PL TS IRER QL2 Mﬁ&lxr@feoyﬁai thg a
functional i zed substrate which conprises a first nodif agent onto the
sur f ac &vyToraiog g sher wlenbihejipigiph chire, iqug caysial grtedrid Hep ﬁiﬁéfq reippedibel @l fyi ng
resin i I I ni ng)
chiral .SﬁﬁgaﬁgﬁﬁIaFQ%MﬁﬁﬁgéﬁypgﬁﬁgpguP#G%%éﬁﬁéggS%%?@ﬁ%ﬁﬁggk&%e substrate
t hat h&wed@emmnda@ymhgmﬁe@yhomheﬁﬁ@mwgunmmawﬁnhe(pmdmahmnﬂﬂumdm@mMSmab
precur50{2ﬁ>qg SIII covers the nodifying resin in the one or nore first
areas P the’ %BPF@ Tonposi tion;

[0111] The second modifying agent may further be a “species II” modifying agent, i.c., a
(second) chiral liquid crystal precursor composition. The chiral liquid crystal precursor
composition for application in one or more second arcas of the chiral liquid precursor
composition may be the same as or different from the base chiral liquid precursor composition to
be modified. Further, everything that is set forth above with respect to the base chiral liquid
precursor composition (e.g., components, application methods, etc.) applies equally and without

exception also to the chiral liquid precursor composition for us as a second modifying agent
45



Heating the applied chiral liquid crystal precursor conposition to bring it
to the chiral liquid crystal state; Applying a second nodifying agent to

t he one owormrxiesmsond areas of the chiral |iquid crystacTmre@answss3
conposition in the chiral liquid crystal state; Heating the chiral liquid
crystal precursor conposition onto which the second nodifyi ng agent has
been applied (for species Il and species |Ill nodifying agents); -

Curing/polynmerizing the liquid crystal precursor conposition in a chiral
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conprlse the first nodif i

ent according to the present inventjo ( e.g
the at tEaEEeBAL Heurnenll BRLEMERSINE RGPe TERNE AT BRE) e camPOuE A 1
[0129] ofibebé ﬁek&%ﬁrﬂﬂhe%ﬁ&@'lﬁ&o@ffﬁn%@ andes cdRehtkdtoa of &b 08t 30%%155&9
W thout restricting it 30] A PET substrate (thickness 50 | am

i s funé@ﬁdﬁﬁwmgﬁdb%ﬁ@hnﬁwUWﬁE pight of thesppeieyd erpdifying agpist nodi fyi ng agent .
This first nodifying agent is deposited on the substrate using a

f 1 exognewhi ¢ (RE kHdcicd I RHAEARS agdht ANEfTBIeniB6R thd bE cRiFaRuRANGydtH peedugdr Wi t h

a drc%)/r?li)osn-lror}leto be modified the one or more differences may relate to, e.g., one or more of the
compounds A and B and/or a salt as described in [0109] that are present in these compositions
and/or to the concentrations of one or more of these compounds. For example, a or the only
difference between these compositions may be that one or more (or all) of the chiral dopant
compounds B are present in the species Il modifying agent in a concentration/concentrations that
is/are different from the corresponding concentration/concentrations in the base composition.
Further, a or the only difference between these compositions may be that the one or more chiral
dopant compounds B in the base composition are of formula (I) above and/or related formulae
and at least one of the one or more chiral dopant compounds B in the species II modifying agent
is different from formula (I) and/or related formulac. For example, at least one of the one or
more chiral dopant compounds B in the species Il modifying agent may be an isosorbide or

isomannide derivative as described in, ¢.g., EP-B-0 847 432, GB-A-2 330 139, and U.S. Patent

No. 6,589,445, the entire disclosures of which are incorporated by reference herein.

[0113] It is to be appreciated here that if the species 11 modifying agent is different from the base
chiral liquid crystal precursor composition it may also be applied to one or more areas on the
surface of the substrate or item which do not carry the base composition (but may optionally
carry a first modifying agent). In this way a further variability in the marking of the present
invention may be created, i.c., one or more arcas with a species Il modifying agent in a chiral
liquid crystal state (obtained after renewed heating) and/or one or more arcas with a species 11
modifying agent whose chiral liquid crystal state (formed after heating) is modified by the first
modifying agent.
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WO 2012/ 163778PCT/ EP2012/ 059663 functional i zed substrate is placed on a
conveyor belt and is passed under a first continuous inkjet nozzle (Head 1;
ClJ printwo2brossDem no, UK; jet pressure 2500- 3000 nbarcrmezabeswsslit h 75
pm which contains a chiral liquid crystal precursor conposition (see
Conposition 1 below). Head 1 applies a |layer of Conposition 1 (thickness 5
| am) onto the functionalized substrate. Thereafter the thus coated
substrate is heated with an IR lanmp (Strip IR, PCS Inc. & Research Inc.,

USA; | qam14) @R&E fhe hppifc@lior Q@Y. WRitdbon] OF thalReies 11 rﬁ&ﬁ%’ﬂ&t dRnt DERERE RLRFOL €
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thereon i s passed under a second continuous inkjet nozzle ad” 2) which
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i S obseomedndnhsaif thaspichies Hreadi§)ingveneandeilsmoony awdi hyganfjoragbait 3386S thheen
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areas (initial, first and second areas) is then subject to curing with a U

dryer (abaionseyisys sugh £, €218 IRilgfap d crystal pol yner state and to obtain a
mar ki ng according to the present invention that exhibits at |east three

di f f er got153 et i§ tO@hbe appresialed PeRPBA ih@Be c450HPASIng iaPedics 11 GRIRBMRNIgeaY ., a

Chol esteric_conpound B 6. 80 Nematic conpound Al 18.00. . )
(second) chiral liquid crystal precursor composition, as a second modifying agent the marking
according to the present invention is not identical or comparable to a simple superposition of two
chiral nematic liquid crystal layers. This constitutes a significant difference over the prior art. In
particular, when the base chiral liquid crystal precursor composition is deposited on a substrate
and brought to the initial chiral liquid crystal state this state is characterized by a pitch pl.
Likewise, when the second chiral liquid crystal precursor composition (species I modifying
agent) is deposited on one or more second arcas of the base composition and brought to the
second modified chiral liquid crystal state the second modified state is characterized by a pitch
p2 (which may be the same or different from pl). In this regard, it is pointed out that the product
that is obtained after curing/polymerizing in the process of the present invention is not a
superposition of a first chiral liquid crystal state having a pitch pl and a second chiral liquid
crystal state having a pitch p2. Rather, an area carrying the second chiral liquid crystal precursor
composition, once brought to the second modified chiral liquid crystal state, has a pitch p2’

which is different from pl and p2 but it is somewhat dependent on the nature of p1.

