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15 other in the prior art. The term "chiral-nematic" is frequently applied to LC

materials consisting of a nematic host mixture doped with an optically 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".

O

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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it has been found that a method for the modification of LC films in accor-
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

C 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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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 18 283 A1, and neither is the use of extraction
C 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



nature, after solidification by evaporation of the solvent or polynerisation
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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
L’ 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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16 " . .
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,

C 25 characterised in that

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

ii) 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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15 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.

C 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
C 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,



gion of shorter wavel engths occurs in the areas of the applied extractant.
The extraction nmedium may additionally be of such a nature that it is able

to carry ou&{);zgﬁsté&g tasks, for exanple optical, el ectroﬁ(g,%ﬁ*%i%m%“

el ectrical a the purely extracting function or

nmodi fication of the LC film Thus, for-8xanple, an ink as extractant can be
applied by neans of a continuous ink-jet device. The inks used in these
devices are generally based on one or nore solvents which have the
properties according to the invention. If the ink selected here
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cholesteric phase form a helical superstructure perpendicular to 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.

O

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.



light within the layer. The col ours, which appear different here dependi ng
on the view ng angle, are dependent on the pitch of the helical super-
structure, which i%self depends on the tw sting power of the chiral conpo-
nent. The pt P4 %e varied here, in particular by chaifgiHEW4U248ncen-
tration of the chiral conponent, for exa®ple in the formof a chiral dopant,
or changing the network density of the polyner skeleton. This variation in
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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).

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

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

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 ©



sentatives of the last-nentioned group (c), which have a relatively poor or
negligi bl e extraction power in respect of the LC materials according to the
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bility firstly to dissolve substances out of the LC layer and secondly to
15 react to form a molecular 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

C 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



shoul d contain two or nore polynerisable groups. This gives rise to the
possibility of a three-di nensional network, which restricts further extrac-

fti on. In a ‘;‘v r{,.jgﬁ,rgﬁ]g eferred enbodi nent, the extract ant SP(?Ir/ﬁEz'o&nﬁQ{Eﬁounds’
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In accordance with this preferred enmbodilment, a second, curable LC layer in
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applied to the first LC | ayer applied to a substrate and cured in the first
step described above, for exanple by means of a suitable coating or
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radi ati on. TH&€ ntage of solvents fromthe above-nentioned group (a) or
(b) or the mxture of (a) and (b) in the extractant depends, inter alia, on
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smectic _
15 are applied to the first LC layer applied to a substrate and cured in the first

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.

C 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, for example, thermal and electrical conduc-
35 tivity, magnetic susceptibility, dielectric, optical and elasto-mechanical
anisotropy, fluorescence or phosphorescence. It is also possible for the



nematic or cholesteric LCs wth organic solvents, particularly fromthe
above-nenti oned groups (a), (b) or corresponding m xtures thereof. These
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first stepOEYY above, for exanpl e by neans of a skff VERROM/MEME ng and
printing nmethod. After a sufficiently |-di2dy exposure tinme or after the first
LC layer has been nodified, and after conpl eted evaporation of the sol vent
or solvent mxture, the second LC |ayer is then cured. However, it is
generally preferred substantially to omt the use of non- polynerisable
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for 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-
C: 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



only in variation of the polarisation- and col our-sel ective reflection
proper- ties of the LC layer, but also in nodification of the optical or
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or if it was, for exanple, of cholesteric nature, experiences variation of
its twist condi- tions and thus anisotropic properties. In a further
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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-

C 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 art in
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



vents. Suitable application nethods are in general dipping, spraying, roller
coating, pouring, knife coating and printing. The tenperatures are in the
range between 0C and above 200C and are in particular dependent on the

melting, p - Ltion and boiling points of the nedi and of
the LC Iayrﬁaﬁg&g@%di fied. A particular role is also p&ﬁgﬁioﬁé&g"ﬁgy t he
thermal conductivity of the LC | ayer and4of the substrate or support
material. Al conventional printing nmethods can be used, for exanple re-
|ief, gravure, flexographic, offset, screen, enbossed or ink-jet printing,
where, for the purposes of the application, printing nethods are al so those
i n whi ch the Afterpintingnang gpmpleted gxpractien, whe Nolatie seluent campongntai n pen or
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di sadvant agesgroBpt(s) memtioned @diowe. are suitable for the nmethod according to
the invention since the extraction mediumto be printed can be adapted to
bot h in%pjet rinters corresponding to the said conpositions. The inks here
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example relief, gravure, flexographic, offset, screen, embossed printing,
ink-jeted printing, heat 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 um, particularly preferably between 1 and 5 ym and very particularly
preferably between 1.5 and 3 ym. 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.

