WO 2005/ 049703 PCT/ EP2004/ 012466 Method for the nodification of chiral
liquid-crystal films with the aid of extractants The invention relates to a

met hod for VRSP Bcation of chiral liquid 5 crystal fPCREP20HORAFE i cul ar

of their reflection wavelength, in which a chiral [liquid-crystal layer is
brought into contact with a liquid extraction nmedium (extractant) by
coating or printing nethods in such a way that diffusion of substances out
of the liquid-crystal layer into the extractant occurs. 10 In chol esteric or
chiral - nemat i diiethpd forcthestrddifitadionwf whirl $iquid-geyetat filmishwithlthguid- cr yst al
nol ecul es forma helical superstruct #Se%'\é%}t$&3| S per pendi cu- lar to the

| ongi tudi nal nol ecul ar axis. The ted nemati c" and "chol esteric”

ar e used al ongsi de one an- 15 other in the prior art. The term

"chiral -nemat fge |ﬁ\?eﬁt{9ﬂ%?léé¥%éﬂﬂéih%ﬁ foP de%o@ﬁ‘k%hbﬁ'o? cﬁﬁBPl‘icﬁ{ud ng Of o2

nemat i 05host m X
i nduces“a hel pw&tal;fllmw Igtram@tupép%thafdteﬂe@thrhwamlenattstln mmma@hlrsg/

contrast, thejqam®ry Qapllagéﬁ %rbrﬁughﬁm@& E@rﬁ‘tah‘ﬁ\ﬁ)ﬁhfaq Lﬁ@b&ﬁhctﬁdﬁ ni@éi‘ilﬁﬁ'a|5
whi ch have a "natural

ol esteric phase w ical tw s ch as,
for exanple, (Gxdastand} 9V cqating &f plisEng mMesh ?%"’t%‘#& Q[Q?f Qﬁfué!%o used to

denote the saggbétahods olinof the IRfuRseRist#iNa)drdntol ths, e)dtrfa%térﬂrdﬁcufém' e- steric”
is used for both above-nentioned types of LC materials, where this termls

|ntended to cover the respectively broadest neaning of "chiral- nematic" and
"chol estlfr i ¢" In &%ol@steriterrohinai-gaimiticrigsidatiystat (O matevitls v génembdrei ¢

or Trore 1 od. IR RPN Rt 7 Rk ERERIRRIGECWARTTS ggg&dmy -
groups whi ch fardo 4 ongitudindlowleculesayhase or |iquid-crystal phase.

Conmpounds haV|ng rod- shaped or pl ank-shaped groups are al so known as
"calanitlc l'iquid crystals, compounds having disc-shaped groups are also

known as "di sébeiterms | @mrai nematiciiand "thelestarisy @ne ¢sed inaride AR9 anthensel ves
form1iddi d- cpydrah twaﬁeﬁanw@v@h "¢rhrd|~ﬁea+aii@" ROFSHBE M X Mnedtt'aenc only

Form i quid- CWas{éﬁzlals co%%ne?mg o?rzl:x rrlgr)r(lg?c WOst m?)}tur%rdgporg)wl{ﬂ an optlcally ac-
tive component, which induces a helically twisted superstructure in the
host mixture. By contrast, the term "cholesteric" is often used for chiral LC
materials which have a "natural" cholesteric phase with a helical twist,

20 such as, for example, cholesteryl derivatives. The two terms are often also
used to denote the same thing. In the present application, the term "chole-
steric" is used for both above-mentioned types of LC materials, where this
term is intended to cover the respectively broadest meaning of "chiral-
nematic" and "cholesteric".

25
The term "liquid-crystalline compound" or "mesogenic compound", as
mentioned above and below, encompasses compounds having one or
more rod-shaped, plank-shaped or disc-shaped mesogenic groups, i.e.
groups which are able to induce a mesophase or liquid-crystal phase.

30 Compounds having rod-shaped or plank-shaped groups are also known
as "calamitic" liquid crystals, compounds having disc-shaped groups are
also known as "discotic" liquid crystals. The mesogenic compounds may
themselves form liquid-crystal phases. However, it is also possible that
they only form liquid-crystal phases when mixed with other compounds or

35 after polymerisation.
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dance with the present invention is highly suitable for achieving this object.
In this method, a polymerisable chiral, preferably cholesteric LC layer is
brought into contact with a liquid extraction medium (extractant) in such a
20 way that diffusion of substances out of the LC layer into the extractant
occurs. In a first step, cholesteric LC materials or coatings are applied to a
dark substrate surface in such a way that a homogeneous structure of the
cholesteric phase is produced, and the LC layer is partially or fully cured.
In a second step, an extractant is applied to the LC film by means of a
25 suitable coating or printing method. During the diffusion and extraction
process, a shift of the respective viewing angle-dependent reflection
bands of the LC film into the region of shorter wavelengths takes place.
The extractant may also be of such a nature that it carries out further
tasks, for example optical, electro-optical or electrical tasks, in addition to
30 the purely extracting function or optical modification of the LC film.

Patent Specification US 6,071,438 and the corresponding German Laid-
Open Specification DE 197 18 293 A1 describe the extraction of extract-
able components from partially or fully cured cholesteric LC films for the
35 purposes of broadening the reflection bands of the cholesteric liquid
crystals and the use of the resultant layers as broad-band filters, polaris-
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sequent production step.

20
A process for the modification of the chiral LC layer by means of printing
processes or application of the extractants is not described in
US 6,071,438 or DE 197 18 293 A1, and neither is the use of extraction
media which themselves carry out tasks, for example those of an optical
25 nature, after solidification by evaporation of the solvent or polymerisation

or the like.

EP 0 606 940 A2 and the corresponding German Patent Specification
DE 694 17 776 T2 describe a cholesteric broad-band polariser which has
30 the characterising feature that the helical pitch increases virtually continu-
ously from a minimum value at one surface of the layer to a maximum
value at the other surface of the layer. This is accomplished, inter alia, in
that one surface of an optically active layer of polymerisable LC material
having cholesteric ordering is provided with a film of reactive monomers
35 which cause a concentration gradient in the layer through diffusion. The
diffusion of the monomers into the optically active layer enables this layer
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present | ”Ve”‘iﬁgoana ?)rihﬂng of substrates with polymerisable chiral LC materials which
comprise a polymeric or polymerisable binder. However, a method for
modification of the applied LC layers by extraction is not described
therein.
20
A further object of the present invention is therefore to provide a method
which avoids the disadvantages of the methods disclosed in the above-
mentioned specifications. A further object of the present invention is to
provide a means of permanently incorporating variable information into a
25 cured liquid-crystal layer by an extraction method.

It has been found that the above-mentioned objects can be achieved by
the provision of a method in accordance with the present invention, as
described above and below.

30
The present application relates to a method for the modification of the op-
tical properties of polymerisable or polymerised chiral liquid crystals, in
particular for shifting their optical reflection band, preferably into the
higher-energy region, characterised in that it comprises the following

35 steps:
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The application furthermore relates to a print product comprising one or
more layers of a cured or polymerised chiral liquid-crystal material, pro-
duced by a method in accordance with the present invention.

20 The application furthermore relates to a print product according to the in-
vention which comprises at least one birefringent marking.

The application furthermore relates to a print product having a print motif
which is produced by a method in accordance with the present invention,

characterised in that
25

i)  the print motif has at least one region having a first optical effect, and

i) the print motif has at least one region having a second optical effect
which differs from the first optical effect through a shift of the optical
reflection bands towards the higher-energy region.

30

The application furthermore relates to a print product according to the in-

vention, characterised in that the liquid-crystal material and/or the extrac-

tants are applied by means of printing methods, in the case of the first

layer optionally to a print substrate.
35
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t he pre135ent i nvention.
The application furthermore relates to a security feature, authenticity fea-

ture or identification feature comprising a liquid-crystal film according to
the invention or a print product according to the invention.

The application furthermore relates to a security document, identity docu-

20 ment or banknote, an ink-transfer film, reflective film, or an optical data
carrier provided with at least one liquid-crystal film, print product, security
feature, authenticity feature or identification feature in accordance with the
present invention.

25 The present invention is based on the material side on polymerisable or
curable printing inks which consist of chiral-nematic or cholesteric liquid-
crystalline inks or coatings, or inks or coatings which are chiral-nemato-
genic in their entirety. Preference is given here to the use of inks or coat-
ings which are radiation-curing, particularly preferably UV-curing, and

30 polymerise or cure on exposure to light, UV radiation, or electron beams.

In a first step of the method according to the invention, a film or a layer of
chiral LC substances, preferably cholesteric substances, or substances
which are chiral-mesogenic in their entirety, is applied to a substrate sur-

35 face and cured, polymerised or crosslinked by means of suitable methods.
The LC substances are preferably applied by means of a first printing
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In a second step, an extraction medium (extractant) is applied fully or par-
tially to the LC film with the aid of a second suitable coating or printing

20 method. During the diffusion and extraction process, a shift of the respec-
tive viewing angle-dependent reflection bands of the LC film into the re-
gion of shorter wavelengths occurs in the areas of the applied extractant.
The extraction medium may additionally be of such a nature that it is able
to carry out further tasks, for example optical, electro-optical or electrical

25 tasks, via the purely extracting function or optical modification of the LC
film.