[0116] In yet another embodiment of the present invention the second modifying agent may be a

“species 1II” modifying agent, i.c., a chiral dopant composition. The chiral dopant composition
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Nemati ¢ conmpound A2 18. 00 TBAC104 0.60 Li C104 0.40 Irgacure 907 1.25

WO 2012/163778 PCT/EP2012/059663

preferably comprises one or more (¢.g., one, two, three or four) chiral dopant compounds C of
formula (I) set forth above and/or related formulae. In a more preferred embodiment the chiral
dopant composition comprises at least one chiral dopant compound C and at least one other
chiral dopant compound D which is different from a compound of formula (I) and related
formulac. The at least one chiral dopant compound D may be sclected, for example, from the
derivatives of isosorbides and isomannides which are disclosed in, ¢.g., EP-B-0 847 432, GB-A-
2 330 139, and U.S. Patent No. 6,589,445, the entire disclosures of which are incorporated by

reference herein.

[0117] As chiral dopant compounds C which are preferably present in the chiral dopant
composition (species Il modifying agent) the chiral dopant compounds B set forth above may,
for example, be used. Accordingly, everything that is set forth above with respect to compounds
B applies equally and without exception also to compounds C. Also, it is to be appreciated that a
(or the only) chiral dopant compound C that is present in the chiral dopant composition may be
identical to a (or the only) chiral dopant compound B that is present in the chiral liquid crystal

precursor composition.

[0118] The chiral dopant composition will usually comprise the one or more chiral dopant
compounds in a total concentration of from about 0.1% to about 30% by weight, e.g., from about
0.1% to about 25%, or from about 0.1% to about 20% by weight, based on the total weight of the
composition. Often, the total concentration will be from 3% to 10% by weight, e.g., from 5% to

8% by weight, based on the total weight of the chiral liquid crystal precursor composition.

[118a] Additional information relating to species I, II and III second modifying agents may be
found in U.S. Patent Application Nos. 12/783,068; 12/783,078; 12/783,081 and 12/783,088, all
filed May 19, 2010, the entire disclosures of which are expressly incorporated by reference

herein.

[0119] In particular if the chiral dopant composition is to be applied by the printing techniques
set forth above, for example, by ink-jet printing, the composition will usually comprise a solvent
to adjust its viscosity to a value which is suitable for the employed application (printing)

technique. Typical viscosity values for ink-jet printing inks are in the range of from about 4 to
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about 30 mPa.s at 25°C. Suitable solvents are known to those of skill in the art. Non-limiting
examples thereof include low-viscosity, slightly polar and aprotic organic solvents, such as, ¢.g.,
methyl ethyl ketone (MEK), acetone, ethyl acetate, ethyl 3-ethoxypropionate, toluene and
mixtures of two or more thereof. Others suitable components needed for printing techniques used
in the context of the present invention may also be present (resins, salts, etc.) and are known to
those of skilled in the art. For example, the chiral dopant composition may comprise one or more
conductivity agents such as, ¢.g., salts which are to impart sufficient conductivity to the chiral
dopant composition so as to allow its use in combination with a printer such as, e.g., a
continuous ink-jet printer. Examples of suitable conductivity agents include those which are set
forth above as examples of conductivity agents for use in the chiral liquid crystal precursor
composition of the present invention such as, e.g., tetrabutyl ammonium nitrate, tetrabutyl
ammonium  perchlorate,  tetrabutyl = ammonium  hexafluorophosphate,  potassium
hexafluorophosphate, potassium thiocyanate, lithium perchlorate and other conductivity agents

known in the art.

[0120] After the application of the chiral dopant composition to one or more second areas of the
chiral liquid crystal precursor composition in the initial chiral liquid crystal state exhibiting the
initial set of optical properties (and optionally also to one or more first arcas or parts thercof), the
one or more second areas are brought to the second modified chiral liquid crystal state having the
second modified set of optical properties. To that end at least the one or more second areas onto
which the chiral dopant composition has been applied is heated, whereby the solvent contained
in the composition, if present, is evaporated and the promotion of the desired second modified
chiral liquid crystal state takes place. The temperature used to evaporate the solvent and to
promote the formation of the second modified chiral liquid crystal state depends on, ¢.g., the
components of chiral dopant composition and will in many cases range from about 55°C to about
150°C, c.g., from about 55°C to about 100°C, preferably from about 60°C to about 100°C.
Examples of suitable heating sources include conventional heating means and in particular,

radiation sources such as, ¢.g., an IR lamp.

[0121] In the marking according to the present invention the deposition of the one or more

second modifying agents (species I modifying agent and/or species II modifying agent and/or
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species I modifying agent) may be performed onto one or more second areas of the chiral liquid
crystal precursor composition in the initial chiral liquid crystal state (which second areas may
include or exclusively be the one or more first arcas or parts thereof in which the composition is
in the first modified chiral liquid crystal state), preferably with a printing technique and in
particular, a technique seclected from continuous ink-jet printing, drop-on-demand ink-jet
printing, valve-jet printing and spray coating. The advantage, in particular compared to the prior
art using lasers or extracting agents on polymerized or partially polymerized liquid crystals is the
speed and ease of the formation of the marking, which is generated in almost real time. Another
advantage of using the above printing techniques is the precision and the stability of the marking
created inside the chiral liquid crystal state. Another advantage of using this printing technique is
the nearly unlimited possibilities of marking which can be created and varied in almost real time.
In a preferred embodiment ink-jet techniques are used for applying the modifying composition.
The industrial ink-jet printers, commonly used for numbering and coding and marking
applications on conditioning lines and printing presses, are particularly suitable. Preferred ink-jet
printers are single nozzle continuous ink-jet printers (also called raster or multi level deflected

printers) and drop-on-demand ink-jet printers, in particular valve-jet printers.

[0122] In order to enhance the resolution of the applied marking it will often be advantageous if
immediately after the application of a second modifying agent to one or more second areas of the
applied chiral liquid crystal precursor composition a stream of air is passed over the surface of
the chiral liquid crystal precursor composition, preferably (substantially) parallel thereto. The
stream of air can be generated by any means, e.g., with an industrial air dryer. The stream of air
will preferably not be intense and/or of high speed. The temperature of the air will usually be
ambient (e.g., about 20°C) but may also be somewhat lower or higher, ¢.g., up to about 60°C, up
to about 40°C, or up to about 30°C. The phrase “immediately after the application of a second
modifying agent” is intended to mean without delay, e.g., within a period of not more than about
10 seconds, for example, not more than about 5 seconds, not more than about 3 seconds, not
more than about 2 seconds, or not more than about 1 second following the completion of the

application of the second modifying agent.

[0123] The areca of the applied chiral liquid crystal precursor composition onto which each of the
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first and second (and any additional) modifying agents is applied will usually be from about
0.1% to about 99.9% of the total arca of the applied chiral liquid crystal precursor composition.
The arca will often be at least about 1%, ¢.g., at least about 5% or at least about 10% and not
higher than about 99%, e.g., not higher than about 95% or not higher than about 90% of the total

arca of the applied chiral liquid crystal precursor composition.