O

The degree of polymerisation or the network density of the cholesteric L.C
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



noved together with the conponents extracted out of the LC | ayer through
the choice of suitable solvents. The latter is preferably carried out if the

extraction | ntially consist only of solvents t

Sui tabl e so ‘PB h‘fg"ﬁﬁs the post-treatnent are preferabl y%‘ﬁ@%@@t‘ﬁﬁg‘ﬂﬁ%do not
attack the LC filmor the applied second®-y print or are solvents from
group (c) nentioned above. The cholesteric LC filns subjected to the attack
by the liquid extraction nmnediumare applied to suitable, in particular

chenical -insensitive print substrates with the aid of conventional printing
met hods. Sui tiaes-tadippl palymetisationnthriough the shoicefnelativelyiyseactivespr ayi ng,
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for exanple, @asel:taftctailonspp@yme@aau@n vissthe caricentr@ationsf donic photaicitiaar
cont ri buti on lroﬁ%BPﬁa LRGB! diefimdophbf FERTAR, S0/8pddBRn| Qiddihvddv e

tion ang ItS enbodi nent's sl nce trac I on are a efletrate
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determnes to a great extent the colour effect that 1s achieved during
_tcat ment with the nedia according to the invention. If the network density
too high, Inta btbfeﬂédreMH)Odlmht [thé eixtractably conmstivva@stcf the LONilexaneact ed out

i
of the LC | ayer. di ment of, the ntion. the dr of the LC
Tayer i 5.t hor ShaipRSBik SERRLAMRO s, B Rat)e iRt boBrebffis iR B8 rei o
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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
C 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



30 35 free-radical polynerisation, through the choice of relatively
unreactive conponents, for exanple through the use of nonoacryl ates instead
of di- or triacrylates or of methacrylates instead of acryl ates, where
appropri at YRR a correspondingly 1ow UV irradiati o"r’Fy"?’WP@%‘fl?iﬁ,ﬁ a
correspondingly short UV irradiation ti#e, or through the use of filters
whi ch weaken the UV radiation, through inhibitors, the oxygen concentration
in the drying atnosphere, through the concentration and choice of am nes
and, in the case of cationic polynerisation, via the concentration of ionic
phot oi ni ti a- '‘Gomapletely carddkCiorfliquizlhergstal filmb'hinthiscsonmelktion tmdéans that
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for example, particularly 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 effecis.

)

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

tion, they are dried compietely 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



20 25 30 35 "Conpletely cured LC or liquid-crystal filnm in this connection
nmeans that the test criteria of "stackability" in accordance with DIN EN

| SO 4622 and "drying-through” in accordance with DIN EN 29117 have been
satisfied. WORKH 4?;1'4°gy cured LC filnms", by contrast, nmayPtA¥R0REUA6E red in
such a way that they can be printed, fd7-exanple with the aid of
conventional plate printing processes wthout experiencing squashing. If
this is not possible, non-contact printing processes are used, for exanple
based on ink-jet printers. In any case, the LC |layers according to the

i nventi on haviee pesprintededith diffesectexractaits of differént dxeraionhi povereenadar y
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nodi fication of 1ts chemcal a physi cal properties in certain areas. It
is also gossiﬁ!téseﬂbl?nﬂlégﬁﬁw oy, aparxesult ohyhnish ey theppprgteatedds- - 17 5 10

15 1 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 S¢*) 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}).



20 25 30 35 be pre-printed with different extractants of different
extraction power, ena- bling a nmulticoloured image to be achi eved after

coating w t 2@(?5/0'1&0%' Im In a further preferred enbodi %E&O@ilﬁ%l ity of

LC | ayers w PRV S sing receptivity to an extraction rinted
one on top of the other, giving rise t-d&urther possibilities for achieving
mul ticoloured inages. In a further preferred enbodi nent, an LC | ayer
conprising extractable constituents is provided in certain prespecified
areas, for exanple by nmeans of a flexographic printing nethod, with a
defined, tr anEIpapelquﬂaable ecmposnisayentionad cbove anddelow dramdefésalsly not
undergo any i ﬁﬁ%ﬁon with the LC layer and on the other hand is
resistant to attac y an extraction nedium Treatnent with the extractant
as described above is subsequently carried out, as a result of which only

the unpr ot ect pe bBiynthrfyable chﬂaiéamﬁre?@ﬁaw edmeﬁée%hé otrm@orer;s&f«ct ive