Thus, for example, an ink as extractant can be applied by means of a
continuous ink-jet device. The inks used in these devices are generally

30 based on one or more solvents which have the properties according to the
invention. If the ink selected here additionally comprises fluorescent dyes
or pigments, a five-fold security feature comprising the polarising features
of the LC layer, the viewing angle-dependent colour impression, the modi-
fied colour impression, the fluorescence in the areas where the ink-jet ink

35 has been applied, and, through the use of a freely programmable ink-jet
device, variable information is produced, for example in the form of a text,
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nodi fication of the LC film Thus, for exanple, an ink as extractant can be
applied by means of a continuous ink-jet device. The inks used in these
devi ces are gpictural byr 86ddas ik like. dine tgpe b flaosssiceaoe slepbndbd ohahe t he

properties ac Lng. h i,nventio he J.nk sel e her e
additionally @%}%Pf]g'gﬁﬁtﬁa’sgggﬂ‘@émgg rér&c?érsﬁd)hséﬁlpsforaeg{aﬁ%lgf BP'89securi ty
f eat ure conpr UM lighttondypup-aoneersmpnf esingi tiRdghtof the LC | ayer, the view ng
angl e- dependent col our inpression, the nodi- fied colour inpression, the

fl uoresgence in the areas where the ink-jet ink 35 has been applied, and,
t hr ough®t he u¥@ppropriateen § thyrdbgieprafigsiextragtion dhe Ldefiing és fully podner-
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visible, for @6mfﬂibhéntsl@|*s§élveé{1‘thérbﬁhéreoﬂheﬁlsel%scﬁﬁlym%ﬁwﬁleﬂﬁ'rfwuHeR light. 5
| f appropriate, in a third step after extraction he LC filmis fully

pol yner- ised or crosslinked, so that the chiral structure of the LC |ayer
wi th thd0 nodiTheetiree Lol Rrpreferabyragpblymriietwerk. i n particul ar if the
extractants or conponents dissolved therein are thensel ves pol ynerisable in
nature. 10 The cured LC filmis preferably a polyner network. Suitable LC
mat eri al s ar eSuitabledr® incatiesials qrieptropartiguter, sredibeolyinerisakiembbreexadivpleur abl e,
printing inks I icol meri sabl e
cholesteric L cﬁﬁ%lee?rﬁ@hg |h}i(gpt(ﬁécgégéhedgg@r&ggfgi‘sﬁgﬁ%éﬁ@@ édgwn fromthe
prior art. Asnmwbleo@molastetrihd.(bgowpunds qoddmxttyQSaasdeacnb@ below, est eri c

phase fd@m a Fﬁb&vﬁaﬁc?rﬁ‘t'ﬂ?é’gﬁbl: EFtt ﬁl&%le@ﬁﬁ ?@Qtﬂé’@ﬁtsé? ||gl]ﬂ ér9§ra|§fnttH inal axes

of its nmol ecul es an tircal rotation a < nounced circul ar
di chr oi sm duechelestarepdhage pém@behqai supetﬁtw@mrarpepsaemlp@l@ato the lon-

gitudinal axes of its molecules and exhibit high optical rotation and pro-
nounced circular dichroism due to selective reflection of circular-polarised
light within the layer. The colours, which appear different here depending

20 on the viewing angle, are dependent on the pitch of the helical super-
structure, which itself depends on the twisting power of the chiral compo-
nent. The pitch can be varied here, in particular by changing the concen-
tration of the chiral component, for example in the form of a chiral dopant,
or changing the network density of the polymer skeleton. This variation in

25 turn results in a change in the wavelength range of the selectively re-
flected light of the cholesteric layer.

If the chiral constituents of the LC films are therefore extracted out with
the aid of a suitable extractant in the sense of the present application, or
30 other non- or insufficiently polymerised constituents are removed in this
way, this results in a reduction in the helical pitch and thus a shift of the
reflection wavelengths into the higher-energy, shorter-wave region.

In a preferred embodiment, the extraction medium is a solvent or solvent
35 mixture which cannot be polymerised by means of free radicals or cationi-
cally.
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hexane, benzene, on f et thyl ether and
t et r ahydBof ur methylt%m%ldar digpethy wlmldﬂemeﬁhywhwmqiave (%U@M'nqam e
moment s and hpgd eyl REBREr Afd constants, selected from for exanple,

acetone, nit robenzene di 10 nethyl f or mani de, di et hyl sul foxi de, methyl

ethyl ketone (osmuﬁ@g@nems auretBitiairehighB{olacOM GChIHAgToUDS aral afent s, _whi ch
contai n highl S'P OH or

to f rmhy en bonds to
other mol ecul EE i egePoRgs fa. 3ty Midecdigt cseifered fgarna%e%am byl ene
gl ycol and anple, neethaholietwarml, ethylene ghycod apdsmiillilee t o enpl oy m xtures of
these sqkvents. Repre-

However, it is also possible to employ mixtures of these solvents. Repre-
sentatives of the last-mentioned group (c), which have a relatively poor or
negligible extraction power in respect of the LC materials according to the
invention, are particularly suitable for reducing the strong to very strong
extraction power of the representatives of the above-mentioned groups (a)
and (b) or for facilitating fine dispensing of the extraction action of these
solvents.

20

In a preferred embodiment, the extractant comprises one or more solvents
selected from group (a).
25 group (a)
In a further preferred embodiment, the extractant comprises one or more sol-
vents selected from group (b).

In a further preferred embodiment, the extractant is a mixture comprising
at least one solvent from group (a) and/or (b).

30

In a preferred embodiment, the extractant is a mixture comprising at least
one solvent from group (a) and/or (b) and at least one solvent from group

35 (c).
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can then, however, be conpletely polynerised randomy by neans of suitable

agents, such as, for exanple, UV radiation, are also advantageously
suitabl e for ima fodheopreferced emapdimeot, tthe extraetantare; dopexandphe, comPat ent
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extractants are om nNercla aval | abl e varnlwahes whi ch cure
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extraction action is in cases, attributable to the presence of other

conponent s, s@drbytable i tr@(ar@gpgce of ﬁ@%l%ﬁ@or‘&n&lﬁl‘é’ar%s 3T PHBRIEr s present

in thesle Vﬂ] n&ﬁ@ﬁﬁ}de?%@ébtﬁéorsa@rrmbﬁbm‘érs re%%rnﬂrﬁﬂ*\%%e \iarrh@ﬁéylﬁimSas epoxi des
or vinyl ethers

t I bst t
of the Le | ayarhdgscdiegnirtss: fiachTtesc %p?%{i?%fb?%v Thsthets wiich dae e “ac
| east some of ability firstigite dissodveesulsstantet cutrdfehe LiCMayer andrsecpndlyrter i sabl e

groups. {Bi s %é’gﬁorfé)r?ﬁ‘ atr%o}e%lar network. At least some of the monomers here
should contain two or more polymerisable groups. This gives rise to the
possibility of a three-dimensional network, which restricts further extrac-
tion.

20 In a further preferred embodiment, the extractants are LC compounds, in
particular curable or polymerisable LC compounds, or mixtures thereof. In
accordance with this preferred embodiment, a second, curable LC layer in
the form of its liquid, smectic, nematic, cholesteric or isotropic phase is
applied to the first LC layer applied to a substrate and cured in the first

25 step described above, for example by means of a suitable coating or
printing method. After a sufficiently long exposure time or after the first LC
layer has been modified, the second LC layer is then cured. Through a
suitable choice of the different compositions of the two LC layers, it is
possible, for example, to achieve concentration gradients which result in

30 diffusion of monomers out of the first LC layer, resulting in a reduced pitch
difference of the helix in the first LC layer.

In a further preferred embodiment of the invention, the extractant consists

of a solvent from the above-mentioned group (a) or (b) or a corresponding
35 mixture of these solvents, and a further proportion of one or more compo-

nents which, after evaporation of the solvent or solvent mixture, give a
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radi ati ¢ds.cent age of sol vents fron1the above menti oned group (a)

or (b) or the m xture of (a) and (b) in the extractant depends, inter alia,
on the choice of the ap gilcatlon met hod and the application neans suitable

for this purbddurthaipreierahembesiment e exicacanty qr@%ﬁtxwrse%f.smqqﬁl@ case of

roller appli Cﬁémﬂc@bh@%%t@*&L@Wﬁ@@bﬁm@%érﬂs9§&ﬁ|bulaﬂ Efrdmwe of ink-jet
10 nethods. In, a furt
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These step described above, for example by means of a suitable coating and
printing method. After a sufficiently long exposure time or after the first LC
layer has been modified, and after completed evaporation of the solvent
or solvent mixture, the second LC layer is then cured.

20
However, it is generally preferred substantially to omit the use of non-
polymerisable solvents, which are in many cases ecologically unaccept-
able.

25 In principle, the extractants employed can be printing or other inks and
coatings which on the one hand cause a change in the colour- and polari-
sation-selective reflection of the LC layers, and on the other hand, as al-
ready stated, have their own optical effect. In the simplest case, this con-
sists in a certain chromaticity and a certain gloss, which arise from the

30 interaction of absorption, transmission and reflection.