[0124] As in the case of the first modifying agent it is, of course, possible to use more than one
second modifying agent (e.g., two, three or more different second modifying agents) and to apply
them simultaneously and/or successively onto the applied chiral liquid crystal precursor
composition (e.g., in different areas of the applied chiral liquid crystal precursor composition).
Merely by way of example, the different second modifying agents may comprise two different
species Il modifying agents, or they may comprise a species I modifying agent, a species 11
modifying agent and a species Il modifying agent, or they may comprise two different species 11
modifying agents and a species I modifying agent, etc. It also is possible, for example, to apply a
first second modifying agent and to thereafter apply a different second modifying agent in at
least a part of the arca(s) in which the initially applied first second modifying agent has been
applied (and, optionally, also in one or more areas where the first second modifying agent has
not been applied). In this regard, it further is to be appreciated that especially in cases where both
a species I modifying agent and a species Il modifying agent and/or a species III modifying agent
are employed, it may be desirable for reasons of convenience to carry out the heating that is
needed for a species II or species Il modifying agent also in the case of the species I modifying
agent. In other words, while not necessary, it is possible to (again) heat the chiral liquid crystal
precursor composition after the application of the species I modifying agent (and optionally, the
passing of air over the surface of the chiral liquid crystal precursor composition) to further
modify the chiral liquid crystal state and/or to remove any residual solvent that was present in the
species I modifying agent. However, in most cases an (additional) heating operation after the
application of the species I modifying agent will not be necessary. If employed, the temperature
used for this (optional) heating operation will in many cases range from about 55°C to about
150°C, e.g., from about 55°C to about 100°C, or from about 60°C to about 100°C. Examples of
suitable heating sources include conventional heating means and in particular, radiation sources

such as, e.g., an IR lamp.
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[0131] Exanple 1 is repeated but replacing Conposition 2 by Conposition 3
set forth below In contrast to Exanple 1 after application of Conposition
3 the reswbtamieprieduct is subjected not only to a streagrar@nios®sns air
but is also heated with an IR lanp for about 1 second to pronote the chiral
liquid crystal state of Conposition 3. [0132] The procedures set forth in
Exanples 1 and 2 are illustrated in Fig. 1. Conposition 3: Conponent cyo
Chol esteric conpound B 7.50 Nermatic conpound Al 17.65 Nematic conpound A2

17.65 [0125] Especially when two or more different second modifying agents are to be employed the
printing process can be carried out with a multi-head system (with, ¢.g., two, three, four, five or
more heads) wherein each head contains a different modifying agent. An advantage of such a
configuration is that during the printing process one can obtain a sequentially different
modification of the initial chiral liquid crystal state and therefore a great number of unique
markings. With the multi-head system one can also obtain different zones with different optical
properties on the same marking, which constitute in itself a unique marking (especially when it is
in the form of a data matrix). Examples of such data matrices with various multicolor data
matrices are described in, e.g., WO 2008/127950 and WO 01/24106, the entire disclosures of

which are incorporated by reference herein.

[0126] In order to strengthen the security of the marking according to the present invention the
second modifying agent may further comprise one or more pigments and/or dyes which absorb in
the visible or invisible region of the electromagnetic spectrum and/or may further comprise one
or more pigments and/or dyes which are luminescent. Non-limiting examples of suitable
pigments and/or dyes which absorb in the visible or invisible region of the electromagnetic
spectrum include phthalocyanine derivatives. Non-limiting examples of suitable luminescent
pigments and/or dyes include lanthanide derivatives. The presence of pigment(s) and/or dye(s)
will enhance and reinforce the security of the marking against counterfeiting. Of course, in
addition to the components discussed above the modifying composition for use in the present
invention may comprise any other components/substances which do not adversely affect the

required properties of the modifying composition to any significant extent.

[0127] The marking according to the present invention eventually is obtained by curing and/or
polymerizing the composition that has been locally modified (in one or more areas) by the action
of the first and second modifying agents (and any additional modifying agents, if employed). The
fixing or hardening is preferably performed by irradiation with UV-light, which induces
polymerization of the polymerizable groups present in the chiral liquid crystal precursor

composition (and optionally in the modifying agent(s)).

[0128] Accordingly, an entire process for making a marking of the present invention may

comprise the following steps (using one first modifying agent and one second modifying agent):
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- providing a functionalized substrate which comprises a first modifying agent onto the surface

of a substrate or item;
- Curing and/or drying the applied modifying resin at least partially, for instance fully;

- Applying a (salt-containing) chiral liquid crystal precursor composition onto a portion of the
substrate that has the modifying resin thereon so that the chiral liquid crystal precursor

composition covers the modifying resin in the one or more first arcas of the applied composition;

- Heating the applied chiral liquid crystal precursor composition to bring it to the chiral liquid

crystal state;

- Applying a second modifying agent to the one or more second areas of the chiral liquid crystal

precursor composition in the chiral liquid crystal state;

- Heating the chiral liquid crystal precursor composition onto which the second modifying agent

has been applied (for species 11 and species III modifying agents);

- Curing/polymerizing the liquid crystal precursor composition in a chiral liquid crystal polymer
state (and optionally, completing the curing and/or drying of the modifying resin) to obtain the

marking according to the present invention.

It is to be noted here that no substantial curing/polymerizing of the chiral liquid crystal precursor

composition takes place until the end of the described production process.

By functionalized substrate it is meant a substrate as described above which comprise the first
modifying agent according to the present invention ( e.g the at least one resin as described above

cured and/or dried, see Fig 1)

[0129] The following examples are intended to illustrate the invention without restricting it.

Example 1

[0130] A PET substrate (thickness 50 um) is functionalized with a UV curable resin used as a
first modifying agent. This first modifying agent is deposited on the substrate using a

flexographic printing process in one or more first arcas and is cured with a UV dryer. The
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Acetone 53.25 WD 2012/ 163778PCT/ EP2012/ 059663 Exanple 3 and 4 [0133]
Exanples 1 and 2 are repeated with the exception that Head 2 applies
Conposi t iwo 281(i63Empl e 1) or Conmposition 3 (Exanple 2) POT@EPR01Q059563 €
second areas which conpletely or partially overlap or are |ocated within
one or nore first areas, to thereby create one or nore areas which exhibit
a (third) nodified set of optical properties that is different fromthe
initial, first and second sets of nodified properties. Correspondi ng
patter @énc(lbﬂﬁizkl&jk%tr&t@@%ﬁa&@%'a’%ﬁv%@Qélghrﬂﬂls ﬁ)ﬁ)ssgd(ﬁ‘i{&k & Sirsk c@ﬁ‘tﬂmgﬁs ket
illustrated in Fi his allows, for exa to create a data natrix
whi ch ingzzlh eHeadn; deJ dontr cﬁlforrdDDfnemceﬂiKopt pl@sﬁurq)ZﬁWe}QQOersbz{rengzzle widtlf €7 ent
colors c
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furt hennmgsAl RehPnEiRe 5588050 WoRkhL Yo ab&denicchitl to@ele8y Mrodfiotd titadammt ri x.