| ayer, gf the LC | ayer ex- erlencea (%Z%aq equq[i ertles A further
preferrad varMgHFable masegericsempoYnds apd aAtdeastong chiral6amaouRd; he i nst ead
of a defi ned, cmraa@spwoundrmaybergdlwedéwiermtr nehaiciginevisablay Rimaybsmsk whi ch
can be detachﬁp renove Ln..s used. In general, the nethod according

to the inventi 8ﬁ88ﬁ'a'°ﬂf§‘°é‘n'983 F?on}ﬂoé’(gdserve to make unaut hori sed

i ntervention in prot ect ed regions of secu- rity docunents, for exarrpl e wth
the aid of th I r.,col our
change Q theﬁgﬂ&ﬁ é?ﬁéé 'ﬁ%\‘% “?é(ﬂ ﬁgkoy@e@éﬁb} £ Xt%mk?%rp |?' ﬁ%actcordl ng
to the i'Hventlieasat o&e m&aogeamqumumbpmtalhrmmoaomer haemngataleaahmexg a
chol esteric o | ) phase,
parti oul arly Bee a"?b e cﬁﬁ? éi%??@ﬁ%éﬁa&?g 3o RSS! ol oBfiv)
Qﬂ‘eferabl y a BeyRd;wn igARl; @nd/ogmesegenic.one of whi ch

ries one or nore poI erEI’I sabl e groups The poly- nerisable LC nateri al

BLFL%?PLXbFZHB%fﬁS%@-ﬁ%n%»%EEEt 0 BUGanYe BRROIRNC CEmEOUDE WIS geni o
conpoundShavi ag $uirable forahe ppedentimiartiohargkaops to(tuepeosomslkmed fractive
compound) . V\Qh%ogr? ’oPé%? %% dD gT ér%%zlg) ﬁl{e% I?nowr}%er s€, whlch 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
WOQ 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 j;@ R (R1)

35



15 20 25 30 The pol yneri sabl e conpounds nenti oned above and bel ow are

pr eferably nononers. The polynerisable LC material preferably conprises one
nor e po[#{ rr@{]: sabl e mesogeni ¢ conmpounds and at |east_one chiral

corrpound QWERHE conpound may be pol ymerisabl e or rnBRAHER#Eap 6. 1t

may be a nesogenic or non-nesogeni ¢ ceMfound. Particul ar preference is

given to a polynerisable LC material conprising at |east one nesogenic or

| i qui d-crystalline nononmer having at | east one, preferably two or nore,

pol ymeri sabl e groups, and at | east one Chl raI com pound, which is

optionally pol yneri sa /or s | sabl e nono-, di- or
rrultireactive%'é@ o Ribl e for the prd&)t
i nvention are knovvn to tfre“person s ed i the art or can be prepared by

met hods known per se, whi ch are described in standard works of organic
chem stry, such as, for exanple, Houben- Weyl, Methodn der organi schen

Chem e I\/btho , Chem stiry|] Thieenme- Verl ag, Stuttgart. Typi cal
exanpl es of pgﬂl‘glé'z)cé §§éﬁ| g\cOnpouhds which are suit- abI(B%or t he
present invention are di SclTosed, for exanple, in WO 93/22397, EP 0 261 712,
DE 195 04 224, WD 95/22586 and WD 97/ 00600. However, the conpounds discl osed
in these documents are nerely intenqed to serve as exanples wi thout

restricting the scope of the i nvent/ on Exa Ies of particularly, |tabIe
and preferred ,. rrer- no- and direac
mesogeni nx%gh'd)aé re éﬁﬁe ROEe socoo\r in the foll ow ng |ISt,

whi ch |§ |ntended to explain the invention vmthout restricting it P-(CH
2)XxO-' COO (R1) 35 WD 2005/049703 PCT/ EP2004/ 012466 -19 P_(CH2)XO' "r COO

5 P- (CH2) XO P(CH2)X0 (
15
P-(CHZ)XOQZ@Z‘%@ R (R6)
. — 0 R7
20 P(CHz)xOR (R7)
v

P-(CH,),0 —@— CH=CH—COO0 O R’ (R8)
P(CH,),0 —@—z R’ (R9)

30 iy (R10)
P(CHZ)XO@—ZO O
Py, ®R1)

35 (F) (F) (F)

25

)




(R3) (R4) C 10 15 20 25 30 35 COO COO P-(CH2) XO COO P- (CH2) z0 P(CH2)x O
P- (CH2) X0 P(CH2) XO P(CH2) X0 P- (CH2) xO (F) CH=CH - COO (F) oco (F) (R5) (R6)