Particularly relevant for security printing are printing and other inks and
coatings which carry out more%substantial functions, in particular have
specific properties, such as, foir example, thermal and electrical conduc-
35 tivity, magnetic susceptibility, dielectric, optical and elasto-mechanical
anisotropy, fluorescence or phosphorescence. It is also possible for the



15 are applied to the first LC |layer applied to a substrate and cured in the

first step ein%r) bed above, for exanple by neans of a suitable coating and
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2005/ 049703 P%'I(;/ EP200%/01F4{56 .-1§_¢§raot agh totbe'algﬁ‘lfeiscﬁd tQ hﬁve {10
optical effect™®JHONEE' Bt O AHVER yer fijtodng xiractio UNASE8mMARY i on
wi th t hel&oat iomdy inrvapfationi ofghefpoldrisationeand tyloug sefecties refléction®ropger . The
optical effect;: inf .o N ot Qi ﬂ%- r.
Furt her nore, :h%gr@éﬁl%ﬂ%@?r,gﬂéﬁﬁﬁonlé(?ﬁ%@ilc%ﬁ%{]gﬁ{rh%bﬁtg:%les%Oa | Iplgs may have
functional pr @seperties of she Bxtiactidromeditinmer @nez:or ngossegnsiituents thergof.ace,
scratch resi sty le 2ciltdl HopGRE! WRiRh Vi8I Bl polyinériddd NRE L RfyRF ' ed
enbodi nent of t h??(larm%’?? on, tOEe t(:iéfi\#’f isi on o@ggrﬁgﬁh éd{:‘q onent ﬁout of a
gi ven LC | ay_ercai‘_rﬂ'ﬁuﬁ%éubﬁ th&dtatt%lnﬁ%ﬂ]%%tr%@nt@_e%m wiyc ’n'f}l"i’q{;wf%rri ation
of the pld ari xahtple, sieraatioHatFEe| &gidrences tistih aNtHE ARG of ifsswaé, the LC
| ayer, but al§0|n ITDFIfICﬁtllOP of the optical or rea%ctlve : :

or example, of cholesteric nature, experiences variation of its twist condi-

tions and thus anisotropic properties. In a further preferred variant of this

embodiment, extraction takes place out of the LC layer into the extraction

medium of reactive constituents which are capable of reacting chemically

20 with one or more components of the extractant and initiating, for example,

curing thereof by polycondensation or polyaddition.

The design variants of the present application are distinguished by the fact
that the change in the colour- and polarisation-selective reflection proper-

25 ties of an LC layer brought into contact with the liquid extraction medium
takes place very rapidly, preferably in the region of 1 second, particularly
preferably in the region of less than 1 second. Similar times may relate to
secondary reactions to be taken into account in the extraction medium or
one or more constituents thereof which, as already described, may in

30 certain cases be initiated by components extracted out of the LC layer.

In contrast to US 6,071,438, the extraction media or the extraction constitu-
ents of these media penetrate completely and uniformly through the LC
layers in the method according to the present invention. The fact that

35 homogeneous extraction is induced throughout the layer thickness of the
LC film means that a gradient of the helical pitch, the network density or the



properties of the extraction nediumor one or nore constituents thereof.
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ball-point pen.

In a particularly preferred embodiment, the extraction medium is applied

20 with the aid of commercially available ink-jet printers, for example from
Metronic AG. For example, ink-jet devices of the "AlphaJet” type and ink-
jet devices of the "BetaJet" type have been used. "AlphaJet" devices work
in so-called "continuous flow operation" and use inks based on fast-
evaporating solvents. "BetaJet" devices work in so-called "drop on de-

25 mand operation" and use inks which are preferably free from solvents to
be evaporated. Both methods are known to the person skilled in the artin
respect of their technology and their advantages and disadvantages. Both
technologies are suitable for the method according to the invention since
the extraction medium to be printed can be adapted to both ink-jet printers

30 corresponding to the said compositions. The inks here may additionally be
warmed, influencing their extraction properties further. It is also possible to
print pure organic solvents or solvent mixtures if these are provided, for
example, with corresponding conductivity additives for use in a continuous

ink-jet process.
35



range between O0C and above 200C and are in particul ar dependent on 10 the
mel ting, phase-transition and boiling points of the nedia enployed and of
the LC | aerV%?“ﬁ%‘”m?di fied. A particular role is also pIP%r 2?‘%4”@:246? t he
thermal conductivity of the LC | ayer and14f the substrate or support
material. Al conventional printing nethods can be used, for exanple re-
lief, gravure, flexographic, offset, screen, enbossed or ink-jet printing,
15 where, for the purposes of the application, printing nmethods are al so
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adapted to both ink-jet printers 30 corresponding to the said conpositions.
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the volatile solvent conponeiit present extra i thef renoved at

el evated t enp&PAIRY @ngPrinding Bl sanyenfianat Prifing Me{Bods AABREHSEdk R act ed out
of the US | ayexaiipi@vaief, §ragurs)dles8giphidlioffabt, &crser emiossBeprirdinger i s
preferably Carirh(i-jee?eglﬁ)trin{ilﬁg,thheeat seal printing or other transfer printing methods. For
the purposes of the application, printing methods are also those in which
the cholesteric film is applied, for example, by means of a fountain pen or
ball-point pen or other writing instrument.
20
The layer thicknesses of the LC films are preferably between 0.5 and
10 ym, particularly preferably between 1 and 5 um and very particularly
preferably between 1.5 and 3 um. These low layer thicknesses, in con-
trast, for example, to Patent Specification US 6,071,438, make a particular
25 contribution to the implementation of the method according to the inven-
tion and its embodiments, since the extraction media are able to penetrate
completely and very rapidly through the LC layers.

The degree of polymerisation or the network density of the cholesteric LC
30 layer determines to a great extent the colour effect that is achieved during
treatment with the media according to the invention. If the network density
is too high, it is generally not possible for components to be extracted out
of the LC layer. In an embodiment of the invention, the drying of the LC
layer is therefore controlled in such a way that a certain proportion thereof
35 remains unpolymerised. The maximum possible network density thus
does not arise. This is carried out, for example in the case of drying by
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attack the m-or- the applied secondary print or are rom
group (c) nentioned above. 10 The cholesfléric LC filnms subjected to the
attack by the liquid extraction nediumare applied to suitable, in

particul ar chem cal-insensitive print substrates with the aid of
conventional printing nmethods. Suitable applica- tion nethods are in general
di ppi ng, spr ayfeggradics! pelyreerisation, thiough te cheice of reletivelngnseartiyei nting. Al

conventi onal F&bh’fﬁdr{&té‘ffbh@%mg@thl? g}?ﬁ\% uée%f Hﬂ%n%éé‘%tés"r%té&ﬁ of gl-avure,

fl exographic, offset, scree i nk-jeted print|ng, heat

seal printing o trigarnigtes P'éﬁ%'ﬁ’@ﬁh%"l’lﬁﬁﬁigsﬁ?@ﬁrﬂf&@rym@s V\th%e BOPPRIIBE of t he
application, wmﬂdmbhrwc@@éwﬁuﬁgw |@hwtrl‘um&ndmmw§ﬂ9 atd@ere%b@h@m gric film

other wi o ng%nﬁm‘)m@'a%% o R R Eoe Wi ek fle o ©"
pr ef e(rja\tzle?/ betl{\éiwdlﬁtlﬁrr ahch:gl?mhmltop@,rtheeuté@ém yomﬁftm‘taiml in tbetd;\;aag \kﬁgde?
Phi cknesses, " AimeSHhSlE, Yuoblof (e ohamERttFEAnd RaBB &rdefies RSO 08" ' &
6,071, 438, nukase gfaatiovicl polyrdErisatian, ivisautheasonoentration o ienie phatdinitia-of t he
met hod accord 6':% cSRné%??M?Iiﬁ%Hc tdf%ﬂn@@&méﬁi%tﬁ’rﬁtb‘?& W%ﬁsorﬁbﬁ?%léégﬁe b hr ough

extracti I a are net ver
the LC | er s dispasserd §F suspengrsd oarstituents hﬁLCHeyerear@cﬁlao aumleiorof t he

chol esteric Lgen%q}t,hgr % gg,q-ﬁéﬁgarﬁgﬁ tb PrécaHEShly Sdsipletdlg col our effect that

i s achi eved during nent w th the nedia accordlng to the invention. If
the network density is too high, it is generally not possible for
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network so that they are extractable. The polymerisable LC layer prefera-
bly comprises one or more such components.

20 In a further preferred embodiment, the polymer or polymer network of the
LC layer comprises components which cannot be polymerised into it ow-
ing to their structural nature, and are thus extractable. Particularly pre-
ferred extractable constituents of the LC film are components which are
unreactive in the sense of photopolymerisation, in particular in the sense

25 of free-radical or cationic photopolymerisation. The polymerisable LC layer
preferably comprises one or more such components.

Particular preference is given here to chemically unreactive or non-poly-
merisable chiral dopants which are introduced for the purpose of influ-
30 encing the helical pitch of the cholesteric liquid crystals. If these constitu-
ents are completely or partially removed again by extraction out of the
completely or partially cured LC film, the result is a change in the reflec-
tion properties of the LC film, which is evident in a shift of the reflected

wavelengths into the higher-energy region.
35
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hi gher - ener gy foreayiaomple 3particularly good wetting of the LC layer with the extractant
and adhesion or chemical bonding of the LC layer to the extractant can be
achieved.
20
It is also possible to cure different regions of an LC film to different extents
by varying the UV irradiation power in time or location and to coat them
with an extraction medium in such a way that the less-cured regions are
attacked to a greater extent than the better-cured regions, giving rise to
25 different colour effects.