[ 0134] is noted that the foregoing exanpl es have been provi ded nerely

for t hélqp@roa&éé st ef(prrapasitioon - dvdhisrlag the r@blrvldmutcbcrwalcleymwhy@nlsm top
limti %ng%fm{lﬂl%nﬁ £3 SMstrh ¥ ‘8& N on}!‘pf hl%retﬁr}gt %Ea% Q[Hbltlngveﬁ}y 0 lﬁng g?t hat

descri be e ence to exe 1'S un
t he wongdscaMprophrtiealecheakn ths elcéashwhm: mheaneem\lmas tsenafepaketed) thpt is aliffaed from
illustration
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Wi t houto digpadtsirag, {.6.0M ke ascaRe ARt SRt l’rﬂddlfgfngtzig%ntprlﬁse(a@&bshcﬁﬁéﬁﬂkﬂeprthé nits
aspects. Althoug h the present invention has been described herein with

r ef er efigstrat lwrng iteagharal head srystehlawerithereomi dassad sedane neend cpetigyopsiakiet
i nventi,gn, i t%)'v[ﬁ?u@r{-I icl 9 sp&nh'%&l%g %ﬁgh@e@@'éﬂpgéi i 8 bgfo§&8 lo(ﬂstgﬁl of

herein; rat ent invention unctionall
equi valtlarﬁtubsttatmene@& more tigedwhan theu$ssmodifiulg nawes mittabpledt Hlee s:suipeg of

the ap%?orhcljlct 18 subjected to aV\gea%rg ](')% @fézt? a81£ %T/ sze(lgvle%l 1(1);% '916 arca(s) where the second

modifying agent has been deposited a second modified set of optical properties appears. This
second set is different from the initial set of optical properties and from the first set of optical
properties. The substrate with the three different arcas (initial, first and second areas) is then
subject to curing with a UV dryer (see above) to fix the liquid crystal polymer state and to obtain
a marking according to the present invention that exhibits at least three different sets of optical

properties.

Composition 1:

Component %

Cholesteric compound B | 6.80

Nematic compound Al 18.00

Nematic compound A2 18.00
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1. A marking on an itemor substrate, wherein the

attern of a chiral liquid crystal polyner
set of optical propertEpesi2ardes s nmade
precursor conposition in a chiral liquid
(1) one or

properties that
set of optical properties and is obtainable

d crystal precursor conposition in the one or
nodi fyi ng agent; (2) one or nore second
fied set of optical properties that is

of optical properties and different fromthe
properties and i s obtainable by contacting
ursor conposition in the one or nore second
agent that is of a different type than the
ar king of claiml1, wherein at | east one first
y overl apped by a second area and/or at |east
r conpletely overlapped by a first area.

ainms 1 and 2, wherein at |east one first area
d area and/or at |east one second area is not
4. The marking of any one of clainms 1 to 3,

second nodi fied

TBACIO4 = tert-Butylammonium perchlorate

DETX = 2,4-Diethylthioxanthone

Composition 2:

Component %
Chlorinated polyolefin 5.00
Polyvinyl butyral 5.00
KPFs 0.60
Fluorescent marker 4.00
MIBK 10.00
MEK 75.40

MIBK = Methyl isobutyl ketone

55



sets of optical properties differ with respect to at | east one property of
light that is reflected by the chiral liquid crystal polyner conposition.
5. The marwongimfs3TBai m 4, wherein the at | east one propeciEres288i66xt ed
froma spectrum a polarization, and kmax of the reflected light. 6. The
mar ki ng of any one of clains 1 to 5, wherein the initial, first and second
sets of optical properties conprise at |east one property that is

i ndi cative of an optically anisotropic state WO

2012/1@@@18&@@%?P PA%LQa9663 of the chiral liquid crystal polyner
conposition and/or s indicative of a conversion of an optically

ani sotropic state to an optically isotropic state. 7. The marking of any
one of clainms 1 to 6, wherein the chiral liquid crystal precursor
conposition conprises (i) one or nore nematic conpounds A, (ii) one or nore
chi r al Edepalet2 conpounds B that are capable of giving rise to a cholesteric
state of the chiral liquid crystal precursor conposition, and (iii) at

| east t: d - " ' tion
pand. (15 EERIBPPad: e RRE ute Rt TR B CopoRig R ISEL KR L.
wavel ergitiasbfo Bxagile ¢ taftee appdichtegt ofdborpasdionkintie)resktantiiro it pysubjegotynver
conposi tjon that does. not .contain th t.lea one.salt. . 8. e marking of
o o m iR arbfim SRR af BT s bR BRBR LRE RA Jerond 08 pREShe o
mor e clihe dhlirabiopadiérysangeae boiSompesdigari.se at | east one conpound t hat
conprises at |east one pol ynerizabl e group.

[0132] The procedures set forth in Examples 1 and 2 are illustrated in Fig. 1.

Composition 3:

Component %

Cholesteric compound B | 7.50

Nematic compound Al 17.65

Nematic compound A2 17.65

TBACIO, 0.60
LiClO4 0.40
Irgacure 907 1.25
DETX 0.70
Silane 1.00
Acetone 5325
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9. The

conpri ses an unsaturated carbon-carbon bond.
wher ei n twe 2at2/16emst one pol yneri zabl e group conpri ses acgrErPa@20856tor mul a

H2C=CH C( 0) - 11. The marking of any one of clainms 7 to 10, wherein al

mar ki ng of claim8, wherein the at | east one pol ynerizable group

the one or nore nematic conpounds A and all of the one or nore chiral

dopant

conpounds B conprise at | east one polynerizable group. 12. The

mar ki ng of any one of clains 7 to 11, wherein the chiral liquid crystal

precur $Qhm gmg&gulion conprises at | east one chiral dopant conpound B of

10. The marking of claim S8,

of

formula (I WD 2012/ 163778PCT/ EP2012/ 059663 (1) wherein: Rl, R2, RS, R4,

R5, RS,
Al and

R BTl S LAECBRIOEN LY o0l oo AL 00 CLe o, ko
(Example 1) or Composition 3 (Example 2) in one or more second arcas which completely or
partially overlap or are located within one or more first arcas, to thereby create one or more arcas
which exhibit a (third) modified set of optical properties that is different from the initial, first and
second sets of modified properties. Corresponding patterns (including those obtained according
to Examples 1 and 2) are illustrated in Fig. 2. This allows, for example, to create a data matrix
which is the sum of dots of different optical properties (¢.g., different colors) within a limited
area, to thereby enhance the level of security (if, for example, the second modifying agent
comprises a fluorescent dye.). In Fig 3, shows a marking in the form of a datamatrix code

generated as in Example as follow:

the first modifying agent is in form of a rectangle, wherein it is superposed the liquid crystal
polymer layer which has been further modified by the second modifying agent in the form of a

datamatrix.