(R7) (R8) EEE?W%( R11) WO 2005/ 049703 PCT/ EP2004/ 012466520, B- (CH2) , O

(C0O), CH2 5 (R13) P-(mz).oz%-(mz).om

P-(CHZ),o@(COO)UCH25H<CH3)02H5 (R12)

L'
5 * (R13)
P-(CH,) 0 Q COo0 COO ‘Q CH,CH(CH,)C H,
P-(CH,),0O _@ COO-Ter (R14)

10
_ P-(CH,),0 —@— COO-Chol (R15)
-
15 P-(CHz)xOOCOQAM (R16)
o_R°
s0  PEHO Q 0-cO
L1 L2
(R18)
P(CH,),0 @- coo 0co @ O(CH,),P
o 25
Soner
L L2
(R19)
P(CH,),0 @ CH,CH, CH,CH, @ O(CH,),P
30

L' L?
ool o o

H
: H=CHC i
35 oo K A)-7A ) O}_f_‘) (R21)
o ooconecn {17 {mhocmp



15 P- (CH2). O P- (CH2) xO COO COO- Ter COO- Choi O(CH2)yP (R17) 20 25 30 35
P( CH2) XO P(CH2) XO P(CH2) XO P P(CH2)" O O CO COO 0 CH=CHC COO CH2CH( CH3) C2H5

R14) (RI15 D) YP (R12) (R16) (RL8) (RL9) ~~P CH (R21
(0 2005! 04T TRIEOL T 0 Sk (-21)5(F;(C%42§,02R22) (FelkpSoiiiiace | (R2L)

Wl

P(CH,),0 -@z"@ cooz_ioj (R22)
5 °: “ooc ~@-{z ‘@vO(CHz)yP

‘ (R23)
o H 0
10 u O H y 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 L', or 1,4-cyclohexylene, u and v each, independently of
one another, denote 0 or 1, Z° denotes -COO-, -OCO-, -CH,CHo-,

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 L2 each, independ-
ently of one another, denote H, F, ClI, CN or optionally halogenated alkyl,
alkoxy, alkylcarbonyl, alkylcarbonyloxy, alkoxycarbonyl or alkoxycarbonyl-

C o5 oxy having 1 to 7 C atoms. The phenyl rings in the formulae shown above

are optionally mono-, di-, tri- or tetrasubstituted by L.

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

Cl, CN, NO,, OH, OCH3j, OCN, SCN, optionally fluorinated alkylcarbonyl,
30 alkylcarbonyloxy, alkoxycarbonyl or alkoxycarbonyloxy havingupto 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 alky! 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



(R23) 10 15 20 C 25 30 35 P(CH2)x0 Q CH2)yP In the formul ae shown above, P
denotes a pol yneri sabl e group, preferably acryloyl, nethacryloyl, vinyl,
vi nyl oxy, propenyl ether, epoxide, oxetane or styryl, x and y each,

I ndependentyy 26ds098%@3 anot her, denote an integer from1l g@/dpdoodhidfgot es

1, 4- phenyl ene, which may al so be nono-, . di-, tri- or tetrasubstituted by
L1, or 1,4-cyclohexylene, u and v each, 9“ndependently of one anot her,
denote 0 or 1, Z denotes -COO-, -0OCO, -CH2CH2-, -CH=CH, -C=C or a single

bond, R denotes a polar or nonpolar group, Ter denotes a terpene radical,
such as, for enqtes. . a chol ester rou r denotes
o T 25 Lo AT or ol Ao benves el SISt P B Lmee0SerIc OB e AN dorot o
H F, d, CN,or optionally hal ogenat | k | car bonyl ,
oS oo ol 085 oritrarNas 2died afdler soitel RelogPRi foRfolgs. 7 ¢

atons. The p 0 y nono-,
G o Wbte A0 BER orh b, AR 37 A B3 RY e O TR,
connectspn depitres a group selected fromF, C, CN, NO2, OH OCH3, OCN,
SCN, optionally fluorinated al kyl carbonyl, alkyl carbonyl oxy, al koxycarbonyl
or al koxycar bonyl oxy haw%qg up to 4 C atons or nono-, oligo- or

pol yfI uor i natRdurhenprefarred LeXDIXHEGIGOAIISES 4 C atons. The term’ nonpol ar

group' in thls connecti on_ denotes qpti onal | hal ogenat ed al kyl, al koxy,
al kyl car bonyla AT W%gﬂﬁ%&‘ﬂﬁ a%ﬂ'%& éWy‘FomBgu %oxycar bonyl oxy

cont ai ni ng al lSy havi ng ?r bI to %é: atonms, which does
not fallj und ?%%B&%"quﬁ??w IB‘@‘I BUFCOW?H %®rred LC nixture
Coror 582 Y 2005) SRR L NP iy 10 © 15 2

C

A particularly preferred LC mixture comprises

a) 5 - 70%, preferably 5 - 50%, particularly preferably 5 - 40%, of one or
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,

¢) 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
la-Ig and li, particularly preferably la, le and Ig, in which v is 1.