If only partially cured LC films are employed in accordance with the inven-

tion, they are dried completely and cured in a third step, after completed

modification by extraction, with the aid of suitable methods known to the
30 person skilled in the art.

In a further preferred embodiment, in the reverse manner, firstly the ex-

traction medium is applied to a substrate, and the LC film is then printed

on top. The LC film thereby only experiences modification of its chemical
35 and physical properties in certain areas. It is also possible for regions to



WD 2005/ 049703 PCT/ EP2004/ 012466 -16 "Conpletely cured LC or |iquid-crystal
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known to the tsoledayemarkpnitee otherthandistresistard to attasle by gnedractign

enbodi ment, i fhddigm' TYSatRRiTRMEhe ditfattant ds'eRXibeliladhieqs Mediumis _
applied to a supstrate, and éhe LCfilmis th_eR printed on to(ﬁ). The LC film
t her eby 1%nl y éug%ﬁql@{t!@sc%% pUbAS 3 et o whigh gnlyKe unprotected re

gions, i.e. those not provided with the protective layer, of the LC layer ex-
perience a change in their properties. A further preferred variant of this
embodiment relates to a method in which, instead of a defined, transpar-
ent, firmly adherent protective layer, a mask which can be detached or
removed again is used.

20
In general, the method according to the invention and its embodiments
also serve to make unauthorised intervention in protected regions of secu-
rity documents, for example with the aid of the use of solvents, evident in
such a way that a clear colour change of the cholesteric LC layer then oc-
25 curs.

The LC material according to the invention is preferably a polymerisable
LC material having a cholesteric or chiral-smectic, for example chiral-
smectic C (or Sc*) phase, particularly preferably a cholesteric LC material.
30 The LC material is preferably a mixture of two or more compounds, at
least one of which carries one or more polymerisable groups. The poly-
merisable LC material preferably comprises at least one mesogenic com-
pound having one polymerisable group (monoreactive compound) and at
least one mesogenic compound having two or more polymerisable groups
35 (di- or multireactive compound).



35 and physical properties in certain areas. It is also possible for regions
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pol yner i sabl ePoutd nyhishiigloptianalypelymesisableandioomespgenic- snectic, for

exanple chiral- snectic C (or Sc*) phase, particularly preferably a
chol esteric L terial. 30 The, eri is preferably a mixture of two
Fohndiiaab Bawnds b

or nore conpofiRiénerigable mano-q blagf“ ﬁe@ﬁﬁ\lé%m%S@geawecw PGS WHIPner i sabl e
groups. 1Phe paley suitanie Sebine present ivemtiornass leian Yo thetpeiseaskilled igast one
MESOgent € COMye art or can be prepared by methods known per se, which are described
in standard works of organic chemistry, such as, for example, Houben-
Weyl, Methodn der organischen Chemie [Methods of Organic Chemistry],
Thieme-Verlag, Stuttgart.
20
Typical examples of polymerisable mesogenic compounds which are suit-
able for the present invention are disclosed, for example, in
WO 93/22397, EP 0 261 712, DE 195 04 224, WO 95/22586 and
WO 97/00600. However, the compounds disclosed in these documents
25 are merely intended to serve as examples without restricting the scope of
the invention.

Examples of particularly suitable and preferred chiral and achiral polymer-
isable mono- and direactive mesogenic compounds (reactive mesogens)

30 are shown in the following list, which is intended to explain the invention
without restricting it

P-(CH,),0 @COO@ R° (R1)

35



pound having one pol ymerisabl e group (nonoreactive conpound) and at | east
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mul tireacti %}@@%ﬁﬁ WD 2005/ 049703 PCT/ EP2004/ 012462‘3%%3"“1‘%224{59
pol ymeri sabl e corrpounds ment i oned above- 4%d bel ow are preferably nononers.
The pol ynerisable LC material preferably conprises one or nore poly 5

nmeri sabl e mesogeni ¢ conpounds and at | east one chiral conmpound. The chiral
conpound may be pol ynerisable or non-polynerisable. It may be a nesogenic

or non- rresogenl c co u artl cuI A\ ¥ i§ given to a polynerisable
LC material coRg o ne gentRor i quid-cryst #R2) ne
nmononer havi ng at I east oTre pr ef erab o—of nore, polynerisable groups,

and at |east one chiral com pound, Whl ch is optionally polynerisable and/or
mesogeni c. Pol ymeri sabl e mmpo-, di- nmul tireactive nesogeni c conpounds

\é\,t: ﬁhedg:snartehé%gﬁ_ggbs @ %bcﬁée nt mvggtl on are known to the person

) ped\ , t hods known per se, Reh are
described in standard works of organic chem stry, such as, for exanple,
Houben- Weyl, Methodn der organi schen Chem e [ Met hods of Organic Chem stry],
Thi eme-Verlag, Stuttgart. 20 Typical gxanples of polynerisable nesogenic
corrpounds whi ch are suit-_able for_the present invention are di SC'ﬁﬁﬁd’ for

exanpl e, / 397/ BR 1 1 24, V\095/22586(a WO
97/ 00603 Wev%&?" @E}rﬁ 0559@& e docunents 25 are nerely
i nt ende Oto serve as exanples without restricting the scope of the

i nvention. Exanpl es of partl cul arl y sui tabl e and preferred chiral and

achiral polyner- i sabl e and d actl sogeni ¢ conpounds (reactive
mesogens) 30 pr(@ e dO [och is intended t(ﬁSFXpl ain
the invention d‘ut r|ct|n
15
0
— 0
” P(CHz)X-OR (R7)
v

P-(CH,),0 @ CH=CH—COO «Q R’ (R8)
P(CHQ@—@ZR" (R9)

L), L),
” {PH =) o
P(CH,),0 Z — R

P-(CH,), o R11)

35 (F) (F)

25



P-(CH2)10 F\ COO R (R1) 35 WD 2005/049703 PCT/ EP2004/ 012466 -19 P-(CH2)XO

\ R (R 10 COO A R (R3) L' P(CH2)10 COO OAR
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P-(CH2)x0 R (RL1) 35 (F) (F) (F) V\D 2005/ 049703 PCT/ EP2004/ 012466 - 20
P- (CH2) x0 41 (COO), v CH2CH(CH3)C2He (R12) L1 (R13) 5 P-(CHZ)x0 coo COO
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20 P(CH2)x0o O Co L1 L2 (R18) P(CH2)xO COO CCO/_\ QCH)yP 25 L' L2 (R19)
P(CH2) XO r\ 6 CH2CH2 Q(CH2)yP 30 L' L2 P O C0202C F\ O T - P (R20)
~~ H P( 042)??%%8@0{0 o > 35 (R21) C OOCCH=CH z yOPetBF¥s¥iies

2005/ 049703 PCT/ EP2004/ 012466 -21- H P(ZHZ)x01 t+ rz u\ COO p (R22) 5 OCC
z AIFVOQCHYP (H (R23) O 10 P(CHZ)'OLO O z--1 " 1} CHR)YP H In the
formul ae shown above, P denotes a pol yneri sable group, preferably 15
acryloyl, nethacryloyl, vinyl, vinyloxy, propenyl ether, epoxide, oxetane or
styryl, x and y each, independently of one another, denote an integer from1l

to 12, A denotes 1,4-ny|0e whi ch vray al so be nono-, di-, tri- or
t et rasubsti t utRéGH NP n@- Z hexyl ene, u and v each, indep ntly of
D-of 1 ap o

one anot her, denote , denot e , -0OCO-, -CH2CH2-, 20 - CH-,

-C=C- or a single bond, R denotes a % OF N lray ATRUP,
ooc —@-{z VO(CHZ)YP

5
g R23
HO (R23)
P(CH,),0 @z@o 5 @Zﬂ O(CH,)P
10 u e} H“\ v

In the formulae shown above, P denotes a polymerisable group, preferably

15 acryloyl, methacryloyl, vinyl, vinyloxy, propenyl ether, epoxide, oxetane or
styryl, x and y each, independently of one another, denote an integer from 1
to 12, A denotes 1,4-phenylene, which may also be mono-, di-, tri- or
tetrasubstituted by L1, or 1,4-cyclohexylene, u and v each, independently of
one another, denote 0 or 1, Z° denotes -COO0O-, -OCO-, -CH,CH,-,

20 -CH=CH-, -C=C- or a single bond, R? denotes a polar or nonpolar group,
Ter denotes a terpene radical, such as, for example, menthyl, chol denotes
a cholesteryl group, r denotes 0, 1, 2, 3 or 4, L, L' and L? each, independ-
ently of one another, denote H, F, CI, CN or optionally halogenated alkyl,
alkoxy, alkylcarbonyl, alkylcarbonyloxy, alkoxycarbonyl or alkoxycarbonyl-

25 oxy having 1 to 7 C atoms. The phenyl rings in the formulae shown above
are optionally mono-, di-, tri- or tetrasubstituted by L.

H

The term 'polar group' in this connection denotes a group selected from F,

Cl, CN, NO,, OH, OCHj3;, OCN, SCN, optionally fluorinated alkylcarbonyl,
30 alkylcarbonyloxy, alkoxycarbonyl or alkoxycarbonyloxy having up to 4 C

atoms or mono-, oligo- or polyfluorinated alkyl or alkoxy having 1to 4 C

atoms. The term 'nonpolar group' in this connection denotes optionally

halogenated alkyl, alkoxy, alkylcarbonyl, alkylcarbonyloxy, alkoxycarbonyl

or alkoxycarbonyloxy containing alkyl having 1 or more, preferably 1 to 12,
35 C atoms, which does not fall under the above definition 'polar group'.