[0134] It is noted that the foregoing examples have been provided merely for the purpose of
explanation and are in no way to be construed as limiting of the present invention. While the
present invention has been described with reference to an exemplary embodiment, it is
understood that the words which have been used herein are words of description and illustration,
rather than words of limitation. Changes may be made, within the purview of the appended
claims, as presently stated and as amended, without departing from the scope and spirit of the
present invention in its aspects. Although the present invention has been described herein with
reference to particular means, materials and embodiments, the present invention is not intended
to be limited to the particulars disclosed herein; rather, the present invention extends to all
functionally equivalent structures, methods and uses, such as are within the scope of the

appended claims.
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(1) -[(0-12)y-Qz-C(0)-0-1=a12; (ii) -C(0)-D1-0-[(CH2),-0],-C(0)-CH=CH2;
(i) -C(0)-D2-0-[(CH2)y-0],-C(0)-CH=CH2; D1 denotes a group of fornmula D2
denot es awvgnroigpiestrsf ormul a WO 2012/ 163778PCT/ EP2012/ 05966&P2q1BA59663

WHAT IS CLAIMED IS:

l. A marking on an item or substrate, wherein the marking comprises a layer or pattern of a
chiral liquid crystal polymer composition that exhibits an initial set of optical properties and is
made by curing a chiral liquid crystal precursor composition in a chiral liquid crystal state and

wherein the layer or pattern comprises

(1) one or more first arcas exhibiting a first modified set of optical properties that is
different from the initial set of optical properties and is obtainable by contacting the chiral liquid

crystal precursor composition in the one or more first areas with a first modifying agent;

(2) one or more second areas exhibiting a second modified set of optical propertics that is
different from the initial set of optical propertics and different from the first modified set of
optical properties and is obtainable by contacting the chiral liquid crystal precursor composition
in the one or more second areas with a second modifying agent that is of a different type than the

first modifying agent.

2. The marking of claim 1, wherein at least one first arca is partially or completely
overlapped by a second arca and/or at least one second area is partially or completely overlapped

by a first arca.

3. The marking of any one of claims 1 and 2, wherein at least one first arca is not

overlapped by any second arca and/or at least one second arca is not overlapped by any first arca.

4. The marking of any one of claims 1 to 3, wherein the initial, first and second modified
sets of optical properties differ with respect to at least one property of light that is reflected by

the chiral liquid crystal polymer composition.

5. The marking of claim 4, wherein the at least one property is selected from a spectrum, a

polarization, and Amax of the reflected light.

6. The marking of any one of claims 1 to 5, wherein the initial, first and second sets of

optical propertics comprise at least one property that is indicative of an optically anisotropic state
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m n, o, p, q, r, s, and t each independently denote 0, 1, or 2; y denotes
0O, 1, 2, 3, 4, 5 or 6; z equals O if y equals O and z equals 1 if y equals
1 to 6. W8.20ike3trar ki ng of any one of clainms 7 to 12, whemeee2bbmeat | east
one salt is selected fromnetal salts and amonium salts. 14. The marking
of claim 13, wherein the at |east one salt conprises at |east one of
lithiumperchlorate, lithiumnitrate, lithiumtetrafluoroborate, |ithium
brom de, lithiumchloride, tetrabutylanmoni um perchl orate,

t et r abyfyhaenpai Mﬂl‘l(g M}@fa}j%%lyn{e?wo%'d&im)@m/ﬂf Wi tdedakiad logar QRRERLSR of an

t et rabut yl amTmoni um br om de, “sodi um car bonate, sodi um chloride, and sodi um
ni t r at @ptically anfphgomestricigawéptally saowt selcai ns 1 to 14, wherein the chiral
liquid crystal precursor conposition is in an optically anisotropic state
and wher ei NTha kRO Y iRl ddiiStl & 82%héBR @BtdhGAl liguidRbywed | fsobtate
is changed to a first nodified optically anisotropic state, ‘and/or in the
one or cAHPesiEATenaPIEcR 3 onher G dampic eqnRBNdH B €iksen e merccHunldepany a
second £ i,ca i . j I e n i |y
a0t rosuRratieds BB RRAN EUARHRORLE (55 Wb QS A bR ATEREE Y e
chi r al pkdcqusbd cemyssitadn, pneé i) sorlesomposalt ithat dhangas @maximmtn avavelengthl ofl a qui d
crystal state Rn i.n i ne or re first. .areas the initial chiral

d erei.n 1 n the
|i qui d SEFSEEdriicstign ban %wéﬁ&élgmidgb%thﬁHog?m%ampﬁa%ﬂ?m%ﬂfec}e fofu@x ol ¢ al

state Ry, L'@r?gtflio"f_%tselél?fﬂx'}ef ﬂé&l@&}oﬁ%ﬂh’@%@de ﬁbiieﬁ%yod‘ﬁol%lef@& o%ﬁfé)gqgatgtfogﬁs the

initial chiral Tiquid crystal state 1s changed"to a”second nodifie iral
| i qui dnotgomtaanh thetatiteastone padt. converted to a non-chiral liquid crystal state
by the second nodifying agent. WO 2012/ 163778PCT/ EP2012/ 059663 17. The

mar ki ng of I : i i di fyi t is
solid gf segg?ggﬁgﬂgéfgﬁgh?§3%?§@8%gOﬁﬁgfkg?ﬂg&gggﬁ?%ﬁéugﬁd?§¥“ﬂ%égqgﬂe
mar ki ngnebr amye dmel dfpact a@inmpuidys B cémprissha deishortehenfpopsd thabdinfyrisagatdgeht | s
virtua%h &ng@h%ﬂﬁglﬁenetrate the conposition in the uncured state and the
second nnalyylng ag% tPat | east partially penetrates the conposition in the
uncured state.

9. The marking of claim 8, wherein the at least one polymerizable group comprises an

unsaturated carbon-carbon bond.

10.  The marking of claim 8, wherein the at least one polymerizable group comprises a group

of formula H,C=CH-C(O)-.

11.  The marking of any one of claims 7 to 10, wherein all of the one or more nematic
compounds A and all of the one or more chiral dopant compounds B comprise at least one

polymerizable group.

12.  The marking of any one of claims 7 to 11, wherein the chiral liquid crystal precursor

composition comprises at least one chiral dopant compound B of formula (I):
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19. The marking of any one of clains 1 to 18, wherein the first nodifying
agent is or conprises a resin made fromone or nore polynerizabl e nononers.
20. The mmolkoregiesfrscl ai m 19, wherein at | east one of thecomrar/ ormce

pol ynmeri zabl e nononers conprises at | east two unsaturated carbon-carbon
bonds. 21. The marking of any one of clains 19 and 20, wherein at | east
one of the one or nore polynerizable nononers conprises at | east one

het eroat om sel ected fromO0O, N and S. 22. The nmarking of any one of clains
19 to 21, wherein at |east ong of the one or nore polynerizabl e nononers
conprises at |east Oﬁ% roup 6f formula H2C=CH C(0)- or H2C=C(CH3)-C(0)-.
23. The marki ng of any' ctanns 19 to 22, wherein the resin conprises
a radiation-cured resin. r'Ring of claim 23, wherein the

radi ati on-cured resin ¢ es a MM:-eur@d resin. 25. The nmarking of any
one of claims 19 to 24, ein the résin“conprifsks a dried aqueous resin
26. The marki ng of any enme=of clains 1 _to-25, wharein thhe second nodifying
agent is fluid anisebéctg : & modi*kyi ng conposi tion
that conprises at |east b nconmpound sel ¢t ones having from3 to
about 6 carbon atons, al kyl esters and diakk 5 of carboxylic acids
whi ch conprise a total of from2 to about 6 {|ge, dial kyl
sul f oxi des conprising a total of from2 to out 4 carbon atons, and
optionally substituted nitrobenzene, (b) a nodifying conmposition that
conprises at |least one chiral liquid 2012/ 163778PCT/ EP2012/ 059663
crystal precursor conposition, and (c)’a nodifying conposition that

conprises at |east one chiral dopant conposition.
wherein:

R1, Rz, R3, R4, Rs, Rg, Ry and Rg each independently denote C;-Cg alkyl and C,-Cg alkoxy;
Aj and A; each independently denote a group of formula (i) to (iii):

(i) ~[(CHz)y-0O1,-C(O)-CH=CHy;

(i) =C(0)-D1-0-[(CH,)y-0],-C(O)-CH=CH;

(1i1) —=C(0O)-D,-O—[(CH;),-0],-C(O)-CH=CHo;

D; denotes a group of formula

D, denotes a group of formula
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27. The marking of claim26, wherein the first nodifying agent is selected
froma solid or sem-solidis cured and/or dried resin made from one or nore
pol yner i awbl2e12mesmeer s, and both the first nodi fyi ng agect/erpa2tobsesecond
nodi fyi ng agent change an initial maxi rum wavel ength of a selective
reflection band (knmax) exhibited by the chiral liquid crystal precursor
conposition in the chiral liquid crystal state. 28. The marking of any one
of clains 1 to 27 wherein the first nodi fying agent and the second
nodi fyi ng agent act fron1opposith§'des of the layer or pattern of the
chiral liquid crystal precursor congositiond. 29. The marking of any one of
clains 1 to 28, wherein the one or W e—f{rst areas and/or the one or nore
second areas are in a formof at |egst one of an imge, a picture, a |ogo,
indicia, and a pattern representing cqg? selected fromone or nore of a
1-di mensi onal barcode, a stacked 1- mensi onal barcode, a 2-di nensional
barcode, a 3-di nensi onal bar code, % oud of dots, a network of lines and a
data matrix. 30. The marking of any me of clains 1 to 29, wherein at
| east a part of the conposition is in a formof at |east one of an inage, a
plcturalnaohpqoﬁSuﬁgu@&g”n@ﬁgn&mgaU%@ﬁgorpgfgsent|ng a code selected from
one or nore of a 1-di mensional bafcode, a stacked 1-di mensional barcode, a
2- di nen |ona§ 3-di mensi onal barcode, a cloud of dots, a network
of Iiné§éﬁﬂﬁs ]dzté n§f¥ 31. The nmarking of any one of claims 1 to 30,
wherein the item or substrate is or conprises at |east one of a |abel,
packagizrgyalal cgr¢quald @enda equals hiifnesquals 1do 6apsul e t hat cont ai ns foodstuffs,
nut raceuti cal s, pharnaceuticals, or beverages, a banknote, a credit card, a
stamp, ;3. t fyl ap.alm 8hfy SMRaiREa! 10 13, SRGU hY o ARGUTTRBLa R RASRA an
identity card %ver s l'icense, an access card, a transportation ticket,
an evemumﬂﬁdwemdaamvmmuhsﬂw an ink-transfer film a reflective film an
alum numfoil, and a conmercial good. 32. A nethod of providing a narking
on an ijyem qfe %@ﬁh%@? Blain18" RhdtcihNRe MEEAPEnE UMEISHRes Meast one of lithium
2012/ 163778PCT/ EP2012/ 059663 a) applying onto a surface of an item or
subst r acwhlgiiteh lidawm| exrage, fhlthlsutm ntam%l worehgraigeithiim breenidy, hibrwen f ¢higidear eas
a cura ui I r 0s wh

i t1 ariapi oy’ BeEhbEe  RRabHLARmERR CLbAR, "t ATIIRRAT | |
conpos ltetttacﬂnombmafesteahbdtglaﬁﬁnoalmbtonﬁﬂe tsh@ummarhbnatamoéluin chadridey aedssodtdme
first nDdlfylng agent being able to nodify an initial chiral liquid crystal
state 8f"d%he conposition; b) heating the applied conposition to bring the
same to a first nodified chiral liquid crystal state in the one or nore
first dfeasTaadharking v anpioht alf ctinns al tol lidgwihdretr et dlirabtiquieé crystalprecatsoer

areas, if an of. t he onposition:; .c).a ing to one. or nor

2econd “APEEeY Riine PR R ERE N1t AG N BT el R i ¥YIGe agent
whi ch ioPu@afuyan@btfrélﬁé etate it ¥RMgbhaNa tiRE nfodifeld opaeiifyyinn@tragie RtataRad/6dh the abl e
to locally nodify the initial and/or first modified chiral |iquid crystal

st at es OpP Vi WeE oyomsh arcey thepplicallyngsofrapic odlF |1y chiesictlylot hecqomiltmedifighd/ or
first gptli%aﬁly ahisOtd A GhYSE Bonveltad £SnRpAYAIHAh i katkiPON heating the

conposi

16.  The marking of any one of claims 1 to 15, wherein the chiral liquid crystal precursor
composition is in an initial chiral liquid crystal state and wherein in the one or more first arcas
the initial chiral liquid crystal state is changed to a first modified chiral liquid crystal state by the
first modifying agent, and in the one or more second areas the initial chiral liquid crystal state is
changed to a second modified chiral liquid crystal state or is converted to a non-chiral liquid

crystal state by the second modifying agent.
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d) in the case of (2), heating the conposition at least in the one or nore
second areas; and e) curing the thus nodified chiral liquid crystal

pr ecur sorwoanpossison to produce a chiral |iquid crystalcpaprgnenssses ki ng on
the itemor substrate. 33. The nethod of claim 32, wherein at |east one of
the one or nore first areas partially or conpletely overlaps at |east one
of the one or nore second areas or vice versa. 34. The nethod of any one
of clainms 32 and 33, wherein the chiral liquid crystal precursor

conposiiyi onTREMLRE ST by oRNEE MmN © 1BEWREIcH H0TRAURSE g ddchd sQBRIBF MDre
chiral dopant conpounds B that are capable of giving rise to a cholesteric
st at e o¢mt-$ndidestand ghe sepepdd mod fyyrg agenpis dgigk sor conposition, and (iii) at

| east one salt that changes a maxi mum wavel ength of a selective reflection
band (Kgex) TaXRHabtih@dr By $ReCRIROTith 19NwhéteR tBOKiFs@nddiffin G @ﬂtMﬁ/@ﬂuaﬂ% ate
conpared to a maxi num wavel ength of a sel ective reflecthn-gand (kmax

exhi bi taeblpip penewHp di ommesitian & Bikjupeyred ptaigiand dhasseend modifiang pgent gdeast not
cont ai g 78PCT/ EP2012/ 059663 35. The
nethod%g%Qng%ﬁ% %?hﬁﬁéﬁl?%h§%gy¥%§%%%%%%ﬁgying agent is capabl e of