30
The direactive compounds are preferably selected from the formulae lla
and lib, particularly preferably lla.

35 The polymerisable chiral compounds are preferably selected from the for-

mulae Ik to Iq and llc to Il, particularly preferably Ik.



C 25 30 35 a) one or nore direactive achiral and/or chiral nmesogenic
conpounds, and b) one or nore nonoreactive achiral and/or chiral nesogenic

conmpounds, re at | east one of the conponents a) and b) conprises a

chimr)al comwﬁgﬁ%ﬁ'.‘mﬂ?further preferred chr:pm_ xture )corrpripéw)é@‘g}’ YHE%8r nore
di reactive achiral nesogeni c conmpounds; 28)- one or nore nonoreactive achiral
nmesogeni ¢ conpounds, c¢) one or nore non-pol ynerisable chiral conpounds. A
particularly preferred LC m xture conprises a) 5 - 70% preferably 5 - 50%

particularly preferably 5 - 40% of one or nore direactive achiral and/or
chiral nesogdrarticalany puefgsredmhizd compdunds afe chishlyddp@nts RBowndfonotiee or nor e

nonor eacti ve mi : ' I, G 0@:}8;&- i AL r preferred
LC mixture ¢ nprii@h&ﬂ%f&r’g@@é{éﬁ&@é&ﬂﬁ@u@oﬁ 0% %grhﬁﬁ‘guﬂ%@$ preferably
5 - 40% of OM@S®S.- nore direactive achiral nesogenic conpounds, b) 30 - 95%
preferably 50 - 75% of one or nore nonoreactive achiral and/or chiral

b of or 2Bl y 1 SGtaHs dgphnt areceiedivd. Re faoPRnara Big SORRGISRIN BtBlunds. The
nonor eact i ve afslepompirindschplestetybhbiyarxedte¢CRY, €B26) RI&-8flar RiS-a@11l a-1g and
A T e
par]'E [ ?gL?rl Z qmmbhafaltﬂ ojope:nis h“a'lwiﬂ_gm)h'gglhetwmmy povedTi, farl exaomgde whiral ar ret Ccular
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Parti cul'ar|y ippedrbiteleisopmannitol ooidiol masticuaryc pieferabiipisanerbitohderiva-r om t he

tives, as disclosed, for example, in WO 98/00428. Preference is further-
C' more given to hydrobenzoin derivatives, as described, for example, in

GB 2,328,207, chiral binaphthyls, as described, for example, in WO

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

15 chiral TADDOLSs, as described, for exampie, 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.

O

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 exampie, 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



prior art which are enployed for the production of tw sted Iiquid-crystal
phases. Suitable dopants are selected, for exanple, fromthe commercially
avai l - abl chol esteryl nonanoate (CN), CB15, R/S— R S-1011,
RS- 2011, 5?’@9%%%5 R/ S-4011 (Merck KGaA, Darnstadt). ‘i’%&i’“&?‘f‘ﬁ
suitabl e are dopants having a high tw st2i4rrg power, for exanple chiral sugar
derivatives, in particular derivatives of dianhydrohexitols, such as
i sosorbitol, isomannitol or iditol, particularly preferably isosorbitol
deriva- tives, as disclosed, for exanple, in WO 98/00428. Preference is
furt her- nor echiin éangtio beiwieerb bwe oiasstirking gointe san afor éxampléduk refducedxanpl e,
in GB 2,328 'Péétgg | s, as described, for exanple, in W
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LC material cbngpolyewerisabteol G0nateripl afagraisn gorhprise 2iiherntoropenents mor e
non- mesogeni c, {‘ﬁ?&? n | p u such as,
for exapple, a R§| gg?ﬁ‘?gt@gex&rﬁﬁg %{6&5 g%aégfrg r%f%laﬁhlgé%ngﬁim to 20 C
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crystalline thiol chain | ength of the LC pol ynmers or the
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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).