A preferred LC mixture comprises



Ter denotes a terpene radical, such as, for exanple, nenthyl, chol denotes
a chol ester r denotes O, 1, 2, 3 or 4, L, L1 an i hdepend-
ently of oﬁ@bgﬁgﬁﬁgﬁ? denote H, F, C, CN or optionally Eg#éﬁgﬁgﬁgﬁk§|ky|,
al koxy, al kyl carbonyl, al kyl car bonyl oxy- 24t koxycar bonyl or al koxycarbonyl 25
oxy having 1 to 7 C atons. The phenyl rings in the fornul ae shown above are
optionally nono-, di-, tri- or tetrasubstituted by L. The term ' polar group
in this connection denotes a group selected fromF, d, CN, NO2, OH OCHS3,
OCN, SCN, opt 8baae oy moergatitaastive aghikgl ang/eoeiral mepagnis cemppungs caid

al koxycar bony] or al koxycarbonyl oxy having up to 4 C atons or nono-, oligo-
or pol yfl uori AhOBG caMYTe rBenareaskye ashiralgnd/erchirat megagenic GprEPPERGS.
"nonpol ar group' in this conpnection denotes optionally hal ggepated al kyl,
ol kowy. i by WRers AL leashoRS B B GAPPERI NS ANt BFBRYses 8,chal corn:

al koxycgr bonypesyd.contai ning al kyl having 1 or nore, preferably 1 to 12, 35
C atonms, which does not fall under the above definition 'polar group'. A
preferred LC m xture conprises WO 2005/ 049703 PCT/ EP2004/ 012466 -22 a) one
or nore direaAtfurtbenptefeabd dtimixtushcomprisesogeni ¢ conpounds, and b) one or
nore nonoreactive achiral and/or chiral nesogenic conpounds, where at | east
one of the coaponewrnele direhdiye @shial mesogerihicoripatinss pound. A furt her
preferred LC nmixture conprises a) one or nore direactive achiral mnmesogenic
conmpounds, 10bbPne s neerenpproiaRelve achiraldnasegenic CRB¥OYEASC conpounds, c¢)
one or re non-pol ynmeri sable chiral conpounds. A particularly preferred LC
i xt ure conpr F5E8€ g nore nepolymarisalia ghiral cosyaUNGsrti cul arly preferably 5
- 40% of one or 15 nore direactive achiral and/or chiral mesogenic
conpounds, b) 50, - 75% of one or nore nonoreactive

30 -. 95% pr ef er ahl !
achiral and/ ByPaieylarly %%8&@?&%@%‘&6%&8@@8% further preferred LC
. . ' g ] 0 .
[n ﬁ)(% eo;:ogﬁre%iss_ ﬁ%?prefgr%éiy gr-%fo%apbalrﬁcaarly %Pe@ra%% %'-%H"/%,r clné/or?er SF erably 5
15 more direactive achiral and/or chiral mesogenic compounds,
b) 30 - 95% preferably 50 - 75%, of one or more monoreactive achiral

and/or chiral mesogenic compounds.

20 A further preferred LC mixture comprises

a) 5 - 70%, preferably 5 - 50%, particularly preferably 5 - 40%, of one or
more direactive achiral mesogenic compounds,

b) 30 - 95% preferably 50 - 75%, of one or more monoreactive achiral

and/or chiral mesogenic compounds,

25
c¢) 0.1 to 15%, preferably 0.5 to 10%, particularly preferably 1 to 5%, of

one or more non-polymerisable chiral compounds.

The monoreactive compounds are preferably selected from the formulae
30 la-lg and li, particularly preferably Ia, le and Ig, in which v is 1.
The direactive compounds are preferably selected from the formulae lla
and llb, particularly preferably lla.

The polymerisable chiral compounds are preferably selected from the for-
mulae lk to Iq and llc to Il, particularly preferably Ik.

35



nore direactive achiral nesogenic conpounds, b) 30 - 95% preferably 50 -
75% of one or nore nonoreactive achiral and/or chiral nesogenic conpounds,
25 ¢) 0.1 tYO29850487®f erably 0.5 to 10% particul arly pr8FEEERI0Y/03246¢ 504 of
one or nore non-pol ynerisable chiral con@®unds. The nonoreactive conpounds
are preferably selected fromthe fornmulae 30 la-1g and li, particularly
preferably la, le and Ig, in which v is 1. The direactive conpounds are
preferably selected fromthe formulae Ila and Ilb, particularly preferably
Ila. 35 The peaytiotiarbaplefercdd chiralccompounttis aeechirat depahtsykremire oadthier om t he

2005/ 04703 P LRBBIy i ekbidlsy BEH Eticiitn B BV ALl ompounas

are chiral dophasas.known fromthe prior art which are enployed for the
production of twisted liquid-crystal phases. 5 Suitable dopants are
selecteg, for exanple, fromthe conmercially avail- able conpounds

chol est &ryl nStiabletdopants arecselectad, rexamptesiroguthe canmepgially avik- 301 1 or

% b gh tw ot oo heipotTRAGIE ery TRieNBHIA(CN), GBS e L RO el ar
derivatives o%ﬁT%yB’éMﬂt %rlngl,s‘éﬁéﬂm @@%‘%&‘@@s&%m%?qt)-i s@#ﬁHﬁﬁVol or
iditol, partieuitasleyar@debanhtbhavingasfigihiwieting power; foriexamplé@ehialscl osed, for
exanple, in WO 98/804233" Pr ef errﬁgée i,S.f L{J’t her-d. %e i vetn t o hydrobenzoin
derivatives, S49dRIValNgS: PRAriUlapHenvatyes gidi §f‘géﬁf‘,' OlsniSugh as
bi napht H{l s, #&osdesitoljibemhanhitol enxiditpl| particolang pre@iraBgisosarbitoladerivianapht hol s,
as descri bed, | i } escri bed,
for exanpl e, FI&Q%/\B%S@%QE%% %éﬁgagﬁéjﬁwgoﬁggﬂ%éjﬁggé@%% r%elqhat ed
bri dgi ng gr oumarediven to hydrabeozoio elerivatives; lasragscijbedpfor &xanyde rinbed, for
exanple, in 1Al g,gﬂsg ; iAMResli ment, the
LC materi al \é\o@r%r%i seég%%%%r e’r5&-S &%&IBea’ Rfr"ef)éH.;ﬁg, i

02/94805, chiral binaphthols, as described, for example, in WO 02/34739,

15 chiral TADDOLSs, as described, for example, in WO 02/06265, and chiral
compounds having a fluorinated bridging group and a terminal or central
chiral group, as described, for example, in WO 02/06196 and

WO 02/06195.

20 In a preferred embodiment, the LC material comprises up to 70%, prefer-
ably 1 to 50%, of one or more non-mesogenic compounds having a poly-
merisable group, such as, for example, alkyl acrylates or alkyl methacry-
lates having alkyl groups having 1 to 20 C atoms.

25 In a further preferred embodiment, the LC material comprises up to 40%,
preferably 1 to 20%, of one or more non-mesogenic compounds having
two or more polymerisable groups, such as, for example, alkyl diacrylates
or alkyl dimethacrylates having 1 to 20 C atoms, or polyfunctional cross-
linking agents, such as, for example, trimethylpropane trimethacrylate or

30 pentaerythritol tetraacrylate.

In a further preferred embodiment, the LC material comprises one or more
chain-transfer reagents, for example thiol compounds, such as dodecane
thiol or trimethylpropane tri(3-mercaptopropionate), in particular liquid-

35 crystalline thiol compounds. The free chain length of the LC polymers or the



ably 1 to 50% of one or nore non-nesogeni c conpounds having a poly-

nmeri sabl e as, for exanple, alkyl acrylates o t hacry-

| at es havi %ng%{/qw@?oups having 1 to 20 C atons. 25 In gcf)&w(i%)ﬂﬁﬁgﬁgferred
enbodi ment, the LC material conprises up4e 40% preferably 1 to 20% of
one or nore non-nesogeni ¢ conpounds having two or nore pol ynerisabl e
groups, such as, for exanple, alkyl diacrylates or alkyl dinethacrylates

having 1 to 20 C atons, or pol yfunctional cross- linking agents, such as,
for exanpl e, chaindengthhedwear tivoionesshiakingl paivtswan, $or gxampler be eduesd

tetraacryl at ey, LRqRiohWridleh rgégé,%r ed enbodi ment, the LC nmaterial conprises
one or nore chal n-transfuer reagents, for exanple thiol conpounds, such as

dodecane thiol or trimethyl propane tri(3-mercaptopropionate), in particular

liquid 35 crygfafitid greferted empodifient, TheL ErmaterRAnrtompeisgs Bnefortridrel C
pol ynerg or t he WO 2005/ PI | EP2004/ 012466 - 24 chéu n ibepagﬁpr} bet ween
(2]

0349703

two croSsl i nkPAYMESicRIPLYRersable BOr diRpersignaids, asydesfy of such
reagents. |n exdraplehén \VWYO&6#025a87 enbodi ment, the LC material conprises one
or nore 5 polyneric or polynerisable binders or dispersion aids, as
described, for exanple, in WO 96/02597. The pol ynerisable LC material may
al so conpri seThepohanersatie hénmatenal nzays alsoaonsprissuftinthas cofmponexta e,
catal ysts, SCASULERR SuchlPdd SEifoleCbRa st SehbMES (L ARARES! chain.