changi ng a nmaxi mum wavel ength of a selective reflection band (knmax)

exhi bi tlgd byhe Hearkigapisinyi oie phclainghil rtal 18, jveheradn dhe §irsh medifying agewg is Phe

met hod f i 4 r.el second nodi fyi ng agent
IS capégﬁ83%¥agﬁg%g?%ﬁhg&géﬁﬁﬂﬁﬁgﬂ%’e %ﬁg?ﬁ%%?mgggélective reflection band
(kmax) exhibited by the composition in a chiral |iquid crystal state. 37.
The nmetHod dhe dpyrkingeofoflagn di9avhssein Gt depst e radi et s 91 piore pelmreyizaRle agent
i's sol inthnBfeR&Thipsiods MiasaRe vhifurseg edomestbbybiigisagent is fluid. 38. The
met hod of any one of clainms 32 to 37, wherein the first nodifying agent is
a resin made from.one_or nore_pol ynerizabl e noners. 39._ The method of
clai m 38, wiAbf &rankipg ef pryope BBﬁlﬁ’rnilSsé%a‘é‘? ?%rd‘i" Feigrt diprleons %fstﬂTiﬁ one or more

polymerizable monomers comprises at least one heteroatom selected from O, N and S.

22.  The marking of any one of claims 19 to 21, wherein at least one of the one or more

polymerizable monomers comprises at least one group of formula H,C=CH-C(O)- or
HQC:C(CHg)-C(O)-.

23.  The marking of any one of claims 19 to 22, wherein the resin comprises a radiation-cured
resin.

24.  The marking of claim 23, wherein the radiation-cured resin comprises a UV-cured resin.
25.  The marking of any one of claims 19 to 24, wherein the resin comprises a dried aqueous
resin.

26.  The marking of any one of claims 1 to 25, wherein the second modifying agent is fluid

and selected from one or more of (a) a modifying composition that comprises at least one
compound selected from ketones having from 3 to about 6 carbon atoms, alkyl esters and
dialkylamides of carboxylic acids which comprise a total of from 2 to about 6 carbon atoms,
dialkyl sulfoxides comprising a total of from 2 to about 4 carbon atoms, and optionally

substituted nitrobenzene, (b) a modifying composition that comprises at least one chiral liquid
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40. The nethod of claim 38, wherein the resin conprises a dried aqueous
resin. 41. The nethod of any one of claim32 to 40, wherein the second
nodi fyi ngvegerntieswsf | ui d and sel ected from one or nore eCT(e®Ro1a/opmwmds fyi ng
conposition that conprises at |east one conmpound sel ected from ket ones
having from 3 to about 6 carbon atons, al kyl esters and dial kyl am des of
carboxylic acids which conprise a total of from2 to about 6 carbon atons,
di al kyl sul foxides conprising a total of from2 to about 4 carbon atons,
and Opkkﬁfhﬁkﬂdu@&%}ﬂp%%i@ﬁ{ Al (&) QBREEBMR cdnkhosRioMicht Eyth gkt MMBAS bhd Qiral hat
conpriseés at |east one chiral I'iquid-crystal precursor conposition, and (c)
a nodi fdgpang cempgsdsint j on t hat conprises at | east one chiral dopant
conposition. 42. The method of any one of clains 32 to 41, wherein b)

and/ or 2d) CORPMSENBALIaNE 26N hERIPHBS iﬂrétqaodiﬁ/i@gf 1 RAPRIRId8 Rim hiseny about
55C to about 150C. "43. The nethod of any one of clains 32 to 42, wherein

t he conpBsididsrrures aagdr ideed rpyingnadedipst opher Bereqphyancrizalle impgomRs; fnsl kodhat i ng,
rol | er ,coat i : ' ral. ' i nti

oot RS AR cEaL A SRFALUSuEAl My A Lty B UM R} By

dr op- onf desailciRedtioh bpnd (K.i.@xhidhel batheehjrelt liquid atystabpredkor composition
2012/16377SECT/EP2012/059663 44. The nethod of any one of clainms 32 to 43,
wher ei A tRENEYHIGE CYSH SI¥&-applied in a formof at |east one of an inmge, a
picture, a logo, indicia, and a pattern representing a code selected from

one or 28pr e Taé naarltingiofengicnnalf didine dd®, 2awht@oked flsdmodifgingnaéntbadabee, a

2-di mensi onal barcode, a 3-di nensi onal rcode, a clouyd of .dots,..a network
of I nascoaneodiiging Aeriier! %m OamSIt?ﬁ@e%ftﬁsﬁays& ORI Tt chief iid S 44,
wher ei rdcligof édnsfoshid] fyi ng agent has been provided on the item or

substrate by at |east one of spray coating, knife coating, roller coating,

o1 1 g, e BT hAVHaRG SR | o pi-oUERSR RS MY B OB MY pad
printi Rge of MOt SabHdSaré kerd Bta fBFrh BF hilGast dﬁ@@fﬁnnﬁ?aeaqﬂcmf&saﬂ@o, pidiod, bR@, and

val ve-jet printing. 46. The nmethod of any one of clains 32 to 45, wherein
the fi BdetteradprrgicRENSYedre sclscisd dgangnegy more of a 1-dimensional barcode, a stacked 1-

dimensional barcode, a 2-dimensional barcode, a 3-dimensional barcode, a cloud of dots, a

network of lines and a data matrix.

30.  The marking of any onc of claims 1 to 29, wherein at least a part of the composition is in
a form of at least one of an image, a picture, a logo, indicia, and a pattern representing a code
sclected from one or more of a 1-dimensional barcode, a stacked 1-dimensional barcode, a 2-
dimensional barcode, a 3-dimensional barcode, a cloud of dots, a network of lines and a data

matrix.

31.  The marking of any one of claims 1 to 30, wherein the item or substrate is or comprises at
least one of a label, packaging, a cartridge, a container or a capsule that contains foodstuffs,
nutraceuticals, pharmaceuticals, or beverages, a banknote, a credit card, a stamp, a tax label, anti-
tamper seal, a security document, a passport, an identity card, a driver’s license, an access card, a
transportation ticket, an event ticket, a voucher, an ink-transfer film, a reflective film, an

aluminum foil, and a commercial good.