O

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



35 chain I ength between two crosslinking points can, for exanple, be reduced
by addition of such reagents. In a further preferred enbodi nent, the LC

mat eri al C%B&hﬂ%%g”%ge or nore polymeric or polyneri satz)‘légr_iﬂ%@m“%r
, as '

di spersion al escribed, for exanple, in WD 96/0

pol ymerisable LC material may al so conp2Sse further conponents or

assi stants, such as, for exanple, catalysts, sensitisers, stabilisers,

chai n- transfer reagents, inhibitors, conononers, surface-active substances,
plasticisers, wetting agents, dispersion aids, flowcontrol agents,

vi scosity rela@&rrmerrsten dbﬁ(bﬁ layer Bgrmosprlawﬂesltmmagm&anh‘ Tow agents,
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subst ances, which induce or re- inforce a planar alignnent of the LC
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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
C 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 UV1 6974 (Union Carbide).



In a further step, the LC layer is coated or printed with the extractant.
The extraction processes cause the colour of the LC layer to shift into the

short-wave L an, t ouched regi ons remai n unchanged. | tep, the
parti al polﬁﬁgb@g’ﬁﬁgn or curing of the LC layer in si tﬁ#@%@@ﬁ'ﬁ%ﬁ?e,
preferably by treatment with actinic radbation, such as, for ex- anple,
irradiation with light, in particular U/ light, IR Ilight or visible light,
X-rays, ganmma rays or high-energy particles, such as, for exanple, ions or

el ectrons. Particular preference is given to photopol ynerisation, in parti-
cul ar polynerisation by mans of UV light. The radiation source used can be,

for, exampl e, @inb Y b2 ind KhAIRinGlofing BEEViSdY oHl e ofeBdic. Possi bl e

radi ati on sources are, exanpl e, t-e f uctors, such as
LEDs or seni caK@iertinnallydakes plaee; lawrgrashtcgwrwr,st@mctheé& Byerisasers, IR
| aser E | or t I asmle nmutH [88s seasHile tovaeat 6nelirhg iAdhe rpre@*lfceeefmmd%phbﬁcl S

possi o enplo e or nore nercur owpressure | anps, each. having an
i rradi aﬁce of © emgﬁé',"%ﬁlw 5§r@'e%r¥gi¥d@(ﬁﬁe‘fPHEE%’BQ%&BOQQ?W@&'E‘BBHni ng
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m hod accor déé,'tﬂ t&\ the. invention. The polynerisation is preferably carried
in the prR¥EHEESFUHE-i nitiator which absorbs the actinic radiation. In

the case of WV photopol ynerisa- tion, use is made, for exanple, of a

photoi nitiatof, which d composes on
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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 17.65%
(B) 37.47%
(C) 32.26%
(D) 3.69%
(E) 4.86%

35  Addid 900 1.00%

Irgacure 369 2.99%



25 30 35 In the next step, the final curing of the previously only
partially cured LC |layer optionally takes place. In contrast to the prior
step, the I j now nmuch | ess sensitive to heat o i i.n_the
presence o:‘_&(a)tzﬁrybsglg#eo?i c oxygen. The final curing is pr el%%ﬁlgﬁogg%léﬁﬁi ed out
using a stronger radiation source thamd/r the case of partial curing, for
exanpl e a conventional nediumpressure |anp having a UV irradi ance of, for
exanple, 1 Wcn2, so that the UV radiation passes through the LC | ayer
without a relevant drop in intensity, and the LC regions nore renote from
the UV | anp a@anqy $&76 ih8B% cured. Sensitivity to the extractant is
generally no longer pre- sent after the final curing or is no | onger present
to the sanme extent as before the curing. |If necessary, however, a
protective coating which is insensitive to certain substances can al so be
applied to the LC layer in a fguri\h step./~St\table for this purpose are
commer cgal |y Wa?q;d@@(%ieﬁ'ﬁ% \o@ f3CHf or exanple of the

806. 961 type from Sicpa. The foFHoOw ng exanpl es are intended tggpxplain t he
invention without re- stricting it. Exanple 1 In a first step, the

pol yneri sabl e chol esteric LC mxture Cl is printed onto a bl ackened

pol yet hyl ene terephthalate fil w a flexpgraphic printing mnachine heated
to 70C. O : (&Hh7CHOP0EFHE) P70 3060 8GN (E) 4. 86% Addi d 9001. 00%
I rgacure 3692.99%5 10 C 15 20 W -27- (B)

10

c CH2=CHCOO(CH2)GO©COO <j>—<:>—c:3|-|7
(©)
CH,
15 \:(
CH,=CHCOO(CH,),0 @— co 0co Q O(CH,),0COC=CH,
(D)

20
H,,Cs CsHy,4

(E)

C 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.