i nhi bIt?QS, conononer's, surface-active sudstdnces, plasticlsers, wetting
agent s, 'di spetransfer seagents,| ishibitors, comanpsngrs, svifaerartive suksianees,

hydr ophobi ci s} i ! W/ } l agents,
deaeration orb gggggﬁlg’%%ﬁ? géﬁﬁl Iaﬁgﬁﬁs@n Ea‘edaé(’:tﬂiaeg&%rﬁforlégﬁmss’, gggg

col orants or [RAyeERE dydiephqbigisingragesits, fdhesiqreadentsotewagents, @otic C mat eri al

conpri ses onefgimifgrayends didderston Bpﬁem 8géntsf ameerns! fegetie BFhances,
whi ch induce or r al i gnnment of the LC nol ecules on the

- infqgrce,a pl anar
substrate. Sup?%sé!es* Q@Q%BEPW%OM to the person skilled in the art

and arel8escri bed,

In a further preferred embodiment, the LC material comprises one or more
additives, for example surface-active substances, which induce or re-
inforce a planar alignment of the LC molecules on the substrate. Suitable
substances are known to the person skilled in the art and are described,

20 for example, in J. Cognard, Mol.Cryst.Liq.Cryst. 78, Supplement 1, 1-77
(1981). Particular preference is given to nonionic compounds, for example
nonionic fluorocarbons, such as the commercially available Fluorad FC-
171® (3M) or Zonyl FSN ® (DuPont).

25 In general, however, the shear forces which occur during coating or printing
of the LC material onto the substrate are sufficient for the spontaneous
formation of a homogeneous, macroscopically uniform planar alignment of
the LC molecules in the cholesteric phase.

30 The coating or printing of the substrate with the LC material is preferably
followed by a drying process, which is preferably carried out under inert
gas (for example nitrogen or argon) owing to the polymerisable curing
constituents of the LC material and the particular sensitivity of the planar

structure to chemical and physical influences.
35



20 for exanmple, in J. Cognard, Ml .Cryst.Liqg.Cryst. 78, Supplenent 1, 1-77
(1981). Partic r preference i s given to nonionic conpounds, faor exanple
noni oni ¢ fl\&&zg@% s, such as the comrercially avail abFET/IEIPEﬂ??/ﬁH“@C-
171(r) (3M or Zonyl FSN (r) (DuPont). 2%tn general, however, the shear
forces which occur during coating or printing of the LC material onto the
substrate are sufficient for the spontaneous formation of a honobgeneous,
macroscopi cal ly uni form planar alignment of the LC nolecules in the

chol esteri c phea éurttsdr stap, thedtC tayesis poatatiargrioted iththe sxtractanti The t he LC

terial | | i i eh i ferabl
carried out U L@t@ﬁﬁ?&%‘!’fﬁ%e}%* SENBILCETRr 1 ShEfIntcouer of erabl y

) exanple nitrogen-or argon) owng to the
pol yrrer i sabl eshait-waye regindt, iunteuphedgegians remaimueehangethd t he particul ar

sensitivity of the planar structure to chem cal and physical influences. 35
WO 2005£049703 PCT/ EP2004/ 012466 -25 In a further step, .t LC | ayer is
coated Jr pritittog Wﬁtﬁ?ﬁméhﬁm%t MeRFAtIoNLN GURG; ﬁﬁﬁrkgggé@één%' se the

col our of th?tdk@s'p?;dﬁ, ﬁr@fegbblfytbtyi théAtrridme V\{imf‘aﬁt?ﬁd\m&at{cﬁg:%@h aghfarush te_cl

regi ons renmai n_unchanged. L.n.the next ste ‘ti.al pa risation or
Coling ot neamed A aiatn 3rt i e e SeE BV ikt Fa eyt br A bk B o wth
acti ni cI r adi aKirags, mmmaasaysfmrhiglx-energlm articlesasiiieht asnfonekampleghons on
articular UV_Li i aht i S i - : LS Of

Ei gh- enﬁr ay psﬂretC ﬁ@b%s#%kz@ﬁﬁgﬁfy%ﬂpé%@ﬁﬁ%@{)I’(l)%tgégw ée‘?%%@%s‘.g articul ar
pr efere 9;3 L@CQEVEQ'W@W"UW yaesiof AV tight. Fhepadtatlfa;/@oum&nus@c?meri sation
y mans o [ r e 1 SR e e, an

i ndi vi dual Uvb{e’aﬁ_> bé?@%’e%?‘e’?‘%@“ b@l i élér}rﬁgﬁ%d?]er %Qs_silé)llﬂgé'ra I ation
sources are, P6$Sr}8|>€a{ﬁ9!€8',onl sqyicee e, fonexarapies ghtcrmEHRg semicandustarsps or

sem conduct or gl@s 8§ $EDN of S&RIcONANCER TSRS, ordHSErsAR ddvieralagaép as U/ | asers or
| asers in the visi l?hgﬁwavel exa , It is possible to

enpl oy one or 13%6F% %%rﬁprﬁggérgriégg‘lﬁ?’giblégﬁl‘:fg,[ ngal E&:Hgoi ng an irradi ance of
10 mW cA®R, which are arranged
For example, it is possible to employ one or more mercury low-pressure
lamps, each having an irradiance of 10 mW/cm?, which are arranged
transversely to the running direction of the substrate during the coating
process. Owing to the favourable temperature profile of these radiation
20 sources, further heating of the LC material during the drying operation
does not occur. The extent of the polymerisation can be controlled via the
number of low-pressure lamps employed and the prespecified curing rate.
Thus, for example, a dry, but non-stackable LC layer can be produced. As
this is not fully cured and comprises a non-polymerisable or unreactive
25 chiral dopant as extractable constituent, this has the ideal prerequisites for
implementation of the method according to the invention.

The polymerisation is preferably carried out in the presence of an initiator
which absorbs the actinic radiation. In the case of UV photopolymerisa-

30 tion, use is made, for example, of a photoinitiator which decomposes on
UV irradiation and in the process liberates free radicals or ions which ini-
tiate a polymerisation reaction. UV photoinitiators are particularly pre-
ferred. Such photoinitiators are known to the person skilled in the art and
are commercially available, such as, for example, Irgacure® 907, Irga-

35 cure® 651, Irgacure® 184, Darocure® 1173 or Darocure® 4205 (Ciba AG)
or UVI 6974 (Union Carbide).



transversely to the running direction of the substrate during the coating
process. Opng to the favourable tenperature profile of these radiation 20
sour ces, fJW?%@PmH%@?ing of the LC material during the d??*@ﬁﬂ%ﬁgVﬂWion
does not occur. The extent of the pol yrf€ sati on can be controlled via the
nunber of | ow pressure |anps enployed and the prespecified curing rate.
Thus, for exanple, a dry, but non-stackable LC | ayer can be produced. As
this is not fully cured and conprises a non-pol yneri sable or unreactive 25
chiral dopant as extractable constituent, this has the ideal prerequisites
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ferred. Such ghipkeitman irpdher Sas’ 6F paidcUrfgt st S3@NeMIE sSkbhleflionhll the art and
are commercially. avail able, such as, faor éex | e, Irrgacure r) \Z/%Bz Irga 35
cure(r) 651, TEYiEREsSUre samprhaning o 4LV jradiancet, for SXaBEs | WASH: (Gl ba AG)
or WI 6974 (détren thauV tr)iatiofpbas8ss hAQdhtheTC RO GdtH LR 46@leva | n the
next step, the fi.nal, curin f tk@ previ ously onl Ipargl aLll\ly cured LC | ayer
opti onal Ly t 4898 iBiateasty. Fhathe L& r69igns RorereBiow figh UM IBMRGE s now
much | e38 senalsoifnally cuteshtSemsitivity itoghe extréictapt isgemeealtf nalorgepipeed ¢ 5
oxygen. The Tidal ¢ Wthé‘ﬂnéf%&{r@é?( @ﬂ&mﬁg{e{ bdeRto 4R %Qné‘e%érﬂ%er

€ caSe of pa or

radi ati on source an’in Ial”~curing, exanple a

convent i onal befest the pugure | anp having a W irradi ance of, for exanple, 1
WcnR, so that the UV radi ati on passes through the LC |l ayer without a
relevant drop in intensity, and the LC regions _nore renpte fromthe UV | anmp
are 10 al so fi?ﬁape§sanrB@Negérmginrptﬁqﬂyetc@agmwév&h@dnmsm\se treerainl y no

| onger pbe- s@uistahdey cahalsbl Bhpplied HAhRILC fayeP il 8T88fh Rt Blitabke t he sane
extent as be{ﬁ)gre_ the curing. If ne.Cﬁssari)(, hovgaver, a ,Rr ot e(f:tl ve coating
whi ch i s i nsel9ithis\puUrpese arg commercially available radiation-curing coatings, for

example of the 806.961 type from Sicpa.

The following examples are intended to explain the invention without re-
20 stricting it.