32. A method of providing a marking on an item or substrate, wherein the method comprises:
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the itemor substrate in the one or nore first areas in a formof at |east
one of an inmage, a picture, a logo, indicia, and a pattern representing a
code sel ewpadidsmsone or nore of a 1-di nensional bar codel/ER26asdces

1-di mrensi onal barcode, a 2-dinensional barcode, a 3-dinmensional barcode, a
cloud of dots, a network of lines and a data matrix. 47. The nethod of any
one of claim 32 and 46 wherein the second nodifying agent is applied by at

| east one of continuous ink-jet printing, drop-on-demand ink-jet printing,

spray coatingy A iNabMe alsBifadrdf 'ﬁﬁ iB&-or sﬂ&tra%hﬁn@f?&ﬂﬁgs é)ﬁrsﬁﬂ}éd@ﬁﬁg @dcnel ai s
32 to 48, wherein the second nodifying agent is applied in the ‘'one or nore

second areas i ningorfeopimofe &tst |agcsta eureblofchgal hqxtages:rySéalmr@cnmoe cogpbgifon

indicia, and a pal §£sﬂme§ %ﬁﬁtﬁé‘éh@aﬁ ét%luﬁloﬂjfstaﬁ‘i{a?c& Sl bl £t81@19@%38{ a RS $haf 2

1-di mensi onal barco Mensi ona rco I mensi ona
barcode, a 3- dlmmnﬁnqnahmbab@ﬁda;lamchqmd @fﬂdom&,manmeimmﬁhnaﬁ khenfist and a

data matrix. 49. The net hqd of cl ai 32 to erei he
item or substrafPedi n%;ag%ﬁnﬁmgs 1 ogi enghieDeniz i cry Vf%a@i%g}flea
cartridge, a cogndidiRionOr a capsule that cont ai ns foodstuffs bever ages,
nutraceuticals or pharnaceutlcals a banknote, a credlt card, a stanp, a

tax | abel, an a securit doc ment spar identity
Card Cacari vy Rl hohe SnRBEthatba e Tt ioc PRE PR it B! SR vt
ticket, a vouc h@¥stalasaté Mikcht bANSH @breffirktBread ah@td @6 ihiMa chirhiMquaicr@tbingtaaeim

foil, and a comerci al good. WD 2012/ 163778PCT/ EP2012/ 059663
in all other areas, if any, of the applied composition;

c) applying to one or more second areas of the applied composition at least one second
modifying agent which is of a different type than the first modifying agent and (1)
is able to locally modify the initial and/or first modified chiral liquid crystal states
provided by b), or (2) is able to locally modify the initial and/or first chiral liquid
crystal states provided by b) upon heating the composition;

d) in the case of (2), heating the composition at least in the one or more second areas;

and

¢) curing the thus modified chiral liquid crystal precursor composition to produce a

chiral liquid crystal polymer marking on the item or substrate.

33.  The method of claim 32, wherein at least one of the one or more first areas partially or

completely overlaps at least one of the one or more second arcas or vice versa.

34.  The method of any one of claims 32 and 33, wherein the chiral liquid crystal precursor
composition comprises (i) one or more nematic compounds A, (ii) one or more chiral dopant
compounds B that are capable of giving rise to a cholesteric state of the chiral liquid crystal
precursor composition, and (iii) at least one salt that changes a maximum wavelength of a
selective reflection band (Amay) exhibited by the composition in a chiral liquid crystal state
compared to a maximum wavelength of a selective reflection band (Amax) exhibited by a

composition in a chiral liquid crystal state that does not contain the at least one salt.
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50. An itemor substrate that is obtainable by the nethod of any one of
clains 32 to 49.
WO 2012/163778 PCT/EP2012/059663

35.  The method of claim 34, wherein the first modifying agent is capable of changing a
maximum wavelength of a selective reflection band (Amax) exhibited by the composition in a

chiral liquid crystal state.

36.  The method of any one of claims 34 and 35, wherein the second modifying agent is
capable of changing a maximum wavelength of a selective reflection band (Amax) exhibited by

the composition in a chiral liquid crystal state.

37.  The method of any one of claims 32 to 36, wherein the first modifying agent is solid or

semi-solidis and the second modifying agent is fluid.

38.  The method of any one of claims 32 to 37, wherein the first modifying agent is a resin

made from one or more polymerizable monomers.
39.  The method of claim 38, wherein the resin comprises a radiation-cured resin.
40.  The method of claim 38, wherein the resin comprises a dried aqueous resin.

41.  The method of any one of claim 32 to 40, wherein the second modifying agent is fluid
and selected from one or more of (a) a modifying composition that comprises at least one
compound selected from ketones having from 3 to about 6 carbon atoms, alkyl esters and
dialkylamides of carboxylic acids which comprise a total of from 2 to about 6 carbon atoms,
dialkyl sulfoxides comprising a total of from 2 to about 4 carbon atoms, and optionally
substituted nitrobenzene, (b) a modifying composition that comprises at least one chiral liquid
crystal precursor composition, and (¢) a modifying composition that comprises at least one chiral

dopant composition.

42.  The method of any one of claims 32 to 41, wherein b) and/or d) comprise heating the

composition to a temperature of from about 55°C to about 150°C.

43.  The method of any one of claims 32 to 42, wherein the composition is applied by at least
one of spray coating, knife coating, roller coating, screen coating, curtain coating, gravure
printing, flexography, screen-printing, pad printing, continuous ink-jet printing, drop-on-demand

ink-jet printing, and valve-jet printing.
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44,  The method of any one of claims 32 to 43, wherein the composition is applied in a form
of at least one of an image, a picture, a logo, indicia, and a pattern representing a code selected
from one¢ or more of a 1-dimensional barcode, a stacked 1-dimensional barcode, a 2-dimensional

barcode, a 3-dimensional barcode, a cloud of dots, a network of lines and a data matrix.

45.  The method of any one of claims 32 to 44, wherein the first modifying agent has been
provided on the item or substrate by at least one of spray coating, knife coating, roller coating,
screen coating, curtain coating, gravure printing, flexography, offset printing, dry offset printing,
letterpress printing, screen-printing, pad printing, continuous ink-jet printing, drop-on-demand

ink-jet printing, and valve-jet printing.

46.  The method of any one of claims 32 to 45, wherein the first modifying agent is present on
the item or substrate in the one or more first arcas in a form of at least one of an image, a picture,
a logo, indicia, and a pattern representing a code selected from one or more of a 1-dimensional
barcode, a stacked 1-dimensional barcode, a 2-dimensional barcode, a 3-dimensional barcode, a

cloud of dots, a network of lines and a data matrix.

47.  The method of any one of claim 32 and 46 wherein the second modifying agent is applied
by at least one of continuous ink-jet printing, drop-on-demand ink-jet printing, spray coating, and

valve-jet printing.

48.  The method of any one of claims 32 to 48, wherein the second modifying agent is applied
in the one or more second areas in a form of at least one of an image, a picture, a logo, indicia,
and a pattern representing a code selected from one or more of a I-dimensional barcode, a
stacked 1-dimensional barcode, a 2-dimensional barcode, a 3-dimensional barcode, a cloud of

dots, a network of lines and a data matrix.

49.  The method of any one of claims 32 to 48, wherein the item or substrate is or comprises
at least one of a label, packaging, a cartridge, a container or a capsule that contains foodstuffs,
beverages, nutraceuticals or pharmaceuticals, a banknote, a credit card, a stamp, a tax label, anti-
tamper seal, a security document, a passport, an identity card, a driver’s license, an access card, a
transportation ticket, an event ticket, a voucher, an ink-transfer film, a reflective film, an

aluminum foil, and a commercial good.

66



WO 2012/163778 PCT/EP2012/059663

50.  Anitem or substrate that is obtainable by the method of any one of claims 32 to 49.
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