I'rganox 1076 0.08% CHZ:CHCOO( CH2) 60 \ COO- G-, OCH3 CH2=CHCOQ( CH2) 60O ('
"x000 CH2 CHCOQ(CH2) 60-(" "r COO CH2=CHCOOQ(CH2)30 CN (A) (B

PCT/ EP2004/ 2) 3C00C=CH2 51,11 () (D (E) C 25 30 35 Compounds
(A, (B) a‘géﬁfﬁ%%é%%qgge prepared as described in D.J. BrigelER 04/} pa66
Makronmol . Chem 190, 3201-3215 (1989) ei8anal ogously thereto. Corrpound (O
Is known from GB 2, 280, 445 Al. Conpound (E) is knowmm from GB 2, 328, 207 Al .
I rgacure 369(r) is a commercially available photo- initiator (G ba Geigy).

| rganox 1076(r) is a commercially available stabiliser (G ba CGeigy). Addid
900 (r) is a comercially avail abl e adhesi on agent (Wacker GrbH). The

ot Gopen LM S T Il - ©
contai n phot F'}Qﬁ%ﬁeﬁ'aﬁl%f the @émtlﬁamatgp@%ée filf the sHAdeRr tempe@iws at ure of
about 20C. Wr3pGrirA 497630 ABOLERBOY 4hdtRE Behievéthent ©f 2 1aPer thickhedd of0 35
5 about 2 pm which is usual in flexographic printing make a particular con-
tribution towards the homogeneous structure of the cholesteric liquid-
crystal phase. A print motif which has colour- and polarisation-selective
properties is obtained here. The dimensions are specified, inter alia, both
by the printing plate used and also by the anilox and plate roll. The term
10 "print motif" relates to images and characters in the order of a few mm to
the full area, as required.

The ink 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/cmz, 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 ym which is not fully cured and com-
prises an extractable constituent in the form of the chiral dopant.

C 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, fiow-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.



The shear forces which act on the constituents of the nesonorphic phase
during pressing of the printing plate onto the film the sudden tenperature
drop from 20G.4Refdeyt 20C and the achi evement of a | aygieqtdi6ditGsae Of
about 2 pmwhich 1s usual in flexographic printing nmake a particular con-
tribution towards the honbgeneous struc®8re of the chol esteric | i qui d-
crystal phase. A print notif which has colour- and pol ari sati on-sel ective
properties is obtained here. The di nmensions are specified, inter alia, both
by the printing plate used and also by the anilox and plate roll. The term
"print nmotif' relates to inmages and characters in the order of a fewmmto

the full aredan asoptRsiidl Festh dtep, tHtkc@RalLC RiyeP R ¢Satb@WitVg prétéciie/i ng of the
LC | ayer underd?n |q§rtagas &pltiogen.or ﬁrgﬁg). For partial curing, the LC
layer is therfPAaUNGYYNIeiF ISEASTHIYR/Q PRI SPRSTENCESat i on sources enpl oyed here
are nmercury | ow pressure |anps, each having a UV-C irradi ance of 10 nWcn2,
which age arranged transversely to the running direction of the film Ow ng
to the favourable tenperature profile of these radiation sources, further
heating of the LC mxture during the drying operation does not occur. A
drying rate of 20 mimn and an irradiation separation of 8 mmgives 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 th aid of a Metronic AGink-jet printer operating in continuous flow
operation. The extraction processes shift the colour of the LC |ayer into
the short-wave region, unextracted regions remain unchanged. The ink

sists of a mxture of the solvents 2-butanone, ethyl acetate and acetone

well as binders, flowcontrol agents, wetting agents and assistants
whi ch together give a solid, transparent ink filmafter evaporation of the
solvents. In a third step, the final curing of the previously only partially
cured L | ayer is carried out using a conventional nercury nedi um pressure
| anp, that the UV |light passes through the ink jet print fromthe second
step wthout a relevant drop in intensity, and the LC regions | ocated there
are also finally cured. WO 2005/ 049703 PCT/ EP2004/ 012466 -29 In an
optional fourth step, the cured LC layer is coated with a protective
coating which is insensitive to certain substances. 5 10 C

20

30

35



15 20 25 30 35 WD 2005/ 049703 PCT/ EP2004/ 012466 -30 Patent Clains C 1.