Example 1

In a first step, the polymerisable cholesteric LC mixture C1 is printed onto
25 a blackened polyethylene terephthalate film via a flexographic printing
machine heated to 70°C.

c1:

30 (A 17.65%
(B) 37.47%
(C) 32.26%
(D) 3.69%
(E) 4.86%

35  Addid 900 1.00%

Irgacure 369 2.99%



15 substances can also be applied to the LC layer in a fourth step. Suitable
for this pu?%% commerci al ly avail abl e radi ati on-cury i , for
exanpl e of the g%(g@gogl type from Sicpa. The follow ng exg)!r?gﬂ:gg&g}rogﬂ?ﬁtended
to explain the invention without re- 20-8fricting it. Exanple 1 In a first
step, the polynerisable cholesteric LC mxture C1L is printed onto 25 a

bl ackened pol yet hyl ene terephthalate filmvia a fl exographic printing

machi ne heated to 70C. d: 30 (A) 17.65% (B) 37.47% (C) 32.26% (D) 3.69%
(E) 4.86% 35 hganexd0d61088% |rgacure 369 2. 99% WO 2005/ 049703

PCT/ EP2004/ 012466 -27- Irganox 1076 0.08% 5 CH2=CHCOQ(CH2) 60 -C~ COO & OCH3
(A) CHZ CHCOQ(CH2)60 COO a CN (B) 10 CH2=CHCOQ(CH2) 60 COO C3H7 (C) CH3

15 CHZ CHCOQ(CHzZ) 30 ~' co Cco a Q(CHZ)3000C=CHz (D) i a

5 CH2=CHCOO(CH2)GO© COO ‘<i>—ocl-|3

CH,=CHCOO(CH,),0 @ COOOCN

(B)
CH,=CHCOO(CH,),0 @ felo @_QCSH7

(C)

CH,
15
CH,=CHCOO(CH,),0 @ co oco @ O(CH,),0COC=CH,
(D)

(A)

10

20 C5H11

(E)

25 Compounds (A), (B) and (D) can be prepared as described in D.J. Broer et
al., Makromol. Chem. 190, 3201-3215 (1989) or analogously thereto.
Compound (C) is known from GB 2,280,445 A1. Compound (E) is known
from GB 2,328,207 A1. Irgacure 369® is a commercially available photo-
initiator (Ciba Geigy). Irganox 1076® is a commercially available stabiliser

30 (Ciba Geigy). Addid 900 ® is a commercially available adhesion agent
(Wacker GmbH).

The cholesteric mixture C1 comprises, in an amount of about 4.9% by
weight, a chiral dopant (E) from the class of the dihydrobenzoins which

35 does not contain photopolymerisable functional groups. The film has a
temperature of about 20°C.



HO 20 HCS Oo CGH' OH... [/ (RR (E) 25 Conpounds (A), (B) and (D)
can be prepared as descri bed in D.J. Broer et al., Makronol. Chem 190,
3201- 3215 (Y§5¥)S¥P7%nal ogously thereto. Compound (C) i POTFSAPPHOI4%6 B
2,280,445 Al. Conpound (E) is known freR8GB 2,328,207 Al . Irgacure 369(r)
is a conmercially avail able photo- initiator (C ba Geigy). Irganox 1076(r)
is a commercially avail able stabiliser 30 (Cba Geigy). Addid 900 (r) is a
comerci ally avail abl e adhesi on agent (Wacker GtbH). The chol esteric

m xture C conpri ses in an anount of about 4.9% by weight, a chiral dopant
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ta
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as requited. Tiwintimatifipelatestd mages drad thavedtery udtl'_;e oglevfof affewliém yer under
T adi ot ed wi t16 THEAEE PR IRARREL | 2al afon sources enpl oyed here are.
mercury | ow pressure |anps, each having a UV-C irradi ance of 10 nWcn2,
which are arrgpagk application is followed by drying of the LC layer under an inert gas
(nitrogen or argon). For partial curing, the LC layer is then irradiated with
15 UV light. The radiation sources employed here are mercury low-pressure
lamps, each having a UV-C irradiance of 10 mW/cm?, which are arranged
transversely to the running direction of the film. Owing to the favourable
temperature profile of these radiation sources, further heating of the LC
mixture during the drying operation does not occur. A drying rate of
20 20 m/min and an irradiation separation of 8 mm gives a dry, but non-stack-
able LC layer with a thickness of 2 um which is not fully cured and com-
prises an extractable constituent in the form of the chiral dopant.

In a second step, part of the LC layer is printed with an extractant with the
25 aid of a Metronic AG ink-jet printer operating in continuous flow operation.

The extraction processes shift the colour of the LC layer into the short-wave

region, unextracted regions remain unchanged. The ink consists of a

mixture of the solvents 2-butanone, ethyl acetate and acetone as well as

binders, flow-control agents, wetting agents and assistants which together
30 give a solid, transparent ink film after evaporation of the solvents.

In a third step, the final curing of the previously only partially cured LC
layer is carried out using a conventional mercury medium-pressure lamp,
so that the UV light passes through the ink-jet print from the second step

35 without a relevant drop in intensity, and the LC regions located there are
also finally cured.



transversely to the running direction of the film Oamng to the favourable

t enper at ur Jok f these radiation sources, further he LC

m xture dus}ltﬁg&]&th 6378$y| ng operation does not occur. A dr% ra‘{/‘%‘1 20 20
mmn and an irradiation separation of -8@%m gives a dry, but non-stack- able
LC layer with a thickness of 2 pmwhich is not fully cured and com prises
an extractable constituent in the formof the chiral dopant. In a second
step, part of the LC layer is printed with an extractant with the 25 aid of
a Metronic AGink-jet printer operating in continuous flow operation. The

extraction prlﬁ%‘?ﬁéﬁtﬁ)nﬁ?'fcﬁdrtﬁ 5 #afﬂé’é'ure@fLG T%le'fq‘s t&eH With 8 grBfechier t - wave

region, unextracte ions remai n unchange he I nk consists of a mxture
of the sol verficd 'ngWh'ﬁ b?nlé‘seE?'HW te,cRHtAINSURSIANGESt one as wel | as  bi nders,
fl owcontrol agents, wetting agents and assistants which together 30 give a
sol id, %ransparent ink filmafter evaporation of the solvents. In a third
step, the final curing of the previously only partially cured LC Ilayer is
carried out using a conventional mercury nedium pressure |lanp, so that the
W light passes through the ink-jet print fromthe second step 35 without a
relevant drop in intensity, and the LC regions |ocated there are also
finally cured. WD 2005/049703 PCT/ EP2004/ 012466 -29 In an optional fourth
step, the cured LC layer is coated with a protective coating which is
insensiﬁ've to certain substances. 5 10 15 20 25 30 35 -30- Patent

Cl ai nms Met hod for the nodification of the optical properties of

pol yneri sabl e
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or polymerised chiral liquid crystals, characterised in that it com5 prises
the following steps: i) application of a first |ayer of a polynerisab(e or

curable chiral Iliquid-crystal material-3®-a support, ii) partial or
conpl ete polynerisation or curing of the first layer of 10 the
pol ynerisable chiral liquid-crystal nmaferial, iii) application of at |east

one further layer of one or nore extrao tion nedia by nmeans of a printing
method to the partially or fully p@ayssgyChlighsor cured first |iquid-crystal
| ayer, and iv) where appropriate conplete polynerisation or curing of the

first 15 liquid-crystal |ayer and/or one or nore of the further %@{\_/}er s. 2.
Met hod. accor di ngMeshes! fanihe mediBisaiionesh the pptigak PapeftRs ?fcﬂci}?ﬁ_ﬂ?f‘é e

li quid-crystal mbﬁbbghérfs@ardwu@@id@?ﬁéfs%ﬁa@m ie tRat ttam-d-

crystal lj ne nonomer, cont a# ing at, | east” one pol ynerisable group and 20 at

| east ofe chiral PHABDHIRICIGHEhSERSopt i onal |y pol ynerisable and/ or
mesogeni c. 3. Method according to.at, |east one of .Cl.ains 1 to 2, .
characterised in 'tha?PP%@qMQf&E'ﬁsg#?yﬁé&%arﬂq?ﬂ“ﬁ”%q%’ﬁtwﬁbq@&f‘%ht m xture
whi ch can-. not be pliGyidesrystatimatdriaing @ddppont; by nmeans of free radicals
or. is un 25 reactive to cationic or free-radical polynerisation. 4. Method
according to at | @pst part&l of cGnpiets pblyroedsativmaorantring afdtieifinst layeit oft he

extraction mediumis %éBbixlﬁiétrisgbles _iyﬁqﬁhgméé&g{a@%%ﬁ%’ can be pol ynerised

cationid& Iy or by neans“of frée radicals according to at

| east one of Caiyg 'ab@l’if]atimé}q %t*&%dfu' er Id)3k o¥ BRe ®f mdteld@otedi um
conpri ses one. or re solvents select .rom the_ftaollow ng groups (a)
nonpol ar aprotic sol vERR4NEHAI Bhmeans of fpnindng snethed terthe partially enfully

diel ectric constants, pelyhersedexaured fiestdkndd-drostat I3=remed car bon
tetrachl ori de, dioxane, diethyl ether or tetrahydro- furan, WO 2005/ 049703
PCT/ EP2004/ 012466 iv)- 3Where appropriate complete polymerisation or curing of the first

15 liquid-crystal layer and/or one or more of.the further layers.

2. Method according to Claim 1, characterised in that the polymerisable
liquid-crystal material comprises at least one mesogenic or liquid-
crystalline monomer containing at least one polymerisable group and

20 at least one chiral compound, which is optionally- po'lymer-iséble
and/or mesogenic.