Met hod for the nodification of the optical properties of polynerisable or
pol ymeri se r}i({al | iquid crystals, characterised in that it com5 prises
the fol | owi é LBIY03y application of a first |ayer of BEHEPIMGRZ4SH e or

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

one further |ayer of one or nore extrac- tion nedia to the partially or
fully polynerised or cured first |Patent-Glaimsal | ayer, and iv) where
appropriate conplete polynerisation or curing of the first |iquid-crystal

I d/ . b | .S, 15 2.. Meth ' t
o m 1. char Kot PR By e, bt s BBl orOpeniar & SPPLOSRARIR o o1
conprises at | easer polgmetisedehiral lmuid crystads, ahayadtatised s thahdreem-cont ai ni ng
at Ieass one pol yﬁ@ésﬁﬂglfﬁ%&{l@ﬁ%}%ﬁ& 20 at | east one chiral conpound, which

is optionally polynerisab nmesogeni c. 3. Method according to at

east one of daliys lagticatiof BRAFFSAAYESE d PolyiéfsabléordirbBel ¢y TRl UM | s

a solvent or solvent mxture can- not pol ynmerised cationically or
by means of free radiliiid-cystalanatgriabty @ 84pRNe t o cationic or free-radical

olynerisation. 3Q 35 4, Method according to at | east e of d ai 1to 2,
Eha?/act erised in 'St haqarpﬂleoregarpglgfq Bﬂ'ng'ﬁﬁmm 8r quUERg ‘S’gﬂ'le &St BYeUeht mixture

whi ch Ci@ be pol ynerthegblygratiisable ehirgl lijuidgrysesi matetiaf,r ee radi cals. 5.
Met hod cording to at least one of Clains 1 to 4, characterised in that

the extraction ned) urapplicptios e$ ableasbonerfurther dayermdforeebrembesiextraom t he
@ | owi ng groups tion media to the partially or fully polymerised or cured first
liquid-crystal layer, and

iv) where 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 polymerisable
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-

C 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. Method 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-
35 ene, carbon tetrachloride, dioxane, diethyl ether or tetrahydro-
furan,



(a) nonpol ar aprotic solvents, which have small dipole nonments and | ow

di el ectric constants, such as hexane, benzene, tolu- ene, carbon

tetrachl ori ' e, diethyl ether or tetrahydro- fu /049703
PCT/ EP2004/‘8§3%§@Q%-@§1 C5 10 (b) polar aprotic sol vent s%%ﬁ%@”ﬁg‘&g | ar ge
di pol e nonents and high dielectric constlants, such as acetone,

ni trobenzene, di- nethylformam de, dinmethyl sulfoxide, nethyl ethyl ketone
(2- butanone) or ethyl acetate, and (c) protic solvents, which contain

hi ghly polar OH or NH groups.. and are able to form hydrogen bonds to ot her
mol ecul es, such (B rRAFARIPtC splygnts, whishbhave large dipgle srommantsiand 6. Met hod

according to at | easthigi@iedctfit 2bAStahid, Bubh a8ietsie MitpsSenzenet Bt t he

extraction mediumis a printing.jnk. 7 t hod, accordin at | east one of
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8. Method accordi ng tbutatoneantethylmcetaté] ands 1 to 7, characterised in that
t he extgacti on nedi um conprises one or nore dyes and/or pignents which

absorb in the vidchpl erotic solvesishwhictegpntaindiighlyeatdreOtr ambrgroups spect rum
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feast one dye and/or pigne T according to at
| east one of O ains Bsmethanshsthanel etwienenglyeslar ariineext r acti on medi um has
further functjonal properties in the cured state, 11. Method according to

d ai m 10, chd&-actMethodpcaerdingio afleast paeiodfdaimsyt dp &y ehamcigrisegfinan
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conpri ses one7.or Methodnecoogding do @t [dastohd-of Olairisal to Becharnpetarizad inthat
Esent rally Cons'tﬁgsex?rfacﬁgﬁ ?ne(c}iﬂr%‘cig }raﬁggérent.

8. Method according to at least one of Claims 1 to 7, characterised in that
the extraction medium comprises one or more dyes and/or pigments
which absorb in the visible or invisible region of the electromagnetic
spectrum.

15

8. 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
properties are of an optical, electrical or mechanical nature.

(3

25
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.
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Met hod accordi ng ho &l.t?fleéﬂ ,gng@f Clains 1.t 181, characterised 1n that
at |easg one of tthat Mg firakliqyigye ali'ﬂY%rt'ﬁﬁppl"F‘;)tQ &PRUtINSteRdbE  of a
printing method aneansefhipriatingihetfiodlor auéshtingyabtiod i | m produced by a

met hod according to at |east one of the preceding clains. Print product
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- t . t
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it com of a printing method or a coating method.

10 18. Liquid-crystal film produced by a method according to at least one of
the preceding claims.
C 19

Print product comprising one or more layers of a cured or polymer-
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 i) 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.
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