3. Method according to at least one of Claims 1 to 2, characterised in
that the extraction medium is a solvent or solvent mixture which can- .
not be polymerised cationically or by means of free radicals or.is un-
25 reactive to cationic or free-radical polymerisation.

4. Method according to at least one of Claims 1 to 2, characterised in
that the extraction medium is a solvent or solvent mixture which can
be polymerised cationically or by means of free radicals.

30 5. Methpd according to at least one of Claims 1 to 4, characterised in
that the extraction medium comprises one or more solvents selected
from the following groups

(a) nonpolar aprotic solvents, which have small dipole moments
and low dielectric constants, such as hexane, benzene, tolu-
ene, carbon tetrachloride, dioxane, diethyl ether or tetrahydro-
furan,
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(b) polar aprotic solvents, which have |arge dipole nonents and high

dielectric Wfo%%ﬁﬁos such as acetone, nitrobenzene, di- E‘&Zﬁﬁﬁh&ﬂﬁ%ﬁ“ de,
i de, et hyl

di met hyl sul foxi met hyl ethyl ketone (2- butanone) or acetate, and
5 (c) protic solvents, which contain hig ﬂy polar OH or NH groups and are
able to form hydrogen bonds to other nol ecul es, such as nethanol, ethanol,
et hyl ene glycol or aniline. 6. Method according to at | east one of Clains 1
to 5, characterised in 10 that the extraction nmediumis a printing ink. 7.
Met hod accor di ng (B aPolasaprotimsolyents; whigh haveplagge dipplepranerisand, t hat

tCIhe' ext rlafti gn mﬁdi U”][nigfh_ @iééﬁ&rﬁ@?@ﬁ‘éttan%- sNﬁrﬁ %%cét‘&r{&,‘ﬁitﬂ&bér&eﬁb, beast one of
ai ns o 7, characterjs in fhat,. extractjo m cogpri ses one
or nore dyes and/ or pﬂb‘?fb)ﬁl?%’mqmidghd%§gytﬁliﬁf9xf W?@Wg?ﬁglféjﬁoﬁﬁ(gyble

regi on of the el ectrowatareine) or etiedtacetate Sandvet hod according to Caim8,

charactgyised in that at |east one dye and/or pignment is fluorescent. 20
10. Met hod accordiec)y pootat sdlearsts, whichodonthiai highly potardQOHodreMEgreupsed i n
that the extraction ' e [ r ' ' cured
state 11, Method accandians 4t by Firfhysrsdeh paRBs B oA MbERuled, kit
functional 25 proper @sasethapobietdanapethylene glyedtariardineor mechani cal
nature. 12. Method according to at | east one of Clains 1 to 11

characterised6in Methpdiaesording ie ot lpasheae ofClaims: 1 428, ehrrasteriseddn nesogeni ¢

or |iqui cryst a&lﬁétﬁﬁe%@ﬂ@ﬁfﬁnéﬁiuﬁﬁ@%ﬂirﬁldgﬂnﬁpnsi sts of this (these)
com pound(s), which are applied in the pure state or dissolved in a

sol vent. 30 117-. W&ﬁdd%@:@fdih@% hPleaist bﬁé%‘fmélméﬂ t&B@bﬁ@ral;térBeMn that
characterised in  that e extr ctabl e constktuents of the first

t htl e a
i quid-crystal | ayd SXBACHYY MeGiUrpds YaRSPARAte, but non- or only partially
pol ymeri sed cqnmpo s, 14 t hod, accordin a at,least, one, of .al lto
5 ¥ ehar act er Foba Majndgsepulivg 18 5t RERELRE AT a1 1F ZohodBBct st 1F 0
l'i qui d- c1r5yst al | ayee extrasticrt medium comprises one or more dyes and/or pigments
which absorb in the visible or invisible region of the electromagnetic
spectrum.

9. Method according to Claim 8, characterised in that at least one dye
and/or pigment is fluorescent.

20 10. Method according to at least one of Claims 1 to 9, characterised in
that the extraction medium has further functional properties in the
cured state.

11. Method according to Claim 10, characterised in that the functional

o5 properties are of an optical, electrical or mechanical nature.

12. Method according to at least one of Claims 1 to 11, characterised in
that the extraction medium comprises one or more mesogenic or liquid-
crystalline compounds or essentially consists of this (these) com-
pound(s), which are applied in the pure state or dissolved in a solvent.

30 13. Method according to at least one of Claims 1 to 12, characterised in
that the extractable constituents of the first liquid-crystal layer consist
of polymerisable, but non- or only partially polymerised components.

14. Method according to at least one of Claims 1 to 12, characterised in
that the extractable constituents of the first liquid-crystal layer consist

35
of non-polymerisable components.



of non-pol yneri sabl e conponents. WO 2005/ 049703 PCT/ EP2004/ 012466 -32 15.

Met hod acc i t aim 14, characterised in that the
conponentsqggég(%ﬁ%?gﬁ non- pol ynmeri sabl e dopants. 16. Nefé’io.@gg@%*zgﬁng to at
| east one of Clains 1 to 15, characteris®l-in 5 that the first
liquid-crystal layer is applied to the support in step i) by neans of a

printing nmethod or a coating nethod. 17. Method according to at |east one of

Cainms 1 to 16, characterised in that at |east one of the further layers in
step iii) is &pplMethasyaeeding tofClaimpridncharpchariseddndhatthecextiactabiet hod. 10

18. Liquid-cr ySt8‘50’{‘bb%%%?Fﬁ?'ﬂgpﬁ‘gﬁkﬁ@im%%@%ﬂ%-t° at | east one of

the preceding clalns onprising one or nore |ayers of a

cured or pol yy@r - Mesfsh ﬁ&dralndﬂ'ooé{iléaé?crdh%téﬁcﬁﬁ%ﬁi@15,%@%&6%&%@ met hod
according to 15 rodu_sltbaaccor di ng

t least gne’of Clajns 1 to 18. 20. Print .
to daig 19, char'i@fg?q ﬁ@éﬂﬂwdrm%taﬂayebma&m\egée the supReft "gﬁéeﬂ) fringent
mar ki ng. 21. Pri nine@he & &t préitingy ietitbd 6r @b@g’;mgl&]eqho@_o, characterised in
that at |east one of the |layers has been applied using an ink-jet printer.

20 22. Print p7.odMethdthscawdimgotoi attleastidrie efcClairds rigot 16, atharactetisedhin of

regi on having a TYPLA B phP g plrtr iadersf sp i Bhdiee WipRbnnas o 7
| east one regi on o pnigting seetbad ooat ¢aadingehethiodct whi ch differs fromthe

first orl)bi cal effect through a shift of the optical reflection bands
t owar ds ' Yhe hi@hekiquigeerystal fitingmoduced py annethodasordiog de @it lepst ongtof| east

one of dains 19 Sihdrdsihiy - 30 ised in that at |east one of the
ce ins.
| ayers has an optfh%a’ﬁl%y v‘ahgicgﬁrgéconpo- nent for the production of optical

effects. 24. Pyl npripf pddeict 86HPFidingbricCotiote fer®Bea @uréd af pelyhtert 0 23,
character- . T . .
ised chiral liquid-crystal material, produced by a method according to

15 at least one of Claims 1 to 18.

20. Print product according to Claim 19, characterised in that it com-
prises at least one birefringent marking.

21. Print product according to Claim 19 or 20, characterised in that at

least one of the layers has been applied using an ink-jet printer.

20
22. Print product having a print motif according to at least one of Claims

19 to 21, characterised in that

i) the print motif has at least one region having a first optical effect,
and

25 ii) the print motif has at least one region having a second optical ef-
fect which differs from the first optical effect through a shift of the
optical reflection bands towards the higher-energy region.

23. Print product according to at least one of Claims 19 to 22, character-
ised in that at least one of the layers has an optically variable compo-

30
nent for the production of optical effects.

24. Print product according to at least one of Claims 19 to 23, character-
ised in that an optical effect is produced by the diffusion of compo-
nents out of an applied medium of a first layer into another, second

35 layer brought into contact therewith.



ised in that an optical effect is produced by the diffusion of conpo- nents

out of an i iumof a first layer into another, yer
br ought inf@aggﬁs?"é'gﬁ’gt herewi th. WD 2005/ 049703 PCT/ EP200§§@%§%’8€3E4J§§
Use of a liquid-crystal filmor print prdduct according to at |east one of

Clainms 18 to 24 as decorative elenment, security elenent, authen- ticity
element or identification element. 5 26. Security feature, authenticity
feature or identification feature conpris- ng a liquid-crystal filmor a
print product2%accdseiohg liaviderystalimaneriot praust ascaglingteat least onglent ity
document, banknot & CRfRkMiglth zipgél%Ef{lvatlvg'&éﬁ\éﬁtﬁs@buﬁ 'eﬂbmern?fétﬁﬁéh ve film

or optlcal data carrier provid i qui d-c¢rysta rI'm 10 or print
product accor di ngligity elemeaksf idendifigatian elements t o™ 24, 15 20 25 30 35

26. Security feature, authenticity feature or identification feature compris-

5
ing a liquid-crystal film or a print product according to at least one of
Claims 18 to 24.
27. Identity document, banknote, security document, ink-transfer film,
reflective film or optical data carrier provided with a liquid-crystal film
10 or print product according to at least one of Claims 18 to 24.
15
20
25
30
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